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In 1955, a project for the evaluation of the thermodynamic prop-

erties of metals and binary metallic alloys was begun. The first 

edition of the results appeared in 1963, 
1 

and contained data on 67 

elements and 180 alloy systems. The project is currently continuing; 

the scope of the evaluation has been expanded to include several non-

metallic elements (e.g. C, Si, and As) and alloy systems (e.g. carbides). 

It is proposed to expand the evaluation to include systems such as the 

oxides, nitrides, and borides. 

At the outset of the project, all data were calculated by hand, but 

with the rapidly increasing volume of new data, this became a monu-

mental task. · Continual refinements of experimental techniques are 

) 

leading to more precise data, which will necessitate further revision 

of the previous values ... In order to cope with the production of data 

and to reduce the probabilities of error, an investigation into the 

possibility of utilizing high-speed digital computers in the data 
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evaluation process was undertaken. · Several programs for making some. 

of the· more routine calculations have been developed. The purpose of 

this report is to present these programs as an illustration of the 

application of computers to this problem. 

Most of the programs were originally written in, the FORTRAN IV 

language for use on an IBM 7044 computer. · With the acquisition by the 

Lawrence Radiation Laboratory of a CDC 6600 machine, which uses 

Chippewa FORTRAN. the older programs were converted to the Chippewa 

language. Newer programs have been written in Chippewa FORTRAN. 

The methods used in the evaluation have been described in detail 

previously, 
1 

aml will be mentioned only briefly here. A short description 

and listing of each program are given in the Appendix of this report. 

:.ELEMENTS 

Low--Temperature Data. The only application of computers to the 

evaluation of low-temperature data is the integration of the selected Cp 

versus T curve by. Simpson's Rule to obtain.s;
98 

One short program 

has been written to·perform this integration, but in practice, no saving 

is gained by the time the cards are punched, verified, and read into the 

computer. Therefore, this program has not been used for some time, 

. and no summary is included in this reporL >:< 

Gas Properties. Several compilations of tables of ideal gas thermo-

dynamic properties of metals have been published. ·As each appeared, 

>:~Most computer installations have library·subro:utines which can .perform 
this integration. 

, 



'l' 

-3-

a program was written to convert the values to a consistent system of 

units. The tables currently in use are those by Hilsenrath, Messina, 

and Evans. 
3 

Since these tables can be used for any system of units by 

multiplying by the appropriate value of R, no unit conversion is 

necessary. · A program (HILSE), which has been incorporated as a 

subroutine into the master pr?gram for evaluating the data on an 

element (ELEMNT), calculates the table of selected gas phase values 

using the units recommended by the National Bureau of Standards. 
4 

A 

small, additive factor. given by Hilsenrath, et al. to correct atomic 

weights to the values tabulated by Cameron and Wichers 
5 

is also used 

in the calculation. 

High-Temperature Data. The first step is to obtain, plot, and select 

values for the function 

If'T - ~98. 15 
Y=-=---....=...:....:....:....;:;,..;, 

T-298.15 

Heat content measurements are often quite voluminous and are reported 

in a variety of ways. Considerable effort is often expended in the 

rather mundane tasks of unit conversion and calculation of Y. The 

first program listed in the Appendix (HEATCO) calculates values for 

¥from reported values of If'T - H;98 . 15 expressed in units 

of joulesjgm, joule-s/gm-atom, cal/gm, or cal/gm-atom, and values 

of T expressed in °C or °K,. and prints tables of T in °K and Y in 

cal/gm-atom,__degree. Values of H;,.,.. H;
98

.
15 

in cal/gm·-atom are also 
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printed. 

Once the selected Y curve has been drawn, calculation of the tables 

of selected values begins. · Several shorter programs have. been incor-

poratedinto one master program (ELEMNT), which completely calculates 

and prints the table in the standard format used in References 1 and 2. 

Values of Yare read in at 50°K intervals, and Cp values are calculated 

from the relation 

dY 
Cp = Y+(T- 298.15)dT' 

dY 
The slope of the Y-function curve, dT,. is approximated by successively 

taking 100° intervals along the chosen curve, finding the slope of the line 

between the two end points, and assuming that the slope at the midpoint 

of the interval has the same value. · Since the Y -function is generally a 

smooth curve, this assumption .should not intr.oduce a very large error. 

An excellent check .is available because the Cp values thus obtained can 

be integrated to yield values of WT - H;
98

. 
15

, which are then compared 

with values obtained from the definition of the Y -function: 

. WT -H:;gs. 15 == Y(T- 298. 15). _ 

In several trial cases, the discrepancy in the enthalpy values was less 

than 1 calorie, which is well within the experimental scatter. · Should 

the occasion arise where an error of more than one calorie were 

introduced due to sharp-inflections in theY curve, Y values taken at 

closer intervals would reduce the error .. Provision has been made in 
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the program to use values at 25°K intervals, if needed. Once the Cp 

values are obtained, values of s;, - s;98. 15 can be calculated by 

integration of Cp/T values. ·,Combining the s;, -s;98 . 15 and IfT -H;
98

.
15 

values with the value of s;
98 

chosen from the low-temperature·data 

yields values of the Gibbs energy function, (G;, .,. H;
98

. 
15

) /T. 

For the liquid metals, a constant Cp is often assumed. Its value 

and the value of 6.8 are read in as input data. Calculation of the m . 

remainder of the table is then straight forward. In cases where the 

Cp has been measured and is not constant, the data are at present 

calculated by hand, but these cases are well in the minority. When 

reliable data on many liquid metals become available, a program to 

calculate values in the liquid region when Cp is not constant can easily 

be written. 

In the case of a polymorphic metal, provision has been made to 

include the values of the {3-phase if Cp ({3) is constant. Since the majority 

of polymorphic metals have only one additional phase, no provision was 

made for more than 1 additional phase. 

Calculation of the gas properties is done by a subroutine (HILSE) 

as described in the section entitled Gas Properties. 

Since values of the change in Gibbs energy function 6. [<G;,- H;
98

. 
15

)/T] 

for the reaction 

M = M · 
(c) (g, 1 atrri) 
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are useful in evaluating,vapor pressure data, values of this function at 

each tabulation temperature are calculated from the gas and condensed 

phase tables and printed. These ·values are also punched on cards for 

use in other programs. 

Vapor Pressure Data. The vapor pressure data are evaluated by the 

Third Law Method. If the data are numerous, as they often are, doing 

the Third Law calculation by computer to determine the value of 

L:::..H~; 
298 

from the measured vapor pressures saves much time. In this 

and all similar programs the value of the change in Gibbs energy 

function, "- [(G;, - H"2 9 8) / T] , at ~emperature S other than the even 1 00° 

temperatures is found by a subroutine .(LAGINT) which uses the method 

of second order Lagrangian interpolation. The error introduced by this 

procedure is of the order of 0. 001, which is an order of magnitude less 

than if the calculation were done graphically. The program to do the 

·Third Law calculation .(S 3 LAWS) calculates L:::..H~' 
298 

from the relation 

i:::..H0 = -'RTiriP - T l:::..FG;, - H;98~ . 
v,298 l T J 

The cards obtained as output from ELEMNT,. giving values of T and the 

Gibbs energy function at even 100° intervals, are used as input, as well 

as cards containing measured temperatures and pressures. The output 

consists of a table of values forT, P, log.P,. and 1:::..~, 
298

. In addition, 

an average value of 1:::..~ 
298 

is calculated~ as well as the deviation of 
' 

• 
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each measurement from the average, and the average and standard 

.-
deviations. An option is available for obtaining punched card output 

as well as printed output. If the pressure data are 'in millimeters of 

Hg, instead of atmospheres, provision has been made for unit 

conversion before the calculation of L:::.H~' 
298 

takes place. 

If no thermal data are available, making impqssible the calculatio11 

of the Gibbs energy function, a program (VAPOR) is used to calculate 

values of R.£nP and ~ for use in the Second Law method of determining 

l::..H0 over the measured temperature range. In this program also, 
v 

conversion from millimeters Hg to atmospheres is available. 

Once the selected value of LS..H~ ~ 
298 

is known, program VPCALC 

is used to obtain Table 3 (Vapor Pressure Data). The cards from 

ELEMNT containing Gibbs energy function values are used as input 

as in the case of S 3 LAWS. Values of l::.G~ T and P are calculated from 
' 

the relations 

+ l::.H~' 298 

l::.Go = -RT 1 nP. 
v,T 

In calculating P, special provision had to be made for the extremely 

small values sometimes obtained (e. g. for W at 298. l5°K, 

-142 
P= 3. 8X10 atm.). If these values were calculated directly, an 

error would occur due to the limitation on the magnitude of numbers 

which can be stored in the computer. In order to avoid this, the value 
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of the exponent and tpe mantissa are calculated separately. · By setting 

P = 1, the normal boiling point can be found: 

Tbp ""[G; ~H"298)j 

However, since the Gibbs energy function is dependent on temperature, 

.· Tbp cannot be solved for explicitly. · An iteration procedure using 

Subroutine LAGINT to interpolate the Gibbs energy funCtion is employed 

to calculate Tbp The limit of accuracy set on Tbp is r degree. In a 

similar way, values ofT at even pressures (lo-
10

, {o- 9
, , 10-

1
) 

are also calculated: 

thus completing the evaluation. 

In the previous programs it has been assumed that the vapor is an 

I 

ipeal monatomic gas. For several metals· the vap9r also contains 

higher atomic species. In these cases, several methods are available, 

but each case is somewhat specialized so that general programs for the 

complete evaluation cannot be written. · Some programs for special 

cases Where tpe calculations are· lengthy have been written, and an 

example of one of these will serve a:s an ·illustration of what can be done. 

The program {B3LAW) was written for sel~nium, in which both 

diatomic and hexatomic species' exist. The program calculates .6..1\r 
298 

' 
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for both species and averages the values for each species. The 

deviation of each measurement from the average as well as the average 

deviation are calculated for each species in an analogous manner to 

that of Program S3LAWS. 

ALLOYS 

The data for alloys are far more varied than the data for elements. 

Each system usually has to be treated as an individual case, and very 

few standard procedures are available. In addition, the data on alloys 

are much more sparse than the data on elements. This means that the 

application of computers to the evaluation of the thermodynamic data 

on alloys is very difficult. Thus- far, only two programs have been 

proven useful. 

The first is a rather short program (ACTIV) which calculates 

activity values from vapor pressure data. The punched cards from 

Program ELEMNT are used as input to calculate P~ Subroutine LAGINT 

is used to interpolate the Gibbs energy values. 

Vapor Pressures over the alloy are then read in and activities calculated: 

P. 
1 a=-i po 
i 

From these values and the mole fraction of component i, X., 
1 

other 
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thermodynamic quantities follow: 

a. 
. 1 

'Y =-. 
i X. 

1 

~G.= RTina. 
1 1 

XS 

~G. = R T 1 n 'Y. 
1 1 

Output consists of tables of the above values plus an option to have them 

on punched cards. 

The only other program that has been developed is useful when data 

exist over the entire composition range. This program (ALLOY) takes 

equilibrium data in the form of tbe a-function ( a
1 
~ L>G ;s I ( 1-x 

1
) 
2 

) 

and performs ,the Gibbs..;.Duhem integration to obtain ~G~s. The 

-xs 
integration is done by Simpson's Rule. Values for ~G 1 , ~G 1 , y

1
, a

1
, 

and the same quantities for component 2 are calculated and printed in the 

standard format used in Reference 1. The integral quantities .6.G and 

XS 
~G are also calcu.lated. 

If heat or entropy data are available, subroutines are used to 
\ 

calculate the 'remaining quantities .. Heat data are correlated using the 

Q -function (Q = ~H/x1 x 2
). · The partial molar heats for one component 

can be obtained graphically, and from these and the· Gibbs energy values, 

the remaining partial molar and integral heats and entropies are 

calculated and printedin the standard format. 

Entropy data are correlated with tbe ~-functioi ~ 
1

" ASj6 I (I-x
1
')

2
) 

~· 
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From this function, the Gibbs...:.Duhem integration will yield 6.~s, and 

all other quantities then follow as described above. 

CONCLUSION 

Programs for evaluating the thermodynamic data of metals and 

alloys have been described. Listings of these programs follow in the 

Appendix. 
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APPENDIX 

This section gives listings of all programs discussed in the 

preceeding section, as follows: 

Name of Program 

HEATCO A-2 

ELEMNT A-4 

ENDPG (used by ELEMNT) A-10 

AREA (used by ELEMNT) .• A-ll 

HILSE (used by ELEMNT) · A-12 

HILSE (as a separate program) A-14 

S3LAWS I . A-15 

LAGINT A-18 

LAGRNG (used by LAGINT) A-19 

BAINS fused by LAGINT) A-20 

VAPOR A-21 

VPCALC A-22 

B3LAW A-26. 

ACTIV A-28 

ALLOY A-31 

AREA (used by· ALLOY) A-35 

QPLOT {used by' ALLOY) A-36 

BETA (used by ALLOY) , A-37 
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\' .. - PRJGRAM J1EATC_(H I ~PUTt OUIJ>UT, I"PE 2~1NPI,fb_IAPE J-=OUTPUT) 
" i-qGH TEMPERATURE HEAT CONTENT CALCULATION 

_,_ OlM.ENS LON I DE.lH ( lZJ. ,f( l_QQO) t.!'H 1000 l, D I FFllOOO )_, Y ( 1 Q90), TT (l 000) , HH_ 

,.. ... _ 

.lll)OQ),P(lOOO) 
. RE4_P I ~PlH D4TA _ -

60 RE~D (2,1) !DENT 
i.L FO&HAT (1_2 A6 L 

lf(IDE~T .EQ. 6H 
J_L R.l:.I\.P t? t.~ l .),~, L, Mt 

2 ·FDRMAT(314,F10.5) 
-- J =_) __ 
3: I =1 +1 

-READ (2,4) T(l),H(I) 
/-~-,:-o~MAf 'FB-.2 ~Fiz. :ff--

___ j __ f ___ j_T (J L.EQ~ ___ o. 0 ) ___ GO- IJL 5 
GO TO 3 

.1 .. f'lii,J "'-~- = .l::l - -·· -----
WRlTE INPUT DATA 

___ WRl.I_f;: ( lil4)_~l:OENT_ ____ _ 
1' FORMAT (1Hl,l2A6) 
_ .. .::. Wkl.J.E t~-'-;u J.t.J~, t, t.A~ 

WRITE (3,13) 
1~ FO~MAT (54HO •INPUT DATA --,l wKrfr-E: ,J~is, --- · ---- - ----
_uL F'd !!~A l (~ ':t: HO T 

DO :16 I=l,NUMX 
_______ H_ 

_ WRITE (3~17) T(I),H(I) 
fY- Fo~-MAT nx;,:a-:z~4x,-Fa.2T---- ------
t-!» CO~TINJE 
-~:-iF -C"J ~\EQ. 1,--,-C;o ro 6. ------- ----------

1' GO TO 3' -
c _-;~1, CONVERT DEGRE-ES --c---ia ·o-EGREES--::-1< 

... ?.} -~-~1-I--,! ;--~1~t~~3 ~-i 5- ----- --·· 

7!' T fi ) = T T (I ) ------ -l~s::~tl<" .eQ: iT--6o --r~o-9 ___ ----
~J G!1_J]) ___ ~-~---- --- -·-··· ---·····- ------ ----,I: CO'AVERT JOULES TO CALORIES 
·.~tOO 10 1=1 NUMX ··i·s·--H"-i:Y»;;.·ri:t-rii'i'l c4:ia.4oT· -----·-· ------

- 1~ IF lL.EQ. l) GO TO 30 · --.·_·---~--_i;·o-¥~T-o ··5-3-~- ... -- .. -- .. ·~--.. --·- ·----- ·· --- ---------- _. _________ · 

... :. . 3')~--~g~~~/~i--G~.A~!-N-G~x GKAM-~JOMS_. ___ 

c .. ~li- ~~~-!t ,!-;tl~~~~~-1~ ·_ -- ---
(, ----~-FAU:uL 4r·l( v _... .. . -. 

I. l l '· y ( 1 ) = ( rl ( 1) ll D I F F ( I ) ' 
: :- c .. --<l~:}~~ ~;~~Y~fs-~-~ENr---~7--; ------ ·"------ . 

----::-----:------ · -, .:.,:j1twR:ftE: -· C3-;Ia) ------- , ... ---- ----------------~.,.. ---\- · ·:-"·· .. 
.· ·-. <;_j I . · · . ... .:_. _____ .: .. !.,J:;~~~i~: T ( ~!!~~ _·:_C:$\_LCVLAT ~-9N RESULTS 

. --~--~-- ..... ltj!f1Q:_~,.,,A T ( _5-~HO __ • __ T (~~LV I ttl..···. 
· .i:i~O'o 20 I=1,NUMX . ·_- . ·. 

.· .. _.. .. . ..... -W-~.1{-i·T E ( 3 t\? l ) JJ I ) , ~~ 1 ) ,_y ( l ) 
I 

. L.. 

. !l: ' 
.. ~:_.}jj!' j_ / 

. , . -._,. __ 

,_ 
I~ .i.;-... 

~-: ,' I 

---- >, - I . -----~,--

y 

,'i; 
. :jl 

:\~ . 

i l,t i _, .. 
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2 1 F 0 ~MAT. .. _ ( 5 X, FB. 2, bX, F 8 ~ 2, 8 X, F 10.4) 
2J CO\JTINJE 

GO TO 80 
EN) 

0 
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A-4 
~RJGRAM ELEMNT( INPJT,OUTPUT,TAPE 2=l~PUT,T4PE 3=0UTPUT,TAPE 14) 
0 L"\ t ; J s l Q N N AJ'1tJ 2J ,_l_L)J: ;\1_ TJ 5 ) ' )' ( 5 0 0 ) ' J ( 5 0 0 ) ' H ( 50 .0 ) t s L 0 p t (5. 0 0 ) t c p ( 5 0 0 ) 

l , D 5 ( S u J ) , 0 E L T AH ( 50 0 ) , 0 E L T AS ( 50 0 l , G E F ( 50 0 ) , DATE ( 2 ) , f: VAl ( 3 ) , T f ( l 0 0) , 
.. -··- z H l) _( 1:) __ ).)_ I.$ .1... Q u o. ()_) .I . .F L Q <.1 0 0 ) ' G L Q ( 1 0 0 ) ' H H H ( .1 0 U) ' s s ( 10 0 ) , G G E F ( l 0 0 ) ' 

3DELTAF(500l,DEVtlOO),F3(1CO),F~F(500),0G(500l 

C U~~i ON . T INC, N_,_ i~U M, T, \L'\M E, \J P A Gf, L IN E S, L, MM, I K, TM, TF 
L READ l"JPJT DATA 

l Rt~D (2,i00L NAI"lc(l),I-.J_AME(2J,OATE( U.,DATE(2), lEVAL(J), J=l,3), 
l I Oi:NT 

I ~L> .!: W3M AT _Ll2_A6 L______ _ __ 
lF !NAME(l) .EQ. 6H ) CALL EXIT 
RE:.~PJ2 ,,t:.)l) __ S_ST, U1__,DSM_,CPM ,_f::Pl, T INC:, TF, TJR 

LUI FO~MAT(8Fl0.4) 

R E ~ !) { 2 ,_J 0 0 l) S L 0 P t; ( 1 ) , .SJ.., J P E ( 2 ) , S L P 
lJJl FU{MAf(3FB.6) 

L ··--·. _ I_t ... LtL~-~~- I~ _f\!0 .I_~_NS I . .IJ_QN ,_. JT R = ()_. 
lF(TTk .EQ~ 0.0) GU TO 2 

. ,. . 
.... 

, .. , 

·-

2 1=) 
3 I= 1 +8 

N=l-7 
f<-f~P.<?.Lt-01 L.YlL-::..IJ...:, X U .. ::f?. l _,_..YJ.J -5 l , YJ I -4:), Y (I:- JJ, Y _U::: 2 l , Y (I -1 l , Y < I> 
DU 4 II=N,I 

.. I~(YtiU .u:. O.O .. L GO _.IQ 5 
4 CU\ITINJE 

GO_ TO L_ 
5 N= I I -l 

________ t::-~1-_c;._uJ,._~H~ 1i A_l.,lLsS _Q£ __I _____ _ 
T(l) = 298.15 
f(2) = 300.U oo---6 · i~-3 , N---- - -

s T (JJ = .TJI -U ... ~ LlNC 
NPt\GE = 1 
W~ITl TABLE HEADINGS - ......... --·wRr--r· f. ( ·3,-io-2 i---~· ... .. --- . -

lQ~ FL)3f-\Af_LlHll . ______ . 
103 FO~MAT(lH 

_. --~fUJ t::_(~_,JO 4 L.bl A_Mt;,_N PAG.f 
104 FO~Mt:.T(47H EVALUATION OF THE THF.~MODYNAMIC PROPER.TIES OF ,2A6,5X, 

_____ ..... 1:9.tL.PA!'!~----'J 2J __________________ ..:. ............... . 
'fiR I T [ { 3 , 111 ) EVA L., DATE, I DENT · 

. tlJ .. f Q3_MAJj~H _ B'(_ ,_3A9_.r_ _ _lQ~ t.2Aq, lQ_X //5A6/ I) 
·~ WRITEl3,105} 

. 1,0_? _ fQ3M~T (_)_2Xtl_tfi tNJ>J.Jl QAl:A 
WP .. ITI:(3,103) 

c -··-- .. .W..:RJ..L~ ... .Lf\!PY.J .J~-~.!.A. -·--··· ··----··· 
WRITE(3,106l SST,TM,CPM,DSM,CPL,SLOPE(l),SLP,TF 

iO~ FORMAT(7H SST = ,F6.3,3X,6H TM = ,F6.1,3X,l2H CP AT MP = ,F~.3,3X, 
··-·i7iTDs:V;-;,·-,r:s-~·2·;··3·x·~-7f1 crt.: =--~Fs.3 /23H Ovtor Ar z9a 0::G.K = FR.6, 

..... lJX_,J.5H _Q_Y/OT___fii_ J"l.P = ,_.f_~.6,}X, llH_fi'JAL T = ,F6.1l 
,. . WRITE INPUT DATA .FOR BETA PHASE IF THERE I$ A TRANSITION 

IF (TT~ .NE. 0.0) WRITE{3,107lTTR,CPB,STR,CPTR 
l·~o-7·« ·r_;·o-~M.~A "f·-~(7-H~ .. r·r-k -.. -~·-·-;F-6 .··-i' 3 x·~· i2'H c·P ("'BET A ) ·····~- ..... ~ .. F E5:··3,. 3 X' 7H s r·R = ,"F .5. 2' 

l3~~J3H_~p AT_TTR ~ ,F~~J) 
WRJT[(3,103} 

.. ···- J·JRJLt ( 3_, _ _l_QB L__ -·- --

;.,""" . 

I 



'·'~·· 

r· 
v 

lJS FJ~MAf(l2X,2H T,llX,2H Y) 
w .R I T L( l., 1 0 3 L. 
Ll\IES.::l6 _ 

_ . _.L!t .. OCL llJ .. L= l, N__ ------· ... __ _ 
WRITE(3,10~) T(l),Y(l) 

T:JJ FU.;;.Mt\l LlOX, F_7. 2, 6X, F7 ,._it) 

A-5 

THE Fl.\LLOWING PROGRAM SEG"'!E~T, WHICH APPEARS SEV!:RAL TIMES IN THIS 
p·~"{J_GRMti SPA.C.£S IQ THE __ END_OF THE PAGEAND PR.I:\JTS THE LAST LINE ON 
CA:H PAGE. ONLY 55 LI:\JES ARl PRINTED ON EACH PAGE. 

~- LI 'JES.=LINES-+:L 

151 

; 

lJ 
·-

15 
7 

IFfLINES .tQ. 55) CALL E~DPG 

IF __ J I ._NE. N) GU _ IO _10 ____ _ 
i'd{Ift(3,103) 
LL\IES:=LLNES+l_ 
IF(LINES .LT. 55) GO TO 151 
C.A.\,.J_ -~~D_P_G ____ . ____ _ 
CU'JTINJE 
CAl,CULAJ_E HEAT V;\!,_U\;:S Ol~F:CTLY 
OLJ 7 I=l,N 
H ( I J = Y LU * ( TJ I l - ?/13 • 1 ~j___ 
1\li\I=N-1 

FROM THE Y-PLOT 

_____ . C CAl.C.V_L 1\It: CP.. .. VA!-:~t;s_ ___ t)Y: ___ I_A~ t~ G SL Of>.!=S ON _THE .. 't'.::-PL.QLTHEN I NTEGRAT~ 

.. 

C THESE :P VALJES JSING SUBROUTINE AREA TO ORTAIN THE HEAT. 

C. 
c 

c 

c 

DO _(j _ L= 3__, NN __ __ _ _ _ 
TH~ NEXT STATEMENT APPROXIMATES THE SLOPE OF THE Y- PLOT ~T 100 
OE.JREE INTERVALS ___ _ 

B SLJPU I) = (V( 1+1)-Y( I-ll)/( f( I+l)-f( 1-1)) 

_S L.J.P t; CNJ _= S_L P _____ . . ····--· 
DO 9 I=l,N 
L PJJ l = . Y ( I ) + . ( LU > - Z. 9 8 • 15J * S L 0 P ~ ( I l 

g DS(l) = CP(l)/ftl) 
C4LL A~fAICP,DEL(AHl 
CALL A~EA(OS,OELfASl 

.. Q~ .. UM!UJ = Q .• o -··--
DELTAH!2l =((CP(2) + CP(l))/2 .. )*1.85 

. . D~_LLAS (1) = p. 0 __ 
OELT~S(2) = H(2l/299.l0 
NU~t = 'IU.MBER. OF TEMPER..ATURES UP TO THE Mf;:L T_lN.G !>DIJ'.JT 
Gll 9S 1=3,NUM 
DElTA.HLJJ = . .JJt:.LTA.tlJ.U .. :± QEI,._JAH( 2) . 

9':} Dt.:LTAS(J') ·=DELTAS( I)+ DELTAS(2) 
GEE { U .::: SST. . _ _ _ . __ 
REINDEX THE TEMPERATURE, CP, AND HEAT VALUES SO THAT ONLY THE EVEN 
10:) [)t:.1REE V.ALl.iES .ARE .R€TAlNED IN THE CALCULA.TIOi\1 

1~ IFITINC .EQ. 2~.) GO TO 500 
........ DlL5.0L __ J:;:lt,_N_r2 .. --··----

1 I'= ( II 2 l + 1 
__ ,;,_ CPClll::_.CP!I.L ..... --·· 

TIIIl=f(Il 
____ H U.U =JLtl L __ 

501 CONTINJE 
- .. _____ GQ _ _I_Q __ ~_Q) ·- ·-·-···---- ----· ·--
:; 0 J D 0 ·s 0 2 I= 6 , N, 4 

JL:.U+~J/4 
CP(lll=CP(ll 
TUJ> = f(I > 

·582 H(lll=H(I) 



A-6 
5J5 lJU 12 I=-z',NJM 

·F rF < r ) ___ :::_ ___ < iiiJ u r tJJ J -DJ:: L r As < u - s sr 
GL:F(I} = -FEF(l) 

______ j f__(_J_ ( I l~J F) _1_2, J6.{l_, 16(:: __ 
1 2 C 0 'J T 1 N-J E 

L ~~IT~ TAtlLE_HEAQ{~GS fPR CDNDE~SED PHASE 
l t> '> ~J R I T ~: { 3 , l 2 5 l 
lLS FQ~~1Al{32H CO;\IuENSED PHASE SELECTED VALUES 

WRIH~(3,ll2l 

//) 

l_J(_J-Q:<:~AIL:_i_~ __ ,f-I::I __ T__:_-_Q!;_;;7 __ K,f;lK,3H_C?,6X,llH H(T)-H(STl,ZX,llH $(f)-S(ST), 
lbX,4H GEF //) 
LL~U:S=L. __________ _ 

. ··~-

WRlfi CONDENSED PHASE TABLE UP TD THE MELTING POINT 
D U _ l 7 _ I = 1 , NU M _ _ ___ _ 
WRITE(3,ll31 f( I),CP( Il,H( II,OELTAS( l),GEF(Il 

iL3 _ F _Q 3J-!AT l_p_)(_, f L~2, I~_f 9 ~_l_t] X ,F._¢> • Q_, 7 X_,_f 6 ._ 3. ,_7)< , F _6. ~ 3. I 
· Ll\IES=LINES+l 

IEJJ.., IN [; __ S ___ • E_Q_!!_ 5 5_L_G(J J 0_ 16 
i7 CU\JTii\IJE 

GQ _ T fJ _Le f3 _ 
lS CALL i::NDPG 

_l_y_~ tfJ JJ.LL ___ ~ ~E ~---J.fJ ---~0 _ HLJ, ____ ___ _ 
C THL FOLLOWING SECTION IS SKlPPEO IF THERE IS NO TRANSITION OCCURRING 

_?_J lF __ (Tl~_.LE~ _ _9.0)__GO I_Q21 _ 
L CALCUL4TE AND ~RITE VALUES AT TRANSITION TEMPERATURE (IF PRESENT) 

[-J_f =_ (_(_CPTp._ !_C:P(_t-JJMl l(2. l*( TTR-TP.JUM) )+H(NUMl 
Sf=( !CPTR+CP(NJMll/2.)•ALOG(TTR/T{NUMI)+DELTAS(NUMI 

_______ _tt ~I.:=: '.tfiiJ r ~~-=-~ l.::;iSI. _ _ . 
SF.FT=-FEFT· 

.... ____ W.'{J_TE_U_J.JJ_3_LltR_,_e_pyR,JH, sr_,sr:Fr 
LI\IES=-LINES+l 
I FJJ_ I.NE.S_ .LT_ .. __ .55LGO IO 45 
CALL E'JDPG 

.~5 I;H_LR. = ___ LLR~S_T _R+HL_ __ 
O$TR=SfR+ST 
F FJ=. I QdfR/ TT_B.) -[l~JR-S $_1 
GFT=-FFT 

. ~JJSJ T t: <.~_,_113 ) __ T T R,_(:_p B, QH_T R, DS TR, GF T __ 
LI\JES=LINES+l 

____ .Jf_( bJ.N.S..~--~--L!__~---~-?_L_(;_[J JJ)_ ?? ____ .. 
CALL E'WPG 

C __ C_.\~Cl)l,_[\U: -~_fiQ __ iiR,_LI_E __ VA_l,_UES_fROM THE TRAN~IriD_~ TE_MPERATURc (IF PRESENT) 
~ UP TO THE MELTING POINT 

2 2 TK, = T(N~M l ± lOQ_. 
HK = CPB*{TK~TTRl+DHTR 

?.IS.:=_~ f> .. i2.~~A.!-:.Q_~(l__~l_T_L!3J! [)?_T.R 
FK=(HK/TK)~SK-SST 
GK_~- FK ___ _ _ _ 
WkiT£(3,113) TK,CPB,HK,SK,GK 
L I \J ~ S = Lj_N E:S +l_ . 
lF(L[NtS .LT. 55) C-0 TO 46 
-~AJJ.,_ k~ \!_Q.PG ______________ _ 

4S T!-\IUt-1+3)=fK 
JJ=NUM+4_ 
J J 2 D = Nu ~·. + 2 4 
on __ 2 3 _J_=:)) __ L._;~zq ___ _ 
T <T l = l ( I - l ) + 1 0 D. 

.... -



,.,, i 

c 
t 

·'-

IFITIIl-fMJ 23,23,24 
2 3 C tJ'U 11'~ J.E 
2~ IK=I-l 

NM=NUi"ii:_4_ . -··-·· 
UO 25 I=NM,IK 
HH-l (I l =.CfJB!: (J (I l -TK l +Hl< 
SS(J) = C0 !",*ALUG(T(ll/TKl+SK 

A-7 

F i: i= I 1 ) . = I H HH ( I l I T ( I l l - S S ( I J - SST 
GGE+ I 1 l = -FEF (I l 
vH·U_n: Li.tll ~ LT tL) __ 1_.C.P l:h HHH ( Ll, S S ( I ) , GGE F ( 1 ) 
LI \!ES:c:LHJfS+l 
IF(ll~JE.S_ .LL._ 55L.GO fD 25 __ 
CALL t:NOPG 

25. CO\JT INJE. ___ _ _ 
CALCULATE AND WRITE VALUES AT THE MELTING POINT FOR BOTH THE SOLID 

.. AN~2- .lJ Q.lJ.J_O _________ -···--· . -·-----· . ,. ____ .. . ..... ·- .. 
HH=CPI3*(TM-T( IKl l+HHH( IK} 
SS~=CPB~ALOG~TM/t(JK))±$5(1[<.) 

GO lU 26 
21 Hh=( ICPM+CP(N_U~Hll2~ l*JTM-T.l\JUMl l+H(NUMl 

S S ~ = ( (· C PM+ C P ( N u M l l I 2 • ) *A L 0 G ( T MIT ( N U M ) l +0 E L T AS ( N U M ) 
~2 ~ Ft=.( HH/J.Ml -SS.A-S~_L 

GG=-Fr 
WRIJG(~,ll3) IM,CPM,HH,SSA,GG 
LI\If.S:=LINES+l 
It=lLINES .LT. 55.L_GO T0.27 
CL\LL t \JOPG 

<J f1i'-i::I~1*QSM+HH . 
S M = 0 S f\l + S S A 
FEF.J1::: ( -iM/TMl.::-$_M-$$_T 
GtFM=~FEFM 

W ?, I IE ( 3, 11 3 l T.M, CPL, HM, S.M, GE F M 
LI \J E S =L I N E S + 1 · 
I.ELLLI'~ES_ __ ._l, T •- _55L.J!O TJL_28 
C.l\ll _tNDPG 

. 2.3 I F Jf T fL •. E: Q. 0 • 0 L_ .GO TO 2 9 
TM\J! = fUIO + 100. 
GO __ T 0 30 

29 TM~ = f(NUM} + 100 • 
. ... lQ .HM.M __ = :f:>.Lt:-(fMM-:lf'1J __ -t:-_ tl~L .. 

SM~ = :~L*ALOGITMM/TMJ+SM 
FMM~IHMM/TMM}-SMM-SST~ 
GMI-1 = -FMM 
WKlTE(~~l13) TMM,~PL,HMM,SM~,GMM 
Lf'JES.:=LINf.S+l 

. J F(J.J N~_$. __ ._L t~ .. · 55 L _GO TQ __ } 1 
CALL·t:\JDPG 

jl T T ( L) = JJ¥1_M ~----100 L 

[)LJ 32 1=2,70 
T l U l = .. .IT ( I - U + 1 0 0 •. 
IF(Tl(H-TFl 32,33,33 

:> z_ . c v 'tr: 1!':-i.J.t:;.,. . __ ... __ . ___ _ 
3'3 L=I 

CAJC_U_lt\L(. ANQ WRIT.E IIAL,L)(:S J\J LIQUID FRQM THE MELTING POINT UP TO THE
FI\JAL TEMPERATURE 
UO l4 I~l,L _ 
hl;,}(l) = CPL*(TT(I)-P1)+HM 



r· 
·~ 

} ~~ 

A-8 
:;L~!l) = CPL*ALOG(Tf(I)/TM)+~~rv: 
f L;,; ( I l __ = ( HL_C>i! I ) ITT ( 1 U-S L Q ( I l- SST 
GL2(i)::.-FU:i(l) 
v,; l<,J Tf ! ;}__, l 1 ::l l T I ( U , C P L_, HUH I l , S L r~ ( I l , G L Q ( I > 

1. I ·~I ~- - L IN I \ + 1 
1 F ( L INC.~ .LT. ~) ') ) - Gli TO 34 
LALL L:'JDPG 
C U\iT IN JE 
If ( L 1 f'l E S .[Q. 55) GO TO 36 

. 2..~ ---- w f3..1J 1: _(_;?.__, lJ; ?- ) ------- ----- __ ·
LI\[S=LINE:5+1 
l f __ U- 1 N ~-S _ .L T._~ _ 5 S L_l? Q Ill_ 3 5 

3~ CALL l:O...:OPG 
HIlS E .:: ALCJLATE_S _THE G,AS PHAS c TABLE 
CALL HILSE(F3l 
Jfj{ __ fGJ_!:_(Jw1:\JG_S_£:;:;]_)0~_REI\IDEXcS THE VALUf.:S SO THAT THE INDICES RUN FROM 
l TO A FINAL VALJE. 
IF_(JTR -~yJ~--Q~9! _Q_O TQ J7 
c>t:F!NJM-i-l)=GG 
Gcf::_( N_l)'-1~2 l =Gt:_F~· 
Gf:F(f\iUM+3)=GMM 

-_,.,,_": ~-\1. l'.!f _!t: ____ ' - ·-· - ----- - - --- -
GO ru 38 · 

3 7 GEf_( Nl) M_~l ) = _(;fF T 
SfF ( iJJ-"'1+2) =GFT 
G E H NuJ~_+_3 > = 0K . 
LL=NUM+4 
RJL}7J _ _1_;:: LL ,_J_IS ___ . 
GEF ( 1 l =GGlF-C I) 

3 ~ 7. _ c Q _\J I 1 ii ).E_ __ _ 
Gt:i=( fK+ll=GG 
Gcft I K ~-2} =GEf_t-1 
M=IK+J 

3'j Jl=O 
Mr-1=M+L-l 

CD 39 _I=t-~,Mt1 

Jl=Jl+l 
Gi;fJJ l_::__G_L,QJ -J.l:L _____ _ 

3=1 CO\iTINJE 
_____ -~ ----------~-A.~-~VJ-AJ E __ _v_~LU E_~ __ Qf_ Df.:L "(_A (_GEF l 

DO 40 I=l,MM 
OELTAF(JJ~F3{IJ~Gff(1) 

40 CO\ITINJE 
WRITE ( 3 d_26) __ 

126 FO~MAf(3X~2H T,4X,llH DELTA(GEf)) 
____ W_J{ji__t: __ (_ 3_ tJ_O} ) _________ .'"c-- _ _ _ ____ . 

Lf'JES=LINES+2 
(. __ F'U'IICh v'A__L,JES __ ()_FJ)I~!,TA(~f:.f.l F~R USE _1\1 OTHER PROGRAMS 

WRIT F ( l4, 1 0 0 ) N Aivl E: ( 1 ) , \1 AME ( 2 ) , I DENT 
DC -~ 7 J::: l , M_t•:L___ _ _ 
WRIH:<3,127) T( Il,DELTAF(!) 

.. _ ------~P.:tH: __ Lt!_t_J_?_?L _ __I __ UJ_LQ_E:Lr ~.fL I) __ __ 
127 FO~MAT(lX,F7.2,4X,F6.3} 

.. __ LI \l_f:~=LJ_~E$+1.___ __ 
IF( LiNES .LT. 55) GO TJ 47 
Ct\L_l, U~DPG 

4--'7 -C0 1H I NJ E 

~~-
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'.)~ l'i_i·UTU5,103) 

LI\IES=LINES+L_ 
If (Ll~ES .LE. SSl GJ TO 54 
C :A l~l. i~ 'WP G .. . . ___ _ 

C . CALCULATE AND WRITE A COMPARISO~ JF HEAT VALUES JBTAINED LIRECTLY FROM 
L fHE Y-PLOT ~JTH THOS~ OBTAI~ED BY INTEGRATION OF THE CP CuqvE 

""
4 W R I T E: ( 3 , 1 1 7 ) · 

: :.-·. 

.... 

-. 

l.17 rU.J,.M.HL5~H C_Q.MPAfU_SDN QF HEATS OBTAI\JE.D DIRECTLY FROr-', THE Y-PUH 
l/~3H ~ITH THOSE GBTAINED BY INTEG~ATION OF THE C? VALUES. //l 

W 1\ lT L i .3.J_ll 8 l __ . 
118 FO~MAT(8X,2H T,5X,l2h HEAT(YPLDTl ,2X,l2H YPLOT SLOPE ,3X 1 17H HEAT 

1 (l'Ht:;~K.ATJ:Ll _,3X,_l_6H H_{YPLDTl-H! INTI //l 
LI\IE::,=i 
DU .4 ':J 1:::1, NUM 
Dhl( I J =H( I l-DELTAH( I l 
~l RLI !.;._J 3_, __ 119 l .... Lt U_t_JJ( .I l . .J.5.LO.P LUJJ DE L.J A H ( ll,O.E_V LU __ __ 

llJ FtJ~MAT(6X,F7.2,6X,F6.0,6X 7 F9.6,llX,F6.0,l2X,F8.ll 
Ll \IES~ Ll ~ES+ _1 __ 

·' lf(LINL:S .LT. 5~) GO TO 43 
CALL ENDPG 

4:3 CO\JTii\lJE 
4 4 WRI_T[.! }!l 03 l _ 

LI\IES:.:LINES+l 
IF(L!NES .LE. _55L_GO TO. 44 
CALL ;::\JQPG 
c i·W F I L E . 14 
GO TCJ l 
END . 



l. 
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SU3RCUflNE f:NDPG 
~;~:JT:.:::,_JHE LAST LINE QN.EACJ::l PAGE AND THE PAGI: HEt\DlNGS FOR THF 
FOLLO~ING PAGE. THIS SUBROUTINE ALSJ KEEPS TRACK OF THE PAGE NUMBERS. 

..-.. _ _!) l~_f N,~_LUN _ ~.,;Mit < 2J __ ,_ Tt 5_0 0 l 
CUMMtN TINC,N,NUI"l,T,.\JAME,IIIPAGE,LINES,L,MM 
WRl Tf ( 3, ll:) L. 

l l J F UK M td ( l H /5 0 X , 50 H 0 F F 1 C I A L N S R 0 S EVA l U A TI 0 N , C E R TI F 1 ED N 0 M I S T E 
I r\ K 5 ) __ 

\tJK.lTi:-(:1,1002) 
1_ q_g_? r !)~J1 t• r.u tt 1 , 

NPl\GL::NPAG£+1 
~~R l_T F. ( ~ d 0 0~)_1\JAMt;, i-JPAG_I;_ 

lJD4 FO~MATI47H EVALUATlUN OF THE THERMODYNAMIC PROPERTIES OF ,2A6,5X, 
lbH __ PAGE: , I 2J 

WRlTE(3,1003) 
1 O_Q_:; ___ F_Q,i_M,:\ LLlHO l 

LI \IE:> 2 
kf:_I IJi·V~ 
r:NJ 

. ··-.·-··- --·'·- .. -~- ~--·· -

~-;: 



. 
l-~ 

A-ll 
SUBROUfiNE AREAIX,SUMl 
l tH E G F~ 1\ l t S f_H E. C P C U R Vt BY !II E A 7\J !:: J F S I M P S 0 N ' S R U l E 
DI \.1E:~\J:~ l 01'-l A I 500 l, X I 500 l ,SUM( 500 l, T ( 500), NAME.( 2 l 
CUM M lL·l . T.l N C ,_.N, ~~ U M , __ T , \!AM E, NP AGE , L I I,J E S , L , M M 
~U~=U.J 

1 F ( l I ,'J::: • ;: (). 2 5. ) r;o T 0 4 
lHJ l I = 4 , N, 2 
1~ I C ) .,. ( 1 0 0 • I 6 • ) * LX ( I - 2 ) + 4 • * X ( I - 1 ) + X ( I. l ) 
~)UVI( I l ::: SJMI 1-Ll+A( i) 

... 2 .. ()_.() ___ 3 .. t~~, Nt ... 2 ... 
II=Ii/Zl+l 

3 SU'Hlll = SUMlll ... 
·.NU."1 =II . 

,_ Rt:fURN ... 
It DO 5 I=6,Nr4 

AU _l .=: _(J Q Q .d.J 2..·l~_LX IJ_::~. l_ ~-~..!.*X I I -:,?.J +2. •_X (J- 2J i~_._!XJ I -l) _+X I I l l 
5 SU\.1({) = SU~HI-4l+A(l) 

CU6 I=p,N,~ 

11=(1+:'1)/4 
:;, SLJ.I11 I I L _= SUM( I l 

NU M= I I 
_1\.LLU 1\f\J .. -·- . 
t"JD 
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SUBRUJTINE HILSECF3) 

__ C ___ . ~i\!-CULAT~S TtH: GAS_ PHA$1; TABLE 
0 I VJ E i'·l ~ l 0 N S ( 1 0 0 ) , S 2. ( 1 0 0 ) , C ( l 0 0 ) , C l ( 1 0 0 ) , H A ( 1 0 0 ) , H l ( 1 0 0 ) , F 2 ( 1 0 0 ) , 

.... : .. lf iJJ·~~VJJ..IJ5Q.PJ .. ,_NAME ( 21_ 
COMMU~ TINC,N,NUM,T,NAME,NPAGE,LINES,L,MM 
DAr _A !<. '_1 .. 9 n 1J.J 1 
R;:': l\D ( ~', 200) CORR 

;· 0 ) F U ~ M A I (.( 1 0 _. ~ _) 
2 0 1 f LH. M i\ T ( 1 H l ) 
. _ . h'IU If:< ?J.Z.P.J l ····-- _ 
?03 F!HMAT ( lH 

WRl.TE!).,ZQ~) 

2D~ ~U~M~T(66H INPJT DATA TO SUBROUTINE HILSE. COLUMNS AS LISTED IN HI 
lLSE~R~fH. . //) 
WRIT~(3,1lll LURR 

~l.L fQ.:U:ti\ TL-33 H CD~Kf:.C.Ll QN ,.EA.C TOR FOR 'JEW. ~I .... rH. - , F 1 O. 'J I I> 
~~ fU T c ( 3 , 2 U 5 ) 

iQ;> f')3J~!\f(a~,2tLJ,8X,_2H 4,~X,2H 5,9X,;2H 6 /II 
Ll'JES-=12 
J=:) 

., 1=1+1 
. _______ f.Z.f..~P. U .. t2 . .Q_6) __ TJJL!.~.Jt> LC _ _t I >, HA ( I l ... 
205 FO~MAT(!X,F7.2,5X,F7.4~5X,F7.4,4X,F8.2) 

I FJJ ( 1 )_ _. E: Q " _. Q • ) _ _g_u T 0. _ ~ 
liU TO 7 

··- _ -~ _ I'~ tvl:::J -:J ___ .. . __ 
DO 1 I =1, MM 
W.F$_U:_tL~ _ _t_207 l __ IJ .. U .. t...2J.U . .t.~U >.tJIA( I> . 

201 FO~MAT(6X,F7.2~3X,F7.4,3X,F7.4,4X,F8.2) 

~ l '.Jf::S = L,J_Nf;:_S + _ _l_ . . ...... , __ . 
IF(LlNES .LT. 55) GG TO 1 
C~\!,.1 .[, ~_[)_pG 

1 CU\IT HUE 
2 ... W.R..U: E:J..h..2.P JL. 

ll \JES=LINt:S+l 
lf(Ll\4£;_$ __ .L{_., __ 5_5). GO TO 2 
L 1\LL := \IDPG 

_ v~ ruT c c ~~, z p a) _ _ _ _ . 
2J5 FORMAT(26H GAS PHASE SELECTED VALUES //) 
... ...... .. ~~II c: L~-~-_? oc; > 
20~ FU~MAT(5X,HH T UEG K,BX,3H CP,6X,11H Htfl-H<Sfl,2X,11H S(T)-S(STl, 

1 oX, 4 H ~ ~ F I lt 
Ll\IE~='/ 

S2~8=k*J S ( l} +CURl{) 
SZ( ll = 0.0 

' .U.Q __ ] . .. J =.?LMM __ , __ _ 
3 52({) = (R*S(l)l-S298+R*CDRR 
.... QQ_ --~· I_:==J, M~l_ _ 

Cltll = P.-a-C(I) 
Hl Cl> =_R*<.t-IAJ I )-_HA( l L! .. 
F2(Il = {Hl(I)/T(Ill-S298-S2U) 

. !t _ f} .. LL> _:_ __ .:=f2 J.lJ ____________ .. 
·ou 5 I=l,MM· 

vH<I T t: ( 3 _, 2 1 0 l .. I ( I ) , Cl ( l) , HI ( I l , S 2 ( Il , F 3 ( I ) 
21) FURMAf(6X,f7.2 7 /X,F6.i,7X,F6.0,7X,F6.3,7X,F6.3) 

. L I\lES'-' Llt~i.:S+J .. 



A~J3 ... - --~ ........ 

IF{liNE:S .LT. , 55) GO TO 5 
CALL. Lf\JD.PG 

5 CO~T lr-.jJ E 
) .WRI Lt.: Lh203 .. L. 

ll\Jt) = liNES +1 
lf(Llhll5 .. LJ .• 5~L _GO 10 6 

... ~ CALL LNDPG 
t~E r u K1L 
!:NO 

',')II 
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P R J G f{ A "t H 1 L S E ( I •'-J P U T , 0 U T P J T , T A P E- 2 = I \1 P U T , T A P E 3 = 0 U T P U f) 
CJ.(,R£CT LJN PE'.D.G!~AM _ _FOR. .HllSE.~RATH __ cT AL TAi3LES OF IDEAL GAS THEi{MOQY-
r ,. NAHI:: rJ\ICTIONS. 

.. __ . IiL'1f r~::.LDN ... LLLJ Q. l J.fJ l.OOJ, S < l..OOJ , __ C Ll.QO), HLl 00 L,_C U lOOJ, SLU 0()) ,_52 ( 1.0 
l:J),H1( lOO),Fl(tJO),F2(100),F3(100),IDENT (12) 

c. 

c 

[)A f A . H ( l_. 9 81.17 l 
k.I:.'\D l '-JPJT DATA 

_ ~ R tf,\ D { 2 ... _1 0 0 I:_ J DE 'JL 
LOJ FO~MAT (12Ah) 

l f. .. J }Di:~L. ~_Q_., 6l:i___ __ ICAL!,. EXIT. 
RL:t\D (2,132) CURR 

l_() 2 F-U ~Mt\ f . _LF 1 0 ._5_.) 

I=) 
.l I=-1+1 _ .. 

KE!\D ( 2,H1ll T(I), SC!),C(Il,H(l) 
1 J..l.f P~~AL LEL1 .. 1~..J:J. CJ..~ __ 't.r F J .2~-~, .Fl2.~. 2_L 

IF (1(1) .t:Q. 0.0) GJ TO 2 
::iO_f[J l 

2 N= I -1 
V..: I U J t: f A B L E H E A 0 IJiG S ANQ I NPJ.JT DATA 
~RITE (3,189) IUENT 

.Ll3 r.OJ..~.AJ .. Jll:il, .L2 A6.) ____ .. 
~ I.JI{!TE:. (3,1::13} 

L:.U. rO~Mr.T J50'1DINPULDATA,. CJL.UIII~S AS_ LISTE;O IN HILSt-RATH. 
~~Rlf[ (3,106) 

LJS FtJ~Ml\f ( ~iJHQ 

~RITE-: (3,1~17) 

.1.~]- fQ~~-~f .. J.lHOl 
UD 3 l=l,N 

1 

W;.(JfE (3,101)__ f( Lt, S( IJ,C( I ),11( I l 
3 CO\ITI"UE 

:.. CALCUL!\JE CORREC ft(.) VALUES 
S2JB = R*(S{l)+CORRl 

- ·-·-- s ~-11J.:::_)_!' 0___ - --- ... 
OU lll I=2,N 
S2JJ l = ( R~;;i (I)_) -S_2_9B +R!CJR~ 

1 .) C 0 'JT f N J E 
00.4 I=_l_,N 

, Cl!Il=~•CCll 
.•. ____ ...... H Llll .. = .. C.HJ IJ -:::.Hl.l )J~.B ___________ _ 

F 2 ( I l = t H 1 ( I l IT ( 1 l l- S 2 9 8- S 2 ( I ) 
f 3 ( I l = -f 2 C l l 

!1 CO\JTINJE-
C ..... __ W_RLLL JUJPJL. __ 

WRITE (3,1J9) lDENT 

5 6 

------------ ____ _____ ---~RlLt ___ (_J_, __ :tQ~t_l__________ _ __________ :____ ___ ....... ··-- _____ _ __ . __ ··-··-. _______ _ ____ -·----·· ·------·--· .. _____ ,___ -----··-·- -·- __ . 
104 FO~MAT (50HOSELECTEO VALUES ••• 

___________ "'WKLLE .... LLJ.OFU_________ ___ _ ____ _ ____ _ 
103 FORMAT (lOOHO T CP HT-HST ST-SST 

. _____ l_ ----- --- ........ ----- . - ··- ------·-· --· -·--·-··-· - ----·--· . 
WKITE (3,107) 

_________ .QQ......2 .... J . .::.l.rN ...... ,______________________ ____ ... ····-···· .. ····----·-·····------------···- -----···. 
'WRITE (3,105) f(l),Cl(l-l,Hl(J),S2(J),F3(Il 

1 .:!5 _f O-'-~.MAL_t2.~X ~ F6. 2, 2~-~ F8_.,_:1, 2X_~_f8. u, 3X,F 8 ~-~ __ ,_JX ,f~. 3 l . 
5 CO\JTINJE . 

.. _ _ GJJ_I C .. ~---
ENJ 

-GFEF 
) 



'PROGRAM_ .S 3_LAWS 0 NPUT_, OUT~t,)T, TAPE 2= INPUT, TAPE 3=0U TP UT, T APF 14) 
C THIRD LAW CALCULATIONS FOR MONATOMIC SPECIES 

. _____________________ L ____ DI__ME NS _LQ~ I_Q_t;Nl<l_2) , TI.L2 OOJ!.F ~-f 0 ( 200 ) , P ( 2 0 0), X ( 2 00) , XX ( 2 0 C) , T ( 2 00) 
1,TQ(200),FEFQ(200),TR(200),FEFR(200),FF(200),PP(200),PPP(200),P0(2 

___________ 200), 8 <ZQO) ,_Qt!ST <~2QO l ,_QI:l_D ( 2_9_0), Q ( 200), RES ( 200) 
DATA R/1.98717/ 

-~- ________ Rt:AD P-IPUT OATA __ . 
1 READ (2,100) IOENT 

_ ~~-------lOQ __ EQ.RMAL __ ll2AQ..L_ ·------- _______ _ 
- IF(IDENT .EQ. 6H )STOP 

_ _ __________ f3f,:~D ( z_,_llO ) ___ t<_, Kt<c_,_~ 
110 FORMAT(314) 

__________ U:JM ._(;;Q.tl .. GO JO 155 . _ 
C READ T AND OEL TA( GEF) AT EVEN TEMPERATURES 

-- ______ , ______ J_::::_Q _______ --------- -- ---- ---------------- ----- ---------------------------- -------
2 I=I+1 

. - READ(2 114) TT(I) FEFD(I) ---- ---- -- ---~---- ----------------· - -----'- --. -- -------- ---- ______ , ___ -- --------------· .. 
114 FORMAT(lX,F7.2,4X,F6.3) 

. _____________ JEJ_I • t: Q. 11 ___ GO TO 14 __ _ 
C FIND MELTING TEMPERATURE 

----~-------------lEJ.TTtll._ !~~--II!J.~J l_t ____ GP ... I!:L 1.9 
14 IF1TT(I) .EQ. 0.0) GO TO 15 

_________________ GO TO 2__ _ _______ _ 
16 TM=TT(l) 

__ C ________ IMELT=N.!Jf'1l11: _ _B ___ QF ,VALUES._ pF __ I__ AND OE;LTAlGEF) UP TO THE MELTING POINT 
l"'F.LT=I-1 

_______________________ §_Q. ___ T_(J ____ !i ____ ····---------- ______________ ------------------------- ·----
c NN= TOTAL NUMBER OF VALU~S OFT AND DELTAlGEF) 

_______ _1_5._ .NN=:I-L .... 
C READ MEASURED PRESSURES. X AND XX ARE DUMMIES NOT USED IN THIS PROGRAM •. 
. .. ....1.25.. .. I =: __ 0 __ _ _____ _ 

17 I= I+ 1 
________________ · ____ RE.AO (_2.J..l0lL.I..LJJ ... _e.(1J.J.ltU ... 1..L)(._X_( J > 

101 FORMAT(F8.2,El2.4,Fl0.2,F8.2) 
..... __ · ______ · ___ LftTJJ_)_ __ ._EQ~.O~QL .. <iO __ LQ .. ~---------- . 

GO TO 17 
.. . . _c________ NUMX= NU.MB.E lLJJf .. D.--A TA f>._Q tNT$ ___ _ 

. 4 NUMX=l-1 
--------·---------~----- J.f..tK K. _.. ~Q! .9J _{;)_Q_IQ_ J .... f3 ..... _ ----------

c CONVERT MILLIMETERS TO ATMOSPHERES. 
DO 19 _j=l tN_l}_MX _ 
P(J l=P( I )/760. 

___ 1_9_ .<~ONT I Nl}f. .. __ 
C BREAK THE DELTACGEFl G0RVE INTO TWO PARTS AT THE MELTING POINT. 

____________ JJL.PQ_2Q .... I.=l_, __ U1_E_~ I ...... 
,.. TQ(l)=lT(l) 

_________________ ..... Fl;_ F Q ( U =FE F Q_(I l 
20 CONTINUE 

•_., __ ·-·--------- _ I_M_EL T l::J ME LJ.± 1 
IA=l 

________________ .. _[J.:Q _? 1 .... I==. .I '1.~~Tl, NN 
~ . TR(JAl=TTCil 

_ __ _______ FEF R ( I~ __ )= F Ef[) ( I ) 
IA=IA+1 

,. ____ Z_l_ CQ[\jTINL)~ 
NA=NN ... IMELT 



_ A-16 

.. c__ _____ :FJND WHICH E!.ltRT.O.F THE DELI.AtGEF) CURVET IS IN AND INTERPOLATE 
DO 22 1=1 ,NUMX 

.... -· , .... IA:=T UL. . ........ --· 
IF (TA .GT. PH GO TO 23 
IF (TA ~LE._TM) GO TO 200 _ 

200 CALL LAGINT(IMELT,TC,FEFQ,2,KX,TA,Fl 
_Ff=(J)=f. 
GO TO 22 

............. ~) .... CALl lltG J f'HJ.NA., TB., F EF_R._,_2 _,IS~, T_A, F > 
FF(J)=F 

.......... _. ___ 2.?_ . C_PNT INJ.JJ .... 
C ' WRITE INPUT DATA 

.......... ··-···-··-- W.RJ T E ( ~ .. rl Q2J ... 
1·02 FORMAT(lH1) 

--- .. ~!UTt; __ .li_,_l Q 4 > __ . _ . _______ . . ____ .... ···--··· .. 
104 FORMAT ( 1HO) 

WJU TE J .. ~, 1 Q~J.. . ...... 
103 FORMAT (50HO INPUT DATA ) 

__ C_ ____ NE.~T $T_~T€M~NT AV.PlDS __ P~INIJNG T AND DELTA(GEFl AT EVEN TEMPERATURES 
C MORF THAN ONCE FOR A GIVEN ELEMENT. 

-----·--·-·· .tEJ.!'·t '!_J;_Q ~ .. LL.G 0 . .I.Q. 2 5~----
, WRITE (3,111) 

. ___ tl L FOR MAT.18H T __ p_r=G K, 1)( ,_U_H O_f;_LT A ( GEF.) 
WRITE(3,104) 

....... ··-'--'--- DQ.24 ~-l=l,NN. _______ -·-
WRITE(3,114) TT(I),FEFD(J) 

......... ______ 2 ~-- _QQN T I N1J.L -·-------- ........... . 
WRITE(3,102} 

. ____ 25 ... . W Rl T.E (3., 1 OO_l_l DE.NJ. 
WRITE(3,181) 

.. --~LfORMAT . .l5_QJ:tO .... __ . I. ___ _ Df:t.,TA GEF 
··.Do 89 -1= 1 ,NUMX 

..... ____ ---~ ; .. _. -~.Rl T t;: JJ . ..t.l Q_ ~.l_Tt I_}_,_ P. ~ I . .Lr . .F F ( 11 
89 CONTINUE 

. __ .-.:.LO!L FORMAT .... LLX,_t::=_~ 2 .t.2X, E l.2.~ .. ':t.,_22(, F8~ 3) 
WRITE(3,102) 

___ _e_ ______ IJ:U.RD .LAW CALCUlAT I CN__Q_t=_ _QE.i IA H 
SUM=O.O 

.... ____________ ,. __ SJJ.M l=:Jl..!! .. Q .. --"-··-.... -·----- .. 
DO 6 l=l,NUMX 

. ______ . PP U l=ALO.Gl.Q_tP..UJJ 
PPP(l)=ALOG(P(l)) 

...... PQ_(I)=~~*T<U*PPPJll 
B (I l =T (I) •FF (I) 

..... ---------·- .J:.!Jj S.T < U. ::P.O . .LLL+ 13 .UJ . 
SUM=SUM+DHST(l) 

.... ______ (:) . CQNT I NI,J.E 
ANUMX=NUMX 

· , DHAV=SUM/ ANUMX ..... ------·--··-· ....... -·· ·-····· - ···-~---

NUMX=ANUMX 

----····-----· .... Q9_. 7 I:::_::!! ~!J_MX._ 
' DHD(Il=DHST(l)-DHAV 

... __ ·-'------·· ~~_Ml=S!}~~~~f!_S_( DHO( I)) 
7 CONTINUE 

. ___________ AN\J MX=NJJMX . ··-· 
DEV= SUMl/ ANUMX 

............... ____ N_U M X= (\N.U M~ .. ·----- .. 

i;.·'-. 



A~l7 . 

C .·P.Rli\!T. B~SULI~. 
WRITE ( 3 ,1 06) 

.. •. ___ 1 06.. _ E.QJ~ M AJ_j ?_Q~j)j: t.\ !:-C:.!:l.~ AT I_Q_N__ R.E..~~L IS 
WRITE (3tl07) 

___ j._QI F_O~MAT_ _(lOQtL T P LN P LOG P -R T 
. l LN P -TIDELTAFEF) DELTA HST DEV ) 

. WR.: I TE j_3, lQ_~_) 
L=O 

. -~,..-... _________ .. , __ QJL -~- t:J , __ N_lll1~. 
W R I T E ( 3 , 1 08 ) T ( I ) , P ( I ) , P P P ( I ) , P P ( I l , P 0 ( I l , B ( I ) , D H S T ( I ) , 0 H 0 ( I ) 

.. __ J,_QJ} F. Q R MAL ( 1 X __ ,_[8 • 2 , 4_X, E t.? .. ! 4 , ~ '.(_, F 1 0 • 5 , 2 X , F 1 0 • 5 , 2 X , F 1 0 • 2 , 2 X , f 1 0 •. 2 , 2 X , F L 
10.2,2X,F8.2) 

C .... P!..JNCH __ QPJI Ol:t 
IF (K-1)"8,9,9 , 

........ ______ C ____ JQ. t\Y_QJ_H_ -~J)N_I;:_Ij_Irt_G_J DENT -~-~F()_~f: E A~H _VA~UE 
9 IF IL .EQ. 0) GO TO 12 

________ GJJ .. T 0 .. l1 
C PUNCH RESULTS 

______ _lZ . .WRl TE .JJ4, 1QQ_l J QENT _ __ 
11 WRITECl4tlOU TII),P(l),FF(I),OHSTIIl,CHO(I) 

..... " .. ------------·---1-.::= .. J ........................... ---. .. ............ . . . .............. ............. " ... 
8 CONTINUE 

·-----·-· WRJ TEt3.,109J DHAY _ 
109 FORMAT· (20HOAVERAGE DELTA H298= .fl0.2l 

.. WRITE 1.3 ,1J2J .. 0 EV __ . _ ..... 
112 FORMAT. ll9HOAVERAGE DEVIAJION= F6.2) 

_CALC _I)~ A_U 0 N .... .9 _f .... ~ T!.NP A ~-Q. DE: Vl.~T I _QN __ 
SUM2 = 0.0 
on 13 . .I= 1 •. N..U.MX ........ . 
RES I I) = DHDI I l••2 

. ··------- SUM2=S .. Ut.J.2+&E.S.JLL ... 
13 CONTINUE 

__ ·········---·-·-·····.A!'W M X.=.N.UM.X. - ............. - ...... .. 
SO= SQRT!SUM2/IANUMX-1.0)) 

··-----------·-N.UMX::A.N_U.MX __,_ ___ .c . __ __ 

WRITE(3,104) 
.............. __________ WIUTEL~_,_u_:2JJ:~U.MX_tSD._ ____ _ ·---- .. _ 

113 FORMAT(34H STANDARD DEVIATION FOR THE ABOVE ,14, l6H MEASUREME 
··----~-JJii.S ... :: .. ____ ...... J..f~-!.~1-- ... ---- ·--

ENOFILE 14 
_ GO TO.l_ 

END 



· ·--- A--18 

-----·-··-·SUBRD_ULH-If __ LAGINIJ Nr_.A, f.1.. M, K, X, Y l 
0 H1E NS I ON A (1 l , F ( ll 

.J~ __ _Q_fl:f;_RM I Nr; .... JNO !;~ .. Of I A BLt; ___ .VAL lJ .. f. NEAREST THE INTER POL ATE. 
CALL BAINS( A, N, X, I ) 
IF ( . 1 ~!= Q. 0 .J .. _ G 0 J 0 l 0 ... 
I F ( X. E Q. A ( I ) ) GO T 0 9 

C _____ ()JTE13MINE INDf.:~_OF THE F.J.RST .POINT TO BE USED IN THE INTERPOLATION. 
· J = M I N 0 ( MAX 0 ( I - M I 2, 1 ) , N - M ) 

--·--·----·····l.F.I M,._f.:f,l._J!'_~NO•l!' __ Lf;.~.::J•A.NJ).X.LT .~(I) ) J = J - 1 
CALL LAGRNG( A(J), F(J), M, X, Y ) 

. -~ ___ _l_Q K = I 
; RETURN 

_ :______ 9.. ___ Y. ... = F.U J . 
GG TO 10 

.......... _ _:__. _ .. _· ... END -----·· _________ ,. 

-~·-·-·--- -----

I 



.. A-19 

. ··--·-··-------~~j;J~_ROUJJNE_LA~RJ'J~( A, F, M __ ,_ X_, Y-) 
DIMENSION A(l1), F(1l), OA(1l), 0(11,11) 

--------~**'Lit............. ----- --- .. -·-··--·· .. ·---··· ... 
0 AT A 0 ( 1 l , 0 ( 13 ) , D ( 2 5-)1;J;f 3 7)"; riT49) ~ 0 ( 61 l, D ( 7 3 l , D ( 85 l , D (9 7 l , D f 1 o 9 )·, 

····-~····--·------JDJl2U_LtJ*l•_Ql _____ ····- . 
. •- .C••94 

-- -- _____ _l_5. - !,. -· .::: M. __ ± .1 
C FORM TABLES. 

. • . FN = l. 
"!·....-~----·-·----···------ ~-------¥---- --. -----~--~ ..... ----·-··-· 

DO 1 KK = 1, l . 
Q_A ( ~ K L .= __ AJJ.SIS) -: )< .. 
IF( OA(KK).EQ.O.O ) GO TO 7 
FN_ = EN_*PA (~IS l 

1 CONTINUE 
. ····----........ K.JS .. =_ .. 1 .... _ ......... ·---·--·- _ ... ____ .. 

ll = 2 
··-----· 2 OJ]_ 3 . ,!_J _= l,_l __ L l __ - . . ........ . 

b(KK,JJ) = DA(KK) - OA(JJ) 
______ ) __ DJJJ, ~-~J = -~Q <.~lhJJ) .. 

KK = KK + 1 
................. _ _._, ___ , __ .ll. :: I<J<o ± .... L~.... .. ........ . 

IF( LL.lE.L ) GO TO 2 
C__ _ __tQ.MP.UJt lNTERPD..L.ATEQ VALUE. __ 

y = o. 
__________ DO 6 KK .. = l.L.l 

FD = I. 
-------------~·-·- Q_Q._ 5. ·LL.==: .. . tL.J ... 

5 FD = FD*D(JJ,KK} 
_____ 6 _y .. ? Y t ... LEN~F LKKLJl.1._.DAtKK L~fD ) 

RETURN 
. _____ _1 _ y_ = F ( KK L _____ _ 

. RETURN 

...... -··----'--.END 

... ····'-····;---------.,. 

'• 

- ------------------ ----- -·-- .... -·--···---- --- ..... ·--~-- ...... ----------·· "' . ' 



- i 

_!_ _____ ._SJJBROU_LLNE_ _ ___B_A_I_N~1 SLLST, J1M, _z, K_) 
DIMENSION SLIST(1) 

__ _: ~c_____ ___ $_L 1 ST~I.AB.LE_.__JiHlCH _ MU.ST 81;; __ )~ ONOTON I CALLY I NCR EA S lNG 
C M= NUMBER OF ENTRIES IN SLIST 
C ______ Z=VALUE TO BLFO.UND I.N_ TA8_lE 
ic K=SUBSCRIPT UF VALUE IN TABLE NEAREST TO l 
! C____ e_ROGRAM_ REJJJRNS .. K = Q _lF Z IF OFF TABLE. 

M-=MM 
. ___________ U_= 1 __________ .. __________ . 

L2=f-1 
_ . ____ _ K=l 

lf(Z-SLISTC1ll 1,15,3 
. ________ 3 K:= M _ 

IF(SLIST(M)-Z) 1,15,~ 
__________ 9 ~::..M/ ,2 _____________________________ . _______ _ 

IF(Z-SLIST(K)) 20, 15, 29 
___ __20 L2_=K _ .. 

GO TO 23 
_____ 29. _Ll_='K _____ _ 

23 IF(l2-Ll-ll 1,14,25 
___________ c ____ ,_z.2 ___ M.-:::L.J +L2. ________________ .. _ 

GO TO 9 
---~1 ~ IF ( 2. itZ-Sll.S.J ( L l) -S Ll$J( L ZJ) 

30 K=Ll 
_ ______ __ _GO. T 0 .. 15 

31 K=L2 
_________ -_.. ________ GJJ T 0 _t5 __ 

1 K = 0 
_ --~S RETURN 

END 

30,15,31 



~ ... 

I ·~ . 
i 

-- A-21···-- · 

..... p';U~R;-\ 11 __ YAPO~. (I Nf>l)T t OUTPUT ,_JAPE 2=.:.1 NPIJT..,_J.AP~ _}_=Ol)T.PUT) ... 
Dl~~N~10N f(500),P(500),PLC500),PRU0(500) 1 DIVC500),10ENTC12) 1 XAXIS 

·· . _ .l ( ')) ) . , Y ~~ .. IS( ~-QJ.. . 
DATA Kfl.98717/ 
f{L~D l \IP~T D~IA 

13 Rf.~D t2,1) IDENT 
.l FUU1Af (J2A6L 

IF (lO~NT ~EQ. 6H 
K t: A.P t ~ , ~ o) lt ... 

/) FO~MAT (14) 

WIUII:. tl,aJ ... HtENT __ _ 
3 FORMAT (1Hl,l2A6) 

_____ rlRLT:f t~_,_~) --~- . _ 
3 FO~MAf (50HO TEMP 

) CALL EXIT 

··-· 
PRESSURE LOG P 

. W.~ l..l.f. J.l.L~d ----.- - ·-· . ·- ..... .. - --·· . .... .. ........ _, .... -· . 
~ FORMAT (50H (KELVIN) {ATM) 

( = J.-
~ 1=1+1 

.... _ ... RE.a\.D ( 2 ,_5) .... LUJ.t.PJJ). __ --··- _____ _ 
5 FU~MAT CF8.2,El2.3) 

_tF ___ liLlJ ........ !=Q.! __ o,. QJ ... GQ. _H!..lQ~---- ..... 
GO TO ·~ 

l.Q NU'1X.= I -J ... _ . _________ ......... . 
IF ( K .EQ. 0) GO TO 21 
CO~ V ERjJ_QN ~._QQJ> .. _t1H, L t~!=.I~~-~-=~l.'T~Q ~PH ERE S 
DO 2 2 I= 1, NUMX 

?..1.. F'U_l:::l?lJ .. JL?.gO.JL ______ ... ________ ............... ··-·· ............... . 
21 00 1 l=l,NJMX 

Ptt JJ = ~~-OG.l.OJ .. e.u LL ..... ___ ------------ .... ····--·-···- ......... _ 
PRJD(l)=R•ALOG(P(l)) 

__ .0 l.'i. (_ J l.:: .. l.."'./ I UJ ............ ···-·-· ...... -----~------·-··· .......... ···-------------- .... ______ _ 
WRITE ClUTP\JT . 

RLNP 

. .... WIUTE .. L~t.J>l. ... IJJJ , ___ fJl!.t.f~C !.J.J_P~Q()l_!l.tP.!.YJJJ ............. .. 
~ FOlMAT (2X,F6.1,2X,E9.3•1X~Fl0.5,2X,F7.3,2X,El0.3) 

.J .CQ'IllNJ.~-- __________ . ________ ___ _ _____________ __ 
GO TO 13 

...... f;f-4)_ 

1/T 



c 

1r-22 ~ ... .. 

PROGRAM VPCAL_C ( INI:>UT, 0\HPUl.t.TAPE Z:: INI':!.VJ..tl APE: 3=0UTPUT) 
CALCULATION OF VAPOR PRESSURES FROM FREE ENERGY FUNCTIONS 

....... __ D_IJ4ENS.tQ.N NA,._f C l~J ,T C l_QQ l.t ~f.fO{JQQl,_~ tt:CC l.t.PJ?..IJ 19.() J, l (JQO) tfl C 100) , 
lMZC100),8Z(l00),SZ(l00),TQ(l00),FQ(lOOl,AC20),TlQ(lQO),FFQ(l00), 

. . 2 T CQ ( 1 0 0 ) , F QQ U 0 C ) _,T P { 2. Q ) . , G ~p P C 5 0 ) _,_ T A PP(_, C ) ,_ G 8 ( 3 00 ) , T B ( 3 0 C ) 
DATA R/1.98717/ 

46 READ (2Jl00) NAME 
100 FORMATC12A6J 

IF __ ( NAMJ .• EQ • ___ 6H 
WRITEt3,101) NAME 

lQl FORMAT ~1Hl,l2A6) 
WRITE(3,102) 

102 FORMAT (lHO) 
WRITEC3tl03) 

)STOP 

!.9..~ ___ FQ_f!_~A It~_QHO .. ---- .... ~------ ------ .. J-~~_UT ___ Q~_!!_ __________ _ 
REA0(2,101t) DHST 

l.Q.~ . F Of~H AT tf _1 Q • 9. t .. 
REAOC2,116) TM,TTR 

-116 FORMAT(2(2X,F7.2)f - ----- ·wRITE f3·, ios··, · oHsf ·-·-·····-··· ·-········-···· 

.. l9.2 .f.Q~~~T_(_?_2HO[)_f;~JA . .J:iJV~~~Ld.~.9.~J .... ::: ..... fJO~Q_!_ ______________ ................ .. 
1=0 . 

1 I =J + l ___ _ _ _ __ 
REA0(2,l06) T·C llefEFOC U 

l__Q_t, FORMAT{l_X, F7• 2, 4X, F6. ~J 
IF CTCI) .EQ. 0.0) GO TO 2 
GC TO 1 c"··-·----- N;;;foT AC.NuMsefi · o·F---P·o iN"is· · ---- --------------------------- .... 

2 N=I-1 
~ -- ·-·- . .. -·· 

WRITE (3,107) 
J.QT FC~MATJJ:JH T __ ()~G K __ l)(tJll-f_Q_~~IAC~E~J.J ______ _ 

WRITEC3,102t 
- ______ p_Q __ ~ - .. J.: .. =:J 'N ______ ..... - ---- .... ····-·---------·--·· --

WRITEC3,1060) T(I),FEFDCI) 
10~.0. _FC.~Jo1AT(_fl2._2t.?Fl2.3J ··---··-···· _ -----··----------- _____ _ 

3 CONTINUE 
WRlJE ( 3,101) NAf1_E 
WRITE (3,110) 

.. l.tQ _ _f_Q~f.1AT_(_~9HO 
1EXP 

C ... CAL~ULATE DELTA G 
DO 16 I=l,N 

... XJ_JJ =-:F~FD ( I__L ...... 

T 

·oGTCil=XCI)~Tli)+OHST 
C Z C I » = ANT I LOG P . 

·-- _________ ..Q_G.I ·-···-------·- --- . -- ......... p ..... . 

. -~~-----·· .i .. ii--,;;=I)Gt r·I··r·/-1 .. R •r··c-i l_*.ALCfG"f1o .·o-)_f ________________ ---------·-· --- -------
IF(Z(I) .(T. 0.0) GO TO 4 
.,-,--1-i-~fo-~o• .. z··c-t 1 ---- · -- ---------~ ------------------.. -----------------

c Mz = EXPONENT OF P 
~l( I J=O 
GG TG 15 

c·---·-··ci[ciit.il"-IoN--crf: P-ANo Mt-Tt=-z···rs··-NeGATtve ---------- ----··-· 

4 BZCI)=AINTCZCI)) 
MZ.tl J=fNrtei't l J J--1 
SZCIJ=ZCil-BZ(I)+l.C 
P(U=lO.O••SZC I l -



c 

c 

c 
c 

c 

c 

c 

c 

A-23 --
PRINT RESULTS 

15 ~RITEC3,111) TCI)~DGTCJJ,P(JJ,MZCit 
111 FGRMAT(6X,F7.2,9X,F8.0,9X,F7.4,9X,J5) 

16 _ cc~r1 NU._~ 
WRITE(3,102) 
FINO THf TWO:JEMPf;RATU~ES Bf:TWEEN ~HICH pEllA G CHANGES SIGN 
DC 17 l=l,N 
IF_ CDGT(I) .tE. 0.0) GP_TO_l~ 

17 CONTINUE 
l_8 I~OW= 1-l. 

IHIGH=I. 
TLOW ANQ THIG_H ARE THE_ QES l_f!I:D TEM_~ERATl)~__E S. THEY ARE lOC DEGREES 
APART. 
TLQW=T ( li.OW) __ 
THIGH=T C IHIGH) 

GENERATE AN ARRAY OF OELTAfGEFl VALUES IN THE LIQUID 
DO i9 ·1;1 ,N··:· ---

IF CT (I) • EQ. TM) . GO TO 20 
19 CCNTINUE 
20 IMELT=I 

I fol Ei Tl =iM E l T + 1 
_ NJg::=N:-IMELT 

IA=1 
DQ_21 J~IME~T1,N 
TCIIAJ'=T(I) 
_FQUAl=f_EFDC_J) 
U=IA+l 

_Ll. ~C~J IN~t~.- . --·--------------·--····--·- ----·-----------·-·------ ____________ _ 
FINO T ( BP) TO ThE NEARES.T 10 DEGREES 

-- - I J_=_l --- --- ---
22-CALL LAGINTCNLQ,TQ,FQ,2,KX,TLOW,F) 

GA_P.J>(IJ) = Dt1~T-Tl_OW•F 
TAPPClJ)=TLOW 
TLOW=TLOW+lO.O --- -tFfftow-~GT .--THIGHY Gt:f-f(f-2"3----··-·· --·--- ·---- ---------- ·-------·--
1 J= I J+ 1 
GO TO 22 
FINO THE MINIMUM VALUE OF GAPP 

2 3 G r{fN= 1 • E-1 o o ··- -- - ---
oo 24 1=1,11 ---· . ·-·TFC"A 13 s (G AP-P fiT j --;-c; E ~ -GM J, NT-· G o··-fo ___ 2_4 ________________ --·-------- - ----- ·-.- .. 
GftiN=GAPPfil 
IMIN=I 

24 CONTINUE 
25 TMJN:::TAPPCIMfNl- lC. 

Tfo'AX=TMIN+20. 
J=l 
CALCULATE TCBP) TO THE NEAREST 0.1 DEGREE 

26 CALL LAGINTCNi..Q,TQ,FQ,2~KX,fMIN,F).
GBCJ)=OHST-TMIN•F 
TB(J) = TMIN . 
IF(TB(J) .GT~ ·TMAX) GO TO 27 

·--~-- ·-.>··,~·j:.'J"_+ i . '-~---- . --- ~---------~------------------------~----~--. ··--·-· . ._ .. 
TMIN-=TMIN+0.1 
GC to- 26 

27 JFINAL=J 
GBP~l.E.ibo 

---~---··': -·- ··- ----·---·-·· _________ '" ________ -------·-····-- -- .... --



· A-24 
DC 28 I=l.JFINAL 
I'FtABSCGB( I)) .GE. GBPJ..GQ T_Q_ 28 
GBP=GB (I) 

_ J BP= I _ 
28 CCNTINUE 

WRITE(3,112) NAME(l),NAMEC2J,TBCIBPJ,GBP 
112 FCRMATC22H THE eOILING POINt 0~ 2A6,7H IS AT F7.1,16H [EGREES K 

_ lELVIN. /60H THIS VALUE OF TC_BPl RESULTS I_~ A VALUE CF DEllA G ECUA 
2L TO F4.1,1H.) 

WRITEC3,113) NAME(lJ,NAME(2) 
113 FORMAT c 5-2H1 fiLCUCAT fcfN--OF--T-EMPERiTU-RE-5 --AT- E-v·e-~i' PffE5 SURES FOR 2A6 

1 ) 
WRITE(3,114) 

114 FORMAT( ~OHO _-lOG _p __ T ,t;,l_~G K 
C CALCULATION OF T AT EVEN PRESSURES 
C _______ ~"~--~_UL~T~ ( -.~ .. J .. N ___ f.J__ AT _F;Y~-~-1~!-~$.Y._~E-~--£~0t~L_P._~ __ :: ____ .O•~~ 1 TO_ l 0•~-1 0 

Q=O.O 

c 

00 __ ~9 J=l,lO 
C=Q+l.O 
A ( J)_=R •~l,OG ( l_O. 0 )*_9 

49 CONTINUE 
50 JF(TTR .EQ. 0~0) GO TO 51 

Foif--A POL YMO'RPHic·--METAi--S-PliT--'fHE--DEL-TA c GEFf-CURVE ____ t'NTd. -3 PARts. 
DO 29 l=l,N _ _ __ 
IF(T(I) .EQ. TM) IM=I-1 
IF CTC I) _. EQ. JJR) _ITR=J~J ___ _ _ _______________ _ 

29 CONTINUE 
·I TRl= lf R+ l - .. ·-· --- --~----

l~.l=IM+1 
CC 30- 1=1, ITR 

-- TC(l)=T(II --
FC_(J )-=FEf=O (I) _ 

30 CONTINUE 
''' ---- .-!::Q __ _ 

DC 31 _ I=ITRl,IM 
J_=~+J ' . -
TTQCJJ=T(I) 
fF_Q_JJ )=f~fD C JJ 

31 CONTINUE 
',,, ,' _______ -!_~-=~-

c 

' J=O 
0 C 3 2 _I= I M lt N 
J=J+l 
TQ(H J )=TC I) 
F'QCJl=FEFDCli 

_ ~-~ c;: (JNT I NU ~-
JJA=J 
Gc _ro 3(> _ _ __ _ 
FOR A NON-POLYMORP~IC METAL SPLIT THE CElTAlGEFJ CURVE INTO 2 PARTS. 

~ 1. DC . :3 3 J_= 1 , N 
lf(T(I) .EQ. TM) IM=I-1 

____ ~-~- _C.QNT_I N!J._E;_____ _ . ___________ ---·--·---------------------- __________________________ _ 
IMl=IM+l 
DC 34 I::1,1M 
TC(I)=T(I) 
fC( I )=FEFO( I) 

34 CCNTINUE 

.. ~-- . -~ -'!·· 



. 
"" 

c 

c 

c 

c 
c 

c 

c 

_____ A-:25 ____ . 
J=O 
OC 35 I= 1 Ml_,_N 
J=J+l 
THHJ J=JC J) .... 
FFQ(Jl=FEFD(J) 

~'5 CCNTINU~ 
J~=J 

. FINO THE TWO TEMPERATUR.ES BJ;TWEEN WHIC.~ THE DESIRED VALUE OF P LIES 
36 J=l 

Q=O.O 
47 Q=Q+l.O 
37' OG 52 l=l,N 

lf(Q .G~. (-Mill))) GC TO 38 
52 CONTihUE 
3$ TL=T CI -1) 

TG=T (I) . . . . -
lNTE RPOLAT E 
lf(JTR ._NE. 0_.0) ~0 

41 IF(Tl .GE. TM) CALL 
IFCTL .~T. TM) CA~L 
CALCULATE T 

TO 43 
LA~INTAJA,tTQ~~FQ,2,KX,TL,G) 
LAGJ.NTq .. , T(.} ,F~h2 '-~-~!J.L ~G)_ 

JE~P=Ot:t~J /( AJ ~_) +Gl _ ...... _ _______ ..................... .. 
TEST TO SEE IF THE CALCULATED VALUE OF T IS WITHIN 1 DEGREE OF THE 
INJERPO~ATED VALUE ___ .. __ _ 
IFCABS(TEMP~TL) .LE. 1.0) GO TO 40 
INCREMENT THE INTERPOLATED VALUE AND REPEAT THE PROCESS 
Tl=Tl+O.l 
GO TO 41 

40 fp( J l=iE-MP 
J=J+l - .... .. - . -----·- -------.----··-. 

lf(J .EC. 11) GO TO 42 
GC TO 47 

-. . .... ···-·-···· --- --- -----· 

43 IFCTL .LE. TTR) CALL LAGINTTitR;TQ;FQ~-i;t<·x,Tr;G) 
lf(Tl .GT. TTR .AND. Tl .LE. TM) CAll LAGJNT(JA,TTQ,FFQ,2,K),TL,G) 
If'(TL .GT. nfi CACL ti(ffNtfJ.JA-;TQQ-;F(fQ-;-2;·i<x-;tl~Gf··- . .. . 
TEMP=OH~T/(AJ~l+G) 
lf(ABSCTEMP-Tl) .LE. tl6) GO TO 44 
_Tl=IL+O.~.l 
GC TO 43 

44 IP t~.) =-.:.r=.~P . _, ...... 
J=J+l 
If(_.)_ .E9. 11 )_GO TO 42 
GO TO 47 
WRJT_E R~~Ul T$_ 

42 DC 45 J=l,lO 
WAITEC3,115) J,TPCJt 

:fi5. FORMAT ( 4x, I3;·ax, F6-~ 1) ·-·------------·- -- ---·----- ···----·- ··-
45 CONTINUE 

GC' to 46 
END 



A-26 

..... Pf~;)J!~~'"1 _ _Q_3LA_i(.,J 1 Nf>...~T, Ol.!JeUT t.IAPE 2= I NPlJT ,J.APJ: 3=0UTPUT) 
TrliRO LAW CALCULATION OF DELTA H FOR TWO VAPOR SPECIES I.E. SELENIUM 

Dl~ENSION IDENT (12),T(50),P2(50),P6(50),FEF2(5Q),FEF6(50),PSQ2(50 
-·-1 ) '~R T 6 (sci) ; PSQZ L ( s·o)' f>if6L C5o·, 'p p (50)' ppp'( s·o) ,-A (50-,~ B (50) ,c '50) '0 ( 

l 5 u) , DH 2 _(_~p) , ()_~~ ( 5 QJ, BB C_?Q) , D_t!? D ( 50), DH60 ( 50) 
DATA Klle98717/ 

L IH: 1\0 I \1 P..l..IJ DA.! A . 
1 RE~D (2,2) IOENT 

. .. ?.. F U Rf1_A T JJ 2 A6) 
I=J 

. } . I = l.+l __ .. _ 
RE~D (2,4) J(l),P2(1),P6(1),FEF2(l),FEF6(1) 

.! __ F Q ~:t!AL j_f ~ • 2 t .. ?. E 1 2_'" ~ , 2 F 8_~ ? l ____ _ 
IF (J( 1 t .EQ. Q.O) GO TO 5 

···-·· -- ·--··-·····GP .... J:_o 3 _______ ...... ·-·-··- . ----------·-···-·--··· -. 

'._ 

NUMX=NJMBER OF DATA POINTS 
_. i· ____ N.!)~tt.=L~.t ___ ... ______ ..... ---- -

~RITE TABLE HEADINGS 
.. ----- WRJJ.t: '-~-'-~ .L _l.Q_I: ~ r ____ _ --·-· 

S FU~MAT (1Hl,l2A6) 
WRj TE ( 3 7 I 

------- ....... ·-·-·········--~·-···· .L. ·----. . -----·--·········· .... ····-· .. ····--····-··· 
7 FO~MAT (50HOINPUT DATA~ •• T,P2,P6,FEF2,FEF6 

_____ WRLTE (_~_,_}?)____________ _ ·-------
12 FO~MAT llHO) 

WRI.JE .l~JJJ J)_~JA 
DO 8 l=l,NUMX 
Wt{ITE (3~9) T(l),P2{1),P6(1),FEF2(l),FEF6(1) 

· -i"-· Fo~"MA-r··rrx;,:a-:·2·, iETi~t>;z"Fa~zT· ·- ···'-·--· ---- -~---· · 
1L (:O'HJ N J 1:__ ·----- ------- . - -- .. ...... . . 

· 3KJ LA~ CALCULATION 
--- -~ u lot.:= 0 • ) 

SU\41=0.0 
···-· _Q D ... lP .. 1..~.!., ~hJJ4X .................... _ ·--- _ .. . 

PSJ2(l)=SQRT(P2(1)) 
····--- -~t?J.11: L!.· !__~_.) ·~~-OG!..~6_C U.I. 

PRT6(1)=EXP(88(1)) 
... _____ .f~f..?J:I L=:=ff~ £LU .. ·--'"--·····-· 

FE~5(l)~~FEF6(1). 

. ··-· -~~-~-?JJ IJ .. ::.A~ QC?J..~-~ Q£!JJ l --~- .... 
PRT6L(I)=ALOG[PRT6(l)) 

____ .P.?Jt1~-~-~QSiJQJ?.S9~L!JJ ... 
PPP(I)=ALOG10CPRT6(1)) .. _ .... ___ ·~J IL:=-:- ~ •_TJ I_) ~p_SQ2_~JI ) 
8(1)=-~•T(l)•PRTbl(J) 
Cll)=-T(ll•FEF2(1) 

c· 

. ·. 
'-

... -·en f)~·: .. :rrn •·;:·e-.=6· t lT--- . -. ···----· ... --·-- . -
CALCUL~TE DELTA H VALUES 

·····-· bt-i 2TI) :·A-rn +cTt l 
. SU)tt=SUM+OH2(1) 

oi-i ~TI) =·aTI , +oTt, 
· SUMl=SJMl+OHb(l) 

i ·~r· co'ir 1 N J E- · 
TO AVERA3E THE DELTA H298 VALUES FOR EACH TEMPERATURE • . ·--- suM2;o.6 ..... 

SUM3=D.O 
bi.J-Ti l;;;i--~N-UMx·· 

ANJMX=~UMX 



_Q'H2L#\V= S_l,J._~/~NIJ_~X_ . 
OH~AV= SUMl/ ANUMX 
OH2D (I) =DH2,( I) -DH2AV 
s u-~i=s J-Mi+ t4asToH2ol' I,-> 

. _____ I)H_~QJ I L::=: OHb ( l.L:-DH~_AV 
SUM3=SJM3+ABS(0Hb0(1)) 

1 1. C U '4J I N J.E. _ 
ANJMX== NUMX 
OE 1/2= S J.H2/ANU.~X 
Dflfb=SJM3/ANUMX 
WR I.TE u;_SULJS.. 
WRITE ( 3,6) I DENT -· 

A-27 

...... W.~JTI: (_J_,lll.~-~-. _ __ _ __ . __ _ __________ _ 
11 FORMATtll4HODIATOMIC RESUtTS •• T,P2~SQRT P2,LNCSQRT P2l,LOGCSQRT P2 

U ,--RT lN(SQRT, P2),DELTAtFEF),-T•DELTAC FEF),OELTA H298,DIFF ) ··-·-- wR:ff'E""'T3-;T2f---.--·--·---- ------ --------- -- ---------- ·- ·· ·----- -- · --- · ·----- · --- · 
______ QO .. l~ __ l.:: .. l_,_~_V!"!~--------------- _. ____ ___ _________ - -- -- ----- - --- -- --- --- - - -- -- --·--- -- - -- 1 --

'.WRITE t3,14) Tll)~P2(1l~PSQ211)~PSQ2l(l),PP(J),A(l)~FEF2(I),C(l),O 
.. ltt~ tJ.J, D!::t?P lJL ..... _. _________________ . ___ _____ _ _ ...................... _ . __ _ 

i\. FU~MAT (F8.2,2X,2El2.4•2fl0.5,2F8.2,2Xtf8.2,2X,F8.2,2X,F8.2) 
JJ ... ,.l;.Q.~TJ.~~-~---c ·'···-·-·. .. ---····-----···--· ....... _...... ..... .. ............ - ..... _._,_ ............ . 

__ -.WRITE Ch 18) DH2AV, OEV2 
.Ul f=()~,_AT _t~4H_O __ ~Yt:R~~-E _D_t;.t,I!Jt?9!LIS ____ t:8.·~•-~()H J)iE A.V~RAG~ DEV,ATIO~ _ 
. l IS,FB.2) 

: WRlJl:. Jl.,_~J _lQ_~NT _________ ... ...: ......... ~ .. ___ .. __ ____ ..... ___ . . . ___ _ 
WRITE (3,15) 

.. t~-- FO.it~"I !.l..l~!t~L!ti;~_ATQ~l-~-~;~!JLI.~L.T,_~6_,~QQJ P(:».! __ L~--~-QQJ ~~tl_QG ROOT 
lP6,-RT LN tRt P6), O~LTACFEFJ,-T•OELTAtFEF),OELTA H298,0JFF ) 
__ WK, lTE ( J.t l_~_L _______________________________ . __ .. ________ ... .. ----- --- .. ......... -

DO 16 I=l,NUMX 
__ WRlTf: (}_,_lit l .... !.lJJ.t.P .. ~JJ.L._P-~I~_tJ.t .. ~~I_~_LJ IJ,~PPJJJ.,B.JJJ_,_Ff::_f.~ ( IJ ,o (I J !_ 
lDH~(IJ,DHbOfl) -

lo CO\jJfNJE .... ,.. (;'o '"fa ... c···--· ... ·------ - ··---··· . ····------· "' ---·-- ........ 
. -- ~A~-"=--- E ~!L. .. . --- --. -- ------- -- . ---- . ---- - -- . -· ......... ----- .. 

ENJ 



___ _ _____________________________________ A_-~_2_8 _______ . ________ _ __ _______ _ _ .. __ 
PRCJ(,Rf"<~ ACTIV ( r·~?UT,OUTPUT,T;\PE 2=I"JPUT,TAPE3=DUTPUT,TAP'~: 14} 

CALC LJL AT I L~J Q~_ AC fJ_I{_I)_LS.~ _f_~OM ___ y_~P 0_~ _ __1~ i~s5? U_~_s __ ~c~_SLJ-'3 .. ~ M_~tE S _ _ _ 
iJ I ~1 H~ S I 0 N I 0 E 1\1 T ( 12 ) , T T( 1 0 0 ) , F t F 2 ( 1 0 0 ) , T ( l 0 0 l , P ( l 0 0 l , T •J I 1 0 0 l , F F F Q ( 1 

____ . 1_oc._, _ _? r R u_Q_g_~ !£E.c:~!.l _ _Q_Ql_, F F _Ll oo LL~L!:.-90 > , ~-~-L!.Q_g_u_~~ r_LLQ_9J!. ~JJ og_> ~oF (to 
20),GFX(l00) 

DATA Kll.9Fl~L!./ _________________ .. ______________ _ 
C R.EC\D P.JPJT DAlA 

P R.f=AD {2_,100L__IDEN!.. 
1.0:1 FURMAT ( l2A6 l 

__ )f_(I QE_'i_f. __ ~_ 1::Q._~_t:-l_ ______________ l STOP 
Ri:Ae {2,101) OHST 

lG1 F U R_M AT If _1 Q :" 1 } __ _ __ _ ___ _________ ____ _ ______________________________________ _ 
R.EAC 12.102) X 

1 Q_( F 0 ~-MAT _(_1=_1 0 • !. .. L 
RfAD!2,110l K,KK,M 

11 0 .. £ Q3 1'1_~_!:_( 3 I 4_) _________________ _ ------ ------------------ --------------
IF (M .EQ. U GC TO lSl 

I = )_ .. --- ---------------- .... ··---------------· ----------------------------------------------------------- ....... -------- --. 
1 I=I+l 

.. .. . R E,~I { ?.. !_U 4 ) __ !_!_~-- U.._!_f.~ .. E Q_(_!_)_ _____ -------- -----·----------- --------------- --- -----------· ..... 
114 FORMAT(1X,F7.2,4X,F6.3) 

lF(l .EQ. 1l GO TO lO -.---------------------------------------- =--=--------
IFITT(J) .EQ. TT(I-lll GO TO 2 

1 Cl .. IF IJ.T !_U ___ ·_~Q~._ _ _Q. p_L__G__Q_ TO_lL_ ___________________________________________ ., ........ 
. :;u TO 1 

__ _?_ T M__= _T T I JL___ _______ _______ ------------------------------ _________ _ 
lMElT=I-1 
GO TO 10 

---~------ ~---------··-··· -·----~---------

ll NN=I-1 
151 f=J 

. ·----- ·--- . - ---- ... ·······-----·-------------····· ------------------------- ---------------------------- --- ·-----------··· ----·---------

12 I= I +1 
.. _R \;_{l._QJ_f_,jJJ :3 _) _l_lJ_)__,_E_(jJ ______________________________________ ---------------------------

103 FOR~AT .(F8~2,El2.4,F7.3) 

.. _______ J£li .(l_> -·--~.Q~&LJ~Q- T 0 13 
GO T 0 12 

.. .lJ .... N.::.L=l _______________________________ _ 
lF(I\K .EQ. 0) GO TO 14 

C _____ .. CQ~YE~?_l_Qf\J_ f_~Q~_ .. t1!J,~L!1_ET E ~-HL __ ~I-~.Q~PJ:iS.~E ~-------·--·---·---·· 
DO 15 I=l,N 

_____ ________ E_UJ .. :"_f.lllLL~----------------- ______________________ .. 
15 CUNT HUE 

_ J.~- _D_Q __ l_'> ____ _L=:J_! j_t1_f~ _T ________ ------------------------------------------. 
TQ([)=TT(l) 

_________ ..fl::_ t_Q_LJJ..::.~ E F __ Ql:!J _________ ---------------------------------------------
lS CUNTII\IJE 

......... C.. ___________ QJ_Y.LQ.~ .. TH_~ __ DELJ...:A ( Gt_t> CURVE I NHl TWQ_ PAR_!_~_A_l_Tbt:: ___ fif~-~-1 NQ 
IMELTl=IMELT+l 

- ____________ ! A:.J __ --------------------------------------------------------------------------------- -- .... -------
'-IA=NN-IMELT 
DO 17 I=fMELTl,NN -- --- -i-_R31 A i-;,JiTiT ____ -- ------- - -------------------------------------------- --- ------- .. 

_____ _f__fEJU L~ _ _L:l.S.EQJJ_L ___ . _____ _ 
IA=IA+l 

17 CCNTINJE 

POINT ··-- ---·----····-· ---------

c .. · -- --r ~~-r--tR.PG"iAt E--TN--- fHE' ·p-:~oPER --p-.4-irt ____ iYF-T'HE: ·cuilVE To--u8T"AfN ·tHE vALue: oF 
C [) t LT A ( '; E F l AT T H t t-1 E A SURE D TEMP E R AT lJ R E: 

··~-·- -------- --· ~------- ____ _, _____________ , ______ . -···---~---------------------- --------------------·------·····------------ -·-·----·-

---------------------- -----------------,---------------

.• 



. ·---····-····-·---··--·-···------------·-.a_:-~~-- -· -·------····--·-·· . 
DU 20 I=l,N 

. ______ ft..= r_' u _______ . ___ ---··-··· ----·---------C--·--·-·-···-·····---- ........ ··-······ 
IF (TA .GT. TMl GO TO 200 

----~-Lf __ U,~ . ....!.1-~:...~_Jl:!..L.§JL.I u 3 oo ---------------··-·-···-· ··--·-··-- ·--·-··· ·-·--·--·· .. 
30J CALL LAGINTllMELT,TQ,FEFQ,2,KX,TA,Fl 

F. (JJJ::: f_____ --··-·· ··-·----····---··------·-- -·-·-- ..... --·-·-·····- ··--·- . 
~'- GO T 0 2 0 

2Q_Q _ C A~.~ ~~~~-~~-~ NA_t._T ~.!_£_~-~!3:.' 2 ,_.t<:_X r T A, _ _f_L_ ____________ _ 
FF(l)=F . .. 

. L.~~---· . . ... l!!. ... C:.V~~!! !~--------
21 WK1Tf:(3,10Bl 

} Q_~ _____ t(J ~~- ·:' T .. Lht-g_! __ ·-·· ·--------------·------····--··--··--····· ··-··---··--·· ... --··----······ 
C ~RITE INPUT DATA 

________ ~J t{_J IJ J ~!..! Q.()_U_l2.~!F_· -------··----····--··--·-···-------·· -·-. ··-·······--- ---·-· 
, ~JRITE(3tl04l 

1 0 4 F OR. 1\1 A r ( 1 H 0 l ··-···-···········----·-··-···------------···:-----'-·---------- ---
WRITE(3,105) 

. --··· ... tQ..~_.£1lf3J:.A!J2_Q_tj_Q____________ INPUT D A TJL __ ·----·-·--·····---··-- --····-----·. ·-·· ··-·· .. 
IF{~l .EQ. ll GO TO 39 
WRITE(3,ll5l 

...... -- Ti5. ·--F ciR.M.~(( 8 H ·-y·-o E G --K , 1--x;i 1 H 0 EL T A ( G E F l 

........ _..: __ W..~!.! E _!_3 , ~Q~_l ____ ·--------------------
. DO 2~ I=l,NN 

WRITE(3,ll4l TT(IlrFEFD(I) -··· _ .. _ z-z- ··c.() ~:rr· f r~ :rE-~·- -· ---- --------------------~-------------------------------- ---------------- ------------
. WRITE(3,108l 

·--3~~--- ·wf-{~I--f E f3-;-:co i~ ;-------------------------------------------------------------------- --

WRITE (3,113) DHST, X 
··-·-···· ........ ·----·---·--·--------------· ------

113 FORMAT{l5HODELTA H298 = ,FlO.l, lOH X = , F 1 o. n 
_____ ~-~ _LI_t: ... LLd. 9~.L __ .. ---·-··--····----·--·--------·-· _ --···-----·-·· .. ···--· ...... 

106 FORM4T (50HO T DEG K P (ALLOY) DELTA GEF 
.. _____ rJ_I~_J_!_~_!} __ ,_lQ~ __ ) ________ ····------···· .. ·-··-····. --·- .. __ .... 

· DG .3 I=l,N . 
W R I T c ( 3 , 1 0 7 l . T ( .I ) , P_...:.(-=l.....:.l....!,....:..F-:F,..;.(c....:l:....;)~-:---- __ _ 

· -- ··-·· · --io7--i=·a-R-MA_r.t4x~--f:·7-:-2·; s x , E 12. 4, 5 x, F 1. J > 

3 CO~TINJE . -----· wRfr t:··c~f;fo-4T- -···---··· 
c WRIT~ fABLE HEADINGS . ---- . -w R f f E; ··T3·; fTZ"T- ·-----·· ... -----·-·· ·-----· ··--·-······-·--------··--·--·---·-····-----·-· ---·· ... 

112 FORMAT(90HO T OEG K P (ALLOY) P (METAL) ACTIVITY G --·- .. -----'i:A'M-Mf ---- --~- . ·--··o G B--- D G B X S ·-··-·· . ____ .......... ·-·-··· --- ···--·· .. .. ·-· .. f .. 

~· 

WRITE (3,104) .L = -j- --- ------- ------- --·· ---·---------- -------------------------- ----------------·-------··- ·--· -- -----·· ------------

L CALCULATE ACTIVITIES, ACTIVITY COEFFICIENTS, AND GIBBS ENERGIES 
····-------·-- ---· -·----------------·····-···· - ----------·--·--------------------------·---------------------·-···-· ..... ------- ------ --·- .. ···-······· -----

DO 4 I=l,N 
A ( I l = ( F F ( I l -DHS TIT ( I ) l l ( R * AL 0 G ( 1 0. 0 l l 

.. c .. '·--·----P~PITT;;To. o ~~--;·At. c,-·-----
ACT!Il = P(I)/PP(ll ......... ------· G ff1·:·· ;;, . 'AETfil7X- ·------·-·"------- ·-······-....,.----·--··---~------·-· ... ····- --·---
DF(ll = R•T{l)*ALOG(ACT(l}l "'·· . . ... __ -o i=XT i > . ;-. ~( ~~-·r rn *-ALDGTG ffT)--·-··-··-··----·-··--·---··---··-······ .. ·------. - ... ····-·· ... -····· .. 

C WRITE RES~LTS 
... ~----- ·----·-··wRITE-( 3, To9Tn- I ) , P! 'I l, PP! I l, ACT ( I l, G ( I l, DF < I) ;uFYrn------ . 

l09 FORMAT 12X,f7.2,4X,El2.4,4X,El2.4,4X,F5.3,4XrF7.3~4X,F9.1,4X,F9.1) 
c. P·u~\JtH- J-PTfoN· -·-- - . ------- _____________ ............ -------··· ···-······-··--····-················· ··-····· .. .. .. 

IF (K-1) 4,5,5 . 
1\iFxf ·sTifrFMENT--7~V(TI DS--WR ITi~G ·n=n: T I fCE-BEFOffE_E_AC_H ... VACUE OF T, P, ETC~ 



5 fF (L .F:Q. OJ CU TO ·a 
CU TO 7 

S WkiTE (14,10Jl IDENT 

A-30 

__ 7.. __ ~·-'~LIE ( l!td ~ lJ ___ JJ I l , P ( I l .J P P ( I ) , ACT ( I l t_hl I ) , 0 F ( I l , D F X iJj_________________________________ __ 
lll FOR~AT(lX~F7.2,1X,El2.4,1X, El2.4,1X,F5.3,lX,F7.3,lX,F9.l,lX,F9. 

1 1 ) 
L=l 
CO~T I "iJ E_ 
,~i>JDFILE 14 
~~ IJ __ l_O tL ___ "' 
'eND 

. ---·---- ·-----------··------------···-·--·-----

··------··· ·- ····---------------------- ------- ·--·--·---··---- ·-····· ----

. ------············--------- -----· 

;f 

-··--·-··------------------------------------------------· -·------- ··-------·-·-········-· 

-. ·······--------------------

.#-

.... --··-···-··--------· -----·---------·-·-·- ----------·-···----··· --·•··--·--· .... ···---··-···•· I ..•.• ...;._. 



r· 
·'-.~ !_. 

c 

c 

c 

A-31 
PRJGkAM ALLOY liNPUT,OUT?UT,TAPf 2=I~PUT,TAPE 3=0UTPUTl 

__ t.lL"1Ehi:.LON IDENLU2J,·~AME(2l,ALPHU30),0GX1(30),Al\(30),GAM1(30), 
_ 1 ~~ C fl I :D ) , D GX 2 ( J () ) , GAM 2 ( J 0 ) , 1\ C T 2 ( 3 0 ) , X ARE A ( 3 0) r X 1 ( :10) , X? ( 3 0 

..... -~ ... l.> .r_)J:U)) _ _t_,_QJ:il..L~ 0}_,J21:J2t JQJ_, S L~ 0 >, S XJ JO > , DS_l (_3QJ__,_Q_S_~JJO I , D.S X l (JQ I , _ .... 
3 US X 2 ( 5 ) ) , G X ( 3 0 ) , G ( 3 0 l ., OG 1( 3 0 ) , D G 2 ( 3 0 ) , B ( 3 0 ) , YARE A ( 3 0 ) , ALP ti ( 3 0 ) , 
4QL30l ......... _ _ _ 
CO~MU~ XAREA,Xl,X2,0H,DHl,OH2,S,SX,OSl,OS2,DSXl,DSX2rGX,G,DGl, 

1 lJ G 0 1 U :i2 r 0 G X2, B 
UArA PJ1.98717/ 

... ~ i{ E_Af)_ l~PJT QA TA . ___ _ 
'1 3 R C: f\ D ( ? , 1 D 0 l I DE f\J T 

lUJ FORMATll2A6l. 
RE40(2,13ll NAME!llr~AME(2),~STAT 

131. FU"tMAlL2A3rA6J 
Rt:AO (2,101) T,L 

1 :Jl_ EJH11.AJ. LElQ ~-O., ... llOJ .. _ .. _ 
DO 1 1=1,15,7 
H. E t\ D ( 2_, 1 0 2 l _ AL P i:UJ I l , A L P H 1 ( I + l ) .t A l P H 1( I + 2 ) , 1\ L PH U I + 3) , A L PH l ( I + 4 

llrALPHl(I+5), ALPHl(I+6) 
_l_ CQ_',ITI 'JJE_ 

lCJ2 FO~MtU (7Fl0.1) 
CAJ_CULI\Ii;. )( _\14!-lJ~S. Ii\l .lNTERY_ALS llF Q.05 FR.011 X = 0 TO. X = 1 
Xl(l) = 0.0 

. DO 2 I = 2t2l 
Xl(l) = Xl(l-1) + 0.05 

2 C 0\IT HUE 
DU 3 I ::::'1,15,7 

__ --~ __ fU~_A.JLt2.~:.lO. 2 J _aJ .It.L JH ttl) , JH I+2 >, _ B 'I+ '}J , ra.u+ 4 LL J3 < 1 +.5J_, _l,j u + 6J .. _._ 
3 C.J'HINJE 

W Rl T E JAB L E .ttl: A. 0 lNG S . 
WRITE\3,103) 

L.l 3_ f(J~M A LLlH U ... 
WKITE(3,104) !DENT 

.l J!t __ fJHM.I:\ LL12A~J. 
WRITE(3,105) 

Uti fttU1ALLlHOJ . _ .. __ 
WklTE!3Jl06) NAME(l),NAME{2),NSTAT,T 

lDJ> .. EO.U1AT U5H lNPLH DATA .FO!~ __ tA 3, 2H _- tA 3 tl ~H ALlOYS_ lN. IHf:_ 
1A6~9H STATE AT ,F6.0,15H DEGREES KELVIN. ) 

-'--···-· 

________ WKLIJ:;_( ~,_JQ5_t ___ . -------------· ______________ _ 
WKI TE l3 ,107) 

l \.U FD~M.A T 15..01:1 .. J~l 
WKITE(3,10~) 

__ WKJIL.J NPUT_ OAJ\A 
D() 4 1=1,21 

AL?JIA B X? 

- - -·- .. -c·-,-,--··-KZ,ll) .... ::_.L•-~-~Jt].J_J_t _____ .- . _ ···--·---··· .... . . .............. . 

·-

" 

·-' 

4- WklTE ( 3,108) Xl( I), ALPHU Il, 8(!) , X2(!) 
LQ 3:. FOr{ MI.\ T LL>< , __ F4~_2_:,_J;i)(, f8_. (.}, _6 )(, Fl2. Lt, 6X, F4 .• 2 L 

WRITEl3rl05) 
. _: ____ W_RLIE L3_,U6l ___ -~A"'1EtlJrNA.MH2) __ __ _. 
ll~ FU~MAT (89H NOTE~ 'FIRST• ELEME~T IS THE ONE GIVEN FIRST IN THE T 
.... _l4J1LE Hi:ADJNGS_, ___ J •. ~l"-'- J::.I...E."11:::'JL_1 .tS _ ___ _ _____ rA~_.t.JJrL.ANO. ElfJ1£:Jii_?_ .J .. S ... 

2, .A3) 
__ WRLLEJ 3 _,__:LO 5) _ _ __ _ _ __ . 

L IS A CONTROL NJMBER TELLING WHICH TYPE OF DATA IS AVAILABLE 
u-.: LL-:J > __ ftl, 42 __ , 4 3 . __ 



.
··· 

,. 
'--

c 

c 

. - ---··· ---------------··--· -··---------------------------· .. _::A,-32 
~l WRIT~C3,128) l 

123 t=O'<.f',~'.fL5H L _=:_ ,_Ll,l9.1:L Q PLOT DATA USED 
GU TU +4 

____ 4__2 ____ W.!U.ff..LL...l2,2.LJ .. _____________ _ 
12} FU~MATCSH l = ,I1,22H BETA PLOT DATA USED 

,_;l.t..T D +-~-
43 WRITEC3,130) l 

l)J FUgMAT(5J1l ::: ,U,24H_ FREE E\IERGY DATA ONLY 
44- WRITE(3,105) 

X~I.Li:;Li_,__L>? ) _____________ ... .. 
lJ2 FO~MAf(40H B I~ ABOVE TABLE IS EITHE~ Q OR BETA. 

1-\R.~A Li..Lt.f:?B~IfS __ u__N_p~_k __ T!-fE Sf_LECTED CURVE_ 
CALL A~EA{ALPH1,2l) 

·. C:A~.C::l)LAT_E T A __ ~_~E$ 
DO 5 1=1,21,2 

.. J)~_liJJ l __ _::: ___ A~E.tiLL.LL~X fL1J_** 2 .. _ 
IFCXltii- 0.0'>). 52,51,51 

~-L Qi_!_l_j I l =_QG~U __ l_L -+: ___ .ftii:T*A_l__QGU<_UI > > 
J 2 <U CI l = D GX 1( _I ) I ( R * T l 

G.~,~U ( IL::J:Xf> C AALI tL _ 
AC rl C I ) = X l( I l *GA~ l( I ) 

_________ Q!~~;U_L_> -=---~·:J...Ab_PH_LU.Li1:~1UJ~X.2l I l ):f:)~A~E.AU l 
IFCX2{l)-0.05) 54,53,53 

'.)3 QG __ 2 _ _{ I__) ='- f)GlLZJ I) ___ i_:_i-(*T_*ALDG_(X2( I) L 
5!t AA(Il = DGX2(1)/(R*T) 
... [;A I-ll_ C l.L:.I;XP <AAJ I J.L _ 

ACf2(l) = X2{ll*GM\2( I) 
_______ §.ULl ___ _:_~ __ LL I_L":J?.GX..LLU_:r ___ ~_2 ( I_L* 0 GX 2 ( .tL 

5 CO\ITINJE 
_ [)Q __ .Q _I _ _::_},l,9!._? __ _ 

S G ( I J =- X l ( I ) * 0 G l( I ) +X 2 C I ) * DG 2 C I ) 
_I F_j _L -lJ ___ ], fh_9_ .. 
CPLOT IS USED FOR QPLOT DATA CHEATS) 

___ _I ___ c;;.A L L _Qf L Q IL;;trT.l. .21L. _ _ _ __ ._ _______ __ - . . ... - -
GO TO ~ 

_f?I;I~_li _ _lS_t;Q __ _FQI-( ~fT A-PhPT l:l_ATA C Ef\.;TROP _I_E $) 
3 CALL BETA CB,T) 
~ IF ... JL-_lL_l5,_1,__()__,].? _ __ __ 

WRITE TABLE HEADINGS FOR I~TEG~AL QUANTITIES (NO HEAT DATAl 
....... !..2_Wis_LLt; U..tJJI_~_L ____________ . 

hKITEC3,104) IDENT 
WRLft(3,_105) 
WRITt: ( 3,105) 

-- Wi:t_I_ IE (_}_, 109 L-
lJ9 FO~MAT(35H TABLE 1 

.. _______ wg_Lf_E_ J .... ~!.J.J9L.HST~I, r .. __ ... ---·-· . _ _ ___ .. . _ __ .. 
ltJ FU~MATC25HOINTEGRAL QUANTITIES FJR ,A6,10H ALLOYS AT, F6.0,15H DE 

l (;:~_~f:_S _1\E_!-cV IN ) 
vJRITEC3,105) 
W R__I_LE < 3_~_1, 1_1 ) 

111 FO{MAT (34H X2 
'-~- ... ·--

DELTAG· DELTA GXS 
... _____ JLt\LL~U ... d . ..R.?...> __________________ ------· .. - ----- .. -- - ... 

DU 11 1=3,19,2 
J = _2_2_:-- I __ ...... . 
WRITE TABLE FOR INflGRAL QUA~TITIES CNO HEAT DATA) 

lL _W~_JJE. (:_?,l12J .. X2(.j),;;(.j),GX_(J) 
112 FO~MAT(lX,F3.1,6X,FB.Q,6X,F8.0) 



,-
\.. 

c 

WkiTE(3,105l 
WRl_T E ( .:Ltl 0 5 ) - -

A-33 

WRlTf PARTIAL MOLAR QUANTITIES TABLE HEAD~NGS (NO HEAT DATA) 
W . .R LT E tJ_,_ Ll 1.1. 

117 FO~MAT(35H TABLE 2 
w RI T t t 3 __ , 1 0 5 ) 
W~ITE (3,113) NSTAT,f 

11:> fU~1"1AT .J29H PARTIAL MOLAR QUANTITII::S FOR, A6,10H ALLOYS AT, F6.0, 
lt~-i DLGREE:S KlLVlN · ) 

WJU T E t i __ , l v 51 ____ _ 
~JRITE (3,11.4) NAMe( U,.~AME(2) 

Ll!t FDk~'AT(2:::JX,A3,47H._ COf.1_PONENT ,A 
l3,11H COMPONENT) 

WIUTE(3,105)_ 
' WRITU3,1l5) 

11~- FQ3.M_t\T_ __ Ll_02_~----~f ________ A __ <;.JJII G_AM~A DI!,TA -~-Bl\R PELIA ~;BARXS I 
1/ ACTIII GAMMA DELTA GBAR DELTA GBARXS ) 

wf{ITE(3,105l_ 
XX=D.OJ 

_ _ X A= 1 • 0:)_ 
WRITE FIRST ROW OF PARTIAL. MJLAR TABLE (X = 0) 

--"-·· _ L:::.2.1 
WR1Tt(3,11B)XX,XA,XA,XX,XX,XX,GAM2(1 ),OGX2(1 l 

11 3 F 0~ MAT ( 'u<, f= 3 .,1, 3_X_,F7. 5, 3X, f7. 5, 3X, F 7.0, lX_, F 7 .,0, 8X, F 1. 5, 3 X, F7. 5, 3 X, 
lGH -1NFIN.,6X,F7.0) 

0 Ll 1 2 I = :3, 1 9, 2 
WRlTE PARTIAL MOLAR TABLE 

... J:=.2.2.~L- __ . - ---- -- -- - --
12 WRITE (3,119) X2(J),ACTl(J),GAMl(J),OGl(Jl,DGXl(Jl,ACT2(J),GAM2(J) 

L,l)_~2(J.J .. ,DGX2JJ) _ ___ __ _ 
11 1 f 0 ~MAT ( 1 X , F 3 • 1 , 3 X. , F 7 • 5 , 3 X , F 7 • 5 , 3 X , F 1 • 0 , 1 X , F 1. 0 , 8 X , F 7 • 5 , 3 X , F '7. 5 , 3 X t 

lfl~O,I'(,F7._Q) __ . ; 
W~ITE LAST LINE OF PARTIAL MJLAR TABLE (X = ll 

--- J_= l __ - ------------------------------ -- -- ...... ---- -----------
WRITE(3,l20) XA,XX,GAMl( I),OGXl( Il,XA,XA,XX,XX 

. l2.J FU~J1AIJJX, f_),. l, JX, f-7 ., __ 5,3X , __ F7. 5, 3X,_ 8 H -I.NF I rt. ____ , 6X, F 7. Q ,_8_X, F7.., 5, 3 ~-' 
1F7.5,3K,F7.0,7X,F7.Q) 

GU T ,0 l_J .. .. . .. .. _ . _ _ 
~ WRITE INTEGRAL ~ABLE HEADINGS IF HEAT OR BETA DATA ARE AVAILABLE 

c 

__ 15. WfUTE_(}_,_lQ3 __ L _____________ _ 
WRIT~(3,104) IDENT 
WRIJJ:< 3,105) ____ __ 
WR1TE(3,109) 
WRJ T'cU __ , 1 05J. 
WRITE(3,ll0)NSTAT,T 

... ISJ:U LE.Ll d. Q 2-.L __ _ __ ___ _. 
WRITf(3,12ll 

1.21 .fDgMAILUH X2 
1 S DELTA SX S 

WK1 TEJ3, LD5.1_ 
DO l6 1=3,19,2 

DELTA G 0.1::;!-TA H. DELTA S DELTA GX 

.W.BJU; ____ l.NTE_GRM- IA.BlLJF Hf,:_AT OR B..~JA ... QAJA A __ R.f: .. _AVI\J_t::.Af?LJ . __________ . 
J=22-l 

.. 1 S WI{ IT _E ( 3._ d 2 2. ) X 2 ( J l , GJ.J_) , _D t!J .J ) , S ( JJ , G XJ J) , S X (j ) 
122 FO~MAT(lX,F3.1,4X,F8.0,5X,F8.0,5X,F7.4,7X,F8.0,7X,F7.4) 

WH,ITE PAR.Tl_AL MQ!,AR TA.BLE __ HEADINGS FOR COMPONENT l IF HEI\f OR BETA 
OAr/\ ARE AVAILABLE 



w 1U T E ( 3 , 1 0 3 ) 
_ WRUEJ 3, Ll1) 

WRITE(3,105l 
--··- ---··-· .. 2ll\JJ E ( },_J_l_2_)_ 

Wt:UTE(3,l05) 
. WRI T ~J 3 , 1 2.~ ) N AM t: ( l L _ 

A-34 

123 FO~MATl27X,A3,llH COMPONENT) 
_ J-J l(I TJ;;. < 3 , 1 0 5. J 
WRlTE(3,l24) 

___ _l.i~ _fC~M_!tL!(J.4H ___ ~q ________ Af;JlV GAMMA DE:LTA GRAR DELTA Gf3ARXS 
llT4 HB4k D~LTA ~BAR DELTA SBARXS l 
.!IR IT.!;.L3 ,lQ_?J 
XX=J.O 
~A =- 1 • OJ ___ __ 

DE 0' 

C WRITE PARTIAL MOLAR TABLE FOR COMPONENT 1 IF HEAT OR BETA DATA ARE 
.. S::~---- ... AYA1L.A .. (2l.~. -·-··-·- ____ ···---· -------··· . ··-··-·· 

WRITE(3,126) XA,XA,XA,XX,XX,XX,XX,XX 
_ .. J? 5 _ f (} ~ MALLlX , __ f_;} .J ,_;;g_, F I!2 ,_3 X_,_f l. 5, 3 X, 8 H -IN F lN., 5 ,X, F 8. 0, 7 X , F 8. 0 , 7 X , 7 H 

1 1~FIN.,7X,F7.4) 

... 1 3. _QJI_J.9 ______ !::: ~_~ _ _19, 2 _ 
J= 2 2- I 

..... J .. ~ -~RJ.IJJ .. } .. ~J._?6l__)(_JJ.J..l _ _!_~~l_1(_J.JJ.GAM l ('J.J, D(;tl .J.J, QG)(lJJ. l_t..Of-:i~ ( J >, DSl ( J), 
. lDSXl (J) . 

_ _,tz S .. F Q3 M ~J {1 X ,_fc1· J ,_ ~-'-' 1_F 7_.}i_, 3 X,, F 7 • 5 , 3 X , F B. • 0 , 5 X ,_ F 8 • 0, '1 X , F 8. 0 , 7 X , F 7 • 4 , 1 X , 
1F7.4l 

C=: 1 __ -·-----· __ 
l.l WRITE(-3,125) XX,XX,GAMl(l),OGXl(l),OHl(I),OSXl(ll 

.. ________ J:J.BJJ...Ul.d.Q.?J_ -·· -·--···-· ·-·-··--
"' ~Jk I T E( 3 ,1 0 5 ) 

L· -~ .W.K_l __ f_~ ___ P-_ __ ~~-~f_J_~~-----~Qb_~·B I_~ .. ~l~~----~·~0 H.~A.DIN.~S .... FOR .. ~DMPO~ENr 2 IF HEAT OR 
tiEfA DATA AR~ AVAILABLE 

_wgJ T F;:_L.t d 2.i.L i'l M1f < 2 l _ .. 
WRITf:.(3,105) 

_··_fifU.ICUJ __ L3~_L. -----·-···- _____ . -·-- _ 
133 FU~MAT(94H X2 ACTIV GAMMA DELTA GBAR DELTA GBARX$ DE 

1\c_Li\ HB~R __ pt;LL..ti_SB~K- Q~LTA SIJAi{XS l 
WRITED.l05) 

....... J .. := . ..?.l. -···----··- ... ------·- ··------··--·- -- .. ········ 
WRITU3,127) XX,XX,GAM2(1 ),DGX2(1 lrDH2(1 ),DSX2(1 

---·-·· ____________ QO _?_O _ _!_::jb _ _!9.! 2 --············----·- ···--····· _ ... .... . . ... ...... . ··-·-······ ...... -·-······. 
J= 22 -I 

. ------~-J. ___ ~gJJ~_}_,J.2_Qi __ X _ _?j_.1J_..!_~I.Z.LJ_Lr.~AM2 < Jl__,_Q_G_2J.J>., OGX.2 ( -JJ.,_OH2.J JJ , D S2 < J l _,. 
1DSX2(J} 

X ?(_=: 0 _.__ ()____ ___ _ _ _ _ .. _ __ _ -· . 
XA=l.O) 

--~------:---·---
_____ )JRI T E_U_t_.!.2 6 l -~~1~~!..!\.~-!..~_X! X.~..!-~>5 t..?< .. >5t.~)( ··---··- .. _ -·----· __ . _ . .. ...... ···--
127 FOiMATllX,F3.l,JX,F7.5,3X,F7.5,3X,8H -INFIN.,SX,F8.0~7X,F8.0,7X,7H 

l I~FIN.,7X,F7.4) 
·-·-<; -·-------·--· ------ ··-------

' GO TO 13 
CALL EXIT . .. , ---·-·-· ---- -·---,----- ·:---~---:--········--·--·--------·---- . ·----- --- ._._ ... -

tND 

--------·--··-····--· ···-····· ··-·-- -·- ·---·-·- ........ - .. -··---· 

. .. t_; 



... 

_ A-35 
SUB~LJTINE AREACALPH,N) 

~ . I N L E\._, i:\ ATE S LH£ S t:L f. C TED C J R \1 f T 0 OB T A IN THE ARE 4 UN 0 E R I T BY M t AN S 
C OF SlMPSON'S R~L~ 

OI~E_NSLON . LQENT ( L2J I NAME ( 2l.s ALPHU 30) 'DG.Xl { 3_0) I AAtJO) 'GAM u 3 0)' -
1 AC fl ( 3 J l , DGX 2 ( j 0 ) , GA 'VJ 2 ( 3 0) , ACT 2 ( 3 0) , X ARE A ( 3 0 l , X 1 ( jO) , X2 ( 3 0 
2 l , ) H (3 ) ) , 0 H 1 U 0 ) , 0 H 2 ( j OJ , S L3 0 l , S X ( 3 0 ) , 0 S 1 ( 3 0) , 0 S 2 ( 3 0 l , D S X l ( 3 0 ) , 
31JS X 2 ( 3 J l , G K ( 30 l , G C 3 0 l , DG l( 30 l , or; 2 ( 30 l , B ( 30 l , Y A~ E A ( 3 0 l , ALP H ( 3 0 l , 
4'()(30) ·-
CU~MON XAREA,Xl,X2,DH,OHl,DH2,S,SX,OSl,DS2,DSXl,OSX2,GX,G,OGl, 

t·o<;.>~ l., o .\'-2. , o GJS._z_,_ s 
SL:"1=0.J 
X.A~EI~( l l =. Q_.Q 
DO 1 I=3,N,2 
A=J- L ... _ __ - - - - -
YA~EACI) = ((XlCI)-Xl(l))/(3.•A))•(ALPHCil+4.•ALPH(I-ll+ALPH(I-2)) 

_____ .. SJL'1 __ ;:: ___ SJJM .. i:-_Y_f\_Rt; .4JJJ _ ... __ _ 
XA~EA(l) - SJM 

1 CO~J I N)l; 
K.EfJRN 
ENQ. 



r· 
v 

A-36 
SUB'HlUTI\lf QPLOT(b,T,Nl 
Cl~_l,CUl-_ATES T_4_i3L_t;_s __ I_F titAT_()ATA ARE AVAILABLE _ 
D.l "1 Hb I Oi\1 I DENT I 12 l, ~AM E ( 2), ALP H 1 ( 30 l , DG X 1 ( 30) , AA C 3 0) , GMH ( 3 0 l , 

_________ L.A!= q_ ! _ _:il_l,JJ\:?X~J ~.CU _ _,_ - GA~2 ( 30 l, AC T2 L3Q l, X ARc A C 30 l , X 1 C 30 l , X2 ( 3 0 
Z l , 0 H ( 3) l , 0 Hl ( J 0 ) , D H 2 ( 30 l , S ( 3 0 l , S X ( 3 0 l , D S 1 ( 3 0 l , D 52 ( 3 0 l , D S X 1 ( 3 0 l , 
:; [)_$~ 2 ( J )_) _, G ~J 30 l , GJ 30 l 1 ,DG 1( 3 0 ) , D G 2 ( 30-l , .8 (3 0 ) , YARE A ( 3 0) , ALP H (3 0 l , 
4Q(j0) -
_ CQ~MQN __ XAP.E:A_,x 1 ,)(2, DH,QH 1, OH2, S, SX, DS 1 ,QS2 ,_OSXl, D SX2, GX, G ,OGl, 
lOGXl,DG2,DGX2 

--· __ DU_J J:.:.l.JJ_5.J_L _______________ _ 
3 R t ~ D ( t. , l 0 2 J- u H 1 ( I l , 0 H 1 ( I + 1 ) , OH 1 ( I+ 2 l , 0 H 1 ( I + 3 ) , D H 1 ( I + 4) , D H 1 ( I + 5 ) , 

1 Q l::i.U.l+ -~J 
OU ll=1,N,2 

_ DtLLl l .. = B C U ~X._1LIJ~X2JU 
IF (X2(1l -0.051 5,6,6 

. _____ :, __ DJ:L~.LLL-=._ _LQJ:illJ-X 1 <.JL:!.Ql:ll (Ll l /X2 LU 
5 S(l) = CDHCIJ-G(l))/T 

If J XUJJ:::O~_Q:> l _ I.t_~,J;L __ _ 
7 DH 1 ( l ) = B ( 1 ) 

_:> __ LFJX2_Ul -o .. o_5_>_ 9,JCJ,_lQ_ 
) DH2(21) = 8(211 

... _ _l)_1fJ .. ~JJ.l1. __ .=9_~_tl_5._1_ __ lf..:t.l?..t._.tl. 
1 l DH l ( 21 ) = 0. 0 

. _ J? . I E J X_?JJ l - _Q_. 9 5_)__1 ~, lit.t 13 
13 DH2(ll = 0.0 

.J 4_ SXU > ~--- C _DHLU _:::0X C l.>J/T 
OS l. ( I l = ( DH 1 ( I l - DG 1 ( I l ) IT 

_______ p_s >< LlJl_ __ = C O.H.! LLL ~ ... 0!3.?(_1 C IJJ/ T 
OS 2 ( I l = ( DH2 ( I l - DG2 ( I ) l /T 
U_S)Q C LL = l _QH2 < U. _:- D (,!_)(_2 ( I lJ IT 

l CO\ITHJJE 
)_0 2 _FQRMAI17fJ O_!!._U 

RErL.lRf'J 
END 

········ ----·-··- .. -----··-····- -·~---------. --
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A-37 
SUBROUTINE BETA (8,Tl 

C. C:t~.LCUL~TES lAJJLES_lF BETA .DATA ARE AVA. IL.ABLE _ 
D I ME i'J S I 0 N I 0 EN T l 12 ) , NAME ( 2 ) -, .1\ L PH l ( 3 0 ) , DG X l ( 3 0 ) , A A ( 3 0 ) , GAM l ( 3 0 l , 

l 1\C_Ll U ;J_b OCX2J30J_. __ ... . _ .. G.~~ 2! 3 0 l_, ACT 2 t~O ,-, XA.,~tAt3.0 l , Xl ( 3Q) , X2 l ~0 
2 l , 0 H ( 3 J ) , DH 1 ( 3 Ci) , DH2 ( 3 0) , S ( 30 ) , ~.X ( 30 l , 0 S 1 ( 30) , D S2 ( 3 0 l , D S X l ( 3 0) , 
3D S X 2 ( ; ) ) , GX { 3 0 ) , G. ( 30) , OG l ( 3 0) , DG2 ( 3 0 ) , 6 ( 3 0 l , VA R 1: A (3 0 l , ALP !-f( 3 0 l , 
4 IJ ( 3 :J) 

UJ"1 M f l N . X A R E ~, X 1 , l(2 , 0 H ,_ 0 H l , D H 2 , S , S X , D S 1 , D S 2 , D S X 1 , L) S X 2 , :; X , G , D G l , 
lDGXl,DC12,iJGX2 

U 4J..'-\ .~IJ • 9 Bll.:t I .. --·- . 
C/\Ll A~EA(8,21) 
00 l . L::J , 21__, 2 . 
DSXltll = b(l)-~tX2(1)**2 

!F.IXltLL-::- _0_,.05)_2_,3,3 __ _ 
3 DSl (I) :.;:: DSXU I) -R•ALOG( XU I)) 

_ ....... 2. _J)_~~-LLL_= ___ :::-JHLl. *.tCtJ . .I L!X..Z ( JJ.±_X ARI::.AtJ) 
JF(X2(1) -0.05} 4,5,5 

. 5 0$2 ( J) .:=. 05>(2_1 l-l __ '":""R*A!,QJ;( X2J I)) 
4 S (I )=Xl (I) *DSU I )+X2( I )-~tDS2( I) 

SXJJ l = __ _Kl LLL~_GSl(lJ J l_tX21 I L~DSX2 ( lJ 
DHl(l) = DGXUll+T*DSXUil·' 

_ Dlj_2_ I I ) --~- D ~!? . .J . .IJ.~I *P S..~I I I l -
l OH(l) = Xl(l)-~:-DHl(l) + X2(1)*DH2(1) 

Rf:JUR:"J 

I---· 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com-~ 
m1ss1on, nor any person acting on behalf of the Commission: 

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

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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