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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, 8i, 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 pfoduction of data

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

\

possibility of utilizing high-speed digital computers in the data



evaluation proc.ess 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-p;ro,grams were origirially.-rwfitfcen in the FORTRAN IV
language for use on an:IBM 7044 computer. »_With_' the acquisition by the
Lawrence Radiation‘Laborgfory-'of é‘ cBC 6600.rhachine, which uses
"Chippewa FORTRAN, the older programs were converted t'o the Chippewa
language. - Newer programs have been written in Chippewa FORTRAN.

The»me’c‘hods. usgd in the evaluation have been described in detail

previously; 1, and will be mentioned only briefly here. A short description
and listing of each prograﬁ are gi’venvin'.the-' Appendix of this report..

LELEMENTS

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

evaluation of‘ low-temper ature data is the.integration of the selected Cp

o

298" -vOnle short program

-versus T curve by 'Simpson's Rule to obtain:S
has_b'een written tdperform .thiS»integration,. but in-pfactice,. no saving
is gained by the time the .c'ards arepunched,. verified,. a>r1d read into the
computer. - Therefore, this program has not been used for sbme time,

-and no summary-is-included.in this report. *

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

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

*Most cbmputefinstallat'ielns-have-library,-'subroutines which can perform
this integration. . ' ' X '

-

T

"
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a program was written to convert the values to a consistent system of
. units..l 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
k multiplying by the approp"riate value of R, no unit conversion is
necessary. - A program (HILSE), Which has been incorporated as a
subroutine. into the master program for evaluating the data on an
‘element (ELEMNT),. calculates fhe 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.  fo correct atomic
weights to fhe values tabulated by Cameron énd Wichers5 is also used

in the calculation.

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

values for the function

- HOT '~H°298. 15
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 unif conversion and calculation of Y. The
first program listed in the Appendix (HEATCO) calculates values for

Y from reported values of H°T~—= H°298° 15 expressed in units

of joules/gm, joules/gm-atom, cal/gm, or cal/gm-atom, and values

"o of T'expressed in °C or -°K,. and prints tables of T in °K and Y in
v cal/gm-atom degree. - Values of H(')I‘ = H°298'-15 in cal/gm-atom are also



printed.

- Once the selected Y curve havs been drawn, calcglation of the tables
of s_eleycted \_(al_u'es-bggins. : Several shorter programs have been incor-
porated into one master pr_o‘g'ram.“(ELEMNvT), Which completely calculates
and prints the table in the standard‘fdrmat used in References .1_ and 2.
Valﬁes of Y are“rea_d in at 50°K intervaisy and_-vaaluesgre c_a_1>cu‘1ated
from the relation

Cp= Y +(T - 298. 15)_%—T¥.

The slope of the Y-function curve,'d—TX,, is approximated by successively
taking 100° intervals along the chosen curve,. finding the slope of the line
-between the two end points, and éssurﬁing 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 introduce a very large error.

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

Q

be integrated to yield values of HOT - I_129_8. 15’

. which are then compared
- with values obtained from the definvition of the Y-function:

E H°T “Higg 15 = Y(T - 298. 15).

In several trial cases, the discrepancy in the enthalpy. vélues was less
than 1 calorie,. which is well within the experimental scattér. - Should
the occasion arise where an error of more than one calorie were
introduced due to sharp.inflections-in thé Y curve, Y values taken at

closer intervals would reduce the error. Provision has been made in

o«

i S

e

Rz}
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the program to use values at 25°K intervals, if needed. - Once the Cp

values are obtained, values of S7, - S . can be calculated by

T 298.15
integration of Cp/T values. - Combining the S 8298 15 @nd H° H298 15
values with the value of 8298 chosen from the 1ow4temperatufe’data
yields values of the Gibbs energy function, (G 298 15)/T

For the liquid metals, a constant Cp is often assumed. Its value
and the value of ASm are read in as input data. Calculation of the

remainder of the tablé 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 Weli in the minority. - When
reliable data on many liquid metéls 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 madé to
include the .values of the'B—phase if Cp('B) is constant. Since the majority
of polymorphic metéls 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 A '[(G‘,’I, H298 15)/T]
for the reaction

M) ™ Mg, 1atm)



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

AH‘;; 293 from the measured vapor pressures saves muc'h time. In this
. and all sim.ilér-programs the value of the change»'_ir; Gibbs energy
function, A [‘(G?I‘ 298)/T] ,. at ;cemperature‘s-other than the even:100°
temperatures is found by a subroutine (LAGINT) which uses the: method
of sle_cond,qrder‘Lagrangian,interpolation. The error»introdulced‘by this
procedure is of the order of 0. 001, which iS“an order of r‘nagnitude-less

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

“Third Law calculation (S 3 LAWS) calculates AH:[' 9298 from the relation
AH®° _ = <RT4nP - TA (G 298)
v, 298 : T

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 x

consists of a:table of values for T, P, log P,.and AH® In.addition,

v, 298"

.an average value of AH:[ 298 is calculated, as well as the deviation of

Lag



-"-

each méasuremént from thé average, and the.av;er»a'ge and standard‘ }
deviations. Aﬁ optioﬁ is available fér obtaining bunched cara oufput
as well as printed output. If the pressure .data are in millimeters of
ﬁg, instead of afmospheres, provision hasrbee_n m-ade for unit
co_nversion.bef_ore the calcuiation of AH‘;, 298 takes place.

- If no thermal data are available, makihg impossible the calculatio‘r}
of the Gibbs eﬁergy function, a program (VAPOR) is used to calculate

values of R4nP and %; for use in the Second Law method of determining

L

AH‘; over the measured temperature range. In this program also,
conversion from millimeters Hg to atmospheres is available.

Once the selected value of AH‘;. is known, program VPCALC

_ ,298
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 AG‘;_ and P are calculated from

, T
the relations -
) . (GO _HO )
o ; T 298 o

A =T Al——2=22

Gy p=T T TAH] 998
AGS = - .

Gv, T RT ¢ nP .

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

‘small values sometimes obtained (e.g. for W at 298. 15°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 the mantissa.are-calculated separately. - By setting

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

. L TAH Y 20
bp. »(GT~H )

298
A
_ T

Tw

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

pr' cannot be solved.for explicAi’cly’. + An.iteration procedure using

Subroutine' LAGINT to Jintérp_ola’te-the Gibbs energy function'is employed

to calculate T, . - The limit of accuracy set on T, .is 1 degree. In a.

bp bp \
. . : aml0 1 -9 -1
- similar way, values of T at even pressures (10 =, 10 ", ----,.10 ")

are also calculated: : _ |

thus completing the: évaluation.
In the previous provgrams it has been‘assumed""that the vapor is an
ideal.'mbnatorﬁic gas. For several métals,-the vé.ppr’also contains
highervatomié spéCies; : in-thesebases,ﬁ several methods.are'avairlable,
but éach_cas'e:-is somewhat specialized:so that genéral‘programsfor the
‘complete evaluation cannot be written. - Somevprograms-for special
cases where tpe calculétiéns aréllengthy:have beenwfittéri, .a‘ndAan _
example 'of one of these will serve as an-illustration of what can be done.
The progfém (B3LAW) was written for selenium, in which both

‘diatomic and hexatomic species exist. The program calculates AH:, 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 SSLAWS.
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_h_ave'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 LAg‘INT.

is used to interpolate the Gibbs energy values.

P° = antilog| =

R

o _ o AH°
A (Gp-Hygg)' i HV,298\
T T

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

P

a, =
i PS

[

[

From these values and the mole fraction of component i, Xi’ other
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~thermodynamic quantities follow:

a.
yi X.
. 1 o
AG. = RTAna,
i j
XS

AG, = RTiUnw,
i i

Output consists of tables of the above values plus .an'option fo have them
on punched cards.

- The onl.y'other program that has been-developed is ﬁséful when da.ta
exist ovér the entire c:omposition range. This program (ALLOY) takes

XS

o >
. equilibrium data in.the form of the g-function o) = AGl /(1-=x1)

and performs the Gibbs-Duhem integration to obtain Aéés. The

s AC—}XS, ‘.Yl"a ’

integration-is done by Simpson's Rule. Values for Aal 1 1

and the same'quanti‘tiesfvor component 2 are (;alrculatéd and printed in the
staﬁda_rd.format used in Reference 1. The—iﬂtegfal duantities AG and
4 ‘AGXS are also calculated.
'If heat or-éntropy data are évailat\)le, subroutines are-used to
calculate the 'remaining quantities.  Heat data are éorrelated using the
. Q—functionv(Q : AH/XIXZ) - The partial. molar heats for one-component
-can be obtained graphically, and from these and the Gibbs energy-values,
the remaining partial molar and integrél heats and entropies-are

“calculated and printed.in the: standard format.

Entropy data are correlated with the 8-functio Bi= 'Agéiis/(lexll)z' .
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From this function, the Gibbs-Duhem integration will yield Aggs, and
all othei‘-quantities then foliow 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

ELEMNT

ENDPG (used by ELEMNT)
AREA (used by ELEMNT)
HILSE (used by ELEMNT)
HILSE (as a separate program)
S3LAWS ]

LAGINT

LAGRNG (used by LAGINT)
BAINS (used by LAGINT)
VAPOR |
VPCALC

B3LAW
' ACTIV

ALILOY

AREA (used by ALLOY)
QPLOT (used by ALLOY)

BETA (used by ALLOY)

Page

A-2

A-4
A-10
A-11

CA-12

A-14

- A-15

A-18

“A-19

~A-20

A-21

A-22

A-26-

A-28

-~ A-31
A-35
©A-36

CA-37
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52 READ (292) JaKelsAW

15 CONTINJE.

o N  ;.,. o A~2

\ﬂ, PRJGRAM HEATCG(INPUT OUTPUT,TAPE 2=INPUTTAPE 3= DUTPUT)‘M
AIGH TEMPERATURE HEAT CONTENT CALCULATION
DIMENSION IDENT(12),T7T(1000),H(1000),DIFF(1000),Y(1000),TT(1000),HH

1(1300;,p(1000) ,
READ INPUT DATA . L

60 READ (2+1) IDENT
1 FORMAT (12A6).

1F(IDENT .EQ. 6H

> FORMAT (314,F10.5)
I o
3 I=1¢1 -

READ (2:4) T(L)sH(I)

% FORMAT (FB.2,F12.3)

LF_(T(L) +EQe 0s0) GO T0.5
650 1O 3

5 NUMX = I-1 R

“NRITE INPUT DATA e T
_WRITE (33164) JDENT T

1% FURMAT (1H1,12A6)

L WRITE (352) JaKsLoAW
WRITE (3,13)

13- FORMAT (54HO INPUT DATA_

L WRITE (3415)° ,

15“FORMAI {5400 . T ___ . __H
D016 I=1,NUMX _

C___ WRITE (3417) T(I)yH(I)

17 FORMAT (1X,FB.2,4X,F8. F3)

© U 1F {J JEQ. 1) GO TO 6

S leo vo 3" '

=7} CONVERT DEGREES C TO DEGREES K

5. D0 -7 I=lyNuMX_
T4 =T(1)+273.15 ,

CTLTU =TT

3, IF (K .EQ. 1) 60 T0 9

.1 50 .10 31 .

"I CONVERT JOULES TD CALORTES

'i DD 10 I=1,NUMX e

LY MUY = (AT 7 (421840
3L IF_(L.EQ. 1) GO T0_30

. 6D TO 53 '
" CONVERJ GRAMS TO GRAM—ATOHS o

"ﬂ3_ 0 32/ 1 = 1,NUMX
32 HUI)i~ HEI)=AW

53 DU 12 1I=1,NUMX

ODIFF(I)=T(])=298.15
CALCULATE ¥ -

{I)-(%(l))/DIFF(I) L

RITE (3,19)

‘;‘QRMAT(SSHO o T(KELVIN)
ﬁbu 20 I=1,NUMX .

‘RITE 14.21) T(l) H(l).v(t)

)CALL EXIT

RITE RESULTS e
WRITE (3,14) IDENT JETERRH S ———
JWRITE (3,18) 7 | . N

"0RMAT (54H0 . CALCULATION RESULTS;

. H(T) H(29B)WU

ETY R e



21 FQ;MAIW}5x.Ea.z.bx.Fegz.ax.F10.4)
20 CONTINJE '

60 TO 80 o

END :




g : A-4
?RSGRAM SLEMNT(INPUT,OUTPUT,TAPE 2=INPUT,TAPE 3=0UTPUT,TAPE 14)
DIMENSTION NAME(2), JDENT(5)+Y(500),T(500),H(500),SLOPE (500),CP(500)
+DS(500),DELTAH(500) ,DELTAS(500),GEF(500),DATE(2)4EVALI3),TT(100),
o 2HLRNL0D),SLOC100) 2 FLGLL00)sGLR(100) s HHH{100U) ¢ SS(100)GGEF(100),
. 3DELTAF(500),DEVI100),F3(1C0),FLF(500),06(500)
COMMON TINC,NaNUMy Ty NAME, NPAGE L INESsL MM, IK, TM, TF

L READ INPJT DATA
L READ (2,100). NAM:(I).NAME(Z):DATF(1),DATE(2)y(tVAL(J)y J=1,3),
ITDUNT :
1D FURMAT (124A6): - e . _ .
1F (NAME(1) .EQ. 6H : ) CALL EXIT

. READ(Z45101) SST+»TMsDSMyCPM,CPL,TINC,TF,TIR
L0l FORMAT(BF10.4) : ’
. READ(Z2,1001} SLJPE(I),SLJP&(Z),SLP
1301 FURMAT(3F8.6)
L IF THERE IS NO TRANSITION, TTR = O
1F(TTR LEG. 0.0) GU TO 2
_READ(2,101) CPTR,STR,CPB
1=) ‘ :
I=1+8
N=T-7 :
CREAD(Z25101) YU{l- 7),Y(l 6),Y(I 5),Y(I~ 4),Y(I 3 e YLI-2)»Y(I-1),,Y (D)
DU & II=N,I
. JIF(Y(ID) .LE. 0.0) GD IQ 5
& CONTINJE ' :
.. GO.TG 3
: 5 N=IT-1 :
oot LALCUUATE VALUES OF T

W N

T(l) = 238415
dA2) = 390.0 -

DO b6 I=3,N o
5 T(I) = T(I-1) + TINC
. NPAGE = 1 .
U . _WRITE TABLE HEAD INGS-W,MMKWM‘MWVW;W¢,MWM;“W R
: UWRITE(3,102) o
o Loz FODRMAT(1IHL) -
0 103 FORMAT(1H )
. WRITE(3,104) NAME,NPAGE _
104 FOIMAT(47H EVALUATION OF THE THERMDDYNAMIC PROPERTIES OF ,246,5X,
e lf)H p/\l.)t. y 12) I - ’
o WRITE(3,111) EVAL,DATE, IDENT -
'Lll_EﬂsﬂéthHhﬁthéAgLLD&"zAQLLQX/ISAé//)
~ s+ WRITE(3,105) :
. 105 FURMAT(35X,11iH INPUT DATA _ )
‘ WRITE(3,103)
L WRITE INPUT  DATA ‘ o

o WRITE(3,1067 SSTyTMsCPM,DSMyCPLy SLOSE(1Y,SLP, TF
105 FORMAT(TH SST = ,F6.3,3Xs6H TM = ,F6.1,3X,12H CP AT MP = ,F5.3,3X,

17H DSM = yF542493Xy7TH CPL = ,F5.3 / 23H DY/DT AT 298 D:EG.K = FR.by

_ 23X,154 DY/UT AT MP = 4F8.693X,11H FINAL T = ,Fé6.1)
" WRITE INPUT DATA FOR BETA PHASE [F THERE IS A TRANSITION
_ IF (TTR .NE. 0.9) WRITE{3,107)TTR,CPB,STR,CPTR o
107 FORMAT (7H TTk = ,Fé 173Xy 12H LP(BETA) = yF5.3,3Xs7H STR = ,F5.2,
C13Xy13H CP AT TTR = ,F5.3) '
WRITE(3,103)

hBRLIﬁJiilgﬁLw”;mmm_

[

&



CLea

L
-G

«

151

CALL ENDPG

19

oo

w

SLIPE(N) .

CDELTAH(L) = 0.0

FURMAT (12X, ZH Ty L1Xs 2H ¥)
WRITE(32103) .
LINES=16

L0010 LI=1.N - I

wRITL(3 103) T(I),Y(I)

T2 FUORMAT{LIOX s FT.246XsFTs4)
THE FOLLOWING PRUGRAM SEGMENT, WHICH APPEARS SEVERAL TIMES IN THIS
. PRIGRAM,; SPACES TQ THE_END DOF THE PAGE.  AND PRINTS THE LAST LINE ON
SACH PAGE.  ONLY 55 LINES ARE PRINTED ON EACH PAGE. :
< LINES=LINES+L. .. .. — o e

IF{LINES +EQ. 55) CALL ENDPG
TF (1 +NE. N)Y GU.TI0 10._
wRITE(35103)

LINES=LINES+1  _
IF(LINES «LT. 55) 6O TO 151

CUNTINJE | |
CALCULATE HEAT VALUES DIRECTLY FROM THE Y-PLOT
DU 7 I=1,N ' |

CHEI)=YLI)#(T(1)-298.15)

NN=N-1

WLALCUL&TE cp. VALJES BY. TAKING SLOPES ON THE Y—PLUT THEN INTEGRATE.

THESE CP VALUES JUSING SUBRDUT[Nt AREA TO OBTAIN THE HEAT.
DO .8 I=3sNN .. .

THZ NEXT STATtMtNT APPROX IMATES THE SLOPE DF THE Y- PLOT AT 100
DESGRELE INTERVALS .

SLIPELI) (Y(I+1)-Y(I- 1)V V/ATCI+1)=T(I-1)) _

BT N . e e e

DO S I=1,N. : _

CPLI) = Y(I) + (TA1)-29€.15)#*SLOPE(])

DS(I1) = CPLI)/T(I)

CALL AREA(CP,DELTAH)

CALL AREA{DS,DELTAS)

DELTAH(2) =((CP(2) + CP{1))/2.)#1.85 :
DELTAS(1)=0.0 . __ . . e - S
DtLTHJ(Z) = H(L)/299 10 ’
NUMBER OF TtNPEKATURES UP TO. THE MELTING POINT

LU 95 I=3,NUM

CDELTAM(L) = DELTAH(L) .+ DELTAH(2) =

DFLTA)(I) = DELTAS(I) + DELTAS(2)

CGEF(1) SST

U REINDEX THE TENPERATURE, CPy AND HEAT VALUES SO THAT ONLY THE EVEN

15

DO S0 IZ NS 2 o

100 DEGREE VALUES ARE RETAINED IN THE CALCULATION
IF{TINC .EW. 25.) GO TO 5060

Ii=(1/2)+1

O CPALIVECP UL o

500 0

T(I[)=T(T)

Gl CHGLD)EACIY.
501 :
G0.TO 503

CUONTINJE

00 502 I1=6yNsk
TI=(I+5)/4 . .

CCPLII)=CP(T)

5072

T(LI)=T(1)
HITI)=H(I)

S RN e e en vt e 5 g s wes e awdine e amamgmet 2D san e apele e B
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o

3053

e JARLTLL)=TE) 129166, 166
12

155
125

112

A-6

LU 12 Qé'&bﬁ‘“““"”””“"
FEFL(I) =
GEF(T)

HM;

o HLI) /T I ) - DELTAS([)-SST
—FEF(I)

i

CONTINJE

ARITE TABLE HEADINGS FDR CONDENSED PHASE ,
WRITE{3,125) ' , - ‘ -
FORMAT (32H CONUENSED PHASE StLvCTED VALUES | )
WRITE(3,112) ' ‘

FUIMAT(5X,EH T “DEG. Ky8Xs3H CPy6XgL1H H(T)I=H(ST) 42Xy l1H S(T)=S(ST),
L16X,64H GEF /7)) L _ ®
CLINES=7 ' '

WRITL CONDENSED PHASE TABLE UP TO THE MELTING PDINT
D17 I=1,NUM
WRITE(3,113) T(I)ny(I)yH(I),DrLTAS(I)yGEF(I)

) FORMAT(OX9FT1e2:17X9F0e32TX9F6.037X3F63,7XsF6.3) .
S LINES=LINES+]
~ IELLINES -EQ. 55) GO 10 .18 _.

ONTINJE
60 TO 188 L

CALL ENDPG - : _ '
CIF(T (1) GEL TE) GG TO_ %

THE FOLLOWING SECTION IS SKIPPED IF THERE IS NO TRANSITION OCCURRING.
C1F (TTR .LE. 0.0) GO TO 21

" CALCULATE AND WRITE VALUES AT TRANSITION TEMPERATURE (IF PRESENT)

i
It

CHT = ((CPTR + CP(NJM))/2.)%(TTR-T(NUM) ) +H(NUM)
ST=((CPTR+CP(NJM))/2.)=ALOG(TTR/T(NUM))+DELTAS (NUM)
FEFT=(AT/TTR)=ST=SST

GEET=-FEFT -

CWRITE(3,113) TTR, CPTR HT;QT,utFT

LINES=LINES+1l :
IF(LINES .LT. 55) GO [0 45 _
CALL ENDPG

5 GHIR. = TTR®STR+HT._ . _ .

GSTR=STR+ST

L FET=(UATR/TIR) -DSTR-SST

_CALL u=NDPG

45

_SK=CPL*ALOG(TK/TTR)+DSTR

GFT=-FFT : ‘
CWRITE(3,113) TTR,CPB,DHTR,DSTR,GFT.
LINES=LINES+1

_IF(LINES .LT. 55) 6O T0 22

CALL ENDPG

L CALCULATE AND_ wRITﬁ VALUES FROM THE TRANSITION TEMPERATUR:Z (IF PRESENT)

UP TO THE MELTING POINT

2. TK = T{NdM) + 100.

HK = CPB#(TK-TTR)+DHTR

FK=(HK/TK)-SK- ssr

. \JK"'F*\ - v ’ .
WRITE(3,113) TK1LPB.HKySK16K
LINES=LINES+l . 4 ) . '
IF(LINES «LT. '55) GO TO 46 : ‘ S
TINUM+#3)=TK

JJ=NUM+ 4

TUJ20 = NOM+2&
S DG 23 1=JJ,4420

T(I) = T(I-1) + 1G0.
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25,

JAND LIQUID . v

21

£9

[E(T(I)=TM) 25,23,24

CUNTINJE

IK=I-1 :

WM=NUM®G. . . L

GO 2% 1= NM Ik

FHACID) =CPB=(TII)-TK)+HK A
SS{1) = CPE=ALDG (T(I)/TK)+SK
Firtl) = (HHH(I)/TLI))=-SS{T)-SST
GLEF(L) = -FEF(I).

WRITE(32113) T(I)prblHHH([),SJ(I)Q

LINES=LINES*]

CIF(LINES. +LT. 55).60 0. 25

CALL ENDPG
LDVTIMJE e

CALCULATE AND ARITE VALUES AT THE MELTING POINT FOR BOTH THE SOLID

HH=CPB* (TM=T (1K) ) +HHH( IK)
SSA=CPB#ALGG(TM/T(IK) )+SS(IK)
GO TU 26

HH‘((LPM+"P(NUN))/2.)*(TM T(VUM))+H(NUM)

DSQ"((uPM+bP(NdM))/2.)*ALDb(TM/T(NUM))+DELTAS(NbM)

Fr—(Hh/TM)—SSA SbT_ﬂ

GG=-FF

WRITE(2,113) TM.LP%;HH:SSA;GG
LINES=LINES+1
ItLLIM&S“.LT.quleO;TOMZZ

~CALL £NDPG

_HM=T M#SM+HH

SM=DSM+SSA

CFEEM= (AM/TM)-SM-SS5T

GEFM=—FEFM
WRITE(35113) TM, CPL,HM,SM,GEFM

LINES=LINES+1-

bE
.30

SMY
C FMM= (HMM/TMM) -SMM-SST

{ ml£LLLNE§maLT-\55)-G0 1026

CALL ENDPG

IF (TTR..EQ. 0.0)_60 TQ 29
TMM = T(IK) + 100.
60.TO 30 . S

M = T(NUM) + 100. -
HMM = CPL®(TMM=TM) + HM

CPL#ALOG(TMM/TM) +SM -

GMM = -FMM

WHRITE(3,113) TMM,CPL,HMM, SMM, GMM

LINES=LINES+]

LF(LINES .LT. 55) 60 TQ 31

" CALL  ENDPG

31

32.

33

TI(1) = TMM + 100, .
DU 32 I=2,70 '

TTL) = IT(1-1) + 100..

[F(TT(IN-TF) 32,33,33
CUNLINJE = .. '
L=1

CALCULATE  AND WRITE VALUES IN LIQUID FROM THE

FINAL TEMPERATURE
LG 34 TI=14L :
FLIC(TD) = CPL*(TT(I)—TM)+HM'

MELTING POINT UP TO THE -



(e

:

'_r“\

b=

S WRITE(3,113)

Lo 35

S . WRITEe(35102) .

CIF{TTIR
CGERINUMF2)=GEFNM,
mbL Tu 38

NS

DU 377 1= LLyIK

LCONTINJE:

3 J1=0 .

C GEF(1)=GLQ(JL)

S . s A-8

SLE(I) PL*ALOG(TT(I)/TM)+‘P

L) (HLGEI)/TT01))=SLQEI)-SST
Cesli)==FLG(L)

TUVOLY CPLyHLRCTI),SLQUT) »6LQCT)

i u;

EINE S LING S+
IFCLInNES LT,
CabL CNDPO

CUNTINJE.
[FILINES

45)_ 6u TO 34

.£Q. 55) GO TO 36

LINCS=LINES+]
IR(LINES oLTe 55)
CALL ENDPG

HILSE CALCULATES THE

60 TO 3%

GAS PHASE TABLE

CALL HILSE(F3)
THE FOLLOWING SECTION REINDEKES

FINAL VALJE.
+6T. 0.0) 60 TD 37
GEF(NUM+1)=GG

1 T0 A

GEF (NUM+3)=GMM
=NUMHS e e i
SECINUMAL)=GEFT
GEF(NUM+2)=GFT

CCEF(MUM#3)=GK

LL=NUM+4&
tF(I)—GutE(I)v

u;”(;x+1)-cc
CeF(IK+2)=GEFM
M=IK+3
e e
I=M,

MMz ,
MM

Ji=J1+1

CONTINJE v T ome e -
CALCULATE VALUES OF DFLTA(FEF)_

»ULLTAF(I)*FJ(I)-GEF(I)

CWRITE(34103)
PUNCH

DG 47

bDU"40 I= lyMM

LONTINJE

WRITE(3,126)

fUQMAl(3X 2H T 4K llH DELTA(GLF))
LINES= LINES+2

VALUES OF D& LTA(GEF) FIR USE IN OTHER.
WRITF(LQyIOO) NAME(I),VAME(Z):IDENT
I=1,MM

WRITE (2 ,127) T(I)yDELTAF(I)
WRITE(149127) T(1),DELTAF(I)

[AN]
N

L LINES=LINES+L

47

FORIMAT (1X, F72294XsFGa3)
IF(Lthgw.LI.
ALL ENDPG
CONTINJE

55) GO0 TO 47

THE VALUES SO THAT THE

INDICFS RUN FROM

PROGRAMS . ST A



—

54 WRITE(35,103)
LIMES=LINES+Y .. . -
IF (LINES JLE. B5) GJ TO 54
. CALL &NDPG . — — . - . o
xLﬁLfJLATF AND WKITL A CDMPARISbV 3F HE AT VQLUES JBTAINED CIRECTLY FROM
Fid% Y-PLDT WITH THQSE OBTAIVgU BY INTEGRATION OF THE CP CURVE
W%IT (3,117
117 FOR 2MAT (54H CUMPARISON OF HEATS OBTAINED DIRECTLY FROM THE Y-PLOT
1/753H ~1TH THOSE UBTAINED £Y INTEGRATION OF THE CP VALUES. A7)
WRITEL32108) a

118 FUAMAT(BXs2H T15X, 12K HEAT(YPLOT) 52X, 12K YPLOT SLOPE 3X417H HEAT

TLTCINTESRATED) 93X 16H HAYPLOT)-H(INT) /7).
LINE>=3 S '
DU 43 I=1,NuM . .
DEVCD)=H{I )-DELTAH(I) o .
C L WRITE(35119) TAL) o H(I)aSLOPE(I) 2 DELTAHCL)4DEVLL) . U,

119 FURMAT(6X1F722,6XsF6.0,6X1F9.6y 11Xy F6.0412XsF8.1)

LINES=LINES+1 o
TF(LINES «LT. 55) GO T3 43
CALL ENDPG

CONTINJE
WRITE(3,103)
LINES=LINES+]

"IF(LINES JLE. 55)_ 60 T0 44 _

S CALL &NDPG . ‘
cHDFILE 16
GO TO 1

L END -

I MRS S

RS
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SUBRGUT
WRITES
FU‘LQW
{M[N_)_L
ul)MMllﬂ
WRITE (3
11D [‘JRMAI (
1 AKS
Wr\lTr‘ { 5
1002 FURMAT L
NPAGL=N

Eﬁ%wéﬁaﬁﬂfamm
JTHE LAST LINE

NG PAGE.  THIS
ON.NAME(Z). TU

e A-10

ON_EACH PAGE AND THE PAGE HEADINGS FOR THE
SUBROUTINE ALS) KEEPS TRACK OF THE PAGE NUMBERS.
500)

TINCy Ny NUMy Ty NAME, NPAGE , LINE)yLyMM

+110):.

1H /5UX buH
B, ).

' 002)
Al
PAGE+]

UFFIC[AL MSRDS FVALUATIUN, CERTIFTED NGO MISTE

. WRITE(3,10C4)NAME, NPAGE »
105% FORMAT(4TH EVALUATION OF THE THERMDDYNAMIC PRDPERTI S OF  s2A6:+5X,

IOH PAlrt . ’12)
hk[fr(ﬁ,lOOB)
. 1003 FUORMAT(IHO) = . N
— LLINEES=2
_ RETURN ) _
& ND 3



~

O

T NUM =
RETURN . . . L

A-11

CSUBRUUTINE AREA(X, SUM)

INTEGRATES THE CP CURVE BY MEANS JF SIMPSON'S RULE
DIMENMSION ALSCO)»X{500)sSUMESC0),T(500), NAME(2)
COMMUN TINCy Ny NUMs ToNAME,NPAGE,LINES,L MM '
SUM=0. D) - v

TF{TING «iilie 25%.) LU TD 4

DO 1 I=44Ny2 ; :

ALT) = {100e/6)u(X(1-2)+aeuX{I-1)1+X(I))

SUMCT)Y = SUM(I-2)+A(1)

D03 L=aeNs2. . . —

) = SUM(I) _.
1

DO 5 I=6,Ny& - “ S

suM(i) SUMUTI-4)+A(T)
CU &  [=6sNy&.
Ii=(1+5)/4 C
SUMEIT) = SUM(T)
NUM=[1]

CRETURN. . e L

END

A(L) = (100./12.)%(X(1=4) +4a#X(1=3) 42 %X (1~2)+4.2X{1-11+X(]))



L

55

<04

SUBRUUTINE HILSE(F3)

CA-12

CALCULATES THE GAS PHASE TABLE

COMMUYN
bara

UIVENS TON c(lOU),SZ(lJO)y
LFj(l D0 T(500)  +LMAME(Z) -
TINC, N, NbM,T,NAME VPAG*,LINtS L MM
KI1.98717/

Rzab(2,200) CORR

) FURMAT (F10.5)

FU(MAT(lHl)

CWRITE(3,203) o
2 FOIMAT (1H ' )

WRITE(3,204) L
FURMAT (66H INPUT DATA TO SUBROUTINE HILSE.
CLLSENRATH. - - . /7)

WRITFE(3,211) CORR
FUOIMAT(3TH CORRELCTION FACTOR FOR NEW AT.
WRITE(3,205)

FORMAT(8Xy2H 1, &X,cH 4,8X 2H 3,9X,2H 6 A1)
=1

LLNES

CI=D.

[=1+1

 READ(2,206) T(I),S(I)yC(I),HA(I) N

S FORMAT(IX  FTa245Xs FTab35Xy FTaby4XyFBa2)
JAE(T L)

2

LU TO T

T LINES=LINES+] -

w

CMM=T-

DO 1

TI=1,MM
< WRITE(3,207) T(I)LS(I)LC(I)lHA(I),M

~£0. 0.) GO TO 8

FORMAT(OX,,FTaZ243XsF7. 493X, Fl.4,4X,F8. 2)

IF(LINES .LT. 55) GG T0 1

~CALL

LNDPG

CONTINJE

CaLL

WRITE(3,203) .
LINES=LINES+1
IFLLINES -LT. 55) 60 T0 2
ENDPG

CWRITE(3,208)

FORMAT (26H GAS .PHASE. SELECTEb VALUtS
: CWRITE(3,209) S _ ,

509 FORMAT (5X,8H T OEG Ks8Xy3H CPy»6Xy L1H HITI=H(ST),2X,11H SI{T)I-S(ST),
GEF 1)

16Xy 6H
LINES=7

$238=R#*(S(1)+CORR)

$2(1)

521

U &

EESTERY
CHI(ID)

212

e

F2{1)

F3LL)
Do S

1=

1=

n NS L I

0.0
2 MM ,
(R*ST1))-S298+R*CORR

=1,MM
ReC(1)

CRE(HA(L)-HA(1))
{H1(I)/T(I))-5298- 52(1)
cF2(1)

IyMM -

WEITE(3,210) T (I)yCl(l),FH( [)sS2(1),F3(1)

L

‘FURPul(bx F1a2y IX,?O,$'7X F6.097XyFbHa3,T7X,y Ib 3)
CLINES= :

INES+1-

(100).C1(1b0) HA(lOO)aHl(lUO),F’(lOO):

COLUMNS - AS LISTED IN HI

yF10.577)

/7)



5
- -

IF{LINES .LT. 55) GO 71O 5
CALL ENDPG o
CUNTINJE

LINES = LINES +1
CIF(LINES +LY. 55).6C I0D 6
CALL ENDPG

RETURN.

END

73
e — — —_ S ———
o




A-14
' PRIGRAM HILSE (1VPJT JUTPdT,TAPE 2= IVPUT TAPE 3=0UTPUT)
CORRECT L3N PROGRAM_FOR HILSENRATH_ET AL TAaLtS OF IDEAL GAS THERMODY-
NAMIZ FUNCTIONS,
LDIMENS LON. TLluu),F(lQO):S(lDO),C(100),H(lDOlyﬁl(lOO)oSI(IOO):SZ(lO

C13),HIL 100),F1(120),F2(100), F3(100), IDENT (12)
5 GATA “/1.95717/ e
L KEAD INPJT DATA
.5 READ (24100LWJDE&1"',.M_.
100 FUAMAT (12A6) , _
- 1F_(IDENT EQ. 6H - . - __ JCALL EXIT .
RtAD (24102) CORR
102 FORMAT (F10.5) S
1=)
1 I=1+1 . o . - e L
READ ( 2,101) T(I), S(I),C(I),HII)
. 101 FOXMAT({FL1.3,F10.4yF12s45F12.2) . . — . _ -~ _
iF (T(I) .EQa 0.0) G3 TO 2
uO TO 1 e
2 N=Il-1
c o WiRITE TABLE HEADINGS AND INPJT DATA
. _\ RRITE (3,109) ITUENT
103 FURMAT_ (1H1,12A6) . . . . o S
S WRITE (3,133) . ' :
103 FOIMAT (S5040INPUT._DATA, COLUMNS AS LISTED IN HILSERATH. )
- WRITE (3,106) o
LOS FCRMAT (. S2HO ... 1 . 4 , 5 _ 6 )
O RRITE (3,107) S o ‘ -
197 FORMAT (IHOY . e
00 3 1=1,N
L WRETE (3,101) T(IL)y, _ SCI)sC(I)yH(I)
3 CONTINJE : ' '
L CALCULATE. CORRCCTEU VALUES
$238 = R#{S(1)+CORR)
' S2{(1)=0.0_ R e e

GO 10U I=24N’
L S4(1)—(R*5(I))-S£9a +R*CJRR
19 CONTINJE
oDO. 4 TI=1sN .
o CL(I)=R=C(1) ’
e L HILI)EAHOI) =HO ) R _ e e e e e+
Fe(I)=(HI{I)Y/T(]))-S268~- SZ(I) .
GLOF3(I)=-F2(1)
_ 4 CONTINJE
o0 L WRITE JUTPUT
' - WRITE (3,129) 1DENT
WRITE (3,104)

104 FORMAT (50HOSELECTED VALUES... .~ —— )
_WRITE (3,108) . !

108 FORMAT (100HD T ce HT-HST. ST-SST YT

! S o . I

WRITE (3, 1u7)

DO 5 i=1,N : . R

: WRITE (3,105) T(I)cul(l).Hl(I) S2(1)4F3(1)

135 _FORMAT _(2X,F8.2, ZX_FQMQ:ZXLEB,inK”F8"31}XrE§p3)m”

5 CONTINJE ' g '
GU.TC. 5
END




CTHI

,
R

110

_IE(M LEQ..
READ T AND DELTA(GEF)

_REAL(2,110)_

~ . A-15
‘PROGRAM. S3BLAWS (INPUT, UUTPUT TAPEZ2=INPUT, TAPE 3=0UTPUT, TAPF 14)
RD LAW CALCULATIONS FOR MONATOMIC SPECIES

DIMENSION IDENT(12),TT(200),FEFD(200), P(ZOO),X(ZOO),XX(ZOC),T(?OO)

1,TQ(200),FEFQ(200),TR{200),FEFR(200),FF(200),PP(200),PPP(200),PD(2
in200)4BL200) ,DHST (200),DHD(200),Q(200),RES(200)
- DATA R/1.98717/
WG READ INPUT DATA -
1 READ (2,100) IDENT
Soe 100 _FORMAT (12A6) . .
IF(IDENT .EQ. 6H )sToP

Ky KKy M

FORMAT(314)
1) GO TO 155
AT EVEN TEMPERATURES

114
£

14

16
. C

C
15
<
195
17

101

_,; GO T0 17
SO O |

'_4

C. .

21

_LEATTAL)

.be 19

D020 .

_IMELT1=IMELT+1

. ...bg.21 .

READ(2,114) TT(I),FEFD(I)
FORMAT {1X sF74244XsF6.3)

IF(1 .EQ. 1) 60 .TO 14
FIND MELTING TEMPERATURE

.»EQe TT(I-1)) GO TO 16
IF(TT(T) .EQ. 0.0) GO TO 15
60 TO 2 : o
TM=TT(1)

. IMELT=NUMBER OF VALUES OF T AND DELTA(GEF) UP TO THE MELTING POINT
- IMELT=I-1" :

60 TO 14

NN= TOTAL NUMBER OF VALUES OF T AND DtLTA(GEF)
NN=I-1___ .

READ MEASURED PRESSURES.
1=0 .
[=1+1

X AND XX ARE DUMMIES NOT USED IN THIS PROGRAM.

READ (251000 T41)sP (1) aX L) aXX(1)

FURMAT(F8.2,E12.4,F10.2,F8.2)
JIFATAI) _»EQe 0.0) GO 10 4
NUMX=NUMBER_OF._DATA POINTS
NUMX=1-1 _
_IF(KK_.EQ. Q) GO T0 18

CONVERT MILLIMETERS TO ATMDSPHERES.
I=1,NUMX
P(I)—P(I)/?bo.
 CONTINUE o ‘
BREAK THE DELTA(GEF) GURVE INTO TWO PARTS AT THE MELTING POINT.
I=1,IMELT = .. .. ’
TC(1)=TT(I)
LWEEFQUIN=FEFD(I) -
CONTINUE K

1A=1
I=IMELT1,NN
TRUIA)=TT(I) -

 FEFR{IA)=FEFD(I)

IA=1A+]
CONTINUE N
NA= NN-IM&LT



L TA=TUI) . .

_A-16

CFIND WHICH PART QF THE DELTA(GEF) CURVE T IS IN AND INTERPOLATE

DO 22 I=1,NUMX

. IF (TA .GT. TM) GO TO 23

IF (TA .LE. TM) GO TO 200

200 CALL LAGINTUIMELT,TG, FEFo.z.Kx,rA F)
__ _ FF(1)=F
GO TO 22 :
.23 CALL LAGINT(NA TR, EEFR,z,Kx,rA,E)
FF(T1)=F
.22 CONTINUE - i )
C . WRITE INPUT DATA
o WRITE(3,102) .
102 FORMAT(1H1)
e WRITE (3,104) - o
104 FORMAT (1HO)
__ WRITE (3,103) o o
103 FORMAT (50H0 INPUT DATA - )
S C_ NEXT STATEMENT AVOIDS PRINTING T AND DELTA(GEF) AT EVEN TEMPERATURES
C MORF THAN ONCE FOR A GIVEN ELEMENT.

VIF(M -EQe 1) GO TQ 25

WRITE (3,111)

| FORMAT(8H T DEG K,1X,11H DELTA(GEF) )

WRITE(3,104)

00.24 "~ I=1,.NN

WRITE(3,114) rr(i).FEEo(I)

24 CONTINUE e e+
WRITE(3,102)
-25 WRITE(3,100) IDENT - ___ .
. WRITE(3,181) . | g ' : :
.-181 FORMAT(50HO T .~ P __  DELTA GEF )
DO 89 I=1,NUMX
et WRITE(3,105) T(T).PIL),FFLL)
89 CONTINUE
__105 FORMAT (1X,F8.242XsE12:492X2F843)

LDHST(I)=PO(I)+BL1)

CPP(1)=ALOGLO(P (1))

WRITE{(3,102)

. THIRD LAW CALCULATIGN“QF DELTA H

SUM=0.0 ,
SUM1=0.0 .. ...
DO 6 I=1,NUMX
PPP(I)=ALOG(P(I))
PD(I1)=-R=T(1)=PPP(1I)
BUI)=T(I)=*FF(1)

T NUMX=ANUMX
DO 7 I=1,NUMX

SUM=SUM+DHST (1)

CONTINUE.

ANUMX= NUMX
DHAV=SUM/ ANUMX

DHD (1) =DHST (1)-DHAV
SUML=SUM1+ABS (DHDII1))

'CONTINUE
ANUMX=NUMX

DEV=SUML1/ ANUMX
NUMX=ANUMX _



. A-1T

oG "PRINT RESULTS

| WRITE (3,106) |

106 FORMAT (50HOCALCULATION RESULTS
WRITE (3,107)

0. :..1O0T FORMAT (100H T ...k LN
e 1 LN P —T(DELTAFEF) DELTA HST . DEV
. . WRITE (3,104) S
: S L=0 ,
: DO 8 I=1,NUMX

g e o e st 4

LoG P -RT

)

)

WRITE (3,108) TUD) 2P UTY,PPPIT) PP (I),PO(T),B(1),DHST(I) ,OHD(1)

108 FORMAT_ (1X3FB84242XsE12.432X9F10.5,2X,F10.5,2X,F10. ?,ZX F1C0.242X4F1

10.2,2X,F8.2)
C.____ . PUNCH OPTION
IF (K=1) 8,9,9

_.C TO AVOID PUNCHING ILENT BEFORE EACH VALUE
9 IF (L .EQ. 0) GO TO 12
L GQTOOXY
C PUNCH RESULTS
12 WRITE (14,100) IDENT
11 NRITF(14y101) T(I),PLI), FF(I),DHST(I).EHD(I)
=1
' 8 CONTINUE

o WRITE(3,109) DHAV  _ .
109 FORMAT . (20HOAVERAGE DELTA H298= F10.2)
o _WRITE(3,112) DEV . _ ,
, 112 FORMAT. (L9HOAVERAGE DEVIATION=  F6.2)
":MCALCULAT[ON OF STANDARD DEVIATION ,
T suM2 = 0.0
.. DO 13 _I=1.NUMX
: RES(I) = DHD(1)e#2 _
. SUM2=SUM2+RES(I) .
: 13 CONTINUE
i ANUMX=NUMX ‘ e
SD = SQRT(SUM2/ (ANUMX=1.0))
NUMX=ANUMX .. . ...
WRITE (3,104)

_WRITE(34113)NUMX,SD_
113 FORMAT (34H STANDARD DEVIATION FOR THE ABOVF

- INTS = 3F6.2) S
ENDFILE 14
60 TO . L
END

| v 14,

16H MEASUREME
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" SUBROUTINE LAGINT( Ny Ay Fs My Ky Xy Y )

DIMENSION A(1

)y F(1)

G _DETERMINE_ INDEX OF TABLE_VALUE NEAREST THE INTERPDLAT&.

CALL BAINS(

’NDXDI)

IF( 1,EQ.O0 ) GC TO 10

 IF( X.EQ.A(T)
C.__DETERMINE INDEX.
J = MINO( MAX

CALL LAGRNG(
10 K =1
- RETURN
9. Y = FAL)
' GC T0 10

T END

VIR M.EQ.1.ANC

) GO TO 9
OF THE FIRST POINT TO BE USED IN THE INTERPOLATIUN¢

0 1T — M/2, 1 )}y N = M)
AlJ)y F(J)y My X, Y )’

|
—— .

~

w
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_*SUBROUTINE LAGRNG( Ay F, M, X, Y )
DIMENSION A(11), F(11), DA(11), 0(11.11)
RO OLAA: L. 3 -
DATA D(1),D(13), 0(25).0(37).0(49) D(61),D(73), D(85),D(97),D(109),
106121)/11#1.0/ S

C**94 .
XS L =M Y
C FORM TABLES.
EN. = 1. U
DOl KK = 1, L
CDA(KK) = A(KK) = X
IF{ DA(KK).EQ.0.0 ) GG TO0 7
___ FN = FN=#DA(KK)
1 CONTINUE
e KK = e
. LL = 2
2003 JJ = LLy L .
DIKK,JJ) = DA(KK) - DA(JJI)
;QMD(JJ,&K)N=M:D(KK14J)"w”
: KK = KK + 1 .
RN W N S .. 0 S
IF( LL.LE.L ) GO TO 2 _
,C _COMPUTE INTERPOLATED VALUE.
Y = 0. = ‘
DO 6 KK.-
CFD = 1.
..B0 5 JJ. f.14_LM_*wwg_wM_MMuwmwwwm”mw
S FD = FD#D(JJsKK)
o 6. Y = Y + L EN*F(KK) )/{ _DA(KK)#FD )
RETURN ' '
© .- RETURN

e END

e L

Nl




U e A=20 .
_L-___-.hUBROUIINE‘BAINSL SLIST, MMy Zs K.)

- DIMENSION SLIST(1) _
G SLIST=TABLE. WHICH MUST BE_MONCTONICALLY
©C - M= NUMBER OF ENTRIES IN SLIST
..Co._. I=VALUE TO BE FOUND IN TABLE _

c K=SUBSCRIPT UF VALUE IN TABLE NEAREST TG

G PROGRAM. RETURNS. K. = 0.1IF Z_IF OFF TABLE.

» M’MM :
» LZ M ' ‘
. K=1 - e
IF(Z- SLIST(I)) 1,15,3
e 3 K=MO .
' IF(SLIST(M)-Z) 1"1519_:- .
9 K=M/2 _ e e e
IF(Z~ SLIST(K)) 20' 151 29
_20 L2=K
' GO TO 23
29 L1=K ’
23 IF(LZ L1- 1) l 14 25 .
225 M= Ll"’L.Z e e s e e
: GU T0 9
14 IF 2.2~ SLIST(Ll’ SLIST(LZ}) 30115y31
30 K=L1 S
o GR TS
31 K=L2 '
GO 70 1 D s e

"1 K =0 o
.15 RETURN . ... ... . ...
END

INCREAS ING

z



5 ”A..VEi o i . - e EET— aerm e e - ,.-.v o ‘ .“.. ’

oxw&u,xom T(SOO).P(bOO) PL(SOO).PRUD(500).DIV(500) IDENT\IZ)'XAXIS

L1520, YAXIS(50).

S DIVUI)=le/TUR)

RERTY

READ

WRITE (353) . .

WRITE (304)

_READ (2,5) .
AR AT
60 TO ¥

_NUMX=1~-1

COLF K
.CONVERSION
PUL)=PLIN/T60.0 .

CPLUL)=ALOGIO(P(I))

WRITE (3496) T(I),

DATA R/1.98717/
READ I[NPJUT DATA
READ {2,1) IDENT
FURMAT - (12A6) .
IF (IDENT <EQ. 6H
12520) K.
FORMAT (14)

WRITE (3,8) IDENT
FORMAT (1H1,1246)

) CALL EXIT

FORIMAT (50H0  TEMP  PRESSURE  LDOG P RLNP BVl )

=2 SR

I=1+1
FORMAT (F8. 2.E12 .3) :
+EQe 0.0) GO TO 10 o

0) 60 TO 21
LOOP  MILLIMETERS-—ATMOSPHERES .

DO 22 I=1,NUMX

<EQ.

DO 7 I=1sNuMX

PRID(1)=R=ALOG(P(I))

WRITE JUTPUT :
P(I),PL(I),PRDD(I);DIV(I)_mﬂ“ .
(2X FHul92XeEDe33 1XsF10.592X,F743,2X,E10.3)

FOIMAT

CONTINJE

GO TO 13

BN

-
“-
=
W



..C Z(I) = ANTILOG P

.. .. PROGRAM VPCALC{INPUT,0UTPUTsTAPE 2=INPUT, TAPE 3=0UTPUT)
C " CALCULATION OF VAPOR PRESSURES FROM FREE ENERGY FUNCTIONS

K22 e s e

.. DIMENSION NAME(12),7(100),FEFD(100),X{1CC)+DGT(100),2(100),P(100),
. 1M2(100),B82(100),S2(100),7Q{100),FQ(100),A(2C),TTQ(1G0),FFQ(10C),

27GQ(100),FQQ(10C),TP{20)
DATA R/1.98717/
46 READ (2,100) NAME
FORMAT(12A6)
IF (NAME .EQ. 6H
"WRITE(3,101) NAME
FORMAT (1H1,12A6)
WRITE(3,102)
FOGRMAT (1HO)
WRITE(3,103)
, FORMAT{ 50HO _ o
READ(2,104) DHST
'FCRMAT(Fl10.0)
READ(2,116) TM,TTR
116 FORMAT(2(2X,F7.2))
WRITE (3,105) DHST
)5 FORMAT{22HODELTA H(VAP);(298) = F10.0)
1=0
1 I=1+1
READ(24106) TAI),FEFD(I)

2GAPP(50),TAPP(5C),GB(300),T7B(30C)

)STQP

_INPUT DATA

106 FORMAT(1X;F742,4XoF6a3)
IF {T(I) .EQ. 0.0) 60 T0 2
. 6C. YO L
C N=TOTAL NUMBER OF POINTS
2 N=I-1 . R
T WRITE (3,107)
107 FCRMAT(8H T DEG K 1Xy11H DELTA(GEF)) )
WRITE(3,102)
- DO 3 I=1,N__ o
WRITE(3,1060) T(I),FEFD(I)
1060 FORMAT(F12.2,2F12.3) . . ...
3 CONTINUE
WRITE (3,101) NAME
WRITE (3,110)
110 FOR"AT(99H0 S r . DGY AR S
1EXP )
C  CALCULATE DELTA G - L
| 00 16 1=1,N

_ X{I)=-FEFD(1) .
‘DGT(I)= X(I)GT(I)+DﬂST

l(I)‘-DGT(Il/(R#T(I)*ALUG(I0.0))
IF(Z(I) .LT. G.C) GO TO &
S P(I)=10.0%%2{]) -

L C ML=

EXPONENT OF P ; -
MZ(1)=0

e 88 TC 15
¢ "7 CALCULATION OF P AND MZ IF Z 1S NEGATIVE
_4 BZ(IN=AINTI(Z(I))
MZ(T)=INT(BZ(1))-1
SZ(I)=Z{1)-BZ(1)+1.C
P({I)=10.0%4SZ(1)

W
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PRINT RESULTS

15 WRITE(3,111) T(I),DCT(I),PLI) MZ(I)

111 FCRMAT{6X,F742,9XF8a0s9XsFT0439Xy15)

16 CCNYINUE

T WRITE(3,102)°
FIND THE TWO TEMPERATURES BETWEEN WHICH DELTA G CHANGES SIGN
BC 17 I=1,N"

 IF {DGT{I) .LE. 0.0) GO TO 18

17 CCNTINUE

A8 ILOW=I-1 e -
IHIGH=1 |
TLOW AND THIGH ARE THE DESIRED TEMPERATURES. THEY ARE 10C DEGREES
APART. -

TLOW=T{ILCOW)
TRIGH=T({IHIGH)
GENERATE AN_ARRAY OF DELTA(GEF) VALUES IN THE LIQUID
0C 19 T=1,N" '
 IF(T(I) .EQ. TM) GO TC 20
19 CCNTYINUE -
20 IMELT=I
. IMELT1= IMELT&I
 NLQ=N-IMELT _
IA=] '
BC 21 I=IMELT1,N__
TCUIA)=T(I)
M,FC(IA)‘FEFD(I)
. TA=TA+1
21 CCNTINUE
. FIND T(BP) TG TbE NEAREST 10 CEGREES
: 1J=1
22 CALL LAGINT(NLQ.TQ:FQoZ-Kx , TLOW,F)
" GAPP{IJ) = DHST-TLOW®F
. TAPP(IJ)= TLGN ‘
JLOW=TLOW+10,0
IF(TLCW .GT. THIGH) GC TO 23
1y=1J+1 i :
GO TG 22
. FIND THE MINIMUM VALUE QE,QARPMH
23 GMIN=1.E100
.00 24 I=1,11
"IF(ABS{GAPP(I)) .GE. GMIN) GO TD 24
. GMIN=GAPP{I)
' IMIN=T
24 CONTINUE o
25 TMIN=TAPP{IMIN) - 1C.
TMAX=TMIN+2C. :

J=1
" CALCULATE T(BP) TO THE NEAREST C.l CEGREE
26 CALL LAGINT(NLQ,TQsFQs2,KXy TMIN,F)
GB(J)=DHST-TMIN*F
TB(J) = TMIN
" IF(TB(J) .GT. TMAX) GO TO 27
ST ¢ THAX) 60O _TO
_ TMIN=TMIN#0.1
760 TO 26
27 JEINAL=J .
T GBP=1.E100

e ok <t s 1 s b L e et S




c

';ng

L L _A-24
DC 28 1=1,JFINAL
I'F(ABS(GB(I)) .GE. GBP) GO TO 28

- GBP=GB(1)

28
112

I18P=}

CCNTINUE

WRITE(3,112) NAME(1),NAME(2),TB(IBP),GBP

FCRMAT(22H THE BOILING POINT OF 2A6,7H 1S AT F7.1,16H CEGREES K

e

1ELVIN. /60H THIS VALUE OF T(BP) RESULTS IN A VALUE CF DELTA G EQUA

113

1)

114

DC 49  J=1, 10

49

50

- DC 29 I=1,N

29

Lo d=d+l

31
_da=yg

356 _

~.DC 32 I=IM1,N

- GC _T0 36

34

S IML=1Me1

. J=0__

2L TO  F4.1l,1H.)
 WRITE(3,113) NAME(1),NAME(2)

FORMAT(52H1 CALCULATICN OF TEMPERATURES AT EVEN PRE‘SURES FCR 2A6 .

WRITE(3,114) 4 |
FGRMAT(50H0 ~-LOG P  __ T,0EG K = )
CALCULATION OF T AT EVEN PRESSURES

CALCULATE (-R_LN P) AT EVEN PRESSURES FROM P = 10##-1 TO 10##-10

¢=0.0

0=Q+1.0

A(J)-ROALUG(IO Ci=Q

CONTINUE

IF(TTR .EQ. 0.0) GO TC 51

FCR A POLYMORPHIC METAL SPLIT THE DELTA(GEF) CURVE INTO '3 PARTS.

IF(T(I) .EQ. TM) IM=I-1
IF(Y(1) .EQ. TTR) ITR=1-1
COCNTINUE

TTRI=ITR+]1

0C 30 I=1,ITR
TC(I)=T(I)
FCLI)=FEFD(I)
CONTINUE

DC 31 1=ITR1,IM

TTQ(II=T(I) :
FFQUJI=FEFD(I)
CCNTINUE

J=J+1
TQQ(J)I=T(T1)
FCQ(J)=FEFD(I)

(CCNTINUE
JJA=J

) ;

FCR A NON-POLYMORPHIC METAL SPLIT THE DELTA(GEF) CURVE INTC 2 PARTS.

1 DC 33 I=1,.N

J— N . . o L~

IF(T(I) .EQ. TH) IM=I-1
JCONTINVE |
IMl=]IM+1

DC 34 I=1,IM
TCLI)I=T(D)
FC(I)=FEFD(I)
CCNTINUE




35

36

47

1

52
38

41

_Y6=T(1) -
INTERPOLATE

_ o A=25 o
J=0

0C 35  I=IM1,N

J=J+1

Tet=x41)y
FFQUJ)I=FEFDI(I) ' : '

CCNTINUE S U

Ja=d

"FIND THE TWO TEMPERATURES BETWEEN WHICK THE DESIRED VALUE OF P LIES

J=1
C=0.0

@=Q+1.0

0C 52 -I=1,N
IF(Q .GE. (-MZ(I))) GC TO 38
CONTINUE.
TL=T(I-1)

IF(TTR .NE. 0.0) GO T0 43 '

IF(TL .GE. TM) CALL LAGINTUJA,TTQ, FFQ:Z:KX.TL.G)
IF(TL LT. TM) CALL LAG]NT(leTQyFQtZtKXQTLvG’
CALCULATE T

. TEMP= DHST/(A(J)*G)

o ma

i
CJ=J+1

43
IF(TL .GT. TTR .AND. TL .LE. TM) CALL LAGINT{(JA,TTQ,FFQs2+KXsTL,G)

GG TG 41

TEST TO SEE IF THE CALCULATED VALUE OF T IS WITHIN 1 DEGREE OF THE
INTERPOLATED VALUE '

IF{ABS(TEMP-TL) .LE. 126)”66M10”46“" -
INCREMENT THE INTERPOLATED VALUE AND REPEAT THE PROCESS:

TL=TL+0.1

TPIJ)=TEMP

IF(J <EQ. 11Y'GO 10 42““*
GC TC 47
IF(TL .LE. TTR) CALL LAGINT(ITR TQYFQ,25KX, TL.G)

" IF(TL .GT. TM) CALL LAG(NT(JJA.TQQ.FQQ.z.xx TL.G)

O E

43

TPLJI=TEMP |
CIF(J -EG. 11) GO TO 42

WRITE RESULTS

TEMP=DHST/ (A(J)+G) o
IF(ABS(TEMP-TL) .LE. 150) 60 TO 44

TL=TL+0.1

GC TC 43

J=J+1
GC TC 47

DC 45 J=1,10 '
WRITE(3,115) J-?P(Jl

FORMAT(4X,13,8X,F6.1)

CCNYINUE

'GCTC 46
_END




{ )

“

9 FURMAT (1X,.F8. 212E12.6,2FB. 2)'
3

- A-26
__ PRJIGRAM B3LAAW (INPUT.OUTPUT,TAPE 2=INPUT,TAPE 3 DUTPUT),
THIRD LAW CALCULATION OF DELTA H FOR TWO VAPOR SPECIES I.E.
- DIMENSION IDENT (12), yT(50)4P2(50)+P6(50),FEF2(50)FEF6(50
1),“RTb(50)yPSQZL(50) PRT6L(50) PP(50),PPP(50),A(50), B(SO)
_ 150)-Dﬂ’(SO).DHb(SQ}.BB(SO) DHZD(SO) DH6D(50)
DATA KR/1.987117/

_ READ INPUT DATA ) =
L READ (2+2) IDENT
.2 FORMAT (12A6)

I=)
3 I=L+1 '
READ (24%) T(I).PZ(I).Pé(I) FEFZ(I) FEF6(1)
- FORMAT (FB.2,2E12.6,2FB%2) e -

IF (T(I) .EQ.- 0.0) GO TO 5
.20, 30 3 . e e e -

NUMX=NJMBER DF DATA POINTS

LA NUMX=E=1 e i e
WRITE TABLE HEADINGS
. WRIJE (3,6) IDENT _

5 FURIMAT (1H1,12A6)
WRITE (3,7)

"7 FOIMAT (SOHOTINPUT DATAvw. TsP2,P6sFEF2,FEF6

WRITE (3,12)

iETi=D§EAI“TfH5)w”MW"N‘". B, - o
o WRITE INPUT OAYA - = e -

DU B8 1=1,NUMX
WRITE (3,9) T(I),P2(1),P6(I),FEF2(I), FEFb(I} -

CONTINJE o
" 3RD LAW CALCULATION
L..SUM=0.0
SUM1=0.0 _
_ D0 10 I=14NUMX
PS22(1)Y=SQRT(P2(I))
. BB(I)=(1l./6.)%ALOGIPO(TI))
PRTS(T)=EXP(BB(I)) '
_FEF2C1)=—=FEF2(I)
FEFS(I)=-FEF6(I)
. PSQ2LtI)= ALOG(PSQ2LI
PRTSL(I)=ALOGIPRT6(]
_PP(I)=ALOG10(PSQ2(I)
PPP(1)=ALOGIO(PRTE( ]
I
1

)
)

)y
_AlI)=-+T(I)=PSQ2LL(
B(I)=—3=T(I)#PRTLLI

CCUI)=-TU{I)®FEF2(I) '
DULY=-T(IY»FEFB(IY

CALCULATE DELTA H VALUES

ontl)-All)+C(x)'”“

" SUM=SUM+DH2(I)

CDHS(D) =BUI)+D(T)

 SUML=S JM1+DH6 (1)

10 CONTINJE o o

TO AVERASE THE DELTA H298 VALUES FOR EACH TEMPERATURE.
SUMBLG G e : SRR

‘- SUM3 0 0 [ .,._._‘! . e _— . . [ N . . . R .
DU 17 I=1,NUMX ‘ ) S ‘

_ANUMX=NUMX

)
)
)
)
|
)

SELENIUM
)oPSQ2(50
+C(50),D(



‘»
Atef

L5 CONTINJE

CLAs2T

 DH2AV= SUM/ANUMX _
DHSA V= SUML/ ANUMX
_ DH2D(I1)=DH2(I)~DH2aVv
SUM2=5 JM2+ABS (DH2D( 1))
... DHSDAI)=DH6(1)~-DH6AV
SUM3=S JM3+ABS (DH6D(T))

L7 CONTINJE.

ANJMX=NUMX
DEV2=S M2/ ANUMX -
DEV6=5JM3/ ANUMX
_WRITE RESULTS
WRITE (3,6) IDENT
WRITE (3,11)

11 FURMAI(IIGHODIKTbMIC RESULTS..T.PZ.SQRT PZ.LNISQRT pz),Loc(soar P2

122 =RT_LN(SQRT _P2),DELTALFEF),~T*DELTA(FEF),DELTA H298,DIFF )

WRITE (3,12)

..D0 13_I=1,NUMX )
" WRITE (3,14%) T(I).PZ(I),PSQZ(I),PSQZLlI),PP(I) A(I).FEFZ(I).C(I),D
_1H2(1),2H2D(I)

1% FURMAT (FB.2,2Xs2E12. 4.2F10.5.2F8 2¢2XsF8. z.zx F8.2,2X,F8.2)
" 13.CONTINJE -

“WRITE (3,18) dthv.oevz

'L.jla FORMAT (24HO 'AVERAGE DELTA H298 1S F8 2.26H  THE AVERAGE DEVIATION_

1 15,F8.2)
" WRITE (3,6) IDENT _
WRITE (3,15)

.15 FORMAT (114HO HEXATOM[C RESULTS:,T;Pb ROOT P6, LN ROOT P6,LOG ROOT

1P6,~RT LN (RT P6)y DELTA(FEF),-T*DELTA(FEF)'DELTA H298,DIFF )
_WRITE (3,12) S ' o '
DO 16 I=1,NUMX -
. HARLTE (3,1%) T(l).P6(I).PRT&(l)oPRTbL(I)gPPP(I),B(I).FEFb(I)pD(I)o
“1DHS(1),DH6D(T)

e L A IR S T Ty 5 gi12 8 e AL @ SR % e A a0 R g bty s P 1tk s, p Ty 1 e e areas o e s 4 e e

GO TO 1
S CALL EXIV o - . -
END .
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PROGRAM ACTIV (INPUT,OUTPUT,TAPE 2=INPUT, TAPE3=0UTPUT,TAPE 14)
CALCULATION OF ASTIVITIES FROM VAPDR PRESSURE MEASUREMENTS
T DIMENSION IDENT(12).TT(100),FEFD(LO0),T(100),P(100),TR(100),FFFQ(L
100) 5 TRL100), FEFRL100),FF(100),4(100),PP(100),ACTL100)6(150)+0F (10
" 20) W 0FX(100)
.. DATA R/Z1.98T1T/ . O SR L .
c READ INPJT DATA : "
C® OREAD (2,100) IDENT .
10O FURMAT (12A6) :
CAECTGENT. -29e 6H - )STOP , e i e
REAL (2,101) DHST '
16} FORMAT (F106.1)
, READ (2,102) X
107 FURMAT(F10.7) o
READ (25,1100 KyKKyM
110 FURMAT(314)
IF (M .EQ. 1) G0 70 151

e XS0 e o
1 I=[+1
L REAF(/LQ}A)_TI([).FEFD(I) i -
114 FORMAT(1X4FT.244X,F6.3)
_IFl1 .EQs-1) G0 TO 10
[F(TT(I) .EQ. TT(I-1)) GO 7O 2
JA0 TR(IT(I) .EQ. 0.0) 50 TO 11 _ ~
GO 10 1 ' .
IMELT=1-1 :
60 10 10 B
11 NN=I-1
MLQL“I”QWW . B} -
12 I=1I+1 ,
. READI(2,103) TLI),P(1) o ~
102 FORMAT (FB8.24E12.44F743)
- [F(T(I) .EQ. 0.0) GO TO 13 )
' GO 70 12 ‘ _ ‘
A3 N=1-1 : - e e
IF(KK .EQ. 0) CU TO 14
C . CONVERSION FRQVM MILLIMETCRS Tu ATMOSPHERES o
DO 15 I=1,4N
o PII)=P({]I)/T760. )
15 CONTINJE
214 DO 16 I=1,IMELT - ~
TGUI)=TT(I)
) FEFQ(I)=FEFD(I) o
15 CUNTINJE L
£ Divipr THE DELTA(GEF) CURVE INTO TWO PARTS AT THE MELTING POINT

IMELT1I=IMELT+1
JA=1
NA=NN-TMELT
DU 17 _I=IMELT1.NN _
TP(IA)—TT(I)
FEFR(IA)=FEFD(I)
o IA=TA+]
17 CONTINJE )
INTERPGLATE IN THE PRUPER PART OF THE CU?Vt TO UBTAIN THE VALLt OF
C _ _DELTA(SEF) AT THE MEASURED TEMPERATURE

o
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JU 20 I=1,N
=71(1) o o -
IF (TA .GT. TM} GO TO 200
IF (TA .Lr. TM) GG TO 300

CALL LAGINT(IMELT,TQyFEFQ,2,KX, TA,F)
FER{I)=F

GO TN 20
CALL LAGINT(NA,TR,FEFR,2,KX, TA:F)

CFF(I)=F

G CUNTINJE

CWRITE(3,108)

FORMAT (1H1)

TWRITE INPUT DATA

WRITE(3,100)IDENT

CWRITE(3,104)

FORMAT (1HO)

- FORMAT (50H0

WRITE(3,105)
- INPUT DATA

IF(M .EQ. 1) GO TO 39
WRITE(3,115)

FORMAT (8H T DOEG Ky1Xyl1H DELTA(GEF) )

- WRITE(3,104)

B0 22 I=1.+NN

WRITE(3,114) TT(I),FEFD(I)
CONTINJE 7
WRITE(3,108)

9 WRITE(3,104)

WRITE (3,113) DHST, X

SE

106

FORMAT (15HODELTA H298 = +F10.1, LOH
WRITE (3,106) ' '

X =

FORMAT (50HO . T DEG K - = P (ALLOY)

WRITE (3,104)

,FL0.7)

DELTA GEF

fﬁb 3 I=1,N

WRITE(3,107) T(1),P(I),FF(I)

107.

FORMAT(@X,F? 235X9E124495X,F7.3)
CONTINJE : : ,

112

WRITE (3,104)
_WRITE TABLE HEADINGS

TWRITE (3,112)
FORMAT (90HO T DEG K P {(ALLODY)

P

(METAL)

1AMMA DGR DGBXS
WRITE (3,104)
L=) |

DU 4 I=1,N

ACI)=(FF(I)-DHST/T(I))/(R*ALOG(10. O))’

ACTIVITY

;UCALCULATE ACTIVITIE); ACTIVITY COEFFICIENTS, AND%§{§§§M§NER$}§S

PPIIN=10.0#%A( )
ACTUL)Y) = PULY/PPLIY

G(TY = ACTT(T)/X

DF(1) = R=T(I)=ALOG(ACT(I)) .
)

TDFXTI) = ReT(I)#ALOG(SB(T)

WRITE RESULTS

. PUNCH UPTION

WRITE (3,109) T(I)1P(I’yPP(I)'ACT(I)vG(I) DF(T),OFX(T)

FORMAT {2XyF7.2+4X9E12.494X9E12.494X3F5.354X9FTa344X,F9.1, 4X F? 1)

IF (K-1) 445,45

‘”NEXT”STATEMENT-AVGIDS WRITING THE TITL E BEFORE EACH VALUE DF T,

P,

ETC..



5 [F (L .EQ. C) GO TO %
oL aIec T o ~
5 WRITE (14,100) IDENT - ‘
LT wRITE(145111) T(1),P(1)sPP(I),ACT(I),6(1),DF(I),DFX(]) _
111 FORMAT(1X9FTu2,1X4EL12.4,1Xy EL12.44LX,F5.3,1X:F7.3,1X,F9.1,1X,F9.
L=l |
4 CONTINJE h
ENDFILE 14
03 TO 8 -
LND
e .
— b




O
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PRDGRAM,ALLUY (INPUT, OUTPUT, TAPE 2=INPUT,TAPE 3= DUTPUT)
L BDIMENSION IDENT(12)sNAME(2)sALPHL(30),DGX1(30)4AA(30),GAML(30),

U LACTI (D) ,D0X2(3G), GAM2(30)4ACT2(30)sXAREA(30),X1130),X2(30
2)2DH132),DH1L30),0H2(30),S(30),5X(30),0S1(30),DS2(30),35X1(30),.
3DSX2(43) 36X (30),5(30),DGL(30),D62(30),8(30),YAREA(30),ALPIi(30),

_49(30) .
,LuwMuﬂ XAREA X1y X2sDHy DHLy DH2+S2 SXsDS1,DS25DSX1,DSX29GX 16,01
LUGXL;052,D6X248
. UATA R/Y.9B71T/ 0
L READ.INPUT DATA
13 READ(Z,100) IDENT
LUD FORMAT (124A8) .
' READ(2,131) NAML(L),vAwetz),vsrAr
131 FOURMAT (2A3,A6)
READ (2,101) T,L

191 FORMAI(EL0~05410) S

DO 1 I1=1,15,7 , , - _
READ (2,102) ALPHI{I), ALPHL(I+1), ALPHI(I+2),ALPHL(I+3),ALPHI(I+4%
1) 4 ALPHL(I+45) , ALPHI(I+6)
1 CONTINJE . '
FOIMAT(TF10.1)
 CALCULATE X VALUES IN INTERVALS OF 0.05 FROM X = 0 T0 X =
"X1(1) = 0.0 . _
g2 1.= 228 . . . ... o

L
[Snp
~n

i

(e

CoX1(I) = X1(I-1) + 0.05

2 CONTINJE .

DU 31 = 1,15,7 : -
;;mREAQML;JAQZ) BOI)a B(I*l),_B(1¢2J,WBLIf§); BLI+4), B(I+5), B(I+6) = .

3 CONTINJE ,
' WRITE TABLE HEADINGS = . .
' WRITE(3,103) :
152 FURMATELHL) :
S WKIIE(3.104) IDENT B - 3 S
D108 FORMATCL2A5) o
WRITE{(3,105) o : ' ' '

105 FURMAL(LHO) .. . o ' SR

S X2AL) = 1.0-X1( 1)

WKITE(3,106) NAME(1),NAME(2),NSTAT,T
105 FORMAT (15H INPUT DATA FOR . _ . 1A352H -sA3,154 ALLOYS IN THE 5
LA659H STATE AT +F6.0,15H DEGREES KELVIN. )
CWRITE(3,105)

: WRITE(3,107) , _

CLQT FURMAT(50H . X1 ... _ .. ALPHA B X2 )

o WRITE(3,10%) o

~MH&lIEMlNPUP,QALﬁHW“
UG & I=1,21

. 4 WRITE (3,108) X1(I), ALPHI(I), B(I) $ X2(1)
CL0B FORMAT(1X3F4e298XsFB.0s. 6X9F12.426X,F442)
' CWRITE(3,105) _
O WRITE (3.116) . .“ﬁAMt(l),NAME(Z),_W
115 FUIMAT (B9H NOTE. 'FIRST' ELEMENT IS THE DONE GIVEN FIRST IN THE T

IAB;E,t “ADINGSs leEns ELE&&NTWIHIS_W””m““hW1A3LL7H AND ELEMENT.Z.[SM.““ m:

vA3)
: HRITL(31105) . ' ' '
C.L 1S A CONTROL NJMBER TELLIVG WHICH TYPE OF DATA IS AVAILABLE
_— IP(L 1) 41242443 : ' :




s

A-32

41 WRITE(3,128) L :
123 FORMAT(SH L .= 511519H  Q_PLOT DATA USED. . . . )
GU TU %4 '
VA2 WRITE(3.129) b . L el
129 FOXMAT(5H L = 2 11,22H BETA PLOT DATA USED
L s JI0 4 .
43 WRITE(3, 126) L _ A
130 FURMAT(SH. L = . 211524H_ FREEF E&NERGY DATA ONLY )
4% WRITE(3,105) : :
o WRITEC3,Y32) L
132 FOIMAT(40H B IN ABUVE TARLE IS EITHER Q DR BETA. )
CAREZA INTEGRATES UNDER THE SELECTED CURVE .
CALL AREA[ALPHL,21)
- CALCULATE TABLES _
Dex1 (1) = ALPHI(I)*X2(I)#+2
[IF(X1(I) = 0.05%)  52,51,51
51 DGLA1)=DGX1(1) + R#*T+ALOG(X1(I))
52 AA(I) = DGXLI(IN/(R=T)
GAMYI (1) =EXP(AALI)) e
ACTL(I) = X1(I)=GAMI(I)
LBG6X2(1) = —(ALPHICI)=X1(I)=X2(1))+XAREA(I)
IF(X2{I)-0.05%) 54,53,53
53 DG2(1) = DGX2(1I) + R=#T#ALOG _(X2(1))
54 AA(I) = DGX2(I1)/(R%T)
CGAM2 (1) =EXPLAA(CI)) =
ACT2(1) = X2{I)=GAM2( 1)
GX(I) = X1(I)*DGX1(I1)+ X2(1)*0GX2(1)
5 CONTINJE '
.. B0 6 1=3,19y2
5 G(I) = Xl(I)%DGl(I)+X2([)*DGZ(I)
IF (L-1) 74899 N
QPLOT IS USED FOR QPLOT DATA (HEATS)
7 CALL QPLOT(B,T,21)
GO TO 3 :
. BETA (5 JSED FOR BETA-PLOT DATA (ENTROPIES)
3 CALL BETA (ByT)
If‘ (L"/) 1))10715 T . B .
WRITE TABLF HEADINGS FOR- IVTEGQAL QUANTITIEa (NO HEAT DATA)
1D WRITE (3,103) o
WRITE(3,104) IDENT
WRITE(3,105)
WRITE(3,105)
L~ WRITE (3,109) . N L .
1092 FGRMAT(35H TABLE 1 . )
WRITE (3,110) NSTAT,T

X%

{10 FORMAT (25HOINTEGRAL QUANTITIES FJR'“;AEIiBH"&EIDYS”KT{’FGLG}Y%H'“M

_1GREES KELVIN R NER
WRITE(3,105)
. WRITE(3,11%) ' B -
111 FOIMAT (34H X2 DELTA G- DELTA GXS )
JHRITEC3S100) . e '
DO 11 1=3,19,2
Ld=22-0 ‘
"WKITE TABLE FOR INTEGRAL QUANTITIES (NO HEAT DATA)
lL“_WKLIL_(};112)”X2(gJ1J(J))GXﬁJ)
112 FORMAT(1XyF3.1+6X,FB8.046X,F8.0)




[
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» A-33
WKITE(3,105) .
WRITE(3,105)_ ' . - _
WRITE PARTIAL MOLAR QUANTITIES TABLE HEADINGS (NO HEAT DATA)
U WRITE (3,117 o e o
117 FORMAT(35H : TABLE 2 )
WRITE{(3,105) ‘ )
WRITE (3,113) NSTAT,T .
113 FUIMAT _(29H PARTIAL MOLAR QUANTITIFS FORy A6y10H ALLOYS AT, F6.0,"
LL54 DUGREES KELVIN - )
WRITFE(B,105) . .
WRITE (3,114) NAME(1)yNAME(2)" - -
1i% FORMAT(20X,A3,47H. COMPONENT o . 1 A
12,L1H COMPONENT) ' :
. WRITE(3,105)..
CWRITE(3,115) ' , o ‘
115 FORMAT _(102H X2 . ACTIV _~ GAMMA  DELTA GBAR  DELTA GBARXS 7/
1/ ACTIV ~ GAMMA ~ DELTA GBAR DELTA GRARXS )
WRITE(3,105) _
XX=0.02

C XA=1.02 ' R
WRITE FIRST RUW OF PARTIAL MOLAR TABLt (X = 0)

JI=21 .
WRITt(dvlld)XK XA,XA,XX,XX,XX GAMZ(I )sDGX2(1 )

113 FOIMAT(1X,F3.1,3X,F7. 522K FT o5y 3X9FTe09TXaFT,098X3F7.593X3F72523X%,

S L5H —INFINGyEX,y F7.0)

DU 12 1I=341942.

WRITE PARTIAL MOLAR TABLE : -
ooE22-1 : ' B
I) WRITE (3 119) XZ(J)yACTI(J),oAMI(J)yDGl(J)1DGXI(J),ACTZ(J),GAM?(J)
oo 1a05204d) 1DGX2(J) o
113 FDQMAT(IX,FB 113X FTe. 573X7F7 5v3X,F7 Oy 7X F7. Os 8X FT.593X4FT7.5, 3X1'
' 1F’QUOIX F1.0) .. -

WRITE LAST LINt 0OF PARTIAL MIL AR TABLE (X = 1)

I=1

 WRITE(3,120) KA KX, GAMI( I),DGXI( 1) o XA T XA XX XK

125 FURMAT{1XeF32133XyF7.593X,F7.543X, 8H —INFIN«s6XsFT. O 8XyFT7.5,3Xy.

1F7.5433X4F7.0y ?X FT7. 0)
GO TO 13-
WRITE INTEGRAL TABLc'HEADINGS IF HEAT OR BETA DATA ARE AVAILABLE

(%1}

WRITE(3,104) IDENT
- WRITE(3,105)
. WRITE(3,109)
CWRITE(3,109) .
WRITE(3,110)INSTAT, T

o MRITEABAI05)

£

WRITE(3,121) v
121 FORMAT(TIH X2 . DELTA G DELTA H  DELTA S DELTA GX
15 DELTA SXS )
WRITEL(3,105). - ... .. o '
DG 16 I1=3,19,2 '
LWRITE CINTEGRAL TABLE IF HEAT OR BETA DATA ARE AVAILABLE
J=22-1 ‘
1e WRITE(3,122) XZ(J),G(J) DH{J)+S(J)yGX{J),SXUY)

| L2 FUOIMATLIXAaF3.144XeF84015XF8.045X9FT724,TX4FBo OyTX F7.4)

o,

¢ WRITE PARTIAL MOLAR TABLE HFADINbS FOR COMPONENT 1 IF HEAT OR BETA
. DATA ARt AVAILABLL

> WRITE(3,103) e . O AR



e e e e e e A'34 .
WRITE(3,103)

_WRITE(3,117) e
WRITE(3,105) - .

WRITE(3,113) NSTAT,T
WRITE(3,105) :

N CWRITE(3,123) NAME(L) .

123 FORIMATH(27X,sA3,11H COMPONENT) . e
CWRITE(3,105) : -

WRITE(3,126) o _ :
125 FUORMAT(94H X1 _ . ALTIvV . GAMMA DELTA GRAR DELTA GBARXS DE

LLTA HBAK DELTA S$BAR DELTA SBARXS )
HRITE(3,105) . L :
AX=0.0
N XA=1.00 . _ ,
C. WRITE PARTIAL MOLAR TABLE FOR COMPONENT 1 IF HEAT OR BETA DATA ARE
oL AVATLABLE e S

WRITE(3,126) XA XA XA,XX XX XX XX,XX
o125 FORMAT(1IX9F3.193X9FTe593X3F7.5,3X%X,8H “INFIN-,SX F8.0¢7X,F8.0,7X, TH
1 [VFIN-'?X F7.4) ‘
13 DO 19 1I= 3119 2.

J=22-1

13 WRITE(3,126) X10)» ACT1(J) s GAML(J) +DGL(J)»DGX1(J),DHL(J),DSL (),
1DSX1 (J)

425 FORMAT (1X,F3.143X, r7.),3x F7.5:3X3FBa095X,F8.097XsF8a0,7X4FT06,TX,
1F7.4)

BENNU 3 S . .
17 WRITE(3,125) XXsXXsGAMI(T1)s0CX1(1)sDHL(T),DSX1(I)
e WRITE(3,105) . .. -

_ WRITE(3,105) ,
L *  WRITE PARTIAL MULAR TABLE AND HEADINGS FOR COMPONENT 2 IF HEAT OR
c BETA DATA ARE AVAILABLE

WRITE(3,123) NAME(2)_

 WRITE(3,105) '

CWRITE(3,133)

1)3 FOIMAT (94H XZ : ACTIV ~ GAMMA DELTA GBAR DELTA GBARXS DE
1LTA HBAR ~ ODELTA SBAR DELTA SBARXS o S
WRITE(JleD)
=2

WRITE(3,127) XX+XX2GAM2(I 1,DGX2(I ),DH2(1 ),DSX2(1 )
DG 20 1=3,19,2

J=22-1
20 WRITE(3,126) X2(J),ACT2(Jd), GAMZ(J),DGZ(J),LGXZ(J),DH&(J)'DSZ(J)v_
10SX2(J} :
XA=1.02D

WRITE(B,XZG) XA, XA, XA,XX,XX,XX y XX 9 XX.

127 FORMAT(1X:F34 193K, F7.543X, F7.5,3X, 8H CINFIN. S 5K, F8.0,TXyF 8.0, 7X, TH
1 INFINes7XyF7.4)

7. 50 TU 13 h
; S WGALL EXTIT e R -
END
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SUBRUJUTINE AREALALPHyN) ‘ : . '
INTEGRATES THE SELECTED CURVE TO OBTAIN THE AREA UNDER IT BY MEANS

- OF SIMPSON'S RuLc
DIMENSION . lDtNT(lZ)sNAME(Z):ALPHl(30)rDGXl(30)sAA(}O),GAMI(BO)y -

TACT1(32),00X2(30), GAMZ2(30)4,ACT2(30)y XAREA(30),X1(30),%X2(30
'2)a)H(3))yDH1(JU)nUH2(30)18(30),SX(30)1051(30),052(30),DSX1(3O)v
BH;X’(JD),GK(BU),b( 301, DG1(30),06G2(30),B(30),YAREA(30),ALPH(3D),
4u(50) o .

LOMMON XAR&A Kl:XZ,DH DHI DHB Ss SXvD LsDS2,DSX14DSX24,GXsG DGl
lleXl Uu21DGX2 B o :

SUW"O 2

CXKAREA(L) = 0.0 .

DO 1 I=3,4N, 2

AEI‘l;MT,Wﬂ '
. YAREA(I) = ((XI(I) Xl(l))/(3.*A))*(ALPH(I)+4.*ALPH(I 1)+ALPH(I 2))

e SUM = SUMORYAREALL)

XAREA(]I) = SUM
.1 CONTINJE '
RETURN .
END . . W_FMQM.. e
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SUBRUOUTINE QPLOT(B,T,N)
‘CALCULATES TABLES IF HEAT_ DATA ARE AVAILABLE

DIMENSICN IDENT(l’),VAWF(Z),ALPHI(&O)vDGXI(50),AA(30)1GAML(3O)y
LACTI(2D0),06X2830), . - . GAM2(30),ACT2(30),XAREA(30),X1{30),4X2(30

2),u4(33),DHl(JO),LHZ(30),5(30),SX(301.051(30),032(30),sz1(30),
C3D8X2(30)4GX(30),6(30),D61(30),D062(30),8(30),YAREA(30),ALPHI(30),
4G150) i :
_ COMMON_ XAPEA,XL X2yDHyDBHLsDH25 Sy SXyDSL9DS24DSX14DSX2,6X 3G +DG1,
. 10GX1,052,DGX2 o
... P03 X=1,105.7 o
3 READ (2,102) le(I),DHl(I+1),0H1(I+2),DH1(I+3),DH1(I+4),DH1(1+5)y
LOHL(I+S)
00 11=14N,2
DHOIY = oBCI)#X1(I)eX2(1)
IF (XZ201) -0.05) 5,646
5 DH2(I1) = (DH(I)-XL{I)#DHI(I))/X2C1) . .
5°5(1) = (DH(I)-G(I))/T
O IF IX%X1(1)-0.05) 7+8,8
.7 DH1(1) = B(1) S
S8 IF(X2(1) -0.05) 9510,10
3 DH2(z1) = B(21) ' :
12 IF(X1(I) -0.95) 12,12,11

11 DHL(21) = 0.0
A2 LE (K2(1) - _0.95) 14,14,13
13 CH2(1) = 0.0 o
A4a SX(I) = (DHUI) =GXCI))/T
DSL(I) =(DHI(I) - DGLLI))/T
- BSXLCE) = (DHLC(I) - DGX1(I1))/7
DS2(i) = (DH2(I) - DG2AIN/T
. BSX2 (1) = (DH2(I) -~ DGX2(I1))/7
.1 CONTINJE -
102 FORMAT(7F10.1) -
RETURN
CEND




. oo A-37
JUBRDJTINE BETA (8,T)
L .. CALCULATES TABLES 1F BETA DATA ARE AVAILABLE
. DIMENSION IDENTUL12),NAME(2),ALPH1(30),DGX1(30),AA(30),GAML(30),
1AQI1(53),DGX2($O), , GAM2(30)5,ACT2(30),XAREA(30) 4X1(30)4X2(30
2) 3 DH(33), DHL(30)s0H2(30),S(30),5X(30),0S1(30),D52(30),DSX1(30),
5D\X?()3)olX(BL).b(BO);DGl(BO),DCZ(50):8(30).YARFA(30),ALPH(30),
400(30)
COMMON XAREA.X1,X2,DHyDH1, DHZyJ,SX,DSL,DSZ DSX1,05X243X,G,D6G1,
S IDGX1,052,06X2
e L UATA R/NG98ILYS L , .
" CALL AREA(B,21) ' - -
DO 1 I=1+21s2 -
DSXL(I) = BLI)#X2(1)%#2
U TRAXICL) = 0.05) 20393
3 DSL(I) = DSX1(I) —R*ALOG(X1(1))
e 2. DSX2 (L) = ~BLI) XX (I)#X2( L) +XAREA(T)
TF(X2(1) —-0.05) 445,5
5 DS2(1) = DSX2(1) —R=ALOG(X2(1))
e S{I)=X1(1)=DSL(I)+X2(1)=DS2(1)
SXAI) = X1(1)#BSX1(I)+X2(1)*DSX2(1)
CDHL(I) = DOXLUI)+T#DSXL(I): -
DH2(I) = DGX2(I)+T=DSX2(1)

-

1 DH(ID) :'xx(I)«oHl(l) + X201 &DH2(T) .
RETURN .~ -
END
4 - _ N } - -
o
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-~
mission, 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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