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A Program for Caleulating Zere Degree lIsotherms
£xom Hugeniot Data
I. Program Vame: COLD ISOTHERY
i, Program Description:
Matezrial data and comstante fox rcaleulating Hugor
cesures ave given asg program statements in FUBROUTINE I
(fee Listing, Paragraph IV). The necessary data are:
WE = specific intermal epergy at 0°% amd at pres
sure PR@O. This may be taken to be zexs
Ef = sgpecific lntermal ensrgy 2t the font of the
Hugoniot, Mbeel/y
PR = zobient pressure, normally taken te be zero
or 1070 wegabars
PHG = PKO
VY8 = specific volume at {Qﬁgs PRE) , eaefs
camag = T = groneisen parsmeter at (0%, @)

specific volume at the foot of the Hugsuniloet

= geonstants of Eg. (9) below, megabsrs., IF
a different representation 1s used fox

Hugoniot pressure, the appropriate
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will be changed

CPTAT o T s & L TR,
YSTEP = specific volume at whieh the

is halted, ce/g
isothernal pregsure, Pkg i ecaleulated here by o
numerical process in which ¥V ls incremented by &¥ at succes-
sive steps, and at each step Fk is determined by am iteyaiion.
This reacuires that two numbers be specified more or leos
arbitravily:

DELEAY = AV is ~VE/100 im the present listiag.
moze then 100 steps are used
tion, DIMENSISN wust be changed

ACCUR = precision requived fov P, im the ltewation:

1t is 1077 in this liscing.

Dutput consists of a table of values of P,

k> Mo
¥. The sample shown in the Listing (Paragraph IV), is fox
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V9 iec obtained from handboolk data in some imstances,
ex it may be calculated from thermal erpansion coeffiecimnts:
P T6
J

o
¢ T8

= | Vodr (1)
0

where T@ iz temperature at the foot of the Hugonlot and oT)

Lt T (avia?}ﬁd?

is thermal expansion coefficient at one atmosphere.
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We are now gaeeﬁ with an awlwrard situation.
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diffeventiation with vespect to ¥V and
L L
K isotherm. For
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iz & Bx” + Gx >
= (PB/Y) = 1 , Ea. {2) becomes
= (F () /F,(m) =

{54 + 338 + 29C)=

8B + 200)=" + {14B

+ (38 @

628y + 216 .

=14 isotherm were known, I could be caleculated.
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Vhat iz dome in this program (Paragrapn IV o
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e
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th these cosfficients determine CARAE from Bg. 7
it is alzo assumed that &' /dV = 0 st V = ¥§.

TH can be determined from EXE by integration of
Figet Law if speecilfic heat at comstant pressureg ., s koo

ag a function of temperature:
g = [ €47 - (PFY(VEH - vE)

A

where PO = PHO = PEO. 1If C {T) is not svailable., an alteras
tive procedure is to integrate from {(PRH, V¥) to the Hugeonics
at constant volume vsing Debye theory and corveet the cmens:

on the Hugoniot by means of the Rankine-Hugonict eguations:
ER(VE) = (DT, = B#E = % | B, (V6) E%u
. rvﬁﬁ = vﬁz

or

y 0
EH = (ﬁg-)?h i {Phﬁs@) + p%zzj » L VOH - V| (20

where %.is the Debyve imtegral, tabulated im the ALP lendboolk,

end T, 1s temperature on the Hugonlot at v,

A third alternative is te calculate EfH dizectly frem
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Setting PRE = EXG = 0, this can be sclved fov TH:

e ) ; 2, paeder L weoh
s = Ha ve) - & R VO (W - V),

where the DNoakine-fugonict eguation has been used for LN{UT
Values of EGH calculated from Egs. (13) amd (1L}

compared in Table I. For the latter case, T, = 30K Tox

materiale in the table. Eh{?ﬁ} is given

TADLE X

Comparison of EPH from Bgs. (13} and

S " by
Mate~! VHE 77 - ;w:sf&‘: 2
AiALl o i

zial | ec/g celg Mbaxs | gg, (113 1

cu | L1126 .1113 0161 | 69x1077 | 75:107"
An .05198 05146 0120 g © 37 aey

#b 08818 | .08608 0108 | 33 % |31 © S5 ™
Mg | .5764 .5755 0006 | 22 " lwgo " {22 ¥
Az | .09533 | .09417 | .o113 |&3 v lso v lan @
w1129 .1121 0200 {116 % ! 70 ©
al | .359% . 3545 0079 1130 " (160 ©
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STORE VALUES
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VALUE FOR ITERATION TO DETERMINE
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BRANI=PILY
ER{NI=FK1
HiN=Y1
GAMMA (N =GAMMA Y

CRZ=FK1-(PRT+PKT ) RDELTAV/ 2,
P 2=PH2-GAMMA 1* {EH2~EK2)/V2
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"_c ALIZE FOR ITERATION 1O DETERMINE PRIY2 - trLuni ety
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L PE2=DETPMA=~PHZ ) /20
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STORE VALUES OF Pe EKe Vs AND GAMMAS#BFNHIESBERFEHEN T ERMER 000
'ff?? =PI
i i N}“'Eh 2

VIiMI=V3
GAMMA{ NI =GAMMA L

CLETERMINE IF ALL ITERATIONS COMPLETED##%x
"1F NOTs GO BACK AND DO §T AGAIN®®¥RdEZEEEx
FIVa.LE.YSTOP) GO TO &
¥1=V2
viaV3
Li=PKZ
mre=PrY
“H2=EX3
56 10 3

T THIS POINT THE CaLTULATIONS ARE COMPLETE akD Tk
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1st Col.
end Col.
3rd Col.
4th Col. is

0.
0, 19754627E-05
0.80578196E-05
0.18571897E-05
0.33869027E-04
0.54328453E-04
3.803585V4E-04
0.11239757E-03
0.159914726-03
0.19641030£-03
0.24941629E-03
. 31049654603
0.38024714E-03
0.45929684E~03
0.54830781E-03
0.54797660£-03
0.75303571E-03
0.88225546E-03
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cefg

0.86080000E-01

Q.BEZ@%E@&Ew@E

0.84358400F

s 83@9?&88h 01
0.82636800E~01
0.8V 776000E-01
0.80915200€-01
0.80054400¢-01
0.79193600E-03
0.78332799E-01
0.77471999E-01
0.766117199E-01
8.75750365E-07
0.74889699E-01
0.74028799E-01
0.73167999E-01
0.7230719%E-01
G.7144639%E-01

0.23646222F ©
0.22811426F

£.21965556E |
G.21129763¢ 1
G.20322565%

G.1956883385 &
0.18849254¢ ¢
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9 44257 3E-02

568562E-01
. §@52?5£ -0}
G,%23996855~Q§
0.13414132E-01
0.74500755E-01
0.15668735E~01
0.16911427E-07
0.18246750E-01
0.12577070E-01
0.21209260E-01
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0.499263938E-01
0.480655588-01
0.48204758E-01
0.47343993:-01
0.46483186E-0

0.45622398E-01
0.44761598E-01
0.43200793E-01
0.43039928E-07
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BRI = gpeel e
at ¥V
EHL = sgpecifie internzl cnergy on the I il
¥ = ¥i, etec.
GRmMAQ) = (V)
0
The eguatio n which the integration is based ave Bgo. (1.

(0%, (12) and the following:
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