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AN EQUATION OF STATE FOR NONIDEAL EXPLOSIVES

by

Charles L. Msder

I. INTRODUCTION

An ideal explosive would

or time-independent behavior,

ABSTRACT

A model for the behavior of explosives loaded
with inert heavy metals is described.

An equation-of-state description for ammonium
nitrate–loaded RDX and TNT explosives is proposed,

and the computations using that equation of state

are compared with existing experimental data.

exhibit steady-state

but such an explosive

probably does not exist. Many explosives can be ad-

equately described for engineering purposes by stead-

Y-state theOry calibrated with experimental data in

the geometry of interest. These explosives may be

called nearly ideal explosives. Some explosives ex-

hibit such a nonideal behavior that they cannot be

described by steady-state theory. The dividing line

for nonideal and ideal explosives is arbitrary.

In this report we define a nonideal explosive

as one having a C–J pressure, velocity, or an expan-

sion isentrope significantly different than expected

from equilibrium, steady-state calculations such as

BXW.1-4 Pressure differences of 50 kbar and velocity

differences of 500 m/s are significant by our defini-

tion. A significant isentrope difference depends up-

on the application, but if the experimental and cal–

culated air isentrope values are different by more

than 0.1 cmfps, the explosive can be defined as non–

ideal. Nonideal explosives often exhibit other dif–

ferences, such as larger sensitivity to diameter or

confinement.

Adding a nonexplosive component to an explosive

mixture does not necessarily result in a nonideal ex-

plosive. The common assumption that the addition of

powdered aluminum to an explosive will result in a

nonideal explosive has not been

I shows that Alex 20 and 32 are

demonstrated.

well described

Table

by

equilibrium BKW calculations, as first demonstrated

in Ref. 1. The C-J and isentrope state parameters

are reproduced adequately by assuming that complete

reaction occurs at the C–J plane, as shown in Refs.

1 through 4. Similar results were obtained for other

military explosives containing RDX and/or TNT and

aluminum, aa shown in Table II.

Adding large amounts of inert diluents to ex-

plosives, such as heavy metals, resulted in explo-

sive mixtures that may be classified as nonideal, as

discussed in Refs. 3 and 5 through 9.

The addition of ammonium salts, such as ammonium

nitrate or perchlorate, to explosives also results in

mixtures that exhibit nonideal behavior.

This report contains the results of some of our

studies of these nonideal explosives.

II. METAL-LOADED EXPLOSIVES

In the early 1950’s, an extensive study was un-

dertaken at Los Alsmos to measure the effect on ex-

plosive performance when adding both “inert and non-

inert components. The experimental data for Rl)X/

EXON/Pb mixtures are shown in Table 1. Gammas as

high as 6.7 indicated that these explosive mixtures

were of a different class than the common explosives

which have gammas around 3.0.



Explosive

Alex 20 44/32/20/4 W%
RDX/lNT/Al/IJax

Alex 32 37/28/31/4
RDXfTNT/Al/Wax

90/10 Vol% RDx/ExoN

80/10/10 RDX/EXON/Pb

70/10/20 RDX/EXON/Pb

60/10130 RDX/EXON/Pb

55110f35 HMXJEXONIW

COW B 61/39 wtZ HDX/TNT

Amatex 40 41/30/21
RDX/TNT/AN

Amatex 20 20/38/42
RDXITNTIAN

Amatol 40/60 ~T/M

TABLE I

SUMMARY OF EXPERIMENTAL AND

Experimental

P.
—

1.801

1.880

1.787

2.700

3.650

4.60

7.90

1.70

1.66

1.61

1.60

‘CJ—

230

215

320

150

230

‘CJ—

7530

7300

8404

6734

5709

5012

4900

7900

7545

7009

5760

Reference

1

1

8

8

8

8

7

10

10

10

10

BKW C-J PARAMETERS

BKW

‘CJ

252

213

317

296

285

249

328

277

265

235

206

250

191

137

247

118

88

‘CJ

7496

7066

8403

6692

5748

4887

4807

8004

7963

7571

7154

7866

7031

6105

7896

5796

5163

‘CJ

5166

5928

2468

2447

2352

2368

1755

2787

2472

2380

2271

2211

1943

1670

1940

1393

1217

Description of Calculations

Al burns to compressible

‘2°3 ‘O1id

Al burns to compressible
A1203 solid

Pb treated as compressible
inert

Pb treated as compressible
inert

Pb treated as compressible
inert

W treated as compressible
inert

Ammonium Nitrate (AN)

complete reaction

50% AN reacted, rest
inerta

AN as compressible inerta

Complete AN reaction

50% AN reacted, rest
inerta

AN as compressible inerta

Complete AN reaction

19% AN reacted, rest
inerta

AN as compressible inerta

aAN inert Hugoniot assumed to be described by Us = 0.25 + 1.5 Up, P. = 1.725.

Table I shows that one could sometimes repro- In the late 1960’s, attention was given to

duce the experimental detonation velocity with BKW

calculations that have calculated C-J pressures 100

kbar too high. The explosive detonation velocity

waa ideal, whereas the C-J pressure was obviously

nonideal.

The list of inert diluents that caused nonideal

behavior grew as others added inert components to

explosive systems. Reference 9 is an example of

such work.

2

tungsten-loaded explosives. Table 111 shows that the

BKW calculations reproduced the detonation velocity

but overestimated the C-J pressure by 100 kbar. The

behavior of the heavy metal-loaded explosivea along

the shock Hugoniot or expansion isentrope could be

described down to 1-10 kbar if a constant gamma law

isentrope through the experimental C-J atate point

and the experimental gamma were used. For example,
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TABLE II

BXW CALCULATIONS AND EXPERIMENTAL RESULTS

FOR Al CONTAINING EXPLOSIVES

Tritonal p = 1.72

D

P

Y

HBX-1 P = 1.72

D

P

Y

H-6 p = 1.71

D

P

Y

HBX-3 p = 1.81

D

P

Y

Torpex P = 1.81

D

P

Y

P—

328

318

311

~ Experimental

80/20 TNT/Al

6583

191

2.90

40/38/L7/5
RDX/TNT/Al./Wax

7270

229

2.98

45130/30/5
RDX/TNTfAl/Wax

7235

225

2.963

31/29/35/5
RDX/TNT/AL/Iiax

6853

195

3.37

42/40/18
RDX/TNT/Al

7492

259

2.92

TABLE 111

BRW CALCULATED PARAMETERS FOR
55/10/35

D T 1

4807 1755 4.56

4649 2165 4.36

5024 1692 5.41

HMXIEXONIW

6475

7224

7194

6917

7495

Compressible W in Pressure
and Temperature Equilibrium

with HE Products

Compressible W in Pressure
Equilibrium with HE Prod-

ucts and the W forced to
its single shock Hugoniot
Energy and Temperature at
that single shock Hugoniot
pressure

Incompressible W

was overdriven by 3.2 cm of 9404 and a P081 Baratol

plane, wave lens. The calculated and experimental

Dural free-surface velocities for several Dural plate

thicknesses are tabulated here.

Dural Experimental Free- Calculated Free-
Thickness Surface Velocity Surface Velocity

(cm) (cm/ps) (cmlps)

0.254 0.281 0.284

0.406 0.279 0.280

1.016 0.264 0.265

The experimental data could be reproduced assuming

the experimental gamma and C-J state values defined

the tungsten-loaded explosive equation of state.

An impressive study of tungsten-loaded explo-

sives was recently reported by A1’tshuler, Ryozanov,

5
and Splranskava. They also observed that their ex-

perimental velocities were close to what they expect-

ed, but that their experimental pressures were much

lower. They proposed that the agreement between ex-

perimental and theoretical detonation velocity was

not significant because the Hugoniot is so steep that

the detonation velocity is changing too slowly to be

a sensitive parameter.

Our calculations in Table IV show that the shock

velocity is changing by only 180 m/s, while the pres-

sure changes from 250 to 500 kbar. For Composition

B, our calculations show a 600-m/s change, while the

pressure changes from 300 to 500 kbar.

Because a slight increase in detonation velocity

results in a very significant decrease in detonation

pressure, A1’tshuler et al. propose that the heavy

metal-loaded explosives have slightly elevated non-

ideal velocities as a result of a leading propagation

of the detonation through the grains of explosive

between the metal particles.

TABLE IV

BXW HUCONIOT FOR 55/10/35 HMX/EXON/W

P

500

400

300

Craig’ measured the free-surface velocity of 0.25-

250

200

v ‘s ‘P—

0.0946 5008 1264

0.0994 4858 1042

0.1059 4820 787

0.1102 4955 638

0.1160 5510 459

T

i993

1836

1731

1703

1694

to l.1-cm-thick Dural plates in contact with a 0.3-

cm slab of 55/10/35 HMX/EXON/W at 7.90 g/cm3 which
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If our calculated Hugoniots are approximately

correct, then the experimental state valuea at the

detonation front should lie close to the calculated

Hugoniot at a higher shock velocity. Figures 1 and

2 ahow that the experimental detonation front atate

values do lie near the calculated Hugoniots. The

tungsten-loaded explosive velocity is about 200 mla

higher and the lead-loaded explosive velocity is

about 400 m higher than observed experimentally.

This la outside experimental error and demonstrates

that our calculated Hugoniots are only good

approximations.

Other models were studied. Hershkowit~O sug-

gested using a positive heat of formation as an en-

ergy sink for the inert metal. Calculations for the

60/10/30 RDX/EXON/Pb system were performed with var-

ious positive heats of formation for the compress-

ible lead. To get near the experimentally observed

C-J pressure, a heat of formation of +70 kcal/mole

for lead was needed. The corresponding detonation

velocity waa 750 m lower than the experimental deto-

nation velocity.

For another model, the heavy metal is assumed

not to be in thermodynamic equilibrium with the det-

onation products. Although it may be correct to

assume pressure equilibrium, the system is not in

thermal equilibrium if the metal is present as a

thick layer between layers of explosive. Calcula-

+ BKW

+J- Experimental

I I I I I I I I

0.14 0J5 016 0.17 0.18 019 Q20 Q21 (

Volume (cm3 /g )

Fig. 1. The BXW calculated Hugoniot for 60/10/30

ROX/EXON/Pb at PO = 4.6 g/cm3.

tions were performed assuming that the tungsten was

in pressure equilibrium with the detonation products,

but had its single shock Hugonlot energy and temper-

ature. The resulting detonation product temperature

was higher, and tungsten temperature was much lower,

than for the assumption of pressure and thermal equi-

librium. As shown in Table III, this model results

in about the same pressure and has a detonation ve-

locity that is too low.

The A1’tshuler model, where the explosive det-

onates at an average velocity determined by the in-

dividual detonation waveleta traveling around the

inert, is not inconsistent with our observationa.

Additional evidence showing that such a process is
11

possible is presented by Malin, Campbell, and Mautz.

They demonstrated that the detonation velocity of

Composition B increased with increased particle size.

If the A1’tshuler model is correct, then our Hugoniots

for explosives containing inerts are not unrealistic.

If the inert has a low density, the detonation veloc-

ity should be a more sensitive parameter inevaluat-

ing the equation of state.

Until a more detailed description of the non-

ideal behavior of heavy metal-loaded explosives be-

comes available, it will be necessary to determine

experimentally the detonation pressure and velocity.

H
\\\

400
\
\
\
\

‘\\

: 300 \
: \
5 \

\

$
\

z
A- 200 \

‘155A0
I I I I I \l

0.08 0.09 0.K2 0.1I 0.12 0.13
Volume (cm3 /g )

Fig. 2. The BKW calculated Hugoniot for 55/10/35

HMX/VITON/W at PO = 7.9 g/cm3.
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III. AMMONIUM NITRATE-LOADED EXPLOSIVES

AS shown in Table I, ammonium nitrate- (AN)

loaded explosives exhibit differences between the

observed and calculated performance (assuming either

complete reaction or no reaction of the ammonium

nitrate with the rest of the detonation products)

sufficient to be classified as nonideal. The dif-

ference between observed and calculated detonation

velocities increases with increased AN concentration,

aasuming complete decomposition of the ammonium

nitrate.

Hershkowitz and Rigdon
10

demonstrated that the

detonation velocity, or cylinder wall velocity, of

Amatex 40 and Amatex 20 was insensitive to the par-

ticle size (50 to 500 pm) of the ammonium nitrate.

Craig7 found only 101 k 40 m/s difference in the

detonation velocity between 2.54-cm diam of pressed

charges of Amatex 20 with ammonium nitrate particle

sizes of 15 and 500 Um. This suggests that as much

reaction as possible is being obtained between the

ammonium nitrate and the detonation products at the

observed C-J state. The remaining ammonium nitrate

is assumed to be present as an inert. If these

assumptions are correct, and if our equation of

state for the explosive mixture, assuming that the

ammonium nitrate is an inert, is valid, then the

observed C-J state must lie on a partially reacted

Hugoniot between the inert and completely reacted

Hugoniots. The experimentally observed detonation

velocity may be reproduced if the Amatex 40 and 20

have 50% of the ammonium nitrate decomposed and if

50% is inert. The experimentally observed detona–

tion velocity of Amatol can be reproduced if 19% of

the ammonium nitrate decomposes and if the rest is

an Inert. One possible explanation for the differ-

ence in the amount of ammonium nitrate that is de-

composed between the Amatex and Amatol explosives

is that the detonation temperatures are higher for

the Amatex than for Amatol explosives and more de–

composition occurs at the higher temperatures.

If the decomposition of ammonium nitrate is

primarily dependent upon the temperature rather than

upon diffusion and other transport phenomena, then

the amount of decomposed ammonium nitrate would be

expected to not change significantly along the ex–

pansion isentrope from the C-J point as the temper-

ature is decreasing along the expansion isentrope.

One would also expect the explosive to exhibit large

effects from side rarefactions as the temperature

of the detonation products cooled. The observed

large effect of charge diameter on detonation veloc-

ity is consistent with this model.

The calculated state parameters for the ammonium

nitrate containing explosives are given in Table I.

The reactive Hugoniots are given in Figs. 3, 4, and

5. The BKW equation of state using the partially

reacted model is given in Tables V, VI, and VII for

Amatex 40, Amatex 20, and Amatol. The isentropes

expand to beyond the range of the ammonium nitrate

equation of state and the ammonium nitrate is treated

as incompressible at lower isentrope pressures.

Our present experimental evidence does not e-

liminate other models for the detonation process of

ammonium nitrate-loaded explosives. The ammonium

nitrate may be behaving completely as an inert and

the detonation wave may be traveling at an average

velocity determined by the individual detonation

wavelets traveling around the ammonium nitrate

grains similar to heavy metal-loaded explosives dis–

cussed earlier.

The ammonium nitrate may all be partially de–

composing to some intermediate set of detonation
10

products as proposed by Hershkowitz and others.

Hershkowitz
10

studied the detonation product

composition of Amatex 20 and Amatol, both confined

unconfined, after it came to a steady state in-

500- [

400 –
Amatex40 fi=l.66

o C-J slate
\ –- Experimental

Rayleiqh line

300 –

200 –

w.~

W=O.5
\\

‘L-L_
03 0.4 0.5 0.6

Volume (cm3/g)

Fig. 3. The BKW calculated Hugoniots for Amatex 40
for W~ = O, 0.5, and 1.0.

5
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500

Amofex20 po= 1.61

400 – o C-J State
-- Esperimenlal

Royleigh line
\

T 300 -
x
5

Y

1 200 -

100 -

“\
\\ \ \ \ \

I 1 \

0.3 0.4 0.5 0.6
Volume (cm3 /9 )

Fig. 4. The BKW
for WM

side large steel

erably different

etries and in no

calculated Hugonfots for Amatex 20
= O, 0.5, and 1.0.

spheres. His results are consid-

for confined and unconfined geom-

case was any undecomposed ammonium

12nitrate recovered. Other gaa-analysis studies

after detonation have shown large dependence of the

composition upon the experimental container, the

-\ \
I I l\

03 04 0.5 C16

Amdol pO=l.60

o C-J state
-- Experimental

Rayleigh Ime

\
\

\\
\

Volume (cm3/g)

Fig. 5. The BKW calculated Hugoniots for Amatol for

‘AN
= O, 0.81, and 1.0.

confinement, and the atmosphere used in the contain-

er. The shocks interact with the walls and the ex-

plosive confinement and send reflected shocks back

into the detonation products, resulting in addition-

al heating and varying amounts of additional chem-

ical reaction.

Because the gas-analysis studies give such

varied results, the products along a C-J isentrope

are not being measured, but the products many steps

removed: The equation of atate proposed in this re-

port is inadequate to account for the additional re-

action of the ammonium nitrate and detonation prod-

ucts that apparently occurred in the Hershkowitz

experiments.

The model’3 of diffusion-controlled grain burn-

ing of the ammonium nitrate is still a candidate;

however, the apparent absence of appreciable parti-

cle size effects for Amatex explosives in the stud-

ies of Hershkowitz and Rigdon
10

or Craig7 is hard to

reconcile with the diffusion model. Walker13 showed

that 5-~m ammonium perchlorate in nitromethane sp-

pears to react completely snd 200-pm ammonium per-

chlorate appears to be only about 30% reacted ini-

tially. Perhaps the partfcle size effects are de-

pendent upon the nature of the explosive mixture.

It seems unlikely that any nonideal model will be

satisfactory for all the various types of nonideal

explosives.

The Hugoniot and other equation-of-state values

of ammontum nitrate would also be valusble informa-

tion. The experimental data will be essential to

the evaluation of any proposed equation of state for

these materials.

If other nonideal explosives, such as those con-

taining ammonium perchlorate, are to be investigated,

the ammonium perchlorate equation-of-state data and

C-J and isentrope state points of the explosive mix-

ture wI1l be needed.

Another interesting characteristic that nonideal

explosives apparently exhibit may be inferred from

Craig’s7 experimental studies of the overdriving of

7.6 cm of Ametex 20 with 5.0 cm of Composition B

initiated by a P-40 lens. The pressures observed by

Craig in the Amatex 20 (- 295 kbar) were much higher

than would be calculated (- 220 kbar) if the usual

decay with distance of run were obtained. This sug-

gests that overdriving a nonidesl explosive could

cause a shift in the nonideal behavior that could be
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self-supporting. The detonation state achieved by a

nonideal explosive probably is dependent upon the

magnitude of the initiation pulse. Further experi-

mental studies of nonideal detonations should include

variations of the magnitude of the initiating pulse.

Iv. EVALUATION OF TRR PROPOSED EQUATION OF STATE

If the required experimental information for

properly evaluating an equation of state is not

available, it is possible to use data from integral

experiments, such as cylinder tests or plate dents,

to estimate the validity of the model.

Another test for a proposed description of non-

ideal explosives is to extend the test to other ex-

plosives for which data are available. We performed

calculations for two explosives containing aluminum

in addition to ammonium nitrate or ammonium perchlo-

rate. The BKW calculations are shown in Table VIII

for Minol and in Table IX for ANFO. The ammonium

nitrate equation of state used for Minol has dif-

ferent constants from those used for the other ex-

plosives to be appropriate for the high temperature

of Minol detonation products. It is interesting to

note that the amount of reaction of the nonideal

component is just slightly greater than that re-

quired to complete the combustion of the aluminum

for Minol and PBXN-103. The results of these cal-

culations are summarized in Table X. The calculated

pressures for the amount of reaction that repro-

duced the observed detonation velocity are in rea-

sonably good agreement with the experimental values

for ANFO and PBXN-103.

One of the more remarkable correlations between

an integral experiment and the C-J pressure exists

for the plate-denting test. Smith8 has shown that

a linear relationship exists between the plate-dent

depth and the C–J pressure. Uriza>4 measured plate

dents of 0.757-cm for Amatex 20 and 0.419-cm for

Amatol in 5.08-cm-diam charges. He found that the

plate dent scales by the diameter of the charge.

Performing this scaling, and using the relationship

described in Ref. 8, he finds a C-J pressure for

Amatex 20 of 199 kbar and for Amatol a C-J pressure

of 100 kbar. The calculated C-J pressures for these

explosives in Table I of 191 and 118 kbar are in re-

markable agreement with those found from the plate

dent.

The rich man’s plate-dent test is the cylinder

test. Using the cylinder wall “energy” after the

cylinder wall has traveled 6 and 19 mm, as given in

Ref. 12, a good correlation is obtained with the C-J

pressures described in Ref. 12 or Ref. 1. This cor-

relation is shown in Fig. 6 along with the available

data for the nonideal explosives. The error bars

show the range of C-J pressures between the two

sources of C-J pressures.

The correlation is good for all the explosives

except PETN. Why PETN is different will make an in-

teresting study because PETN is also the most oxy-

gen-rich and has the fastest kinetics and smallest

TABLE X

EXPERIMENTAL AND BRW C-J PARAMETERS

Explosive

Minol
40/20/40
TNT/Al /AN

‘CJ ‘CJ ‘CJ ‘CJ ‘CJ

Density Experimental Calculated Description

1.68 5820 220 7183 4754 Complete AN reaction
.L39 5887 3949 43% AN reactiona

93 4887 3330 All AN inerta

PBXN-103

cHNocl/AP/Al
1.89 156 6200 295 7640 6105 Complete AP reaction

170 6226 4955 15% AP reactiona
150 5840 All AP inerta

ANFO 0.88 -50 4700 74 5438 2250 Complete AN reaction
47 4600 1718 75% AN reactiona

aBecause the products have low pressures and high temperatures, the results are very sensitive to the details
of an AN (ammonium nitrate) and AP (ammonium perchlorate) equations of state. The AP equation of state was
Us = 0.25 + 1.5 U

P’ ‘o
= 1.95.

7
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40C

30C

20C

Ioc

Fig. 6.
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~mm 19mm
,

/’77B

4
1 1

. LASL-5C18 cm Amotex 2C

A Picatirmy-1016cm Amatex Z

Nitromethane ● Plcotinny -1016 cm Amates ~

● LASL-IOJ6 cm Amatex 2C

I I I I I I I I I I I I I I 1
Q5 0.7 0.9 1.1 1.3 1.5 1.7 1.9

E Cylinder (mm/# s]2/2

The C-J pressure as a function of cylinder
test wall velocity at 6- and 19-mm wall
expansion.

reaction zone of any of the explosives studied.

The Amatex explosives are showing an obvious

diameter effect, but they appear to correlate ade-

quately with the calculated C-J pressures and ob-

served cylinder energies.

The Amatex explosive equations of state were

used to describe the explosive behavior in numerical

hydrodynamic calculations of the cylinder test. The

agreement between the experimental and calculated

wall motion was as good for the nonideal explosives

as for the more nearly ideal explosives.

Although integral experimental data are leas

desirable for evaluating a proposed equation of

state than a direct measurement of the state values

of interest, the correlations available for such

integral experimental data permit testing the equa-

tion of state and, if the agreement is found satis-

factory, one becomes more confident in the use of

the equation of state for engineering applications.

v. CONCLUSIONS

A model for the behavior of and an engineering

equation of state for inert heavy metal-loaded ex-

plosives has been proposed.

An equation-of-state description has been pro-

posed for ammonium nitrate-loaded explosives. Numer-

ical calculations using the model were performed and

are presented in detail.

It ia interesting to speculate as to why a

powdered metal such as aluminum appears to be com-

pletely reacted near the C-J plane, whereas a powd-

ered inorganic such as ammonium nitrate does not

aPpear to be completely reacted near the C-J plane.

One possible explanation is found in the behavior of

the detonation product temperature as reaction occurs

with the additive. Although both additives increase

the heat of detonation as they react, the aluminum

raises the temperature of the products while the

ammonium nitrate lowers the temperature of the prod-

ucts. This is readily understood from the principles

of partition of energy discussed in Ref. 1. The

product molecule from burning of aluminum is solid

‘2°3 ‘
whereas the product molecules from ammonium

nitrate decomposition are water and nitrogen. The

ammonium nitrate gives products that raise the parti-

cle density of the detonation products; the aluminum

givea products which lower the particle density. An

increase in particle density results in a shift of

energy from thermal to intermolecular potential en-

ergy. The temperature is lowered by the decomposing

ammonium nitrate, which may result in limiting how

much ammonium nitrate is decomposed near the C-J

plane. The temperature is raised by the burning

aluminum, which could increase the rate of aluminum

burning until all the aluminum is burned near the

C-J plane.

Consequently, a reactive additive to an explo-

sive probably will result in a nonideal explosive

if the C-J temperature is significantly lowered by

the decomposing additive, and it will exhibit more

nearly ideal behavior if the C-J temperature ia

raised.

The continued interaction between the generation

of theory and the generation of experimental data

should result in increased understanding of the non-

ideal explosive and should result in better predic-

tive capability for systems using nonideal explosivea.

The modeling of nonfdeal explosives presently is

primitive and different models will be required for

various kinds of nonideal explosives.
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1 .OOOtiooouGtioc - 1)

t .AZ&77364GZt6-OZ

1 .OCOWOOOOL)OC. 11

9.37 W624b506C-G3

~ .000 GuOtiGGLIOE - 11

5.65679131352 C-G3

%.WLIO(8GUWOGC- 11

7.41475 ti56453C. (i5

7.51u53.C,7; 52c. Lj5

~ .4@992011J555f-ti5

i .3 Z6>16i139ZC. lJ4

Z.55809G94533f-G5

Z. Z572L324W>1C-G4

i .3597 M41G4GC-G5

3.7Z176632U79E-G4

6 .67ti6Gd42694C-06

s.90z34555b75c-ti4

2.9763952 ti069C-G6

9.45 ZIJGi G57i7f-G4

i .i131 5z6i3365C-G6

1 .a 74 t99Llo2zc-G5

3. W30GA6G763C-LJ7

z.41>9e6G14>5E-03

1 .%G5G490e3@3f-G7

A .09841 108455C-G3

5.9126 S459366E-%0

6.97 Z646493(MC-05

1 .WCQOGOOOOGE- 1 i
5 .G667ZLWG8 IOC.00

1 .Oootxlootiocloc- 1 t

5 .06 Ti47d6L606C.00

t .000 GL3GOL)O00E- 1$

5.0676303 Z044C*OG

i .0000 GOOGOOOC- 1 i

5. G66$1879765C*O0

1 .0000 tioOOOOGC - 1 I

5. G665767221M.00

1 .Orloocloootiotic- 11

5.0669607322 SC. ULi

$ .000 GGGGGLwL)C 1 \

5. 0b’4337bU66LiL. GO

I .WJtilA@L.”titibc. 11

5.ti69621tt 1ti57C.li L)

i .963s>3>59>1, C-CJ6

5.u7614L13ZLW7L.W

.1.L121ti6YZ 79@3C-tj6

5.07C141?6357C. bO

1 .i409YG>7>a2f.-ti5

5.070 ii2e9e9uc.6ti

Z.63LJ17591593C- ti5

5.0700529996 eE*OG

5.90$ 5699 G611JC-05

5.06594942995C*OG

1 .3635 $ti7/2761C-G4

5.0697 eZ19152f*tiCI

3.z2L2G1276455c-64

5.069514 d6i13C. Oti

8.41432730667C. C4

5.0690536475 tiC.1)0

Z.5ZZ257617Zt E-Li3

5.06t)Z 1Z36197C*Gti

7.99103 ZW646C-63

5. G66775561Z6C*O0

3.6267440 ti26f.00
1 .olX200000000f - 11

3.65017836 aZSf.00
%.offiLmoOoooOc- 1 s

3.66104679012!C. OO

1 .Oooooooooooc - 1$

3.6~347a7Z#44f*O0

1 .Oooooooooooc - 11

>.69473Z97 t74L.l)ti
i .OGOOCOOOOOOC - $1

3.6651Z6516~47C*0G

8 .Otitiwlotioolloc- 11

3.66558 Z6L165>L.00

1 .GGOOOOGGOL)OC. II

3.6 M1?@@65d L.lJO

1 .lA.ldJuutiGCLIti L .11

>.41j446Z#6>91C.lk

6.9 P544e59245c-b,t

3.4tid. ,’66557C.lA

6. G5z>345GG71C-tid

3.~12ti69ti&n 72-C.lkI
4.eid7960rntt4c-oo

3.417613134 ti7C. U1,

6.36794657 bZSC- lb

3.4 ZZZ94557tiGC. Gti

z.33z94ati767zf Cla

3.4 Z664Z41#OZC*GG

5.06556662741 C-lG

3.430354 ez2e9c. @2

4 .267 ZZ2Z8495C - lCI

3.4330290 ~66E*lXl
3.469 &Z347Ze6C - SO

S.43>3Z00d&07f. ~

Z.63696Z1e5Z5C-10

3.42617 Z~694C.00
$. B10&1757743C-%G
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THS PARTIALLY REACTED

A F~TRAN BK!-4 CALCU-AT ICN FC3? TFK CYPLOSIVE
AMATEX 20 WITH AN HALF REACTEO

THE WR OF ELENENTS 1S 5

TK NU@ER G GAS SPECIES IS II

THE NUt@ER W SCLID SPECIES IS 2

THE BKM ECUAT [ON ~ STATE PARAMETERS ARE

TABLE VI

BICJ EQUATION OF STATE FOR AMYNIX 20 WITH Wm = 0.5

ALPHA- 5. oooooooooooE-oi BETA= 1. 6ooooooooooc-o I TH2TA= 4. oooooooooaoE+02 KAPPA= I 090977 t3w+36E+ol

TF!S CCWCISITICN Of THE CXPI-OSIVE 1S

8.65WEOOOOOOE+O0 MCCES Cf C
I .45072890000E+01 NCLES OF }1

9 .~OB52%OOOOOE+O0 t@LES ~ N
I . 39579060000E+OI McI-ES Cf O
I .5\938000000E+O0 MOLES Cf AN

C= ENSITY OF TWE EXF1-OSIVE IS I .61000000000E.00, CXWIS/CC

TIE MCLFCUAR HE 104-IT IS 5.9T75EOOOOOOE+02 GRAMS

THE HEAT W FCRMATICN AT O OEG K IS -2. W723000000E+05 CALfX[ES PER FCXW!4_A NE IGHT

THE SUIO ICCWANI EOUATICN CF STATE PARAKTERS VO, AS, BS, CS, 0S. ES, Al, A2, Cl, C2, C3, ATOMIC WT

AN 5.7971014W92BE-01 I .9w13309BaE+oo -3.5562305BB21E+O0 2.3863 I E172297E +00
h. It970909.3435E-01 I .808170097%E-02 -O. -0.

[s1 ~,www4w4hE-01 8. 30935837268E-O I -1 .393B1809219E+O0 6.72569716021E-01
.?..?67053459wE-o I i .20516569525E-01 8. 31600000000E-02 - I .75590000000E-01

THE ltd%JT CCTCNAT ION PROCUCT ELEMENTAL CCMPUSI T ICN MATRIX
o. 2. OE*OO “. I. OE+OO O. . . 2.oE+oo . . ● .

-7.157919% 1313E-01
-0.

- I . 135372G2506f-o I
I .55310000000 E-o I

. . Q.
l). 2. OC*OO o. I .OE+OO ● . ● . 2. OE+OO . . 1 .OE*OO ‘. . .

8. It5912212177E-02
0.009 BOOOOOOOE+OI

6.49155BB2007E-03
1 .201000000002+0 I

. .
I .02+00

● ✎ ● ✌ 3.oE+OO I .OE+OO ● . . . . . I .OE-00 ● . ● .
I .Oc+oo

● . ● .
. . I .OE+OO . . . . . . 2. OE+OO . . . . . .
1 .Iw+oo “. 1. OE+OO

1.OE+OO “ .
14.OE+OO O. . . ● . ● . . . . . ● .

I. OE+OO “.
1.OE+OO

. . . . 0.

A FC4?TRAN WW CALCWAT IC$4 FCR TI-K EXPLOSIVE
AMATEX 20 WITH AN HALF REACTEO

TFJI CCt@JTEO CJ PRESSLRE 1S I .91057w9437E-O I MEGABARS

THE CC4WJTE0 OETCMAT 10N vFLCK I TY IS 7. 03153039-136E-01 CM/M I CROSECOt$J

TM COFHITEO CJ TEWERATURf I S I .993771+ 65602E+03 OEGREES KELVIN

T- C13WUTE0 CJ VCLLME w .72041 1533 SSE-O I CC/G?l OF EXPLOSIVC

THE CCM?JTEO GAtWA IS 3. 166~06?7t382C+O0

THE VCXJJ% Of TK GAS IS i 3e80G90~371E+ol cC/t@i-E OF GAS ANJ

SOLIO vauf IN cc/Grl
A4 3.90253=14272-01
(31 3. 31706wB972E-o I

16
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TAELE VI (cent)

T+E C-J COWOSITION OF TI+7 DETONATION PRGDMTS AND THE INFIJT CCCFFICIENTS TO THE TFH?NODYNAMIC FITS F~ EA~ spEcl E

SPCC I E NU OF MIIES C~ffl CIENTS A, B, C.D, E, THE INTEGRATION CCt4STANT, HEAT OF FORMATION IN CAL IMOLE, COVOLL!IE
H20

H?

02

co?

co

rw3

H

NO

N2

OH

CH4

AN

(s1

7, ?5398830855E +00

3. 8E161 1680743E-05

5. 07865533057C- I o

3. 33925575? I 6E +00

2. 590~3&7257E-02

7. 5S7BJ3984500E - 05

3.31436014309C-10

1. B2!O%IO91OBE-O6

Ii.70%?2315003E+O0

3.397+861343=-10

I .50579760 126E -06

1 .5*938000000E+O0

5. ?8931837731E ●OO

%.259 EYt200000E+0 I
I .342 B283515EE+03
2. 97034700000E+0 1
I 175S96 15365E+03
4 .70309000000E+0 1

I . 03537 G+7396E +03
4.74S1 1200000E+OI

7. 46280968750E+02
4.5330 a200000E+ol

1. 12158830 S90E+03
4.20181600000E+01

1 .20696121615E+03
2.6391 1000 OOOC+O1
7. SW3316171EIBE+02

4.s4149800000E+0 I
I ?0921+970573E +03

9 .39234000000E+0 I
1.139161348S6E+03
4.2w179200000E+OI

I . 1S351759927E+03
3. 87568600000E+0 I
1. 01ic%2791 146E+03

-+ ..?7708542530E+O0
-o.
-2. q6151900000E-01
-? 513204399323E +02

I .48080500000E-02
-5. 71070000000E+Oq

1. 143 E12900000E-02
o.
I .28714700000E-02
o.
1 .95W+6300000E-02

-9.39680000000E+O$
I .i?3616100000E-02

-2.720 10OOOOOOE+04
i .91 166?OOOOOE-O?

-9. 36800000000E+03
8. 12137200000E-03
5. 16190000000E+09

I . 2693f3600000E -02
2. 14770000000E+04
1 .z2?50 10000OE-02
o.
1. 15684700000E-02

3.56000000000E+03
2.36% O1300000E-02

-1 .60000000000E+04
1 .5302716~063E-01

-7.81000000000E+04
7. 17%85500000E-03

o.

-2.63918100000E-06
2.50000000000E+02

-2.20122200000E-06
1 .00000000000E+02

-2. 50021700000E-06
3.5000 GOOOOOOE+02

-3.72129600000E-06
6.00000000000E+02

-2 .416% 0300000E-06

3.90000000000 E+Ot?
-3. 161+33000000E-06

4. 76000000000E+02

- i .6907LtOOOOOOE-06
7.60000000000E+OI

-2.99460000000E-06
3. E6000000000E+02

-2.37900500000E-06
3.80000000000E+02

-2.22665900000E-06
I+. 130000001700E+02

-3.70795700000E-06
5. Z!8000000000E+02

-6.46991 I13220BE-05
-0.
-1. ?9755000000E-06

o.

1 .9?045300000E- 10

I .6777610000 OE- 10

1 .90157000000E-10

2.77030000000 E- 10

I. I328I6IOOOOOE-10

2. 19760100000E-10

I 316B2300000E - 10

I .8932 I3OOOOOE-10

I .79832200000E - 10

1 .669155000 GOE-10

2.47071 qOOOOOE-10

I .36 i 06622907E-OEJ

9. 34999500000 E- 1 I

o.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

-1. 0633437q%hE -1.2

0.

A BK14 ISENTRCPE THRU BKW CJ PRESSURE FOR
AMATEX 20 WITH AN HALF REACTED

LN(PI= -~.0%0560~372E+o0 -i? .93722253 172E +OOLNV “3.8607856003SE-01 LNV02 9.5063532 EIO03E-02LNV*3 -%.12593052869E- 02LNV<%

LN(TI= 6.97953831+ 057E.00 -6.21205219814 E-O ILNV 1 .88836676323 E- OILNV.2 2.52361003 f37qE-02LNV*3” -2.073% 46+1799E-O.2LNV*4

LNIE1= -1.551610041311 E+O0 4. 61545396066E-O lLNP 6.97979186971 E-02LNP~2 4.0152 ?3q6010E-03LNP*3 5.57266913 !397E-05LN?04

THE CONSTANT AEXIED TO ENERGIES U/& I.0000OOOOOOOE-01

PRESSURE (MBA%]
I .9105794937E-01
I 337%0214606E-O 1
9.361 E1502242E-02
6.55327051569E-02
q 58721393609BE -02
3.21 I I 0255269E-02
2.24777 17E1688E-02
1. 573W02506?E-02
I IO140817557E-02
7.7098572290 IE-03
5.39690006030E-03
3.77783004221 E-03
2.6W+S102955E-O3
1.851 13672068E-03

I . 29579570W48E-03
9. 07056993! 35E-04

6. 34939B95 195E-04
4. W+457926636E -0~
3. I 1 1205Q8645E-OLI
2. 177&i3wt052E-04
1. 52449066f336E-04

! 067143w8185E-0%
2. 19716066 S53E-O 1

2.52673476861 E-01
2. 9057wt9EW 13E-O I
3.3* 160673175E-01
3.6%2LY+77*151E-01
4. ~ 1927% 90273E-O I

5.08216613EIl~E-01
5. 6%4%9105EB6E-O I
6.72116Lt71769E-01
7. 729339 *25352-O I
8. L1687%033915E-O I

VOLWIE [CC/GMl

+ 7201t 1 I 53 E135E-O I

5 .26%61 102609E-o 1
5. 870577 S5259E-O 1
6. 54509050923E-O I
7. 29E93386603E -O I

8. 137*I 240277E-O 1
9. 101i208799wE -01
I . 02526335469E+O0
I 162685S9760E +00
I 32 E1351+60093C+O0
I . 52955622047E+o0
I .7756715320~+O0
2. 07880551866S+00
2. ~54696~9697E +00
2. 92397768W3E +00
3.51q 1352207qE+O0
4.26295504 167E +00

5.2 1633653555E+O0
6, WEI1OI 19%OIE+O0
8. 04272750295E+O0
I .012392701 \OE+Ol
I .2135W+65W653E+01
4.52290 102922 E-o 1
I+,333Bw213516E-01

4. 1528331t2595E-O I
3. 9793 E19266S6E-O I
3. E 1299846939E -O I
3.6525 W35191E-01

3 .%9703918804E-O I
3. 3%3w861767E-o I
3. 17532056973 E-o I
3. 0317568~308E-O 1
2.91312908183E-01

TEflPERATU?E IDEG K] ENERGY+C (MB-CC/GMl

I ~377465602E+03
I . 7569! 07 1086E+03
I .57 B90606265E+03
1. q 1399522273E+03
1 .2568112 %O02E+03
I 13261555561E+03
I 073827252EIEE+03
I .0 164230B834E+03
9.6626029 I 1i30E+02
9.17 128480953E+02
B .70783694316E+02
S . 27002263 B6EE+02
7. 85603876609E+ 02
7. 464400092 %7E+02
7.0936510 1390E+02

6 .792[ 39930 B5E+02
6. %1060019942E+02
6.091 Lt3BW206LtE+02
5. 785 Lt3W30973E +02
5.49055972159E+02
5. 20*9% 10751+3E+02
W 926970140W2E+02
2.0 1793193453E+03
2.09 1779E3566E+03
? . 164710W294 IE+03
2.23612604 E3BE+03
2. 3U57031SB62_C+03
2. 372653966932+03
2.4363 B316531+E+03
2. 4~60931300 IE+03
2. 55080945929E+03
2.5993020600 ~E+03
.2.64005519 B02E+03

1.1424 I 196773 E-O I
1 .03583169W6E-O i
9.490210 W577E-02
8. 7265260987%-02
8.zY+037006wE02
7 .767147% 7%38E-02
7. 507726% 0523E -02
7. 2920* 33 LN30f3E-02
7. I 1 136327f303E-02
6. 95B8E8 13260E-02
6. B2926S59+33E-02
6.71 f3Z89968%7E-02
6.6226180051 lE-02
6. 53958665B22E -02
6.46703150283E-02
6.40317223850E-02
6. 3+69 12496*2E-02
6. 29623%6980E-02
6. 2505B5957%7E-02
6.209152% 4470E-02
6.17 130268086E-02
6. 1365W309W+9E-02
I 1903814 W957E-01
1. 24225080 B60E-O I
I . 29836278222E-O 1
1.359 1675576(5E- OI
1 .w2523696640E-O I
I ~9733 I 8B855E-O I
I .57654937003E-O I
I .66503599281 E-01
I .772B0367W66E-O I
1. 8765% 375677E-O 1
I 98149560223 E-O I

GA141A I -DLNP/DLNvl
3.2 E19393~1921E+o0

3. 27%20w3Lt653E+O0
3. 2+4782867 i 2E+ 00
3. EW?40WO121E+O0
3.1 V3f77214+1E+OOf
3. 08363777S952 +00
3. 007q 15312t4E+O0
2. ‘F11768282933S +00
2. B1$31579790E+O0
2. 69762493276E+ 00
2.568533163552+00
2. 4287 BB56324E+O0

2.281 IB6Z699E+O0
2. 12976727 q71E+O0
I .9799 e523185s+00
~. a3890a72203c+oo
[ .715339105 &tE+o0

1. 62069754 B63E+ 00
1. 56 Bq546E%73E+O0

I . 57+99540W2E+ 00
1.6595 1520672E+O0

1. B4377E19!3150E+O0
3.29107W6I49E+OO
3.2903377 ~056E+O0
3.2B705156551E+O0
3.281 143W530qE+O0
3.2725 1862500E+O0
3. 261039798EX?E+O0

3.246% 691493E+O0
3.2282235 1792E+O0
3.20314021290E+O0
3. 1767886SOW+E+O0
3.1510 qqlq172E+O0

PARTICLE VELOCITY

I . 68766133q5&tE-O 1

2.2’+ 1866571122 -01
2. 72672809650 E-O 1
3. 15667062059E-O I
3. 53%26446665E-O I
3. E662~7137852E -O I
~.168~94S167E-01
q W+esao I 32B6E-O 1
%.70903363071 E-O 1
4.2W21000976E-O I
5. 170wN79681E-01
5. 37%03455902E-O 1
5.561 1305q3362-01
5.7332551203SE01
5.692063692 16E-O 1
6. 03937708392E-O I
6.177303561 12E-01
6.30757115113+E-01
6.432w7172365E-01
6.5541 iY+15022E-01
6 .67 WOSBOO04E-O [
6.79wq 190500 E-O 1
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
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TABLE VI (cent)

TtK lSZNTRGI% STATE VARl A24_ES AS C33’RJTEO FIWI TW LEAST SOUARES FIT

w PRESSURE

1 .910574W?t37E-O I

I .337* 021%605E-01
9.36181502242E-02
6.5532705156sX-02
I!. 5S728931X19BE -02

3.2111025526st-02
2. 2%777 17E666E -02
I . 573w0.25062E-02
1. I011+0817557E-02
7.7098572290 I E-03

5.39690006030E-03
3.77703009221E-03
2.6WO+81O2952E-O3
1.651 1367206=-03
I . 29572570w& -03
9. 070569931352-OW
6.3*939B95195E-04
* . 9+%579266322 -w
3. I 11205W6WE-0%

2. 177B+1369052E-0$
I .5ak9cG6B36E-o+
I .0671 q3Wl B5E-04

2. 19716055B53E-01
2. 5267?A76S8 I E-O 1

2. 9057%492913 s-0I
3.3+1606731752-01
3. Es+2EF+7W151E-01
%.4192-N90?73E-01
5.0e216613Ell+E-01
5. B4w91056e&-ol
6.721 161+71769C-01
7.729339425352-01
C3.BB87+033915E-01

FIT PRESSUW

I .88201 W791%E-01

1.315218955S2E-01
9. 2.ZT3%695S93C-02

6.4932W61259E-02
4. 59290948370E-02

3.272613307222-02
2. 321t719w2051tE-02
1 .63+6S196195S-02
I . 13996292769S -02
7. B9626629501E-03

5.44651+ 2Lt1697E-03
3.751 50557.3=-03
2.566299916% IE-03
I .7941460075SS-03
I 252595653 W6E-03

E. 62029960953E-0%
6. 26032902292E - O*

4.47093561570E-011
3. 193t396177%E-0%

2.25922059051 E -01+
1.55966 12291+7E-0*
I . 0296B233S%E-OI!

.2. 1662 I8501O+E-OI
2. W9303B6MOE -0 I
2. 666S6576t?2X -01
3. 3ooo~5sQ%301-o I
3.7%17392920E-01
%.36B25317651E-01
5.032597S2262E-01
5.82029 1227?tE-O I
6. 87079656721+E-O 1
7.963592318S+Z-01
9.0356 w73093E-o I

BKM TEWERATE

1. S%377*65602E +03

I .756910710252 +03
i . 57890606285S +03

I .$1399529273S+03
I .25681 124002E+03

1.13261555561E+03
1. 073E127252BX +03
1.0 16Lt230E83LtE+03
9.26260291 IEOE+02
9. 171264130953E+02
8.707836943162+02
8. 27002263 E68E+02
7. 65603676609S+02
7. IV3V+OO09247E+02
7.0936510 1390E+02

6.742139930852 +02
6.410600199%2E+02
6.091 %36h206WE+02
5. 78%3%s0973s +02

5.49055~72159E+02
5.20149w1075%3S+02
4.926970 14042E+02

2.0 1793193953E+03
2. 09177963562s+03
2. 16471042S4+1E+03
2.236192LYH336E+03
2.3057031886.2S+03
2. 37265396693E+03
2. I+363831653%E+03
2.49609313001E+03
.?. 55080 E$15929E+03
2. 59930206001+E*03
2. f3+O05519B02E+03

THE ISENTRCPE PREsw7E ANJ C13WOSITION IX CET(14ATICN pRfXIXTS

H20 H2 02 C02 CO NH3 H No N2c$iclf+

1 .91057W49437E-OI 7. 25348830855E*O0 3. Ba61 I 6624722-05
7. 567E6961t~7E-05 3.31436014873E-10 I .E210WI0899BE-06

1. 5h93SOOOOOOE+O0
1. 3371t0211i606E-01
I .67013LISI 1362-0%
I .51+938000000E+o0
9.361815022%2S-02

3. 05027225102S-09
1 .54938000000E+o0
6,5532705 1569S-02
4 .E7000677266E-09

1.51932000000E+O0
w .567229360962 -02

6. 70066580307E-04

1.5h938000000E+O0
3.211 10255269E-02

9. 40B66257222E-OIi
I .5~936000000E*O0

2. 247771766s=-02

I .69651 I 55587E-03
I .549311000000E*O0
I . 573W025C162E-O,?
2.70710375230E-03
I . 5~93EOOOOOOE+O0
I .10 lIt0817557E-02
3.872938512~l E-03
I .51t936000000E+o0
7.70 SS5722901E-03

5.03S*772063E-03
1 .5*938000000E+O0
5.39690006030E-03
6.02171 WW56E-03

I .5%938000000E+O0
3.777E300Lt221 E -03

6. 672S5538547E-03

I .5%93BOOOOOOE+O0
2. 6w9w8 102955S-03
6.91715667606S-03
I .!Y+938000000E+O0
1. 8511367206LIE-03
6.76791819616E-03
I .5~93EOOOOOOE+O0

5.2B931837727E+O0
7. 25326+ 37 W6E+O0

2.94950602633E-10
5.26766066376S.00
7.2528731 I021E+O0
2..2 I99O7O3265E- 10
5. 2881056W%E+O0
7.25227 $91670E+O0
1. 33*266666962-10
5.29013616996S+00

7:25156w70263E+00
4. 826852J36E02E- I I

5 .293371016B9E+O0

7.25030931 107E+O0
1. 095073~731LIE- 1 I
5.299916~6-tEE+OO
7. .?+583095272E+O0
I .0000OOOOOOOE- I 1
5.291 1520%97EhI+O0
7.236769 15600E +00
1. OOOOOOOOOOOE- I 1
5.224060595722 +00
7.2 1978355797E +00

1. 0000 OOOOOOOE-I 1
5. 270334WH333E +00
7. 1906099063SE +00
1. 0000 OOOOOOOE- 11
5.2454018 %817E+O0
7. 14531976W6E+O0
I .0000 OOOOOOOE- 1 I
5. 2047271+27 13E+O0
7. 0823B9986B~+O0

I . OOOOOOOOOOOE- 11
5. 14601t663156E+O0
7.004904701 14E+O0

1. OOOOOOOOOOOE- 1 I
5.07129 W20W1E+O0

6.91805396772E+O0
I . 0000 OOOOOOOE- i I
+ .926783 I Sw@E+oo

I . 1716E31+905E-04
2.550 [6564773S-07

2.755 iIi30131+6E-Oq
5.90967W6~E- 10

5.34721 135q33E-0~
2 .73916582705S - 10

E1.33100e5w2BE-04

6. 0w25h900077C- I 1

1 .31932916f300E-03

I 0000 OOOOOOOE- 11

3.0960Lt031607E-03

i . 0000 OOOOOOOE-I I

6.0 1670866B16E-03
I .0000 OOOOOOOE- I 1

I 037766 B6066E -02

I 0000 OOOOOOOE- 1 I

[ . 562632659* 1E-02
1. 0000 OOOOOOOE- I I

2. IB71818277EIE-O?
I . 0000 OOOOOOOE- 1 I

2. 73970529565s -02
I . 0000 OOOOOOOE- 11

3. 156P+077787E-0i2
I . 0000 OOOOOOOE- I I

3.37B6w213wE-02
1. 0000 OOOOOOOE- 11

F I T TEPPERATIJZE

I . 87249254387E +03

1 .712330796%S+03
1. 56%61+32555E+ 03
1 .44.?571+76161E+03
I .32969B420wE*03

I .23070 ?69~36E+03
I . 14079206976E+03
1. 05802316226S+03
9. 6266525 *93E+02
9. 1WO%8E3133E+02
13.54832616017E+02
8. 02422205179E+02
7. 57W926? 19671+ 02
7. 196El1965010E+02
6.8$3215730.362+02
6.6212303152=+02
6.39767%? 91%.S+02
6. 1892172S161E+O?
5.96391 123966S+02

5. 6BO*O097930E+02
5. 2901+6662972E+02
4. 7%9054591 16E+02
I 9%O06855378E+03
2.0 103a093072E+03

2.08347221354E+03
2. 15S%2*7022SE+03
2.23839663206t+03
2. 32070+379 17E+03
2.40700 f300975E+03
2.49918956 W2E+03
2.60 S872061 I IE+03
2.710563B6231E+03
2.8007? 5W1519E+03

AN C(S1
5. 07B85532B63E -10
b .70422315003E*O0

I . 90893642269s - I o
* . 70917836575s+00

2. 37s370%323s - I 1
w .704+ 109w60%. oo

1 .0000 OOOOOOOE- I 1
4 .70%0 IEP+9S52E+O0

I .0000 OOOOOOOE- I I
4. 70392696568E -00

I . 0000 OOOOOOOE- I 1
9.70379 !56687E+O0

I .0000 OOOOOOOE- 1 i
4 .703111274 ~23E*O0

1. OOOOOOOOOOOE- I I
4.70290 Ew+814E+O0

I . 0000 OOOOOOOE-I 1
4. 70232553077E+O0

I 0000OOOOOOOE-I 1
4.7017 W6761~~O0

I .0000 OOOOOOOE-I 1
*.701251 19093s+00

I 0000 OOOOOOOE- I I
w 70092552237E +00

I .OOOOOOOOOOOE- 1 I
4.700803t2163E+O0

I . 0000 OOOOOOOE- 1 I
+ .700s780~092E+oo

2JC4ENER6Y+C
1. 1%241 196773S-01

I . 03583169W6E-01
9. W132104~577E-02
8. 7665260987=-02
8.20% 037006W2E-02
7.767 1974793SI-02
7. 5077i&t0523E-02
7. 29201t334i306E-02
7. [ 1 136327803S-02

6.958SE4813260E-02
6. 2Z126L?5S%33E -02
6.71 W892E13f7E-02
6.62261 EO05! IE-02
6. 5395=58932-02
6.+67031502632-02
6.40317223850E-02
6.31+ 691*96WS-02
6. 29623666980E-02
6. 250565857*7E-02

6.209152W%70E-02
6. 17130266J3BSE-02
6. 13651t30CWt9E-02
I . 190381 W957E-01
I .242250 s02502-01
I . 29B3627E22Zf-O I
I .359 16765766S-0 I
I .%25.2369SJ3+OE-01
I .w7331BaB55E-o I

I .5765%937003S-01
1 .6650359- lE-01
1 .772a0367466E-ol
I . 87654375677E-O I
I .961w560223E-ol

3. 3392557=521 IE*OO
Z.397W613691E-10

3. 337B2E20 I 33s+00
3.2137472623~-10

3.336677 wB59E+oo
2.56 I28IL!2%IE-10

3. 31t 13391 E337E+O0
I .6w69wB625s- [0

3.~5352B6106E+O0
6.80641 O714I4E-II

3. 3+833*2657* ● 00
1.790W160519E-11

3.3WEY5671714E*O0
I . 085007S9071E - 11

3.351+1 !617997E+O0
1. 0000 OOOOOOOE- 1 I

3. 3626 I 357351+E+o0
I OOOOOOOOOOOE- I I

3.3780131400w+oo
I .0000 OOOOOOOE- 11

3.40 154352.26X*OO
1 .0000 OOOOOOOE- I 1

3.43+ 00s+06952+00
1. OOOOOOOOOOOE- I 1

3.4739666980 I E+OO
1 .0000 OOOOOOOE- 1 I

3.5179BI06%02E+O0
I .OOOOOOOOOOOE- 1 I

FIT EKR6Y

1.13562731 mE-01
I .033%0590452-0 I
9.51595050163S-02
S. S=955%3S-02
8.33055062791E-02
7. 905W5526507E -02
7. 5&io3w6975E-02
7.29072-209000E-02
7.0732+P+30203E-02
6 .90! 23056562S -02

6. 75622S+662=-02
6.6609599 1365E -02
6. 57907723562S-02
6.511i90378966E-02
6. W63Z69521 16E-02
6.*19~9E-02
6.37877 1276% -02

6. 3371SS32399S-02
6.29069075613S-02

6. 23553220930E-02
6. 16B30236760C-02
6. 0S59293 15CK -02

I . lE275077~OX-01
I .23w1323wwl E-ol
1. 290%255255s -01
I . 352260273%S-01
I . 42022255665s-0 I
I .4249961570= -01
I .5771+ I 10593OE-O I
I .66B39239161E-01
1 .76_l S%97E-01
I .9S04%6122%E-01
2.00* 1321 B606E-01

2. 590~364B202E -02
1.50579760671 E-06

2. 89&+966765ZE -02
5.96611+ 55S666E-06

2.767799171 ~E-02

I .89172036363E-05

2.295271617932-02
5. 19305019SBIE-05

1. 5635575256= -02

I 205~6795595E -04

I . 092675755*3E -02
3.02030179792S-04

1.236161326B31-02

1.li)9619B07*-03

! .290wEWI 192S-02
3.39873965 157E -03

I .Z%52953933E-02

8. 8366S2729952 -03

I . 1269BILI0667E-02
1. 97S5 1977239E-02

9. 499070h92~E -03
3. S7099127W5E-02

7.5031959297W-03
6. 69237635552S-02

5.56790367172E-03

1. O365O57791OE-OI

3.w9B65005B3E-03
I .45Q25656w30E-01
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TABLE VI (cent)

I . 29579570Wt8E-03
6.305064300 tIiE-03

1 .5493eooooooE+oo
9.070569931352-04
5.63614779273E-03

1 .59938000000E+O0
6. X939895 195E-OW
%.67231705532E-03

1 .54930000000E+oo
~ . 444579.26631X-04

+ . 07622793600E-03

1 .5V93BOOOOOOE+O0
3. I 1 12051t8645E-0%
3.31396651 *09E-03

1. 5~938000000E+O0
2. 177S43S4052E-01+
2.619918% 1300E-03

I .5h938000000E+O0
I . 52V+9066636E -04
2.0 122683r?665E-03

I .54938000000E+O0
I . 06714398185 E-01+

I %9E12007582M-03
1 .5+939000000E+O0
2. 19716066653E-01
5.20 102699096E-05

1. 54938000000E+O0
2. 526731t76E8 I E-O I

3. 39393945264E-05

I .5493EIOOOOOOE+O0
2 .9057W+98413E-O I

2. 0897492B602E-05
I . 5~938000000E+O0
3. 311160673175E-O 1

I .20181833546E-05
I .59938000000E+O0
3. 6~28%77%151 E-O I
6.3751600%406E-06
I .54938000000E+o0
%.+ 1927+902732-0 1

3. 06933%7%457E-06
1 .5+93 eooooooE+oo
5.06216613i314E-01

I 3121833926W-06
I 51+938000000E+O0
5.8W+W9105866E-O1
4.921605% 31 LtoE-07

I .%936000000E+O0
6.721 16471769E-01
I .It?5w3919690E-07
I .54936000000E+O0
7. 729339 %2535 E-O I

6. 17375Ew7~7E- 10
I 5w938000000E+o0
E .&3E79033915E-01
3.82160992565Jz-10

1 .54938000000E+O0

6.8323203 1467E+O0 3. 3920 E533737E-02

I . 0000oOOOOOOE- 11 I .0000 OOOOOOOE-I 1
w .90 I q3353723E+o0

6.7560699500%+00 3.? 1E83039620E-02
1 .0000 OOOOOOOE-1 1 1 .0000 oooOOOOE - I 1
~ . S2%3005982$E+O0

6.695W2462385E+O0 I ?.913E7L+16313E-02

I.OOOOOOOOOOOE- 11
4.761 E8w66373E+O0

6.65652914191+E+o0
1 .0000 oOOOOOOE-1 I
W. 72063769206E+O0

6.6h067913291E+O0
1. 0000oOOOOOOE- 11
4. 70203+ 99214E+O0

6.6q753603831E+O0
1 .0000 OOOOOOOE-1 I
~.70621581530E+O0
6. 675%065\ Y68E+ 00

1 .0000 OOOOOOOE-I 1

4.73161 Lt90491E+O0

6.72 1267W4998E* 00

I .0000 oOOOOOOE-I I
4. 77533856854E +00

7.2535~12~091E+O0
2. 30694015306E-09
5.29050690341 E+O0
7.25357930771 E+O0

3.2W+W+06690 lE- 10
5. 29L 92W0685E+O0

7. 25360547829E+O0

3. 07793033696E- 10
5. 293%93982 WE+00

7.25362251506E+O0

2.8?5371691232-10
5.29512059614E+O0

7. 25363296656E+O0
2.49371026679E- 10
5.29671 12’01+714E+o0
7. 25363680542S+00

2.05W%142971E-10
5.2981839791 lE*OO
7.25361+ 182150E+O0
I .6469 +654% 762-10
5.229479 16S52E -00

7.253@t321213E+O0
I .175905261 I2E-10
5.30056963S37E+O0
7.25364378551 E +00
7. I 73+777383*E- I I
5. 3014916955*E+O0
7. 25364399 E173E+O0
3. 269359393WE- 11
5.30241359257E+o0
7. 2536q399933E+o0
I 0000 OOOOOOOE-1 I
5.3039691 $O16E+O0

I .0000 OOOOOOOE-I I

2. 5067w+ 1 171+4E-02

1 .0000 OOOOOOOE-I 1

? . 059W3132339E-02
I . 0000 OOOOOOOE- I I

I .6 1453575423E-02
1. 0000 OOOOOOOE- I I

I .? O%33317432E-02

I .0000 OOOOOOOE-I 1

S .50676012467E-03

I 0000 OOOOOOOE- I I

2.31356712126E-05
3.615626607W6E-06

1 .?9832169376E-05
6.86456605819E-06

6. 130S73765956E-06
1 .Z%950953S02E-05

3.30570750512E-06

2. 19012246033E-05

1.46925260 I 15E-06
3. 71647019737E-05

5. 69437855722E -07
6. 14625738061E-05

2.0950q723~09E-07
9. 99349956959E-05

6.422S5451 [39E-08
I .619313+95976 E-04

5. 2507E151t3360E- 10

2. 7023w956764E -0%

3. 25* 1331+92E16E-10
4. %690395751 E-01+

I .5646069650 lE - 10
E .9 1664762299E -0~

I OOOOOOOOOOOE- I I
% .701 I 09+67952+00

I OOOOOOOOOOOE- 11
4.70 II+I+392621E+O0

I . OOOOOOOOOOOE- I I
4.701825 EW+159E+O0

I 0000 OOOOOOOE- I 1
4.702223686 17E+O0

I .0000 OOOOOOOE-t I
~.702605006&lE+O0

I .0000 OOOOOOOE-I I
4. 7029520 W096E+O0

I .0000 OOOOOOOE-I I
* 703?5566602E+ 00

1 .0000 OOOOOOOE-I I
4.70351269962E+O0

W. 141631 \6?79E-06
4.70423+ 18695E+O0

I I ~633796853E-07
4. 70+24 j59602E+O0

3.051 1841+4083E-07
4.70924530371 E+O0

7.8405139 .2026E-07

% 70924509030E+O0

I .97072451 OOOE-06
4.7092 q023007E+O0

4. 915 F’6702086G06
4. 70~22973LtO~+O0

I 24027970495E-05
9 .70+21 1376% lE+OO

3.26253 139254E -05
4.704 18079067E+ 00

9. 593080% 8739E -05
~.70412681125E+O0

3.486% 5006056E-04
I+ .70901855Wt9E+O0

I . 39975953634E-03
%.70381615742E+O0

3.5615116 ~141E+O0
I .0000 OOOOOOOE- I 1

3.600121%1 149E+O0
1 .0000 OOLIOOOOE-1 I

3.63077212070E+O0
I OOOOOOOOOOOE- 1 I

3. 65039606912E+O0

I . 0000 OOOOOOOE- I I

3.65848 139790E+O0
I . OOOOOOOOOOOE- I I

3.65512214205E+O0
1 .0000 ooOOOOOE-I I

3.& 122226025E+O0
1. OOOOOOOOOOOE- 1 I

3. 61S3083651 OE+OO

1 .0000 OOOOOOOE-I I

3.3~038676431E+O0
2.2892339050 I E-09

3.3% 176460Vt3E+O0
3.131413+6074E-10

3.39330158175E+O0
2. 66000515602E- 10

3. 34490068735E+O0
2. 506702139325E -10

3.346~63132%OE+O0
2. 067%24w+233E -10

3. 3+769986075E+O0
1 .6253 w+81595E- 10

3.34913860661 E+O0
I . 15?06924359E- 10

3.350 12523920E+O0
7. 09226E?2061L+E- I 1

3.35081 1813W3E+O0
3.49533W+3517E- [ I

3.35 [01 1403W3E+O0
I .240% 901369E-1 I

3.35005893677E+O0
1 .OOOOOOOOOOOE- I 1

2. 562003559 Lt3E-03

1. 8B9726 17796E-O 1

I .59122806613E-03
2. 28%65762 180E-O 1

9.371360+ 3799E-04

2 .60666079528E-O I

5. 14681 i%3771E-04

2.8293 1537563E-O I

2. &+07283658 i E -04

2.936995371 ~E-01

[ . 256792633136E-09
2 .93016363360 E-O I

5.49616908195E-05
2.81567 E173153E -01

2.1821 e523811E-05

2.6081 12%450% E-O 1

2.35835295 175E-02
8. 0?760226171 E-07

2. 0789913E888 I E-02
3.99832667617E-07

I 76642525ffi6E-C2
I .832 16967256E-07

I . 44586~06652E-02
7. 5EIW77669742E -08

I . 13056622565E-02
6.0 1525962568E- 10

El. 396 1396985EE -03
%.43790299131 E- 10

5. 6622~5fJ5%2E-03
2.91139901566E-10

3.785 12227234E-03
I .53295921005E-10

2. 17649092961E-03
4 .690* 1658376 E- I 1

1.0550 1399790E -03

I .00000000300E-I I

4.5292306~O09E-04

I .0000 OOOOOOOE-1 1
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TAELE VII

THE PARTIALLY REACTED BKS4 EQUATION OF STATE FOR AMATOL WITH Wm = 0.81

A FCRTRAN *H CAL~ATION FOR TtE EXPLOSIVE
AMATCI uITH AN 19 0/0 RfACTEO

TW NW?@SR W ELEMENTS IS 5

TtK P4.M3ER W GAS SPEC!C5 !S II

TtE NU@ER OF SIIID SPECIES IS .2

TlfZ ❑KW ECIJATICY4 Cf STATE PARAFKTERS ARE

ALPHA- 5.0000 OOOOOOOE-01 BETA= i.60000000000E-01 T~TA= 9.00000000000E+02 KAPPA= 1.09097784436E+OI

l= CCf@OSITlffl Of T= EXIIOSIVE IS

T:-IE

TAE

Tlic

Tl+f

AN

(s1

7.0000 OOOOOOOE*OO MCLES S C

8.23501600000E+O0 K4-ES OF H
It.617506uoOOOE+O0 M04ES M N

8.*2626200000E+O0 MCLES CF O
3.41t7S%OOOOOE+O0 t’CIES Cf AN

OENSITY Cf TI-E EX710SIVE iS 1.60000000000 E+O0. GRAtlS/CC

WECUAR WI G+IT IS 5.67870000000E+02 GRAMS

HEAT Cf FCRI’IATION AT O 13EG K IS -3.33ES7900000C+05 CALCRICS PER FCFUW—A wEIGHT

SCL [D ICC44ANI EOUAT 10N Cf STATE PARAMETERS VO. AS, 25, CS. DS, ES, Al, A?. Cl. C2, C3. ATcXIIC NT

5.7971014492EC-01 I .9481330982X+O0 -3.5562305=11+00 ?. ZS631S72297E*O0 -7.15791%13132-01 8.~591221?177E-02

4 .%970 ~0934351-ol I .80817009794E-02 -O. -0. -0. 0.00980000000.2+01

4.44 V+444W+44E-01 e . 3093!5637?6= -o I -1 .39381809 ?19E+O0 6.72569716021 E-01 -1.135372625a=-ol 6.~9155s82007E-03

-2.26705 Yt59WE-01 I .205165695--01 8.31600000000E-02 -1 .75590000000E-O 1 I.55310000000E-01 1 .201000 OOOOOL*OI

THE IWIJT OETCNAT lCN PROOLKT ELEPEZNTAL CGWOSI T ICN NATRIX
o. 2. OE+OO ● .

u. 2. OE+OO O.

. . ● . 3. OE+OO

● . I .OE+OO I .OE+OO

I .@E+OO “ . I .OE+OO

I .OE+OO ● . ● .

A FORTRAN W CALCLLAT [W F~
AMAlG!- WITH AN 19 0/0 REACTED

TM CCtUllTED CJ PRESSLJE IS

I. OE+OO O. ● . 2. OE+OO ● . ● . . . ● . ● .

I. OE*OO ● . ● . 2. OE+OO ● . 1 .OE+OO 0. . . I .Cf+oo

1. OF*OO ● . ● . ● . 1 .OE+OO -. ● . . . . .

● . ● . ● . 2. OE+OO +. ● . . . I. OE+OO ● .
9. OE+OO O. ● . .! . . ● . . . ●. 1 .OE*OO

● . o.

Tl+_ ExTI-OSIVE

1. 18079792177E-o I tEGABARS

Tlfi C~rED iXTGNATlffl VELIXlrY IS 5. 796+4738426 E-O 1 CM/t’il CROXCCN3

TM CCTRJTEO CJ TEt43ERATU?E 1S I 3934650577’+E+03 DEGREES KELVIN

TK CWUTED CJ vam 4.8771972 %912E-01 CC/Gfi CF EXPLOSIVE

THE CCW%ITEO GAIWA IS 3.55?6912W339E+O0

THE VC1-lME OF T= GAS IS 1 .61297919954E+OI ~/f’CLE C+_ GAS N THERE ARE EI. W1702200?3E+O0 MCI-ES CF GAS

ScY-Io VOLWE IN CCi(Xl

A~ 4 .263377S2057E-O I
(31 3. 5S7648976S9E -O I

22



.

T’-E C-J COMPOSITION OF THE

TABLE VII (cent)

DE TONAT ION PRODLCTS AND Ttf INPUT COEFFICIENTS TO TW THERN90YNAMIC

SPECIE

H20

H?

02

C02

co

rdi3

H

No

N?

OH

cm+

AN

(s1

NO OF MIXES

~. I 174783wF+IE+O0

6. 46976288336E-06

1. 0000 OOOOOOOE- 11

2. 1533213??+OWE*O0

2. 1?717639E@3E-03

I .512613 W792E-05

I .0000 OOOOOOOE-I 1

2 .260~05230E13E -10

2. 3013796~36E12E +00

1 .OOOOOOOOOOOE-I 1

2.~93051&+203E-07

3.49784600000E*O0

+ 8W5V+333E1E,00

I 3%282 E135156E+03
2.97034700000E+01
1. 17589615365E+03
4.70309000000E+01

I . 03537 m7396E+03
%.7+81 1200000E+o I
7. 462S0968750E+02
w .5330 S200000E+0 I

I . 1215 EE130990E+03
4.20181600000E+OI
I .?06%121615E+03

2.6391 10OOOOOE+OI
7.9463161718 EE+02
4.84142800000E+01
1. 2092~970573E+03
w 39231+ oOOOOOE+0 I

I 1391613 LtW6E+03
4 .24179200000E+0 1

I .1835 175W+27E+03
3. 87566600000E+0 1
I .0$2$2791 146E+03

-4 .277065L!2530E+O0

-0.

-2.146151900000E-01
-2 5620h3S9323E+02

COEFFICIENTS A, B, C, O,E, TliE INTEGRATION
W.2588q200000E+01 I .WOEI0500000E-02

-5.71 070000000E+04
I l~3132900000E-02
o.
1 .28714700000E-02

o.
1 .951+ ~6300000E-02

-9.396130000000 E+04
I .23816100000E-02

-2.72010000000E+ oLI
I .91 166200000E-02

-9.36 BOOOOOOOOE+03
S. 12137200000E-03
5. 16190000000E+OW

I 26938600000E -02
.2. I+770000000E+04

1 .2225010000 OE-02
o.

1. 15664700000E-02
3.56000000000E+03
2.3640 1300000E-02

-1 .60000000000 E+oLI
I .5302716* 063E-O 1

-7.81000000000 E+oI+

7. 17965500000E-03
o.

CONSTANT . MEAT OF FORMAT lcw

F ITS FOR EACH SPECIE

I N CAL /MOLE, COVOLUIE
-2.63918100000E-06

2.50000000000E+02
-2.20122200000E-06

1 .80000000000E+02
-2.50021700000E-06

3.50000000000E+02
-3.72129600000E-06

6.00000000000E+02
-2 .41640300000E-06

3.90000000000E+02
-3. 15M33000000E-06

4.76000000000E+02

-1 .69074000000E-06
7.60000000000E+01

-2. %9460000000E-06
3.66000000000E+02

-.2.37900500000 E-06
3.80000000000E+02

-2. 2.2665900000E-06
9. 13000000000E+02

-3.70795700000E-06

5.28000000000E+02
-6.46991 182208E-05
-0.

- I .29755tiOOOOOE-06
o.

I .92045300000 E- 10

1 .67776100000 E- IO

1 .90157000000 E- 10

2.77030000000 E- 10

1.6281 EIIOOOOOE-10

2. 197801000OOE- 10

i . 31662300000 E- I o

1 .69321300000 E- 10

I .79832200000 E- 10

I .6a9155000GoE - 10

2.+7071400000E-10

I . 36106BEE907E-08

9.3w999500000E - 1 I

o.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

- I 06331t37LP@tE- 12

0.

A W 1SENTF?CPE TFflU 64(W CJ PRESSURE FOS
AMATCL WITH AN 19 0/0 REACTEO

LNIPI = -4 .8027697563 BE+o0 -3.302549843* OE*OOLNV 7. 338405932~3E-o ILNV*2

LN(T1= 6.7142 %143801 E+O0 -4. 77933890222E -0 I LNV 3.0228976 i5i5E-OILNV.2

LN(E 1= -1. 6277? 609950E+O0 4.0666181662EI- OILNP 6.9917120 Ei109E-02MF’*2

THE CONSTANT AOOEO TO CNERGIES HAS [ 0000 OOOOOOOE-O 1

I .9359025 E1281E-OILNV.3 - I 18341470827 E- OILNV. LI

2 .56017637059 E-02LNV.3 -4 .613956995399 E-02 LNv.4

5.077319S+OOX-03LNP+3 1 .20669708657E-OLtLNP*W

PRESSURE [ MBARS 1
I .1 E079792177E-O 1
6. 2655E545238E -02

5.7859096 1667E-02
4. 05013687167E-02

2. 63509581017E-02
I .98456706712E-02
1. 36919694698E-02
9. 72W371362E87E-03
6. E070650W021E-03
4.76494552 S15E-03
3. 335~6186970E-03
2. 33$132330879E- 03
I .63~37631615E-03
I 149063~2131E-03
6.0089 Y39*916E-0%
5.6059107644 lE-0*
3. 92413753509E-oL+
2. 7$669627% 6E-0~
I .922827392 19E-0+
I . 3+5979 17w5wE -0~

I .3579176100--01
I .56160525154 E-O 1
I . 7956+ 603927 E-O 1

2. 065222 S?+516E-O 1
2. 37500638694 E-o I

2.7312573W96E-01
3. I+09459+672E-O I

3.6 1208783873 E-O 1
4. 15390101 Lt5LtE-01
4. 7769s6 16672E -01

5. 993531t09 173E-o 1
6.3 17561+20549E-o 1
7.265198E13631E-01
8. 35\97E66176E-o I

9.606225461 02E-o 1

VOLUNE (CC/Gfl)
~.87719722138E-01

5. 36621480979E-O I
5.900950977562-0 I
6. *6520765706E-O I
7. 1509% @3227E-O 1
7. 7532?92W24E -O I
8.4634 14w590E-o I

9. 32276520020E-O I
1 .03725815261 E+o0

1.16677270 1562+00
I .32 S[34031 17E+O0

1 .53109972566E+O0
I 7867+ 5B622 I E +00
2. I 1879470813E+O0
2.5w62214e46E+oo
3. 10318S869662+00
3.8392 1366W7E+O0
4.821 0*593218E+o0
6. l~3e5e91we2+oo
7.94402682271 E+O0

\ .69573726271 E:O 1
I+. 520689K262UE-O 1
W 3522323026 W-O 1
4. 190 W352E60E-O 1
9. 035 W272165E-O I

3 .82591259582E-O 1
3.7W%4563791E-01
3.6078 I E199976E -O I
3. 9759964062\E -01
3. 3*79~70532eE-o 1

3.22132001756E-01
3. 06W62166630C-O 1
2. 95282232799E-O 1
2. E5W161WI02E-01
2. 76327836926C-O 1

TEHPERATLM?E [OEG K] Et4ERGY+c

1. 393+650577+E+03
[N6-CC/GM1

1.26969834 173E+03

1.1554 +678111 E+03
1. 0W%4462150E+03

9. 3696533385EE+02
9.035891 10528E+02

8.7703$8921 14E+02
6.52197371704E+02
8 .2E927309391 E+o2
8. 0704160?050E+02
7. X3636 12247E+02

7. 6675\ 931771 E+02
7.w121295%01E+02
7. 30392635E05E+02
7. 13w97026435E+02

6. 9731+67E53 12E+02
6.6 I E39537465E+ 02
6. 66%73 I ffi04E+02
6.52326932761 E +02
6. 3833900 $730E+02

1 .WV+06657816E+03
I 495*55623138E+03
I .5~717055189E+03
1. 59677689W+OE+03
I .649856721 ?6E+03
1. 70002864804E+03
1. 7469%6550252+03
1.7962911420 IC+03
1 .6+ 172662 c100E+03
I. ee4e91*9326z+03
I . 9253604 W656E+03
I .96261 E38270E+03
I 99603066798E+03
2. 0?+909W625E+03
2. o~7990sfe30c +03

I . O81O5O6O252E-O 1
I .01915521222E-01

9.7oo~7e331 1 IE-02
9.30343337000E-02

8. 95567927545E-02
8. eo52025035eE-02
8.68752977 149E- 02
8. 5876%679s 1EE-02
8.502600697162-02
8.4289877165 I E-02
8. 36979~7207E- 02
8.30828496 I WE-02
8 .2580E01 1053E-O2
El.213070496132 -02
El. 17233It6 1738E -02
8.1 350941 e860E-02
El. I 0069066833s-02
El. 06 E5729WW2E-02
8.038266941282-02
EI.009S9167765E-02

I . 109W56W69E-O I
I . lf+036959949E-O I
1. 17%0 I 3E8559E-01

1.21051656663E-01
I .2500747U230E-01

1 .292SF+8134L!1E-01
I .339461 ES612E-01
1 .39013* O1500E-01
I 44552537W+2E-O I
1. 50657094272 E-o 1
I .579977871652-0 I
I .657B210wooE-ol
I .7\760092306E-o I
1.8276685 1976E -O I
1 .91260325725 E-O I

GAMMA ( -OLNF/13LNVl
3.ee17276~917E.oo
3.876862526 10E +00

3. S+565+773092+00
3.7907 S130802E+O0

3.71 I 5628852 *E+O0
3. 6306Zt1769i 1E+OO
3.5290 *3%5J37E+O0
3.40i?+5292271E+o0
3.248105134142E+O0
3.013t092605q2E+O0
2.850107517 Lt2E+o0
2. 60859097976E+ 00
2. 34576338805E+O0
2.07350 195990E+O0
1 .8102933900 SE+O0
1.583 15835729E+o0
1 .4295313421 $E+O0
I . 39926396746E+O0
I .55628 195983E+O0
I . 9799065 Lt778E+o0
3. 87566 EI~5452E+O0
3.86W2671Lt07E+O0
3.@t906131757E+O0
3. E12827757865E+O0
3.s02+ I 357eewE+oo
3.771 *1519739E+o0
3.73520305450E+o0
3. 69362972 F?55E+O0
3.6wmoee1998Eioo
3. 59295208730E+ 00
3.5?I17753L+3LtOE+O0
3.45518746169E+o0
3. 36950491027E+O0
3.29673270~66E+O0
3.2223682399 I E+OO

PART I CLE VELOCITY

I .27318601753E-01
I .6925755 1983E-O I
2. 052*6206699E-O I
2.3646+291 137E-01
2. 6W78756643E-O I
2.e$7e6%771eoE-ol
3. 0*245700524E-01
3.23054318151E-01
3.41052192175E-01
3.581032~7?27E-01
3._Pi101+921527E-01
3. Ekw957wt296E -o I
W.027643579262-0 I
w. 15w57955e122-o I
4.27166664125E-01
4.38 125z58766E -01
+ .4e5455e3314E-o I
W. 5S8 19q36727E-O 1
4. 69 W74S4633E-O 1
4 .8088WW0667E-O I

o.
0.
0.

0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

23



TABLE VII (cent)

T= ISENTRCPZ STATE VARIA211S AS COWUTED FROM THE LCAST W.JARES FIT

w l%fssLRE
I . IE079792177E-01

e. .265525%232s-0?
5.78590981667E-02
~ .050 136E7167E-02

2.83509521017E-02
I .984567067122 -02
I . 3S1919694698E -02
9. 72937262687E-03
6.80706504021E-03
4.76w94552e15E-03

3.3351+ 61 ffi970E-03
2. 33w2330e7sf-03
I .63+3763161= -03
I . lW063Lt2131E-03
e.ooEF+43s++916E -u*
5.6059 i 0764w 1E -0+

3. 92*1 375350% -0+
2. 7%S9627W6E-OW
I . 9228273 s21=-0%
I . 31+5979 171i5~E-04

I .35791761003E-01
I .56160525154E-01
1 .795 EN6039cVE-01
2.065222945162-01
2.3750063869W-01
2.7312573w49E?Z-01
3. l1409h591t672E-01
3 .612087 B3S73E-O I
*.15390101 *5%E-01
II .7769 S616672E-O I

5.*935W09173E-01
6 .317564205w=-O I
7.265198@ 3631E-01
8.35W7266176E-01

9.60S22546102E-O I

FIT PRESW?E

I . 1575279wt34c-o I
7.9767 1097072E-02

5. 53W 0w09263E -02
3. 85%sS%730 I E-o2

2.6W02SW163E-02
1.987016800 II+E-02

1.45 177532657E -02
1 .03822607181E-02
7..280 I 155485=-03
5.02123979470E-03
3.~230634721 IE-03
2.321133SIIO13E-03
I 57960550766E -03
I 086B762529EE -03
7.6151 16831+oe5-011
5. 4479434403=-0%

3.96111 \71571E-01+
.2. B7E78826628E-04
2.02061 ~10521E-0*
I . 2907* 994933E-04

1 .mo931512*l E-ol
1 .55334876261E-01
I .798W0237210E-01
2 .07SiW072617E-O I
2.40163E16663W-01

2.76S153+37E3E-01
3. 18+3609365=-01
3.65623300509E-01
4. 191 W4957WtE-01
4.eo15391e729z-ol

5.50S5S676192E-01
6.40976S&534E-01
7 .439s++830 I IsE-o 1
8.33.? 3EIw62655E-01
9.25$N36S+326E-01

BKU TEHF’ERATURE

I . 39?J+65057TtE+03
I . 2696983LI 173E+03

I . 155 W6781 I :E+03
I .0 WP+44E2150E+03

9. 36%533385~+02
9.035891 I 052 Eif+02

8.770348921 14E+02
S.52197371704E+O?
e..2e927309391 E+o2
8.0709 1602050E+02
7. E6363612247E+02
7.66754931771 E+02
7.w3121295*Oi E+02
7.30392635805E+02
7. 13w970261+35E+02
6.973467853122+02

6.8 1839537W65f +02
6.66867316601+E+02
6.5232693276 IE+02
6. 38339004730E+02
1 .w#+0665781a E+03
i . 4951+556238X+03
I . 5+7170551 s=+03
I . 59877689 WOE+03
I .6W&5L372126f+03
1 .70002S81t80~E+03
1. 7%E9855025E+03

I .796291 14201 E+03
I .84172662000E+03
I .88W89149326S+03

I . 925360 W656E+03
I .962618313270Z+03
1 .9960306679=+03
2.0?t80991+625E+03

2. 0%79906WBOE+03

TM ISENTRCPE PRESSIRE AMI CCWPOSI T ION OF OETONAT [0$4 PROMICTS

H20H202C02
I . I S079792 177E-o 1
I .5126139LP19SE-05

3.~47~600000E+O0
8. 265585%232E -02
3.579W5WO155S-05
3. ItIi7St600000E+O0
5.7859098 1667E-02
7. 17679+131332-05

3.41+ 7B4600000E+o0
~.05013687167E-02

I .2298397 I I 20E-0~
3. b4784600000E+o0

2.83509521017E-02
I .660502567332 -01+
3.41+ 789600000E+o0
I . 92W6706712E-02
3.5930 1429S+5E-0*
3. It9721t600000E+o0
I .329 1969~69EE-02

6. 89~923Wt I E5E-Oh
3. I+9784600000E*o0

9. 72437%2S87E -03
I . 15*55999970E-03
3. Wt76+t600000E+O0
6, B070650~021E-03

I .722595502--03
3.997 ~600000E+O0
4.76WF+552E152-03

2. 32690208706E-03
3. ItIt721t600000E+O0
3.335461 E6970E-03
2. 2S233S1 3+4 IE-03
3. Wt7&+600000E+O0
2. 33W2330S72E-03
3.311576185852-03
3.947 EM600000E+O0
I .63*37631615E-03
3 .56W lIt27751E-03
3.9\7B9600000E+O0
I . 14406392131E-03

3.651335EBwOIE-03
3. W+7&+600000E+O0

CO IW3 H No N2 OH CH9
I+. I 1714783L1241E+O0

I .0000 OOOOOOOE- I 1
~.&+h54q333E12E+O0

4.l17~3167019E+O0
I 0000OOOOOOOE- I I
%.8%4 !3133*397E+O0
4. I 17339812SIE+O0

1. 0000 OOOOOOOE- 1 I
%. 244571+ 22950E +00

~ . I 1718773566E+O0
1. 0000 OOOOOOOE- I I
4 .81P+71 E177977E+O0

4. I 17022582792+00
1. 0000 OOOOOOOE- 11
+ 894*851 3932+00
4.1 161232W30E+O0
I . 0000 OOOOOOOE- I I
%.8Wt19062!331E+O0
4. I 13659095632+00

I . 0000 OOOOOOOE- 11
4.8*212420239E*O0

4. 10772625680E+O0

I . 0000 OOOOOOOE- I 1
4.83700157152E+O0

~ . 0S502422633E+O0

1. 0000 OOOOOOOE- 1 I
4. E2563383531E+O0
4.071 ?3215027E+O0

1. 0000 OOOOOOOE- 11
1+.S037291406EE+O0
4.03251 16%660E+O0
I . 0000 OOOOOOOE- 1 I
I+. 767366L+63J35E +00

3.9776&tO121~+O0
I . 0000 OOOOOOOE- I I
W.71516695103E+O0
3.909397 ~068E+O0
1. 0000 OOOOOOOE- 11
4.64962011210E+O0

3.833592201032+00

1. 0000 OOOOOOOE- 11
* . 57~ 1326637E +00

6. 46976292273E -06
2.260~052181 IE-10

2. U1957657Wt7Z -05
6. 3E677992653E - I 1

5.06 102050887E-05
1. 0000 OOOOOOOE- I I

I .021~4462019E-0*
I .0000 OOOOOOOE- I I

1 .461093021t57E-oLI
1 .OOOOoOOOOOOE - I I

~ 267063191416E-09

1. 0000 OOOOOOOE- I I

1. 094~231 136E-03

1. OOOOOOOOOOOE- I I

2.396~0313400E-03

1. 0000 OOOOOOOE- 1 I

4.539614926037E-03

I OOOOOOOOOOOE- 11

7.68096371214E-03

I OOOOOOOOOOOE- I 1

I 17524506946E-02
1. 0000 OOOOOOOE- I 1

I .65321324151E-02
1. 0000 OOOOOOOE- I I

2. 1563280962~-02

1. 0000 OOOOOOOE- 1 I

2. 65706674*97E -0?

I OOOOOOOOOOOE- 1 I

F I T TEWERATU3E
I . 36651298101+E+03
I .26656917501E+03
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2. 3s406260230E +03
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6. 541+997 E18636E -08
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1 .670 E19093000E-05
2. 2359?9 19E175E-05
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1 .0000 OOOOOOOE- I I
7.4913352~1 1 IE-01
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7.49345 \41qBl E-01

5.09361673673E - I I
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7.~9537310.256-ol
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2.713193599 +OE-l I
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1 .0000 OOOOOOOE-I I
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I .0000 ooOOOOOE-I I
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3. 02524718634 E-O I
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I .0000 OOOOOOOE- 1 I

3. 00939852918 E-O I
I .0000 OOOOOOOE-I 1

2.9930163561 IE-01
I .0000 OOOOOOOE-I 1

I .8685368878 [ E -O I
2. 18508838103E-OEI

I E69736~ 1709E -O I
2. IO03690B348E-08

1. i36073329q39E-O 1
6.035874562132-10

1.85397239261 E -O I

6.421 q053GB75E - 10

I .65304740387E-01
~ . 17698813030E-08

G.~7706321603E- 10-- 1:855541 ?2873E-01
7.~9713702965. -Ol “

I .07Ex3ml 1262’ -09
7.+97 E137W193E-01

1. 6@53697523E -.09
7 .WX3~Og66930E-O 1

I .7622331t0513E-08
7. 49 ER359EI0375E-o I

9.036 I ?9883613E -08
7. q992038077EE -01

El. 9237*%871 67E-08
7.+99~5460803E-01

1.9331511159 !3E-07
7. q9962579q57E -01

\.12138811b21E-07
7. 49972973306E -O I

s. 6989 155w72c-07
7.q9977673163E-01

I 83191333563E-06
7 .499774055 w+E-o I

3. 99909916357E-06
7. *997245858C: -o I

8. w+~oi?491 I OWE-06
7. 49962 +663~6E -0 I

I. g I 7222+ 6553E -05
7.@945936E10qC-01

4.76236 i 301i8s-C -05

h.50$051~’3640E-08

I 860572383WE-O 1
4. 5E2872850Ei5E -0S

1 .867’5+305W93E-O I

4. q l+378607Lt6E-08

I . 8759789+3 I 5t-o I
q 02290596908E-08

I 885q5979783E - 01
3. W+7*8917301E-OB

I E95564487?2C -o I
6.02[10561~38E-i O

I .90595 @t5802E-O I
$.61 i7216ElWll E-10

I .916201875E2E-01
5. I1868318513E-10

1 .9259653+ 3gIE-01
8. 100%779070E-09

1. 9$+9w390276E-O I
3.91830165779C-10

1.”%291171&tOE-01
1. 0520W+95 1382-09

1. 9h96736B0 1qE-O I
2.540-R3371535E-10

1.95510329781 E-01

1. 84959293a5~E -10

I 95906q35~ i 3E -O I

5. I1819919526E-02

1 .407800? 1906E-02
5.203244721941-0.2

I 0750 Li28551~-02
5.3264 157q4E15E-02

8.00636397370E-03
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2. 75W9646587?E 0?
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