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TWO-DIMENSIONAL HOMOGENEOUS AND HETEROGENEQUS
DETONATION WAVE PROPAGATION

by

Charles L. Mader and Charles A. Forest

ABSTRACT

The process of detonation propagation of homogeneous
explosives along surfaces may be described using resolved
reaction zones, Arrhenius rate laws, and two-dimensional
reactive hydrodynamic calculations. The wave curvature
increases with increasing reaction zone thickness.

E— - The process of detonation propagation and failure of
. heterogeneous explosives along surfaces and around corners

!
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§____$3%' may be described if the decomposition that occurs by shock
§:::j:; interactions with density discontinuities is described by
%ggf’ a burn rate determined from the experimentally measured
gzzzzcai distance of run to detonation as a function of shock pres-
;_E_S L sure, the reactive and nonreactive Hugoniot, and the as-
=9 sumption that the reaction rate derived near the front can
=9 be applied throughout the flow.
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I. INTRODUCTION

The time-dependent behavior of detonations with resolved reaction zones in
condensed homogeneous explosives has been described!®2 using an Arrhenius rate
law. In Ref. 1, a nitromethane detonation failure, resulting from a side rare-
faction cooling the explosive inside its reaction zone, was calculated and the
experimentally observed rarefaction velocity was numerically reproduced. Here

e extend the study to nitromethane detonations proceeding perpendicular to var-
ious metal surfaces and examine wave curvature and failure as a function of re-
action zone thickness.

Experimental observations® of detonation waves in heterogeneous explosives
proceeding perpendicular to metal plates showed very 1ittle wave curvature after
a large plane-wave-initiated cylindrical explosive charge had run several charge
diameters. An empirical model with an unresolved explosive reaction zone and
programmed to maintain a constant velocity, plane detonation front reproduced
the experimental observations. Because the basic mechanism of heterogeneous
shock initiation is shock interaction at density discontinuities producing local
hot spots that decompose and add their energy to the flow, models such as the
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heterogeneous sharp shock partial reaction burn model® have been developed to
model the flow. These models, however, could not be used to solve two-dimen-
sional reactive flows because they did not respond realistically to local state
variables. For this study we used a new model, Forest Fire, to describe the

hot spot reaction rate in the bulk of the heterogeneous explosive to detonations
proceeding perpendicular to metal plates, to detonations turning corners, and to
detonations proceeding along free surfaces for shock sensitive and insensitive
explosives.

IT. HOMOGENEOUS DETONATIONS

Reference 1 shows that the nitromethane reaction zone is ~2500 R long and
that it is probably pulsating about the steady-state values if the usual acti-
vation energies (E) and frequency factors (Z) are appropriate. It is impossible
to make calculations with such small reaction zones being resolved for systems
that are the size usually studied experimentally. We can study the effect the
size of the reaction zone has on the flow by increasing the frequency factor to
scale up the size of the reaction zone. We can also eliminate the pulsating
nature of the reaction zone by using an activation energy that results in a
steady, nonpulsating flow. As shown in Ref. 1, 30-kcal/mole activation energy
results in steady flow, and by varying the frequency factor, we can have reac-
tion zones of various thicknesses. However, because such scaling results in
unrealistically large reaction zones, care is required when extrapolating the
calculated results to real experiments.

Experimental measurements® of the detonation wave arrival of nitromethane
across the surface of a charge have shown that there is remarkably little curva-
ture even after the wave has run many charge diameters in a large plane-wave-
initiated cylindrical charge. In our first study we investigated how a resolved
reaction zone in nitromethane proceeds perpendicular to a copper surface. Fig-
ure 1 shows that the larger reaction zone resulted in an increased wave curva-
ture. We performed the calculations using the 2DL reactive hydrodynamic code®
with a 0.01-cm-square mesh. The eguation-of-state parameters used for nitro-
methane are described in Ref. 6, and those used for copper aluminum and Plexi-
glas are described in Ref. 7. The .detonation wave was started using the same
steady-state piston described in Ref. 5. The absolute pressure value is plotted
in each figure. The slight discontinuity at the nitromethane-copper interface
is from the different amounts of artificial viscosity in the two materials.

Because the detonation wave curvature decreases with decreasing reaction
zone thickness, it is not surprising that nitromethane, with its very thin reac-
tion zone, shows very 1ittle wave curvature. The reason for this result appears
to be that although the head of the rarefaction goes into the reaction zone at
the same speed regardless of the reaction zone thickness, the wave curvature
depends on how much the confining surface or wall moves out during passage of
the reaction zone. Because lower density walls permit more outward motion than
higher density walls, the Tower density walls result in more curved fronts.
Shortening the reaction zone keeps the wall from moving outward as much during
transit, which results in less shock curvature. The problem's two critical pa-
rameters are the rarefaction speed and the reaction zone Tength.

Figure 2 shows that the increased divergence resulting from cylindrical ge-
ometry permits the outward moving surface to be more effective in increasing the
wave curvature. The effect of changing the density of the confining wall is
shown in Fig. 3, where the detonation wave proceeds along a copper and then an




aluminum wall. Compared with the copper wall in Fig. 1, the curvature increases
and the reaction zone becomes thicker as the reaction proceeds along the alumi-
num wall. These results qualitatively agree with the experimental observations.

Campbell, Malin, and Holland® observed that thin metal foils were as effec-
tive as thick cylinders of the same metal at confining the nitromethane detona-
tion wave. In Fig. 4 the thickness of the confining copper wall is decreased,
but the shock front and reaction zone profile is the same as in Fig. 1. Other
calculations showed that the reaction zone must be thick enough for the rarefac-
tion from the outer copper surface to return to the nitromethane-copper inter-
face before passage of the reaction zone for the reaction zone and wave curva-
ture to be affected by the thickness of the confining metal,

The effect of small grooves in confining brass plates upon the nitromethane
detonation wave was studied by P. A. Persson and coworkers.® Two of their smear
camera traces are shown in Fig. 5. They observed that the depth of the hole de-
termines whether the failure wave arrives at the center of the explosive and
that the width of the hole determines the width of the failure wave. Although
the actual scale of the experiment and of the reaction zone are too different to
be described in one numerical experiment with resolved reaction zones, we can
study the main features of the flow. Figure 6 shows that the arrival of the
reaction zone at the hole results in a thickening and cooling of the reaction
zone until the shock reflects off the top surface of the groove, which results
in additional reaction. The reaction zone then proceeds slowly to catch up with
the shock front. A greater groove width results in reflected pressures and tem-
peratures being Tower, whereas greater groove height results in a thicker reac-
tion zone. As described in Ref. 10, the experimental 1ight is the thermal radi-
ation from the hot explosive. Only near the end of the reaction zone is the
material hot enough to produce enough recordable 1ight. The emitted 1ight is
absorbed in the partially reacted explosive ahead of it. When the reaction zone
is thick enough, no 1ight is recorded. The discontinuity in the 1ight intensity
corresponds to a sharp change in the distance from the shock front to the region
hot enough to produce recordable 1light. This complicated behavior makes it dif-
ficult to compare the smear camera traces with the calculated results; however,
the qualitative features of the flow are apparently well described by the numer-
ical model,

In another interesting experiment, Davis!! studied the propagation of a
nitromethane detonation into an expanding geometry. His smear camera traces
(Fig. 7) show a nitromethane detonation proceeding between copper walls initial-
1y 1.27 cm apart and funneling out at 15 to 10°. It is surprising that the
small angles can result in failure of the detonation wave to propagate. Calcu-
lated profiles for the 10° copper funnel are shown in Fig. 8, where the reaction
zone thickens and a failure wave, observed experimentally, forms in the calcula-
tion. The Arrhenius kinetic model gives a qualitative description of the proc-
ess of a homogeneous detonation propagating along surfaces. However, it is not
possible to give a quantitative description of failure diameter and wave curva-
ture because the reaction zone and experimental scale are not realistically
modeled in the numerical calculation.

The detonation wave curvature increases with increasing reaction zone thick-
ness. A thin metal cylinder may prevent detonation failure if the reaction zone
is thin enough for the rarefaction from the outside metal surface to arrive in
the detonation products after passage of the reaction zone. The observed failure
and reignition of nitromethane detonation by holes in confining surfaces can be
reproduced qualitatively by the Arrhenius kinetic model.



ITI. HETEROGENEOUS DETONATIONS

Heterogeneous explosives, such as PBX 9404 or Composition B, show a differ-
ent behavior than homogeneous explosives when propagating along confining sur-
faces. A heterogeneous explosive can turn sharp corners and propagate outward,
and depending upon its sensitivity,it may show either very little or much curva-
ture when propagating along a metal surface. The mechanism of initiation for
heterogeneous explosives is different than the Arrhenius kinetic model found ad-
equate for homogeneous explosives. Heterogeneous explosives are initiated and
may propagate by the process of shock interaction with density discontinuities
such as voids. These interactions result in hot regions that decompose and give
increasing pressures that cause more and hotter decomposing regions. Some het-
erogeneous explosives may require hot spots even for the propagation of the det-
onation wave.

Because previous modeling of heterogeneous shock initiation of explosives
has proved useful only for certain applications," we developed Forest Fire to
model the bulk decomposition of a heterogeneous explosive. Forest Fire, de-
scribed in Appendix A, may be used to reproduce the explosive behavior in many
one- and two-dimensional situations where data are available. Forest Fire gives
the rate of explosive decomposition as a function of local pressure, or any
other state variable, in the explosive. In this section we describe the results
of applying the Forest Fire description of heterogeneous explosive detonation
propagation to detonation propagation along surfaces and around corners,

We used the Los Alamos Scientific Laboratory (LASL) radiographic facility,
PHERMEX,!2 to study detonation wave profiles in heterogeneous explosives as they
proceed up metal surfaces.3°!2 PHERMEX was also used to study the profiles when
a detonation wave in Composition B or X-0219 turns a corner,!3°*%

As described in Ref. 3, a radiographic study was made of a 10.,16-cm cube of
Composition B, with and without tantalum foils, initiated by a plane wave lens
confined by 2.54-cm-thick aluminum plates. The radiographs show a remarkably
flat detonation front followed by a large decrease in density originating near
the front of the wave as it intersects the metal plate.

A numerical calculation using Arrhenius kinetics results in considerable
curvature of the detonating wave if realistic kinetic parameters are used. The
Forest Fire model of heterogeneous shock initiation results in a calculated flow
that resembles that observed experimentally (Fig. 9). This result suggests that
the observed detonation behavior is a consequence of the heterogeneous shock i-
nitiation processes. Therefore, the more insensitive explosives should give
greater wave curvature and have larger failure diameters. Explosives initiated
and burned with a heterogeneous shock initiation model, such as Forest Fire, do
not show scaling behavior; therefore, failure depends upon the pressure magni-
tude and how long it can be maintained. The Forest Fire model results agree
with experimental observations for many explosives.

Venable!? performed a radiographic study of a Baratol plane-wave-initiated
Composition B slab detonation proceeding perpendicular to an aluminum block and
up a 45° wedge (Fig. 10) and around a 90° block (Fig. 11). Calculations using
the Forest Fire model reproduced the radiographic features shown in Figs. 12 and
13. However, this was not a very significant test of the Forest Fire model be-
cause the Chapman-Jouguet (C-J) volume burn technique!® or programmed burn tech-
nique of burning explosives!® can give similar profiles to those observed exper-
imentally. An Arrhenius burn with a resolved reaction zone will not give deto-
nation wave behavior such as observed experimentally.




Dick!* performed a radiographic study of a detonation wave proceeding up a
block of a very insensitive TATB-based explosive, X-0219, and its failure to
propagate completely around a corner. Dick's experimental profiles and the cal-
culated profiles using the Forest Fire model are shown in Fig. 14. The agree-
ment shown is encouraging. However, the amount of explosive that remains unde-
composed after passage of the shock wave depends primarily upon the curvature of
the detonation wave before it turns the corner. If the wave is sufficiently
curved, the detonation proceeds 1ike a diverging detonation wave and little or
no explosive remains undecomposed. If the wave is flat, or nearly so, when it
arrives at the corner, then much more partially decomposed explosive will remain
after shock passage. Because the actual experiment was performed with air in
the corner, the Lagrangian calculation that required some low-density material
in the corner (we used Plexiglas) underestimates the amount of explosive that
remains undecomposed. An aluminum corner results in very little undecomposed
explosive, and a lower density material slightly increases the amount of unde-
composed explosive.

To study this system in a more realistic geometry, we used the Eulerian
code 2DE!7 because it can handle large distortion problems such as an explosive-
air interface. The calculated results using the Forest Fire burn are shown in
Fig. 15. Again, the results depend upon the detonation wave profile before it
reaches the corner. An interesting aspect of the calculational study was that
if the wave was started out flat, the explosive region near the explosive-air
interface remained partially decomposed and the detonation wave never completely
burned across the front until the wave became sufficiently curved at the front
and near the interface. The failure process of a heterogeneous explosive must
be a complicated interaction of the effective reaction zone thickness (presuma-
bly dependent upon the void and resulting hot spot size and decomposition rate),
which determines how flat the wave should be and the curvature required for de-
composition to occur near the surface of the charge. Because details of the hot
spot reaction zone are missing from our calculation and model, much work remains
to be done before realistic calculations of failure radius can be achieved.

Tanaka and Hikita'® are now attempting to model charge radius effects using
large Arrhenius-type reaction zones.

Calculations were performed using the Forest Fire burn in 2DL for 0.7- and
1.3-cm-radius cylinders of X-0219 confined by Plexiglas and for half-thickness
slabs of 1.3 and 2.6 cm. The thinner charges developed greater curvature and
the 0.7-cm-radius cylinder failed to propagate. Calculations were also perform-
ed using the Forest Fire burn in the 2DE code for 0.65- and 1.3-cm-radius cylin-
ders of X-0219 confined by air. The 0.65-cm-radius cylinder failed to propagate
as shown in Fig. 16. The experimentally determined failure radius is 0.75 cm.
Similar calculations were performed for 9404, Composition B, and X-0290. Results
are compared with experimental failure radius in Table I. The calculated results
depend upon the initiation method and the burn resolution. These results suggest
that the dominant feature of failure in heterogeneous explosives is the same hot
spot decomposition reaction that determines the shock initiation behavior.

IV. CONCLUSIONS

The process of detonation initiation and propagation of homogeneous explo-
sives along surfaces may be qualitatively described using Arrhenius kinetics.
However, because the reaction zone scale is orders of magnitude smaller than the
scale of the experiments of interest, quantitative calculations are difficult to
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TABLE I
EXPERIMENTAL AND CALCULATED FAILURE RADII

Experimental
Failure Radius Calculated
Explosive (cm) Results
X-0219 0.75 * 0.05 1.3 propagated
0.7 failed
X-0290 0.45 = 0.05 0.5 propagated
0.3 failed
Comp B 0.214 + 0.03 0.3 propagated
0.2 fajled
9404 0.06 + 0.01 0.1 propagated
0.05 failed

achieve. The ability of thin metal cylinders to prevent detonation failure in
nitromethane and the observed failure and reignition of nitromethane by changes
in confinement geometry may be qualitatively reproduced by numerical reactive
fluid dynamics with Arrhenius kinetics.

Detonation initiation and propagation of heterogeneous explosives cannot be
described adequately using Arrhenius kinetics. The Forest Fire model can de-
scribe the decomposition that occurs from hot spots formed by shock interactions
with density discontinuities in heterogeneous explosives and can also describe
the passage of heterogeneous detonation waves around corners and along surfaces.
Failure or propagation of a heterogeneous detonation wave depends upon the in-
terrelated effects of the wave curvature and the shock sensitivity of the explo-
sive. Some of the basic differences have been established between homogeneous
and heterogeneous explosive propagation and failure.
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(b)

Fig. 5.
Persson's smear camera traces of a detonation wave pro-
ceeding between two brass plates 1 cm apart. The groove
in (a) is 0.04 cm deep by 0.075 cm high; that in (b) is
0.075 cm deep by 0.15 cm high.

13




PRESSURE MASYS FRACTION
COHRPEHR
m
, oo € )
45 i el AN D\ \
Y AN
N
N (

st
rotanmc WiN e  ¢.90000-Gf MARe (.0OGMCIOE INIVe R.GOUM-OR TIME & 4.0000C-0L

ITEONCTMANE/COPPER SEACTION I0ME WEDISNH POLA T OF 6.0 490 LOWE RWm

mass Fasc. miwe o, ure

1.0800Cs80  INT¥ 8 1.9000C-0F TINE o

Wt TRORCTHAME /COPPER GEACTION IGMC WEDIN POLN I OF 6.0 AND LOWS &M

«.0700¢-08

VELOCITY IN XDIRECTION

TEMPERATURE

B

=
ARQD- J
286
- . —
“T
D
-
"% . . . %0 0y - .
s RAGTLD
WLAITY & ®iN s  4.08000-08 WK® 1.00002400 INTY @  £.0000C-Of TINE e  4.0000€-0L MiM @ 3.0000C/0R WAT = S.GD0OL.08 INTY e  2.0008Cv0¢ TINK o

I THORE WA RE/COPPER AEACTION FONE SMESION FOLR Z OF 6.0 410 LOW AUN

Fig. 6.

I TROMEMUAE A COPPCE BEACTION TONE IEPIOH PALN I OF 6.8 AND LOMS AN

Nitromethane reaction zone with a 30-kcal/mole activation
energy and a 6.0 x 10 frequency factor interacting with
The temperature interval is
200° and the velocity interval is 0.02 cm/us.

a 0.04- by 0.08-cm groove.

14

s 0000001




PRESSURE

\\\

) B R \
N\
M
) N
VELOCITY IN X{DIRECTION
) &5
{ )
\
s
. 9

VDOKITY A WU S L.GEE4E WMEa | .GENEE UV e

TR RAEACOPPER BEACTIEN TG MBIIN PR £ & 6.0 MB LS 4w

2.00C-02 TN e S.oWet-t

Fig. 6.

MASS FRACTIO!

wea Fasg, sme 0. B e  L.P0C08 IETY S (.OBEE-G1 TINE e  O.SNSNS-G4

I TRORE T MR ACOMPED REACTION TONE SWEREGN FULR 1 OF 6.0 4D LOMS SWR

.
TEYPERATURE
"
™.
4R
.2
N
0.
5N 0 " "
nartve
N, i e 3.0008K+:08 WAR ® 4.0000E +09 EL LN 2.09008 +08 " e . 00NE-01

NETRORE WANE/XCPPER GEACTION TOME SWERIEN PULN 7 OF 6.8 AND LOWS RV

(cont)

15




...

16

PRESSURE

MASS driof

+H -~

PN \\3\

A

// s

A 2
74 .

),
Y
e 03 ) » "% . " -
o ustim
ratonme M e 4.00ME-AF WZTe 1.0000€e08 INTVC S.0MOE-R TINE e  0.4000L-0% oo FAKC. Wime 6. AT e 1.00000.08 INTV e  L.000MM-0¢ TINE ®  6.00008-04
TR RAME/COPPER AEACTION TONE BTN FILE T @ 0.8 M0 LOW W TN TASE /TIPS MLACTION PONE MEPI0K FELE T O 6.8 4ED LOWS N

.

.

VELOCITY IN X-DIRECTIDN TEMPERATURE
1
i .
C"'—\ -
il |
. P m\ I\}
—A—-—_"'_'-—-/
It NN
A
1N N
hY \
\f
" AN
=
N
I3
0.0 py - .. o 0.0 b ey oy by
bl ed szt

vaociTy & miee mae ot e e e 0000001 Tow. Wike 3.0080C/0R I ®  $.00PMEOR INTV®  £.0000CeRE  TINE S 8.4000C-0%

T TRCME A NE/COMER BEACTION JORE WEOTIM MBLR T OF 6.8 Aup LONS AR

W7 TRORE RUMEACOPPER BEACTION PORE SMERIEN FBLN 7 &F 0.9 AN LOWS BWM

Fig. 6. (cont)



e
A
Bl
B
%
£ =
¢
.

Fig. 7.
Davis's smear camera traces of a nitromethane detonation
proceeding between copper walls initially 1.27 cm apart
and funneling out at 15 to 10°, The 10° wall shows
numerous failures and reignitions; the 15° wall results
in detonation wave failure.
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a radiograph of the flow are shown by dashed lines.
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Fig. 10.
PHERMEX radiographs of a Composition B detonation wave
proceeding up a 45° aluminum wedge.
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Fig. 10. (cont)
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Fig, 11.
PHERMEX radiographs of a Composition B detonation wave
proceeding up a 90° aluminum block.
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Fig. 12.
Calculated profiles of a Composition B Forest Fire deto-
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figure is the mesh used in the calculation. PHERMEX pro-
files from Fig. 10 are shown.
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Radiographic and calculated 2DL profiles of a detonation
wave propagating around a corner of X-0219. The corner

was filled with air in the experiment and with Plexiglas
in the calculation.
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Calculated Eulerian 2DE code profiles of a detonation
wave propagating around a corner of X-0219 where the
corner is filled with air.
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2DE code with the Forest Fire burn model.




APPENDIX A
A MODEL FOR SHOCK INITIATION OF HETEROGENEQUS EXPLOSIVES

Our goal is to determine, for a particular explosive, a burn rate that is
a function of the Tocal state and that is also consistent with the shock initi-
ation experiments.

The experiments of interest are those that enable direct solution of the
time behavior of the shock-pressure wave as the shock builds to detonation.
Such information forms a data line in space for the fluid flow equations. With
some simple assumptions the flow equations can be solved in the neighborhood of
the data line, and consequently, the reaction rate consistent with the time be-
havior of the shock-pressure wave can be solved.

Some experiments that give direct information about the shock-pressure
front are:

A. Distance to detonation as a function of initial shock pressure

gn(run) = oy +a, an(P-P) ,

where run = distance to detonation,
a1, a2, and Py are constants, Py is usually 0, and
P = pressure.

This relation is called the "Pop plot."

B. Shock velocity as a function of particle velocity

Us = C+8S Up R

where Ug = shock velocity,
Up = particle velocity, and
C and S are constants from fits to experimental data.

These relations, together with the shock jump relations, define the
state space line for the shock front,

C. If pressure as a function of time is reported at various mass points,
these data can be used to estimate pressure gradients behind the shock
and a time-pressure history at a single point,

The single-curve build-up principle!?® is the assumption that a reactive
shock wave grows to detonation along a unique line in distance, time, and state
space. Experiments have often shown this relation to be plausible to the accu-
racy of the experiments. Applying the single-curve build-up principle to Pop
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plots gives the interpretation that the Pop plots are direct descriptions of the
shock front.

Figure A-1 shows the Pop plots for 9404, Composition B (60/40 RDX/TNT),
X-0290 (95/5 TATB/Kel F), and X-0219 (90/10 TATB/Kel F). The HOM equation of
state!S uses the BKW2? equation of state for the detonation products and the
experimentally determined unreacted Hugoniot to determine the partially reacted
Hugoniots. The Hugoniots for 9404, together with Ramsey's2! partially reacted
Hugoniot, are plotted in Fig. A-2. The equations of state are identical to
those used in Ref. 4. The partially reacted Hugoniots for each explosive are
shown in Fig. A-3. The equation-of-state constants, Pop plot constants, and
Forest Fire burn functions are listed in Appendix B. The derivation of the For-
est Fire burn and a computer code Tisting used to calculate the function are
given in Appendix C.

Figure A-4 shows the decomposition rate calculated, using the Forest Fire
model, as a function of pressure. Forest Fire was incorporated in the SIN
code,!5 and the rate was programmed as a function of pressure [2n(rate) = A +
BP + CP% ... XPN]. The rate was set to zero if the pressure was less than the
minimum pressure used in the fit, and the burn was completed if the pressure was
greater than C-J pressure. If W was lTess than 0.05 it was set equal to zero.
Pressure and mass fraction profiles for 2 cm of 9404 initially shocked to 22.5
kbars are shown in Fig. A-5. The calculations closely reproduce the experimen-
tally observed shock front profiles. We must compare the results of these pro-
files throughout the explosive to determine if the calculated state values are
valid behind the shock front.

Craig and Marshal12? ran a series of experiments shocking various thick-
nesses of 9404 to various pressures and measuring the time histories of the ve-
Tocity of free surfaces of Lucite plates in contact with the explosive. The
equations of state used are described in Ref. 4.

The calculated and experimental velocity vs time profiles for a 63-kbar
shock and for 30-kbar shocks initiating 9404 are shown in Figs. A-6 and A-7,
respectively. The calculated and experimental initial free-surface velocity pro-
files for various thicknesses of 9404 in contact with a 0.508-cm Lucite plate
are shown in Fig. A-8. Figure A-9 shows the velocity for various thicknesses of
Lucite plates in contact with 0.254 cm of 9404 initially shocked to 63 kbars by
an aluminum driver.

Calculations were also made to determine the model's response to driver
pulse width. Gittings?® reported the excess transit time for 9404 shocked by
0.0127- to 0.040-cm-thick aluminum foils traveling 0.14 to 0.20 cm/us. The cal-
culated and experimental results are summarized in Table A-I.

Kennedy?* and Trott and Jung?5 have studied the effect of driver pulse
width on the initiation of 9404 at Tower shock pressures. The calculated and
Trott and Jung?® experimental results are summarized in Table A-II.

Forest Fire can be used to describe the effect of pulse width upon detona-
tion propagation or failure in the pressure range covered by Gitting's experi-
ments of 135 to 85 kbars and Trott and Jung's experiments to 35 kbars. Figure
A-10 shows the calculated pressure and mass fraction of 9404 shocked to 50 and
40 kbars by a 0.1-cm-thick aluminum plate going 0.1 and 0.08 cm/us. The 50-kbar
shock grows and detonation occurs at 0.390 cm in 0.83 us. A long-duration pulse
would result in detonation at 0.386 cm in 0.736 us.

Trott and Jung?5 also report the effect of driver pulse width for Composi-
tion B. The calculated and experimental results are summarized in Table A-III,

Forest Fire can reproduce some of the observed quantitative behavior of the
shock initiation of 9404 and Composition B. Forest Fire becomes less realistic
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TABLE A-I

CALCULATED AND EXPERIMENTAL RESULTS23 FOR 9404

Forest Fire

Experimental Calculational
Foil Velocity Failure Thickness Thickness
(cm/us) (cm) {cm)
0.20 (~135 kbars) 0.01 - 0.015 0.0127 failed
0.0190 marginal
0.0254 detonated
0.16 0.019 » 0.025 0.019 failed
0.0254 marginal
0.0381 detonated
0.14 (~85 kbars) 0.025 - 0.035 0.0254 faijled

o

.0381 detonated

at very low pressures. More refinements will be required to describe the detail-
ed shock initiation behavior upon the passage of multiple shocks through an ex-
plosive or any process that changes the Pop plot behavior.

Forest Fire is being successfully applied to other explosives such as PETN
and certain shock-sensitive propellants. The results of these studies will be
published later.

TABLE A-II
CALCULATED AND EXPERIMENTAL RESULTSZ FOR 9404

Forest Fire

Experimental Driver Calculational Driver
Driver Thickness Failure Velocity Velocity Results
(cm) (cm/us) (cm)
0.16 0.065 - 0.075 (~35 kbars) 0.06 failed
0.08 marginal
0.102 0.078 - 0.095 (~50 kbars) 0.08 failed
0.10 detonated
0.04 0.11 - 0.12 (~65 kbars) 0.10 failed .
0.12 marginal
0.13 detonated
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TABLE A-III

CALCULATED AND EXPERIMENTAL RESULTS FOR COMPOSITION B

Forest Fire

Experimental Calculational
Driver Failure Driver Velocity
Driver Thickness Velocity Results
(cm) (cm/us) (cm)
0.318 0.09 ~ 0,11 (~50 kbar) 0.08 marginal
0.10 detonated
0.102 0.11 - 0.12 (~60 kbar) 0.10 failed
0.12 marginal
0.13 detonated
0.04 0.15 > 0.16 (~85 kbar) 0.16 failed
0.17 marginal
: T { LI T OT Il] T T T LR L II:
: 5
. —_— i
[ %% 3 %. ]
[ %, ° QA ® ]
g 1.00— -
s 5 i
e [ ]
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Fig. A-1.

Pop plots for X-0219, X-0290, Composi-

tion B, and 9404,
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Fig. A-4,
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Fig. A-5. (cont)
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Fig. A-7.
Free-surface velocity of 0.20-cm-thick
Plexiglas plates in contact with 0.25-
and 0.63-cm-thick pieces of 9404 ini-
tially shocked to 30 kbars.

Fig. A-6.
Free-surface velocity of a 0.5-cm-thick
Plexiglas plate in contact with 0.254
cm of 9404 initially shocked to 63
kbars.
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APPENDIX B
FOREST FIRE RATES

Forest Fire results for 9404, Composition B, X-0290, and X-0219 are pre-
sented in Tables B-1 — B-IV. The coefficients to the log rate as a function of
pressure were used in the calculations described in this report. The other con-
stants are given below.

The nomenclature and units in Tables B-I — B-V and C-I — C-IV are

RUN =
p =
)

upe
us

W

RATE =

distance to detonation {(cm)

shock front pressure (mbars)

shock front volume (cm3/g)

shock front particle velocity (cm/us)
shock front velocity (cm/us)

mass fraction of undecomposed explosive

- %.%%-, where t is time in us

TEMPERATURE = HOM temperature in °K of mixture of detona-

tion products and undecomposed explosive

TIME = time to detonation (us)
9404 Comp B X-0290 X-0219
Po (g/cm?) 1.844 1.715 1.894 1.914
Min P(kbar) 15 20 55 85
C-J pressure (kbar) 363 284 285 281
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TABLE B-I
PRX 9484 PCJ = @,363 MBAR RHO = 11,8444

POP PLOT, LNC(RUN) = Al + A2#IN(PwA3), A1 & «S, PURA9G6F+PV A2 3 =1,365368E+08 A3 = =0,
REACTION HUGONIOY, US = C + S*UP, C = 2,46PNPRE~0Y S = 2,5320A0F+00
CJ OETONATION VELOCITY =- 8,830000F=01

HOM EQUATION OF STATE CONSTANTS

UNREACTEO EXPLOSIVE
2.42300000000E=01 1,8B3000002000E+R2 1, 00ANNARARARE=N2e0,

.?, 9, 0U187222PU2E+P0=7,13185252u35E+01=1,25204979362E¢0n2
-9, 2”“2017760359@1'2 21893825727E+081 6,7500000ARNARE=RY U, 0R0RA0PRP00E0]
5 U2299349241E=q 5 PARRANRANCRAE-A5 A, 3,
3,0000000000@E+02 1'000@080@ﬂ095-96-@. 'G.

@, @, g,

DETONATION PRODUCTS

«3,53904259964E+00=2,57737590393E+00 2,60075423332E=01 1§, 390835785%8Ewn2

»1,13963024075E-02-1, 619139“113350ﬁ9 5.21518S534192EwA) 6,7750659410T7E=02
4,26524264691E=03 3, 006799999025'04 7.36422919790E+00wd,93658222389E01
2,923537060961Enn2 3 30277472210EeA2wl,14532498206E=02 5,00000020000E=0
1.70000P0A0ARE=01

PBX 94pu RCJ = @,363 MBAR RHO = 1,84400Q
LNCRATE) 2 C(1) + C(2)#P ¢+ ,,, ¢ C(ME1IR(PHaM)
C(Iz1,14) = «B,39079132644E¢00 4,AS524452315E+402 «1,2887959724E+04 2,9R89932207E+05 wd,7962436917E+R6
S,UN177ATURLESAT =l ,337T1432R5E408 2,526B5UBR91E+09 «1,M4332589Q1E+17  3,0950369616E¢10
«b,3781135352E+10 B8,67P4208R69E+1@ =6,9876089170E+18 2,5277953727E+10
MAXIMUM RELATIVE ERROR AT 8,000000E=02 = 3,462U91Ee@2
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PBX 94A4
POP PLOT,

PCJ = @,363 MBAR

REACTION HUGONIOT, US

RUN

2,08002
1,620400
1,35034
1,14974
,99569
.87420
.77627
. 69591
.62894
.57239
L52411
L,482u8
L4626
L41450
,38646
.36156
,3393¢
231933
,38130
L2RU96
L2701 1
25654
L2041
.23269
.22217
,212u4
,20343
,19506
.18727
,18000
L 17321
,16685
.16788
.15528
.15000
L14503
,14m33
.1359@
L13170
12772
12394
.12035
L 11694
.11370
.110760
L10765
,10484
,10215
,79957
L9711

21500
«01750
02000
02252
22500
22750
«A3%00
03250
03500
«?3750
00U
. 042502
,0u50Q
0u75@
050083
. #5250
. 2550Q
« 05758
L 262300
06257
» 76500
s @hT750
07200
,A7250
227500
, 27750
Y 1dy
78250
. 28500
2 ARTSQ
290007
99250
. 09500
. 29750
1000
. 10250
10500
« 127580
J100@
11250
11500
H1750
12000
12250
12500
12750
13000
13250
13500
« 13750

LN(RUN) = Al + A2ALN(P=A3),

C + SwUP,
Vv

.49697
49230
,u4880a7
L 48420
48065
47736
Jur832
47148
46883
L6634
LU6400
246178
, 45969
L4577
45582
445403
45232
45069
JHuU982
U762
J44619
L4448y
JUU34R
Lau220
L4u097
43978
Lu3Bed
L,43753
L 43605
435U
43441
U334y
43249
43157
43068
42981
L U2897
J42815
, 42735
242657
,42581
42507
LU2435
W 42365
42296
LU2229
JH2163
420099
L 42036
41975

Al = =5, P4B996E+00
C = 2.460000EeA}

up

.12697
,#2958
.23293
,03616
83926
.04226
04516
,8u797
, 85071
L5337
.15597
85850
,26097
.26339
L06576
.06807
27035
,07258
07477
07692
7904
,08112
.08317
78519
,08718
LPR91U
.09107
,79297
, 29485
WP9671
79854
,10035
10214
.18390
, 108585
,10738
, 10929
J11n78
11245
Jtage
W 11574
11736
. 11897
. 12056
L12214
,12370
,12525%
,12678
J12R30
L12981

us

031197
. 32084
» 32932
« 33747
234533
35291
36025
,36738
,37432
238103
, 38759
,39400
L4PA25
L40637
41236
,41823
J42398
,42963
043517
244062
44597
45124
JA5642
J46153
L4656
L47151
247640
48122
,48597
L09067
, 49538
,49988
,50441
.50888
«51330
51767
52199
,S52626
,53049
«53468
+53883
,54293
L54699
»551082
+55501
,55896
+356238
,56676
,57061
oS7442

A2 o =}, 365368E+400

s =

2,530008E+00
W

99248
s 99038
96813
+ 98575
298327
198068
97800
297525
197242
196952
296656
196358
296049
195738
195422
195102
«94778
,94450
94118
93742
« 93443
293101
92756
92407
«9205S
191700
091343
290981
90648
90281
289882
895107
«89135
88758
«88378
«87995
87609
87220
«86829
s 86435
B6A3R
«A5638
865236
84830
84422
W8uBYY
83598
83181
«82761%
182339

RHO = 1,84400

A3 2 =0,

RATE

1,2016EwR2
{ o 7952E=0@2
2,5424E-02
3,4S570Ew02
4,5525E~02
5,8423E=02
7.3385E=A2
9,06563F=02
1,1808E=01
1,3206E=0B1
1,5665E=28
§,8398F=01
2,1418E=0}
2,UT41E=01
2,8379E=01
3, 2347E=21
3,6660EmAY
4,1332E=01
4,6379E=01}
5.1817€E=01
SeT66DE=RY
6,3926Ee0]
T.72632E=71
T« 7T4E=NY
8,5429E-01
9,3557E=01
1,R243E+00
1,1134E+09
1,2106E+00
1.3134E+00
1,4222E+00
1,5371E+00
1.6583E+0@
1,7861E400
1,92A7E+00
2.0623E+00
2.2112E+00
2.3676E+00
2,5319t+00
2.7042E+Q0
2 RBUIE+DPD
3,0742E+0AQ
3.2726E+89
3,4802E+20
3,6974E+0QD
3,9245E¢+QQ
U,1619E+00
u,4100€+002
Ua6692E+20
4,9397E+030

TEMPERATURE

352,34864
363,44553
375.083754
387,07103
399,49584
412,26638
425,34184
438,68600
452,26685
466,06824
480,083825
494,17062
508,44591
522,84694
537,35853
551,9672%
566,66117
581,42881%
596,26266
611,15335
626,09318
641,087687
656,09544
671414611
686,22321
7061,32253
716, 44011
731,58918
746,72972
761,87952
777,03589
792,19639
807,35881
822,52114
837,68156
852,83841
867,99019
883,13552
898,27315
913,409
928,52R77
943,62875
958,72497
973,80860
988,87888
1003,93512
1018,97666
1034,08290
1049,01319
1864,00717

TIME

5,u6666
4,26596
3, 43466
2,83266
2,38123
2,03309
1,75838
1,53741
1,35678
1,20783
1,08138
97481
. 88359
., 80484
73634
67636
62352
,57669
53500
49769
46417
43393
rri
, 38166
, 35898
. 33824
,31922
. 30174
. 28563
,27975
25697
,20419
23231
,22124
, 21092
20127
19224
18377
17583
. 16835
16132
, 156469
14843
(14252
13692
,13162
. 126680
12184
11731
11301




Ly

PBX 9uo4

POP PLOT, LN(RUN) = A)
REACTION HUGONIOY, US

RUN

LR9475
289249
.09032
L8R823
.08623
LARGZY
.08246
,78R67
.07896
,27730
07571
L27817
.07268
,@7125
26986
06852
.86723
.06597
06476
76358
,06244
26134
86027
,05923
, 85822
.05724
,05629
L,05537
L,0504u7
85360
85275
,05192
WA5112
., 25833
. 04957
,AuBs3
NTTIE
L,0u7Up
LB4671
PubnY
,00539
L, 04475
,24413
,04352
,00293
,Pu23s
.04178
84123
L,BUne9
,0u016

,1upoe
L14250
L, 14500
,14750
.1500
. 15250
, 15500
, 15759
. 16000
16250
16500
L1675
L7000
,17250
, 17500
17750
.i8m0a
18250
, 18500
.18750
.19000
,19250
19500
,1975m
L2000
20250
20500
.2075a
21000
,21250
.21500
,217502
,22000
. 22250
22500
,22750
, 23000
,23250
123500
.23758
24000
,24259
,24500
, 24758
25000
, 25250
255090
25759
26000
.26258

PCJ = #,363 MRAR
+ A2%LN(P=A3),

C + SwUP,

v

,41915
.41856
L41798
JA1742
,41687
41633
L41579
L41527
LU1476
JU1426
41377
41329
41281
, 41235
L411B9
LJu1144
41100
41056
LU1714
L4N972
June3ae
,4ngan
, 40850
L4e810
TR
JUB733
Un69e
L U?659
U622
L Uns8e
U081
Lues16
Januge
,4nuug
Junaty
L4n3ey
L408349
L40317
L4n28as
L UM254
L4M223
.40193
40163
L40133
Jun10d
Lua07s
L4004y
,uam19
. 39991
«39963

5, AUAO9LE+MQ
2. U6NPCRE=DY

us

,57820
58196
58568
, 58037
,59303
59667
L6PR28
L 60384
60744
,610894
61444
,61792
,62137
,62480
,62829
., 63159
,63495
,63829
L 64161
606490
,6u818
65143
, 65467
65789
,66108
, 66426
L66742
,67056
67368
67679
,67988
,68295
, 68600
.68904
,692%6
69507
,69806
70103
,70399
, 70690
.77987
JT1278
71568
,71857
J72144
12430
72715
, 72998
, 73280
73560

»1,365368E+¢Q
2,53eppac+ae

W

81912
B14A3
,81052
L89617
L8180
,79739
, 79295
L78R4T
,78397
, 77943
,77486
77025
, 76561
,76893
,75622
.75147
74669
JTU187
, 73700
(73211
,72718
,72222
1721
, 71216
, 70706
, 78193
69675
(69153
, 68626
L6895
167560
67020
, 66475
.65926
,65373
68814
L, 64251
.63683
, 631090
62531
61947
,61358
68763
W6P162
,59555
,58946
,58329
,57706
57077
56442

RHO = 1,844€9

A3 = =0,

RATE

S.2418E+00Q
S,514UE+20
S.8220E+020Q
6., 1427E+00
b, 47T70E+1Y
b, R2SUE+0Q
7.,18R4F+0@
7.56b65E+00
7.,960H2E+R2Q
8,3702E400
Ra7971E4007
Q,2U414F+00Q
9,7038E+90
1,7185F+01
1,9686E401
1,120T7E+0Y
1. 1T4QE+0
1,2313E+01
1,295RE+A1
1,3485E+01
12 4125E+P1¢
1,4790F+0Y
1 SURRE+PY
{1.620RE+2]
1,6947€+01}
$.7723E+0}
1,8529E+01
1,9366E+71
240237421
2a114484+0]
2.1954E+M
2,3059g+01
2., U4BTHEXRY
2.5134E+21
2.,6235E¢01
2.73B1E4+01
2.BS7UE+R)
229819E+11
3,1116E+0¢
3,247QF¢Y
3,388uF+01
3,5362E+021
3,697P8E+01
3,8528E+01
4,P226E+01
4,1873E+01
4,3684E+01
4,8575€+01
4,7548E+Q)
4,9610E+01

TEMPERATURE

1079,00617
1993,96110
1108,89917
1128,81974
1138,72228
1153,60631
116AR,47138
1183,31706
1198,14293
1212,94862
1227,73374
1242,4979%
1257,24789
1271,96223
1286,66164
1301,33882
1315,99336
1330,62518
1345,25304
1359,82407
§1374,37542
13RR,90610
14p3,41523
1417,94499
1432,36558
1446, 80520
1461,200812
1475,60962
14R9,9730A2
1504,37971
1518,61908
1532,92263
15u7,1538%6
1561,37834
1575,%57373
1589,7397%
1603,876P5
1617,98258
1632,085921
16l6,10590
1660,12271%
1674,19977
1688,26729
1771,99558
1715,89540
1729,73167
1743,55%18
1757,34477
1771,09996
1784,82023

TIME

., 10891
10581
17129
409775
. ?9U36
$09113
ARRD3
P8507
08224
$ 17953
,A7692
.A7443
, 07203
P6973
126751
206539
06334
26137
05947
W 05764
%5588
,25418
. 95254
, 25096
PAL9U3
P4795
. D4652
04814
94381
W Au251
W 0U126
. AUARS
. 23887
93774
103663
03556
,A3US2
23352
83254
v03159
23067
22977
,7289¢
. 12805
02723
«R20643
V02565
02489
LA2u15
22343



8y

PRX QU4Ay

POP PLOT, LN(RUN)

REACTION HUGONINT, US

RUN

. 23965
,03914
23845
LI
L93769
L3723
.23678
,03633
.03590
,03547
, 73505
.PA3U6S
L, 23425
.A3385
.03347
.23309
,83272
JP3236
,23200
.03165
LA3134
,A3098
. 23065
.A3032
,A3090
.22969
.12939
2908
,P2879
,12850
L2821
, 82793
02765
,92738
,02712
. 02685
,02660
2634
«22609
025185
, 12561
, #2537
,082514
.P2491
. @2468
LA2uUb
L2424
,A2ua2
272381
A2360

s 26500
26750
270020
,27250
, 27500
. 27758
. 2RAREQ
PR25Q
«2R50nN
,2R750
, 29000
29258
. 295002
s 29750
W 30PQQ
,302%@
. 305007
+ 30750
31200
31250
,31500
«31750
0 32000
, 322507
s 32500
. 32750
33000
033250
« 33500
33750
234000
34250
. 34509
. 34750
35000
« 35250
. 35500
35758
36000
« 36250
» 36500
36750
. 37000
372580
2 37500
. 37750
, 38000
« 3R250
« 38500
+ 3R75Q

PCJ = P,363 MBAP
= Ay ¢ A2xN(P=A3),

C + S*UP,
v

,39936
,39929
,39R83
L39857
.39831
,39805
.39780
.39755
,397314
,39706
.30682
,39658
,39634
39611
, 39588
+ 39565
,39543
39520
,39498
.39476
, 39454
,39433
,39412
.39370
,36349
.39329
.39329
.39289
.39269
.39249
.39237
L30211
.39162
39173
39154
. 39138
39117
,39099
L39081
239963
. 39045
.39028
39710
,3R993
.38976
,3R959
.38942
.38926
.38929

Al
c

= »5,0UP904E+RD
T 2.UAANPQAE=AY
up us

19462 73840
19572 o T411AR
19682 274365
19791 s 74670
» 19809 , 74945
20007 »75218
220115 75490
20222 «75761
00328 76030
20434 76299
oS up 2 716566
,2P64S 76832
,2AT5P 77098
20854 77362
27958 0 77625
21062 77887
221165 78148
21768 78428
21370 78667
21472 . 78925
v 21574 «79182
21675 279438
21776 79692
21876 79946
121976 Rr20Q
22076 B8BUS2
£ 22175 82783
122274 87953
122373 ,812@2
22471 .81451
022569 81698
22666 181945
222763 82191
: 22860 824306
« 22957 , 82680
23053 82923
,23149 ,83166
23244 B34087
»23339 83648
23434 23888
123529 84127
223623 284366
023747 84603
2238110 B84BUD
23904 85076
023997 285311
,2u089 ,85546
W CUIR2 85780
24274 86013
. 20366 86245

A2
S

n1,365368E+00
22,5300+

W

55800
55153
«5U4s9
,53839
53172
52498
51817
«51130
¢ 50436
s49734
L 49921
,48304
47579
JU6847
46106
L U5357
CYL1-H
sU383S
U306}
su2278
«414R7
JUBbRE
39876
390856
« 38227
037387
« 36538
35678
«34808
033927
+33039
e 32137
031223
«3%298
«29361
,28412
s 27450
226476
. 25489
¢ 2U4HUB9
23475
224u8
21006
120350
019279
«18193
217092
s 15974
14840
¢ 13695

RHO = 1,440

A3 z =0,

RATE

Sel764E+R]
5,4B15E+4 78
S.636BE+21
S.8829E+21
6, 1U0QUE+E]
6,UP9BE+A
6,691RF+01
6,9871F+Q}
7.2963E401
7.6202E+01
7,9748E+AY
8,3356E+2)
B,7150E+a1
9,1142E+0Y
9.,53u7E+0}
9,9779E¢01
1,0445E+02
1,0939E+02
{,1461F+02
1,2012E+02
1,2597E+R2
1,3216E+02
1,387UEe02
1,U4573E+02
1,9317E¢02
1.6110E+02
1,69576402
1,7863F+02
1,8833E+02
1,9875E+02
2.,P941E+P2
2421536402
2.,3443E+02
2,4838E4072
2,6350E402
?.7993L+02
2,09784F+02
3.1743E402
%,3892E+02
S.6261E202
3,8882E¢02
4,1795E¢02
4,5851E+@2
4,8711E+02
5,2853E+92
S.75764E+82
6,3007E+02
6.9314E+R2
T.6662E402
8,5273E+02

TEMPERATURE

1798,50504
1812,15383
1825,76601
1839,34096
1852,87847
1866,37664
1879,83599
1893,25537
19¢6,63401
1919,97108
1933,29106
1946,55259
1959,76957
1972,94362
1986,@7395
1999,15989
2r12,20071
2025,19572
2M38, 14417
2051,M4532
2063,89843
2n76,70272
2089,45750
2102,16176
2114,81494
2127,41616
2139,96463
2152,45956
2164,90014
2177,28559
2189,59539
2201,86269
2214,87119
2226,21987
2238,30778
2250,33368
2262,29652
2274,19533
2286,02892
2297,79615
2309,49584
2321,12682
2332,68788
2348,17780
2355,59536
2366,93934
2378, 20841
2389,40144
24nn, 51709
2011,53765

TIME

82273
02204
,02138
,02073
02010
21948
.n1888
71829
81772
(01716
P1662
01609
81557
81506
,A1456
01408
121360
01314
01269
81224
«01181
,81139
81097
810857
,01017
,00978
80940
20983
,00866
,00830
02795
208761
20727
20694
00662
.80630
88599
00569
.28539
.00510
,0P481
00453
,2R425
,80398
,08371
00345
20320
28294
80270
,07245




(34

PEX 9404 PCI = @,363 MAAR RHO = 1,84400

POP PLOT, LNCRUN) = Al ¢ A2xLN(PwA3), A} = «5,040996E+0n 42 = *1.365368E¢PR A3 = 0,

REACTION HUGONIOT, US 3 C + S5#UP, C = 2.4600R0FE=R] S = 2,530000E+400
RUN P v up us W RATE TEMPERATURE TIME
.R2339 » 390100 38803 , 24487 86477 12529 9,35798E+082 2422,48936 0022}
.A2319 . 39250 38876 24548 286707 011346 1,PB73E+73  2433,35857 100398
02299 .39500 .IRBHD ,2ub39 86938 10145 1,209RE+P3 244y, 14362 20175
.02279 39758 .388u4 24730 87167 ,2892% 1, 06016403 2454,84291 . 20152
02260 J4rp0e . 38829 2U820 87396 «27687 1,7T424E+D3  2465,45479 01308




0S

TABLE B-1I
coMp B PCJ = 0,284 RHO = 1,71580

POP PLOT, LNfRUNY = A1 ¢ A2+ N(P®A3), At = =4,3B4168E+0@ A2 = «],SQISUSE+AD A3 = =0,

REACTION HUGONINT, US§ = C + S#UP, C =z 2.3110000Ew81 S = 2,570004E+00
CJ DETONATION VELNCITY = B,NRURAPE=P)
HOM EQUATION OF STATE CONSTANTS
UNREACTED EXPLOSTVE
2.31000RAAARCEG] |,A3RQROCPARPAE+QAA |, AANAAAAGAAERR2=A,
-2, “8,867507RPB 1 UE+PPmT,97357471516E+P1=1,59428975952E+02
w1 ,35011736759E4+A2+3,9127465595AE+R1 1,50A0RQ03nARE+NA 2,59P0R0RA000E=01
5,83090379A09E=0) 5, 00200ANPNRRE~AS=2, -7,
3,M00000000ANE+ 2=, D, ~a,

. @, -,
DETONATION PRODUCTS
«3,5258URTBITUE+BPe2,33U29189N56E+R7 5,972673256R6E=01 3.045104245U6Ew@3
w],752264031PRE=N1=],56RBTORLUUBSF+0P 5,33121475935E=A1 B8,A631P8741URE=N2
3.33816891256E«f3np, 843999911 71Ew04 7,5R278058550E+00n4,41289000835E0
1451292636188Ee1 6,778R3292739E=02=2,424M3364371E=@2 5,00000000C0AE~01
1,0000007000RFeRy

covp A PCJ = ©,284 RHO = 1,71500
LN(RATE) = C(1) 4 C(2)*P ¢ ,,, + C(Me1)u(PRaM)
C(Is1,14) = =1,0354580437E+81 4,73U27U49S51E+P2 «1,67537AU22B8E+B4 U, U4756746U3BBECOY »8,U931471542E+06
1,155593435RE+AR =1, 1UR2565157E+409 BR,2065910931E+M9 wd,29866270RBE+10 1,6183793696E+11
«d,2605817430€+11 T,437676727SE+11 »7,72898U8996E+11 3,616777570SE+1
MAXTIMIUM RELATIVE ERROR AT 2+, 125000E=0 = 6,299758E-03
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COMP R PCJ = A,284 RMO = 1,71500
POP PLOT, LN(RUN) = A1 + A2#[N(P-AZ), AY 4, JRN16BE+PP A2 = «1,501545E+00 A3 = <4,
§ = 2,50000QE+0Q

REACTION HUGONIOT, US = C + §*xUP, c 2.31PAPRAE=NY
RUN P v ue us W RATE TEMPERATURE TIME
4,43670 02009 .51736 WA3626 32164 +98958 6,3050E=0R3  400,6663U 11,63328
3,717514 ,n2250 .51297 ,A3972 33032 098727 8,8952E-03  418,41861 9,42554
3,17355 22500 .5P896 ,PU305 .33862 98483 1,2038Ee22  436,95789 7,79832
2,759238 02750 .50528 LAU626 . 34664 098226 1,5837E=02  456,20833 6,56271
2,41352 A300p JSN1RA 4936 . 35440 +97959 2,2352Ew02  UT6,070€9 $,60133
2,14929 ,2325@ L49873 25236 36191 97682 2.5658E~02 . 496,48991 4,83793
1,91482 ,03500 L, 49579 . 05528 . 36919 97395 3,1820Ew2  S517,408@7 4,22129
1,72638 L23750 49304 .85811 037628 0970099 3,8911E=12  538,77184 3,71551
1,56693 ,04000 ,490us 260287 ,38317 496795 L,7072EmP2  560,53451 3,29551
1,43259 128250 JURRRY 96356 « 3899¢ W 96483 S,b6172E=02  5B2,65458 2,94272
1,31293 .04500 JURSTS ,P6618 L 39646 WI6163 5,6498Ew02  605,09506 2,64347
1,21055 U750 L,UB359 26875 Lun287 295836 7.,8062E02  627,82286 2,38722
1,12n82 25000 JURISH 7126 L40914 $ 95501 9,89u8Ew®2  650,80826 2.16615
1,00160 05250 L47959 LB73714 L41528 «95159 1,0525E=01  674,R20446 1,97484
297136 25500 JA47774 07612 42130 L94811 1,2185E=01  697,44721 1,80601
9M865 25750 47597 N4 TL] 42720 094456 1,384UE=AY  721,05452 1,65816
285240 36000 L47428 L ?AQARD L43300 ,Oud9u 1,57S3E=A1  744,82632 1,52736
82172 A6250 LU7267 JPR3BT7 13868 ,33725 1,7RULE=AY  748,76375 1, 41107
. 755R6 06500 47113 L BR531 Luau27 093352 2,0120E~01  792,80728 1,30720
71422 26750 LY .28751 ,U4977 092969 2.2602Fwal  B16,96535 1,23403
67627 Q7000 L6822 LR 245518 . 92581 2.5296E~91  BuU1,22356 1.13014
6155 WA7250 L 46685 LYY ,46050 222187 2.8215EwA1  865,56860 1,054%2
,62971 27500 . 46554 19390 JU6574 91787 3,1373E~RA]  8B9,98817 . 98556
. 58042 07750 LU6U27 + 29596 Lu7991 ,91380 3,4781E=R1  914,47058 ,92301
.55340 A8aen 46304 , 79800 . 47608 090967 3,8453E=01  939,00530 s 86594
,S2841 ,#825Q Lu6t186 .i0aa1 JURLBR . 97548 4,24P5EwB]  963,58224 4813714
.50525 AR50 L6072 ,10199 L 48597 299123 U,bbUOEwP]  9BR, 19200 765802
L 48373 ,08750 , 45962 10394 L U9NRS 089691 S,1203E-@A1  1212,82573 2 72174
L 46369 A90an . 45855 +1PSR7? , 49568 » 89253 5,6U83EwA1 1037,47509 68812
J4asoen 29250 45751 ,10778 50044 888079 6,1304EwXR1  1062,13220 164359
42754 ,n95p0 L45651 L 17966 «508515 .88358 6,68B6E-P1 1086,78971 60885
41118 79750 45554 L11152 50979 287900 7,2BU6E=01 1114,44004 057662
239584 10000 , 45459 W 11336 251439 287436 7.,9203E~01 1136,07773 54667
» 38144 ,10250 ,U5368 W11517 +51893 +86986 8,5979E~21 11460,69517 51878
,36788 19500 L45279 , 11697 . 52342 YT 9,3195E=01 1185,285S6 49277
«35511 10750 ,451a2 211875 52787 . 860205 1,ANBTE+AD  1209,84534 Wu68ay
.34306 J11n00 L45108 , 12050 253226 «85514 1,0903F+00 1234,36776 Q44574
+33168 W11252 45026 12224 ,53661 2858216 1.17716+30 1258,84744 H2444
. 32091 11500 Juu94e . 12397 .54092 2 8U512 1,2691E402 1283,28010 W 4044S
231971 11750 LYY ¢ 12567 254518 J8ucne 1,3668E+00  1307,65832 + 38567
J3vniaa 12000 L4a792 W 12736 «5494d 83481 1,47@RE+RAR  1332,00878 36801
229187 .1775@ LU4718 . 12903 ,55358 .82955 1,5798E+00 1356,26238 235136
028315 12500 YT L 13069 ,55772 82022 1,6962E+C0 1380,45028 033567
,27U8S .12750 ,4us7% . 13233 ,56182 «81882 1.RIQUE+AL  1404,56786 + 32085
026695 13000 44526 013395 56588 081334 1,9497E+00 1428,610885 230684
. 25943 ,1325¢ LJHa439 213556 .56991 .80779 2,7877E+00  1452,5751¢ 429359
«25225 ,13500 ,44373 213716 ,57390@ + 80216 2,2336E400 1476,45656 128103
« 24539 13750 ,44309 13874 «57786 « 79648 2.3B78E+A0  1500,25134 226913
. 23884 14000 LHu2ue L1403 ,58179 0 79066 2,5508E+0R 1523,9556! 125783

023258 214250 «4u1\RS 14187 » 58568 s78480 247231E+00  1547,56568 24710
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coMP B

POP PLOT, LN(RUN) B At ¢ A2#LN(P=aAT),
REACTION HUGONIOT,

RUN

22658
22084
021534
«21006
20499
20012
« 19545
19098
. 18662
+182u6
17844
. 17457
. 17084
16724
L16377
167U
s 15716
215403
.15100
L1482
.14522
J18247
,13980
213722
« 13471
.13228
12993
12764
12542
12326
12116
,11912
L1714
s 11521
» 11334
o1135¢
210974
.10801
s 102632
10068
. 10308
210152
19000
.19852
89707
#9566
09428
09294
9162
,09034

PCJ = 0,284

,14500
«147504
15000
152590
155040
. 15750
16000
16250
16500
16750
17000
17250
« 17500
17750
18020
. 18250
18500
18750
10000
.19?750
19500
,1975@
20000
.20250
20500
208759
21000
21250
021500
21750
22000
222580
022500
22757
23000
123250
23500
23750
,2u0a0
s 242502
., 24500
«24754@
25000
225250
2 25500
. 25750
s 260070
26257
265007
26750

Us = C + S=*UP,

v

L4020
L44065
L4u0ns
43951
.03896
L4384
43788
.43736
LU3684
L4363
L, 43585
L, 43536
LU34R9
43442
L43396
43351
43306
,43263
43220
L43178
L43136
L,43095
. 43055
43715
L42976
L42938
42900
L,42863
LU2826
L4279¢
L 42755
LU2720
,42685
, 42651
LU2617
42584
L, 42552
, 42519
L,42488
L4256
L42425
, 42395
L 42365
L 42335
42305
Lu2276
Lu2248
,42219
L4219
L42168

Al = wy4,38U168FE+00
C =

2.310PQRE=D1

up us

J1u3u1 258954
14495 59336
Jlu64a7 .59716
L 14797 , 60093
14947 Y TTY
.15095 ,6P818
15243 , 61206
«15389 61572
15534 «61935
15678 62295
. 15821 2653
15963 s 630009
16105 63361
«16245% 63712
16384 Ny
16622 W 6ULGG
J16660 6U750
(16796 465091
16932 ,65430
17067 65767
. 17201 66122
17334 . 66435
17067 L b6TH6
17598 L, 67095
17729 67423
.17859 b7748
17988 s 68071
18117 168393
1R245 68712
18372 169030
, 18498 69346
J18624 , 69661
187409 ,69973
18874 708284
,18998 . 70594
19121 70902
19243 71278
19365 . 71513
, 19486 71816
, 19607 W 72117
L19727 72417
. 19846 72716
, 19965 73013
2PRPRY . 73379
.20201 2 73603
20318 . 73896
,2PU3S 270188
« 20551 74478
. 2P667 L4767
20782 . 75054

A2 3 »{,50{545E+00

S =

2,500PA0E +00

W

. 77885
» 77281
. 76670
» 76050
75421
74783
W\ 74136
. 73481
.72816
072142
71458
J 78764
,70059
69346
«68623
2678R9
W6TL4U
66389
65623
, 60845
L, 64856
63255
,62443
,61619
608782
259933
59071
.58198
57309
56407
55492
154563
53619
,52660
151687
«50702
49699
<UB68Y
L47646
L 46595
. 45527
NYTTT)
V43339
,42219
JU1081
039924
38749
37554
+363390
+35105

RHO = 1,71500

AT = ep,

RATE

2,9050E+020
3.,0972E+409
3,300 6400
3,514dE+nQ
3, 74A5E+0Q
3,9792E+00
4,2312E+00
4,4971E+00
4,7777E+00
5.8739E+P0
S5.3865E+0Q
Se763UE+PR
6,0597E+00
6,4281E+00
6.,8171E+00
7,2278L+00
T.661UE+02
8,1103E+00
8,6031E+00
9,1143E+00
9,65U6F+00
1,2226E+2]
{.P8BSE+QY
1.,1470E+01
1.2147E+0)
1,2865€+01
1.3626E+91
1,UTP3E+AY
1.5294E+24
1,6203E+01
1.7173E+01
1.,8207E+21
1,9309E+21
2, AUBTE+AL
R.1T746E+0Y
2.3038E+01
2.,4460E+01
245982E+01
2.7613E+01
2.9363E+21
3.,1244E+01
3,3268E¢21
3,5451E+01
3,78A8E+01
4,0359E+91
4,3126E+81
G,6132E+01
U, 9U0BE+R}
S5,2985E+01
5,69RUE+AY

TEMPERATURE

1571,87794
1594,48886
1617479501
1649,99302
1664,07960
1687,085155
1709,90877
1732,63898
1755,2483%
1777,7388S
1800,08354
1822,30340
184y,41200
1866,34972
1888,14877
190@9,80602
1934,31846
1952,68316
1973,89724
1994,95792
2815,86245
2036,60819
2857,19256
2077,61368
2097,86734
2117,95302
2137,86791
2157,59979
2177,17688
2196,56700
2215,778480
2234,80938
2253,6%8%1
2272,32378¢
2299,80u15
2309,86026
2327,150083
2345,04547
2362,74561
2380,24828
2397,55162
2414,65380
2431,55303
2448424754
2464,73557
2481,A1538
2497,88525
2512,94349
2528,58840
2544,81831

TIME

23690
22719
21794
20913
20873
10270
18504
A7T71
17070
, 16400
15757
(151414
. 14551
13984
13440
.12917
, 12415
, 11932
(11467
, 11020
10589
L10174
09773
09387
#9015
, 08655
, 98308
, 07973
., 87649
27335
87032
26739
, 86455
06180
, 25914
85656
, 05606
05164
04929
04700
, 04479
04264
04055
, 03853
, 83656
03464
83278
, #3097
, 82924
027580




%)

COMP R

POP PLOT, LNCRUN) = At + A2xLN(PwAT),
REACTION HUGONIOT,

RUN

.08909
,08786
8667
P85S0
L8435
.028323
98214
.28107
.08002
21900
,87799
L7731
.27685
L7511
.07419
.07328
,@7240
,07153
,27068

PCJ = 9,284

P

1 27000
27250
« 27500
27750
128000
28250
188500
s 28757
s 29000
29257
»2950¢
029750
30600
30250
302500
30750
31400
31250
31500

Us -4 c + S‘UP.

v

L42137
42110
L, 42083
L 42057
L 42031
,U2008
. 41980
41958
41930
41995
41831
41857
L, 41833
41819
41786
LU41763
41741
L1718
41696

At & wi,38416BE+00
C = 2.310000E-01

uUp

LT T
,21819
21124
.21237
$21349
FIUTS
.21573
21680
021795
2219085
+22014
a22128
,22232
.22341
L 22449
« 22556
022663
.22778
L 22876

us

« 75341
75626
75910
76192
«TOHTI
076753
.77232
77310
+ 77586
077862
« 78136
78409
78681
. 78952
79222
e 79490
e 79758
80025
80290

A2
S

»]1,5P1545E+00
2.500009E+00

W

» 33880
032547
131268
29946
«28602
27235
25844
24428
+ 229R8
21521
120829
118510
16963
168387
013783
12148
10482
+NBTBS
«27066

RHO = 1,71570

A3 = =0,

RATE

6,1208E+01
b,6112E¢01
7.1427E+91
74734BE+P]
8,3979E+01
9,.1446t+01
9,990RE+01
1,0957€E+02
1,2068E+02
1,3399E+02
1,U876E+R2
1,6680E+02
1,8859E+R2
2o 1540E+02
2.U916E+02
2.9290F¢02
3,5173E+02
4,3449E+02
S.5874FE¢02

TEMPERATURE

2559,23153
2574,25052
2589,03751
2603,60080
2617,94302
2632,06290
2645,95921
2659,63077
2673,87641
2686,29505
2699,28563
2712,04714
2724,57861
2736,87915
2748,94790
2760,78405
2772,38685
2783,75558
2794,87717

TIME

82584
024214
P2263
102110
101960
01814
201671
01533
21398
101266
L1137
.01012
+00889
140770
Y 00653
100538
80428
s 02319
09213
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TABLE B-III
X02949 PCJ 3 7,285 RHO = 1,89400

POP PLOT, LN(RUN)Y = Al ¢ A2xLN(PwA3), Al = w6, JUTIIUFGDD A2 = =2,917511E+0R A3 2 -0,
2.40RQR0E~31 S 3 2,50A70QE+00

REACTION HUGONIOT, US = C + §wxUP, c
CJ DETONATION VELOCITY = 7,707R0@E=01

HOM EQUATION OF STATE CONSTANTS
UNREACTED EXPLOSIVE

2,4002000070AE=R1 2,0507P0RAR0PE+R2 @, 2,
A, ?.30141685560E4+01e1,36319013778E+402=2,350hB8216661E+402
=1,71049597983E+02=4,22635505569E+0) 1,5000020¢0A0E+AN 3,0000000PPENEeRy
5.,279831A45U1Een] S,ARAQPUPARRAECNS=D .v.
3,manaanwnna@Eon2 A, -@, 0,
.0. ’0. "a.

DETONATION PRODUCTS

*3,87828541159E+00=2,69032297231E+00 2,22074184951Eeily 7,424821280RAE=02

©3,42R819430727E«P2=1,58BB9615377E+00 5,34R95448385Ee0) 9,42824251124Ew02
8,256U3459R2UEwA3 2,89357822582E=Nu 7,0674N292649E+0A=S, 6TPA3244430Ena]
5.17941586195E=02 9,84R63946395EwP3=1,0921841974RE-02 S,000000RARRAE-D1
1.70000072000E=n

X029 PCJ = v,28% RHO s 1,894008
LN(RATE)Y = C(1)  C(2)#P ¢ .., ¢ C(Me1)x(PrxrM)
C(I=1,15) = 1,622365847PL+P2 =1 ,9660B891926E+04 1,0170082235E+06 =3,11819880211E+07 6,357348901585E+08

*9,2RU3B883U92F+P9 9,697R690Q1SIE+1M »7,5817519329k+11 4, U24A3UBBSUE+12 «1,9206772744E+13
6,1119150327E+13 »1,383615894UE+14 2,1Nn9T7UGUUUGE+IU =] ,9U13BBBTILE+1G 8,142548100RE413
MAXIMUM RELATIVE ERROR AT 1,575PNPFmAt = 1.359Uu6k=n2
SEJ



SS

X0290 PCJ = @,285 RHO = 1,89u400
POP PLOT, LN(RUN) = A1 4 A24LN(PwA3), Al = «p,34711UF408 A2 = »2,917511E+0B8 A3 = =0,
REACTINDN HUGONIOT, US = C + Sw»yP, C = 2.,400PQEeRy S = 2,50M0A0E+PQ
RUN P v up us N RATE TEMPERATURE TIME
9,49364 75250 Lu6ues? 26772 LUn93y ,96839 5,8999E«03  492,44427 20,86183
8,2R875 , 25500 43894 06998 LU1495 96604 7.2314E=R3  505,11963 17,93768
7,280%R . 25750 LU3733 07220 42058 096363 R, 7891Ew@3  517,96687 15,52375
6,43044 L 26000 ,43579 ,07437 J42594 296116 1,0601E~P2  530,98558 13,51463
5,70843 6250 LU3431 . 87651 L43128 195864 1.2696E=02  540,16574 11,82983
5,89122 L6500 L43299 ,37862 43654 1956026 1.5188Ee@2  557,49817 1B, 40718
4,56040 , 76750 L43154 IYTY Luu17 95344 1,787@EeB2  578,97452 9,19819
4,13131 27000 L4323 ,08272 TTY.L 195075 2,1221E«02  584,58710 8,16466
3,70229 ,27250 ,42898 .ABUT2 Lu5181 RLLIS! 2,U602E=02  598,32887 T.27627
3,35355 ,A7500 L2776 ,08670 L5674 ,94522 2.8655F=02  612,19333 6,50869
3,04760 27750 42659 ,A886U Lu6161 294237 3,3228E-82  626,17450 8,84232
2,77799 LPRANA Lu2508 #9056 L4664 ,93947 3,8371E=A2  640,26687 5,26121
2,53946 .A8250 L2437 .P9245 U784 $93650 4,4138EeM2  654,86531 4,75238
2.32764 , 28500 LU2332 ,09432 .47580 293349 5,0587E%02  668,76508 4,30490
2,13888 , 08750 L2230 L9816 48R4 ,93043 5,7781Ee02  683,16177 3,91006
1,97712 , 49000 L4213 .A9798 ,48496 92728 6,5786E902  697,65128 3,56040
1.R1R76 ,99252 L42835 ,#997A L,uB9us ,924p8 TLU6TIE=A2  712,22977 3,24972
1,68262 79500 L1942 L17156 L, 49389 .92083 B,4S20E=A2  726,89367 2,97280
1,55982 .89750 ,41851 L1033 L, 49828 291751 9,54ATE«R2  T741,63961 2.72523
1,44R75 ,10000 1763 .10505 ,50262 91414 1.PT42E~AL  756,46u46 2,58329
1,3480% 17250 Lu1678 17676 50691 + 91969 1,2066E=Rt  771,36526 2,30378
1,25653 10500 ,41595 , 12846 ,51115 90719 1,3522E=01  786,33921 2,12397
1,17317 ,17758 LU1514 ,11014 .51534 090362 1,5121E=@1  844,3837@ 1,96153
1.79706 110800 J41436 1180 ,51949 +89998 1,6913E~01  B816,49624 1,81443
1,82744 11250 ,41359 L11344 52369 89627 1,8792F=01 831,68987 1,68094
.96362 . 11500 ,41285 11507 W52767 89249 2,P892E=01  846,92896 1,%%982
,9A502 L11750 L1212 11668 53170 . 88864 2.3187E~A1  862,22978 1,44888
.85118 .12000 L1141 .11827 .53569 ,88472 2.5690Ee@]  B877,59026 {,34785
L8011 .12250 Lu1072 , 11985 53964 88073 2.,8419F«0]  893,04843 1,25542
» 75554 . 12500 1P J12142 .54355 87666 3,1300E=01  908,48242 1,17072
.71313 12750 LUp938 .12297 54743 87251 3,4622E«01  924,01044 1,029297
. 67385 ,13000 LUnB73 W 12451 .55127 «86828 3,8136E=01  939,59@77 1,082146
63742 , 13252 ,4m810 , 12603 ,5550n8 86397 4,1951E=@]  955,22175 ¢ 95561
.60359 ,11507 L4er49 12754 ,55886 85957 U,6091E=@)  97P,90182 ,89487
WST213 .13750 L4n6aa 12900 ,56262 «B5529 5,0581E=01  986,62945 83878
,54283 ,14700 Lun629 . 13052 .56631 ,85851 5,5446E=01 1002,40316 » 78685
.51551 ,14259 LunS71 .13208 .56699 , 84585 6,B715E*01 1P18,22154 ,73876
L4900 ,14500 L4P51S 13346 257365 ,84109 6,b419E=01 1A34,08322 69015
LU6617 .14758 . 40459 . 13491 57727 .83624 7,2589F=01 1049,98687 ¢ 65273
NTELYS 150800 , 40405 13634 ,58086 83129 7,926E=01  1065,93119 61420
L 82296 .15250 .40352 W13777 ,58443 « 82623 R,6UT3E=A1 1084,91494 257834
Lun337 15500 Jup300 ,13919 ,58797 .82107 9,U265E%01 1097,93689 ,54490
38497 15750 40248 14059 .99148 281580 1,0268E+220 1113,99584 51374
L 36768 .l6000 Lun19a ,14199 .59497 o 81042 1,1177E+0R2  1130,089004 L 48457
035142 . 16250 L40149 ,14337 .59843 W 8RUOS 1.P158E+00F 1146,21956 245731
L3361 L16500 L4010 ,14475 67186 279932 1,3217E+47%  1162,38265 ,U3180
,32168 16750 LUnasy BUTYE! .60528 .79358 1. 4368E¢00 1178,57872 ,4p792
. 33808 17000 L4o00s 4747 ,60866 278770 1,55836400 1194,82756 ,38548
.29523 J17250 ,39961 L 1URRY W61223 78872 1,6914E+00 1211,87899 2 36443

.2R309 175009 239916 o 15015 61537 « 77559 1,B351E+P0 1227,36094 ¢ 34465
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X0290 PCJ = #,”R5 RHO = 1,804R0
POP PLOT, LN(RUN) = Al ¢ A2x[M(P=A3), Al = «6,34711UF+PB A2 = ~2,917S11E¢PA A3 = =@,
REACTION HUGONIOT, US = C + S%UP, C s 2,URp0rpE=ny § = 2,5PP@NAE+0d

RUN P v up us W RATE TEMPERATURE TIME
027162 17750 .39872 J1516R 61869 +76933 1,99MPE+RY  1243,67210 + 32605
26076 L1R7A0 ,39828 ,15280 .62199 76293 2,15T3E+00  1260,01127 32855
25047 .1R250 .3978% 15411 , 62526 .75638 2,33776+28  1276,3773% 29205
,2u0872 , 18500 .39743 . 15541 ., 62852 RITTS 2,5324E¢20  1292,76908 27650
.23148 .18750 .39772 15670 63175 ,742814 2,7426E408 13049,18543 «26183
,22270 . 10000 .39661 157099 63497 .73578 2,9696E400 1325,62526 ,24798
,21437 .19250 .30622 15926 (63816 . 72858 3,2147E+P@  1342,PB745 23489
,27645 .19500 . 39582 . 160853 ,64134 L72120 3,4795E+0n  1358,57091 22251
(19892 .1975@ .39544 16180 L, 64649 +71365 3.7657E+@P  1375,097487 .21279
,19175 20000 ., 39505 16308 ,64763 , 72590 4, A752E+AR  1391,59733 ,19979
,18493 .20250 .3946R 60830 63075 269793 4,4305E+PP 14PB,15879 ,18918
.17842 , 20500 .39431 . 16554 65385 +6BIRY U B137E+0R 1424,66982 17921
17222 27750 .39395 W16677 165693 ,68145 5,1653E400 1441,26979 . 16975
16631 21000 .39359 16800 , 65999 .67290 5,5291E+A0 1457,82778 . 16077
16766 ,21250 .39324 16922 66304 66404 6,1028E+00 1474,47725 15224
.15528 ,21500 ,39289 17043 166607 65501 6,555AE¢AB 1491 ,A7649 J106413
,15013 21750 , 39254 (17163 ,66908 ,64571 7.100SE+@2  1507,70385 , 13601
18520 22000 .392214 .17283 ,67208 63616 7.69643E¢M@  1524,34207 ,12907
L, 14049 .22250 L39187 ,17402 ,67506 ,62634 B,3414F+PA 15408,99016 12208
.13599 . 22509 .39158 (17521 , 67802 161623 9,0475E+@8 1557,64716 115062
W13167 ,22750 39122 17639 , 68097 L6@583 9,B191E+AR 1574,31208 .13907
12754 23000 39090 17756 , 68391 59512 1,P664E+01 1590,98395 10302
,12358 23250 .39059 .17873 .68682 .58410 1,1590E401 1607,66184 L09724
.11978 23500 .39028 17989 ,68973 ,57273 1,26ATE+A1  1624,34478 29172
Li1614 23750 ,38997 L1R105 , 69262 56101 1,3727E¢A1  te641,03184 .08645
,11265 , 24007 38967 18220 69549 54893 1,4962E401 1657,72210 08142
.18929 26250 38937 .18334 69815 53652 1,6295E401 1674,37411 .07660
10607 ,24500 .389e8 , 18448 , 78120 ,52366 10a7797E¢P1  1691,05472 07290
L 10298 ,24750 L3R878 .18561 70403 ,510838 1,9466E+71  1707,73266 ,26759
.10900 25000 . 38852 . 18674 . 79685 , 49665 2,1324E+@1  1724,uB657 «06338
,09714 025250 .3R8214 18786 , 70965 LUR246 2.34A1E+Q1  174),0750@ ,A5934
,89639 . 25500 .38793 .18898 71244 ,46778 2,5730E+@1  1757,73651 85547
,09174 25750 J38766 .19009 (71522 45258 2,835GE+@1  1774,38957 ,05175
+AR919 , 26020 .38738 ,19119 ,71799 43684 3,1322E401 1791,03263 24827
,08673 .26250 L38712 .19239 - 12074 , 420853 3.,4698E+81 1807,664089 04678
,08437 26500 . 38685 ,19330 72348 48360 3,8560E+01 1824,28228 ,04151
, 08209 ,26750 .38659 J196u8 72621 38604 4,3PQ6E+P! 184@,885u8 03836
.27989 .270P0 .38633 , 19557 . 72892 ,36780 4,8163E+01 1857,47191 ,83534
LA7777 27250 ,38607 19665 .73163 +348RS 5,41966+021 1874,03973 032064
,07572 .27500 .38581 19773 ,73432 32943 6,1323E+71 1898,58751 2965
,87375 27750 .385%6 , 19888 73700 30861 6,98U4QE+@1 1907,11234 P2697
.A7185 28000 . 38532 . 19987 73967 28723 8.P160F+71  1923,612%6 ,12439
7001 28250 .38507 , 27093 74232 26493 9,2871E+481 1940,08600 ,02190
.16823 . 28500 ,38UB3 ,20199 ,70u497 224166 1,08BLE+02  1956,5304 ,01952
+86651 .28750 38459 27300 74760 21736 1,2903E4A2 1972,94340 21721
.P64BS 29000 ,38435 20409 , 75023 ¢19195 1,56BUE+A2 1989,32250 ,01500
76325 29250 ,38412 ,20514 ,75284¢ 16515 1,9493F+A2  2005,66511 01287
.06170 29500 ,3A388 ,20618 75544 W13748 2.5115E402 2P21,9685¢ ,P1u81
,06020 29750 ,38366 ,2R721 , 75803 ,10825 3,4229E+02 2M38,22978 ,07883

05875 .3000 .38343 .20825 .76061 07736 5,149PF+A2  20854,49698 #0691
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TABLE B-IV
X8219 pcd = 0,281 RHD = §1,91400

POP PLOT, LN(RUNY = At ¢ A2#LN(PwA3), Al = =p,44B715E+B8 A2 = «3,54P121E+QR A3 3 =0,
REACTION HUGONIOY, US 3 C ¢ $*UP, C = 2,400000EnR] § = 2,50000¢0c+00
CJ DETONATION VELOCITY a 7,63800NE~0AY

HOM EQUATION OF STATE CONSTANTS
UNREACTED EXPLOSIVE
2 UPPQARAAANANE=R] 2,0570PRKARNRE+QR 1,0300R0N0RARE~R2=0,
-d, »2,41732675010F+M1=1,39872107139E¢02=2,378790821477E+02
»1,78729283235E4M2=U,16327143692E+71 1,50000RP0CANE+N 3,0NAUR0DABRAE~B1
5,22066039700E=01 5,700APN0NNARE=NS=7, wﬂ.
3,2000002000CE+R2e0, L -a,
e, L -3,
DETONATION PRODUCTS
»3, 91838765932E+0022,71643821597E+00 2,085342343130E=01 6,61105468088En02
*3,01459626330F«02e1,60416980796E+00 5,15253186395E=1 B,70181482233Em0¢2
7,11u83581354E«n3 2,31252628821E=N4 6,98197293179F+N0=6,22066979658E~D1
5 722599390363E«P2 1,389R4795152EmN2w2,A9898554653E=02 5,00RN0ARARAAE=N]
1,00000700000E-n1

X0219 PCJ = 2,281 RHO = 1,91400
LN(RATEY = C(1) + C(2)%P ¢ .., ¢ C(ME1)n(PR2M)
C(iz1,12) = 1,4075505136E+03 «9,8714282915E+04 3,0649779677E+06 «5,5516067561E407 6,6670USBATIE+OR
«5,4S767658R3E+00  3,1312974566E+10 =1 ,2597622279E+11 3,4845587692E+11 »6,31045T64386E+11
6,750B1UU963EY ] »3,227326634TE+1Y
MAXIMUM RELATIVE ERROR AT 2.95000@E~0R] = 5.,033449EwR2




8S

X0219 PCJ = @,281 RHO = {,914090
POP PLOT, LNCRUN) = A1 + A2x_N(PeA3), A} wb UUBTISE+CD A2 2 «3,540121E+0@ A3 3 =0,

REACTION HUGONIOT, US 3 C ¢ S+uP, c 2,40800PF=01 § = 2,507AP00E+00
RUN P v up us W RATE TEMPERATURE TIME
9,75765 . 28500 241926 793686 LUT615 093252 1,0889E«P2  657,22629 18,61415
8,80599 .@8750 .41825 .79549 LU7873 92941 1,1732EeR2  671,10324 16,61652
7.97015 .79@00 L41727 ,79710 .48326 ,92624 1.3591E202 685,06487 14,87862
7,23339 .#9250 L1632 , 89900 Lu8772 ,92301 1,5689E=@2  699,10743 13,360892
6,58174 .09%a0 41540 , 108085 L49214 091972 1,8052E~02  713,227414 12,03071
6,00350 ,8975@ LU1450 . 10260 49650 091638 2,@7ASEed2  T27,421S3 10,86084
5,48883 .10000 L41363 10432 ,50081 091296 2,3679E=02  741,68679 9,82863
5,82940 18250 L41279 .10603 ,5A507 .98949 2,TONUE=A2  756,02004 8,91507
4,61814 10500 L41196 1n772 52929 497595 3,0714E-02  778,41880 8,1P414
u,24903 . 10750 L1116 .17939 51346 090235 3,4847E-02  784,88841 7,38239
3,91692 1000 LU1038 11104 «51759 ,89868 3,9042E=02 79940244 6,73883
3,61738 211250 L 40963 11267 252168 89493 4,4533E=02  813,99763 6,16154
3.34659 11500 L,4naso L11429 52572 189112 5,A184E=02 828,63112 5,64444
3,10125 211750 NTLIT ,11589 .52972 88724 S.6U36E=A2  843,3188} 5,17952
2.87851 , 12000 L48746 J11748 253369 .88329 6,3343Ew02  858,85867 4476059
2,67588 12250 4r677 ,11905 .53762 +87926 7,0964E002 872,84877 4,38228
2.49119 . 12500 LUn610 12060 ,54151 W87516 7.9362E~022  887,68725 4,03995
2,32253 .12750 TLTT 12215 »54537 ,87098 B,B6ASE=N2  902,57233 3.72958
2.16824 13000 JBQURY 12367 +54919 B66T2 9,8767E=02 917,50233 3,44764
2,72685 .13250 .4n418 212519 ,55297 +86238 1,P993E=01  932,47560 3,19106
1,89797 » 13500 L4n357 012669 255673 »8579% 1,221 7E=@1  947,49857 2,95715
1,17775 » 13750 L4r297 .12818 . 56045 85344 1,3559E=81  962,54572 2,74354
1,66790 Jduora L4A239 12986 56414 .84BB3 1,5028E=21  977,63959 2,34816
1,56659 . 14250 ,U218) 13112 56780 JBad1y 1,6636E=01  992,7787S 2,36917
1,47308 « 14500 47125 , 13257 L5714y ,83935 1,8395E+01 1@07,93783 2,20494
1,38655 .14752 L4r0T70 L13ue2 ,57584 WB3ULT 2,0316E%m1  1023,13949 2,05403
1,30646 ,15799 L4006 13544 57861 .82949 2,2013E«2t 1038,37441 1,91518
1,23220 .15259 . 39964 .13686 .58216 82041 2,4702E~A1 1053,64133 1,78723
1,16328 15500 . 39912 . 13827 258568 81922 2,7198E»@1 1768,93844 1,66919
1,09921 « 15750 . 39861 13967 .58917 ,81302 2,9919E=01 1984,26567 1,56@13
1,83961 6000 ,39811 W14106 »59264 80851 3,2884E=01  1099,62423 1,45925
,98409 16250 .39762 J14243 ,59608 80299 3,6112E~71  1115,0039% 1536583
.93231 . 16580 .39714 L 14387 .59959 079735 3,962BE=21 11%30,41313 1,27922
.B8308 ,16750 . 39667 .14516 L 60289 .79159 4,3454E=01 1145,80667 1,19882
.83881 017009 . 39621 . 18657 60626 , 78568 4,7586E=1 1161,324M2 1,12411
, 79656 . 17250 .39576 L14784 L60961 77967 S,2117EwAl 1176,79840 1,085461
15700 ,17500 . 39531 W14917 261293 W 77352 S.,7PU6Eed] 1192,295u8 . 98989
. 71993 ,17757 «394R7 « 15049 61623 . 76723 6,2477E=A1  1207,81387 . 92956
.68515 18000 . 39404 15182 61951 . 76080 6,B236F=R} 1223,35232 ,87327
, 65258 .18250 . 30402 215311 62277 . 75422 7,U5TUE=RY  1238,90963 82070
,62181 . 18500 . 39360 » 15440 ,62600 JTUTU9 8,1466E=01 1254,48455 W 77156
59296 .18754 ,39319 + 15569 62922 74060 B,8961F=01 1270,87%89 ., 72558
,56579 .19000 .39279 , 15697 J632u2 W 73354 9,7113E=01 1285,68244 , 68252
,54n21 . 19250 .39239 ,15824 +63559 272631 1,P598E+00 1371,30299 64217
.51609 . 19500 . 30200 ,» 15950 263875 271891 1,1563E+A0 1316,93637 L6431
L, 49333 .19750 .39162 » 16076 L60189 » 71132 1,2613E+00 1332,58137 56877
47184 ,220R0 .39124 16200 ,64501 . 79355 1,3756E+08 13u8,23668 .53537
L45154 27250 . 39287 W16324 L64811 169557 1,4888E+07 1363,90364 ,50397
L43235 27500 , 39050 16448 ,65119 268739 1,6359E+0%  1379,57438 L47443

281419 «20750 . 39014 «16570 265426 «67900 1,7839E+08 1395,25412 RU661
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X2219 PCJ =
POP PLOT, LNCRUN)
REACTION HUGONIOT

RUM

039699
38071
236526
035062
« 33671
« 32351
« 31096
+ 29904
+ 28769
. 27688
226660
25679
souUTUS
023854
223003
022191
21415
220674
019965
. 19288
» $B639
018018
17424
., 16854
016308
«15784
15282
14800
,14338
.13894
13467
« 13057
s 12663
« 12284
,11919
111569
. 11234

n,281

= Al ¢ A2#LN(PwaA3Y,
’ Us = C ¢+ S*UPI

P v

21007 + 38979
21250 «3RQULL
021500 , 38979
21750 38875
. 22000 ,38842
22250 , 38809
22520 38776
22758 L, 38744
,23000 38712
23250 38681
23570 » 38650
23750 . 38620
20000 . 38590
s 24259 «3RS56P
s 24507 . 38531
,247502 38502
«2500Q 38473
25259 + 3BULS
+ 25500 .3RULA
« 25750 + 38399
26000 238363
026250 .38336
+26500 »3R310
. 26750 . 38284
27000 . 38258
27250 38232
27500 . 38207
227750 .381AR2
28000 » 38158
28250 38133
. 28500 38129
28750 , 38085
, 29000 . 38062
029250 ,38039
29500 38016
. 2975@ . 37993
30000 37970

Al
c

S wh,UURTISE+CR

s 2.408P0QQFEm=AY

up us
16692 , 65730
16813 66¥33
. 16934 66335
170854 , 66634
o37873 166932
17292 67229
17009 .b7524
17527 bT817
017643 68109
177607 58399
«1787% +bB6AB
17990 , 68975
18104 59261
18218 » 59545
18331 .56828
L 18404 L7110
. 18556 ,70390
J1R668 . 718669
18779 . 72947
18889 71223
«18999 71498
19109 J11772
.19218 L2044
19326 72316
., 19434 72586
« 19542 . 72855
+19649 ,713122
« 19756 73389
,19862 .73654
. 19957 ,73919
020073 W 74482
,2P1 78 JT444a4
. 20A282 ,T4788
. 20386 L 14965
20489 , 15223
.20592 ,7548%
+ 20695 275738

A2
]

~3,.54A121E+00
2,.500800F +20

W

1670U2
s 66155
, 65247
68314
063355
»62368
61354
60310
259235
58127
256985
+ 5588
-1/ 1-Y01%
«53349
2« 520857
« 50722
e 49343
L47916
L 46440
144912
43328
Q41687
39984
38216
« 36379
34470
032483
« 30415
28259
y2601 A
223662
221209
18642
215954
«13137
10160
27848

RMO = 1,91400

A3 = =0,

RATE

1,955 1F+00
2. 2998E+2D
2s3144E+PD
2,5252F+09
2, 71560E+0A9
3,0091E+7@
3.,2R69E+00
3,5922€+00
3,9283E+02
4,29R9FE+0P0
4,70B4E+PR
Set1617Fen0
5,6488E+00
6.,2N81E+PR
6,8256E+0R
7.5149E+02
R,2866E+0RQ
9,1535F+00
1,2131F+0¢
1,1237€+01
1, 2US5E+PY
1,3933E+01
1.5587E4+7}
1,7500E+01
1,9731E+01
2,2355E+01
24,S4T72E+R)
2,9219E+21
3.,3787€¢01
3.9452e+01
4,6625F+01
S.5951E+01
6,8496E¢01
8,6165E+01
1,6286E+P2
1,5748E+402
2,4U98E+02

TEMPERATURE

14108,91686
1026,62974
1642,32323
1458,21901
1473,71587
1489,41266
1505, 14822
1520,82118
15%6,49097
1552,17583
1567,85479
1583,52668
1599, 15754
1614,80041
16302,082988
feu6, @043
1661,64200
1677,22122
1692,78015
1778,31692
1723,82961
1739,31620
1754, 7746l
1770,20275
1785,59831
1808,95897
1816,28276
1831,56633
18486,88742
1862,P0326
1877,15097
1892,2475}
1997,28972
1922,27425
1937,19761
1952, 10301
1966,90355

TIME

, 420839
, 395866
,37233
35030
., 32948
30980
,29118
,27355
, 25685
24102
,226021
21177
,19825
, 18541
17320
16160
. 15055
18004
. 13004
. 12050
11141
108275
,29448
28658
(87905
07185
, 06497
,05839
05210
,0u6n8
,BUR32
03480
82952
, 82445
,01960
21494
,010847



APPENDIX C
EQUATIONS AND COMPUTER LISTING USED TO COMPUTE
FOREST FIRE RATES

Where the explosive burn is fast enough to affect the reactive shock motion,
single curve build-up is assumed to apply and the Pop plot is interpreted to
give a relationship between pressure and distance for the shock front. Using a
reactive Hugoniot for the reactive shock, complete solution may be obtained for
the state variables and their time derivatives at the shock front as shown in
Ref. 4.

More information is needed to obtain a burn rate function that is consist-
ent with the Pop plot and the reactive Hugoniot data 1ine. The assumption that
the pressure gradient at the front is zero was found to be adequate for many
purposes. Tables C-I — C-IV show burn rates calculated at various points behind
the shock for a growing square wave. The "RUN" entry, which marks the wave po-
sition, is the initial distance of the mass point from the detonation point. For
example, in each sublist at constant pressure the smallest "RUN" marks the shock
front. Tables C-I— C-IV show that the rate varies some, but not drastically,
at various points in the wave. Therefore, the assumption that the pressure gra-
dient at the front is zero is about equal to assuming a growing square wave if
the rate derived at the front is used throughout the flow. When the shock front
approaches the detonation state, the growing square wave is inappropriate and
the Forest Fire model ceases to approximate a square wave.

The following equations present a general derivation of the Forest Fire
model. The derivation is then restricted to the growing square wave used in
Tables C-I— C-IV. It is also restricted to zero pressure gradient at the front
to calculate the explosive rates described in Appendix B. The code listing giv-
en at the *end of this Appendix was written in FORTRAN IV for the CDC-7600 com-
puter. This code was used to calculate the explosive rates in Appendix B.

Nomenclature
P = pressure p = density
Ug = shock velocity I = internal energy
U = particle velocity W = mass fraction
= specific volume x = distance

t = time

Notation: The Lagrangian "mass coordinates" are

. 13

om p ox
and

a _ 3 3

3T - 3¢ T U3y

60




The fluid flow equations are

UT = -Pm ’
VT = Um s
and
IT = —P . VT .

The solution of burn rates is consistent with growing reactive shock.
Solve for

and

Then solve for W and wT from
P =H (V, I, W)
and
PT = HV VT + HI IT + Hw WT .

A

Notation: Let P, V, I, and U be shock front functions.
Let ms( ) = mass position of the shock so that ms(o) = 0.

Let ts(m) = time of shock arrival at mass point m.
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\ . ——rt—————— =
Note: I o US(T)
d t (m)
and S = L
dm o, US (m)
Assumption: Let 9F P = £(1)
' : am T m

Then the shock-pressure wave looks Tike

P
U
s
~—P» n
or
P
> m
or ’
P
I U
s
-
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The solution of flow equations is

(m - mS(T)) ,

a function
of m only s

P(m,T) = P(ms(T)) + P(D) (m - ms(T)) .
- dm_(T) dP_ (1)
- (4P _ s m
PT(m,'r) - <dm Pm(T)> dt + dt
R T
U(m,T) = U(m) - / Pm(t') at' ,
t  (m)
~ dt (m)
dU
U @1 = = + Pm(ts(m)) — [
A~ T
V(m,T) = V(m) + Um(m) de'
ts(m)
R T
I(m,T) = I(m) - Um(m)f P(m,t') dt' ,
t_ (m)
V,[_: Um(m) s
and
I =

-P(m,T) = Um(m) .

The reactive shock Hugoniot and shock jump relations are

U = ¢+ SU0 ,
8
P =pOUSU’
VvV = vV (US—U) /U,
and
A A
I = U%2
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Then,

The Pop plot is

Then,

and

64

D>

- (—c + [cz + 4VOS P]

~(c+[c2+4VOSP]

L
2

L
2

)/zs s

)iz

P = p_ (SU +US)dU .
n(run) = oy + 0L2 2n (P - Po)
dP _ (P B Po)
d run 0L2 run (P)
dp Vo (P - Po)
—— = e 4 S
dm o, run(P)
2
v _ 1 dp
e e &
dm 0 (SU +U ) dm



The solution for ts is

d ts ) 1
d run d run
-
s
Thus integrate

d run

et |2 +av s [e/%  1/%
o] run + Po

with initial conditions

ts(o) = 0

Remember that mS = P, run

Special integral evaluations are _given for Pm 0. Here P may be used as the

independent variable dt' = dﬁ/(dP/dt) Thus,

*) f P(T) -0, run (P)
de' = .[ T (P) (P—P) dp
t: (m) P(m)
and
T . G(T)
f P(t') dt' = f -P 0.2 run(P) ap
'~ U () (P-P ’
ts(m) P (m) ) o)
where
run (P) ) 2 exp 'E)Ll + OL2 SZ,n(—P())]
US(P) cC + [Cz + 4V0 S P]llz
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The integral (*) can also be used to calculate the time to detonation,

tpere 1F
the upper 1imit is set to PDET’ where

Popr = Po Doy (Pgy©)/S
and

DCJ = C-J detonation velocity

Restriction of the square wave solution (ﬁmA= 0) to the shock front only gives
further simplification. In summary, using P as the independent variable,

fn(run) = oy + az 2n(§—Po) s

i = [«:+-(c2 + 4V s 3)1/2]/(25) ,
U = C+ st ,

v =

Vo (US—U)/Us .
and

5272

H
[}

W is solved from P = H(V,I,W)-

PT = (P—PO)US/(OL2 run) ,
V2 (B-p)
o o
Um = '~ s
az * run ° (Us + SU)
V. = U,
T m
and
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Finally, we solve for WT from

PT = HV.VT+HI'IT+HWWT

Temperature is calculated as an additional output of the HOM equation of state.
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PRX 9qu@u
pPOP PLOT,

RUN

2.20020
2,200an
2, upeng
2,67000
2., /6000
3,20020

995609
1,00526
1.]0“83
1,20040
1,39397
1,49354

62894
L6918%
L75472
81762
JARUG
L9u3un

LT
RTTEY
« 53551
.5R013
YL
L AAR93R

. 33931
L37324
JU4717
Jautte
47503
« 50896

27211
29712
232413
35114
37815
uUnS16

,22217
s CUUIR
.Y -1.14
L2RBA2
,31103
33325

PCJ

A, %83 MBAG

LN(R) = A &+ RaLr(P),
REACTION HUGOMINT, 1S = [ + S=xUP,

L, N15u0
21570
OIS0
LP1500
71500
LAIEAN

2500
02560
L2500
L2500
L P25¢n
JR25an

M350
03510
LA350n
.P3566
3500
23500

. Paspn
,ruse@
LPusnn
LRESED
,ausap
,Ausna

. PS5
. 0S500
« 25500
. 25500
o« PSAHIA
« ASS A

P P6500
ARSEA
PRENR
, o502
sPBSHY
PRSP0

L7500
AT
, 75007
2757200
P7502
L A7R2N

v

49697
L5030
. SP50
.50RAY
.51060
,s1270

LUBRPES
LYY
Luens7
U943y
L4a756
5r034

4n8A33
U74R%
4798y
LUBURS
LUBTAT
,UQ0RA

05969
Ty
L7101
L47591
,u7978
JUR31Y

45232
,U5RQA
TYTS
46923
LU7327
L47679

NTIL)
LU5304
LUSR7S
L46359
LUBT74
L47139

NTT.LY
L44796
.45379
L45874
LUR3AY
LUABT3

A
c

TABLE C-I

RHO
«S,(UN006E+ AP B = =1.36536RE400
2,46PANAE=R1 5 = 2.53A00PE+70

ne us W RATE
2607 L31197 ,99248 1,2716E=02
02461 30826 W9R6UT 1.1513E=02
,22333 .30503 ,98154 1.1125E=02
2021 38220 97751 1,0816E=-P2
,02122 .29968 ,97412 1,P572F=02
L2032 ,29742 ,97125 1,0374Een2
3926 34533 .98327 4,55256~02
.P%718 ,34P0e ,97335 4,3925E=-n2
,#3536 . 33547 196529 4,2703E=02
,03376 L, 33101 + 95859 4, 17UBE=A2
+P3233 ,32779 »95295 4,N989E=02
,03104 ,32454 ,94812 4, P3TBE=R2
25071 ,3743p 97242 1.1P0RE=R
LU813 V36777 «958A8 1,@685E~01
CRUSRT , 36205 94783 1,PUUIE~A1
LHU387 ,35700 + 93843 1,0252E=01
,hu209 . 35248 93785 1,01QUFwn]
LAUPUR . 34841 ,92417 9,9876E=02
NIYLY L4nn2s ,96009 2,1418F =01
L5794 L39264 ,9u351 2,0909F =01
#5532 . 38597 ,92962 2,05276=01
05299 , 38405 ,91802 2.023RF=01
, SR ,37476 ,90819 2,7B16Een]
L2490 , 37000 ., 89974 1,9846E~01
,A7A3S ,42398 94778 3,6660FE=01
«2669% L41541 ,92747 3,5978E=01
.Ah398 ,un788 ,91082 3,5481F=01
L0A135 L4n120 89690 3,5116E%01
.A5R98 039523 ,B8509 3, UB5AE=P1
5685 . 38984 87491 3 U6UPE=RY
07904 L4U597 , 93443 5,7668E=R1
77531 43652 ,91087 5,6882E=71
7203 42823 ,89152 5,6518E=01
L6911 42086 87535 5,5966E=01
L6651 41426 ,B6160 5,5734E=01
N IYEY L4Pa3e L BU975 5,5595E=21
,@3718 46656 ,92055 8,5429E=01
,AR312 ,45630 .89378 BeU69SE=01
.A795% , 44730 L87180 R, U2BAE=R1
L7640 , 43929 85340 B 4AGTE=01
,07357 ,43212 83774 R, UPARE=RY
PT100 L 42564 82424 8,UBUUE=R]

= 1,8440

TEMPERATURE

352,34864
3172,08939
388,21313
4@1,63889
412,99791
422,73805

399,069584
428,72565
u52,82587
473,28033
49p,37218
5¢5,32972

452,26685
4BB,51048
S18,57058
543,99477
565,83618
584,84324

SA8,44591
549,87602
S84,43009
613,80287
639,16064
661,33466

S66,66045
611,93135
649,85478
682,23058
710,29777
734,97015

626,09370
674,12018
714,54379
749,15578
779,27922
805,82610

686,22360
736,13463
778,25888
814,50376
Rub,16098
B74,15436




69

pPBX 9u4nu
POP PLOT,

RUN

L18727
20599
. PPU72
« 2U34US
026217
28RO

. 16188
V17697
, 19306
,20915
.2252%
2Ut3?

,14033
,15437
16R4N
.1824%
L19647
21050

,12394
.13634
,14873
L6112
17352
., 18591

11060
12167
13273
.14379
o 15485
« 16591

, 9957
12953
. 11949
12904
. 13940
. 14936

,49932
Q9135
. 12B3A
L1740
L12644
« 13547

PCJ = 0,363 MBAR
LN(R) = A ¢+ RxLNh(P),
REACTION HUGONTIOT, US

. 0852
. 88500
8500
. 28500
.08522
. 28590

P9spa
L0950
29500
,1o5pn
.P9500
.09500

,1a5pm
.1e502
18570
10500
J1n500
. 10500

. 11580
. 11504
L1152
L11509
.11500
L11500

,12500
,12500
L 12500
. 12502
12500
12520

, 13300
e 13509
» 13500
. 13502
13500
. 13500

. HUSep
YA
Jluk0p
14500
L 14507
L 14506

C + §»UIP,

v

LU3IBUS
LUu3se
L 4u9uR
L 45451
JURRAS
JUb264

43249
43968
JLUSHR
LU4s077
458517
, 45900

LU2897
L43623
.4u229
LLa7a
.45187
L 45574

L 42581
«43313
£U43923
N YTYE]
LUURAG
LUS2RA

42296
LB3P32
Ju43ed7
JUUL6R
,44619
L4501°2

42036
JU2776
,41394
L439109
Juu37y
LUUT66

LULTOR
LU2542
43162
,436A9
Juaatay
LU6540

>

-5, AEAG6F+ 0D
2 U6UARAE=D]

up

L A9URS
, 7950
L ARG 6B
LP8328R
LPRR2Y
L7749

10214
L9751
29344
,@89R3
78658
LARTBS

, 17909
L0022
,79990
L 79607
L9264
LARISY

11574
16y
. 10608
. 1P2%6
LA98US
,79519

11676
11203
L 10TR?
s 10404
10762

L12830
12270
W11777
,11338
L 17943
, 10587

13426
L1284
12331
.11875
L 11465
L11004

us

L4R597
,47498
L 46530
,45671
,44900
Luu20y

504U
L4927]
48241
L47326
L 46506
L4S764

52199
,50962
,49874
,4B9n7
L4BY39
L4725

,538A3
.52583
,51439
,5Pu22
,49509
LUR6A3

,55501
 S4141
,52944
,51879
,57923
,50058

.57061
.55643
54395
,53284
,52287
51385

58568
.57095
,55798
54643
.53606
452668

R =
S s

RHO

1. 36536RE+00

2.,53PRQ0E+ 00
W RATE
» 90618 1,2126E+00
.B7625 1,2069E+00
»8516% 1,206UE+00
.83104 1,20R1E+00Y
R13U9 1,2114E+00
.79835 1,2158E+00
89135 1.6583F+00
85827 1,66P2E+00
83106 1,669UE+PQ
B0B25 1,6786E+0P
.78881 1,6881E+00
77225 1,700SE+00
87609 2.2112E+00
.R3984Y 2.2288E+PR
R1003 2,2U93E+0p
L TR521 2,270SE+30
76372 2.2946E+00
W 74532 2.3189E+0N
,86038 2,8849E+RQ
+B2097 2,924TF+00
. 18852 2,9656E400
76132 3,APGHE+AP
,73813 3,0535E+00
71810 3, N970AE+0K
BUU22 3,697UF¢np
B0161 3,7695F+00
716654 3,BUBBE+0P
73711 3,9212E+0P0
71203 3,9954E4+00
69036 U,P685F+0D
B2761 U,6692F+00
.78178 4,7923L+00
J7400Y 4,916U4E¢00
e 71237 S,@383E+00
y6R537 5, 15R0E+0D
066205 5,288BNE+0A
81052 5, A220F 460
76142 6. 01ROFE+RN
72998 6,249PE+0D
W6RTRY 6, 4N16E+PD
W 65819 6,5997F+0P
2633009 6,76R9F+00

= 1,844

TEMPERATURE

746,73005
797,73859
RUM, 98702
878,33880@
911,07793
9ue, 12446

807,35911
858,85671
902,69982
94m, 74963
974,17355
10¢3,91987

867,99048
919,42239
96%,u40141
1201, 69856
1035,4871@
10h5, 67593

928,52104
979,40109
1023,12860
1061,33346
1095,20537
1125,57214

9RA,R7914
1738,79478
10R1,87465
1119,72410
1153, 41635
1183,73307

1049,01350
1097,54941
1139, 7RAS6
1176,92861
1210,21112
1240, 26077

1108,89939
1155,70593
1196,64994
1233,a0481
1265,67895
1295,31643



0L

PBX Qunu PCJ = W,36% MRAR RHO = 1,8440

POP PLOT, LN(R) = A& + RxlM(R), A = ~5,PUN996E+00 B = *1,365368E+00

REACTION HUGOMIOT, NS = f + S*xUP, C = 2. UBNAPRE=AL S = ?2.,5300npE+00
RUN P v uP us W RATE TEMPERATURE
JRR2U8 , 16502 LfH1579 Jidees ,6PN28 279295 7.188B4E+0® 116B,47157
. ranTe , 15500 L42326 L13upe .58521 , 74753 TL4B3RE+P@  1213,26086
,@9R9S . 155¢0 LU29u8 12868 ,57156 69734 7.7745E490 1252,73303
.1n7109 15500 43477 12395 +55959 66109 8,1206E+P0 1288,AQ999
11544 , 1658y L 43932 11970 0HU8RY 563018 8,3406F+2A 1319,87889
12368 . 15500 LUu33y . 11586 ,53912 ,6A345 8,60S1E+2@ 1348,95790
LB87571 16502 LU1377 L 14563 .b14uy 77486 8,7971E+@@ 1227,733R9
,AR328 16560 JH2126 .13939 .59866 71907 9,2812E+09 127@A,18790
#9085 16500 LU2750 . 13389 .58475 67308 9,6665E+20 1307,96916
09842 16500 L832R0 L1290 57237 063445 1,MA76E+081 1342,01403
. 105909 16520 LU3737 12U61 56125 s 60455 1,0081E+01 1372,89985
, 11356 L1651 NTERTY 12063 .55119 57308 1,7937F+01  1401,25068
JN6986 17500 LU411Ra 15107 ,6282¢ 15622 1,0686E+71 1286,66175
NT6R5 L17500 L 41939 L 14863 61192 . 69696 1.1301E¢01  1326,57006
JAR3INY .175¢00 LU2565 . 13896 059757 64812 1,1920E+01 1362,44128
. 39082 17500 Lu3097 . 13391 .584RQ W 6RT14 1,2515E¢71  1394,97455
,09781 17500 L 43555 ,12938 257332 257218 1,3128E+01  1424,76438
10880 V17500 43955 . 12527 .56293 254196 1,3725E+81 1452,22968
N IYRES 18529 LU1P1Y «15637 «6d161 W 73700 1,2950E+91 1345,25338
A7124 . 1R520 4d1766 S 14974 62483 67423 1,3774E+P1 1382,32285
LA7771 18500 L4239 Jlulop 61006 62247 1,4623E4¢01 1416,087923
.B3419 . 1R5AR L42925 « 13R69 59690 57901 1,5399E+P1 1447,63138
19066 <RS0 .43384 13402 58507 54199 1,6371E4@1  1475,54264
WR9714 . 1RSAN 83785 12979 57437 ,5A998 1,7512E+7)  1501,99657
26027 19500 LUNBSR «16153 , 65467 71721 1,54B2E+M) 14@3,41521
26629 L1950 Lu1en3 L 15471 ,63743 .65078 1,6689E+71 1437,49671
JA7232 .195n2 42232 L1U871 62223 $ 59606 1,7914E+A1 1468,93577
L,A7835% . 19520 L 42765 14336 60870 + 55011 1,9134E+21  1498,10296
78438 lo%ap LU3224 . 13855 59654 .51094 2,M351E+@1 1525,24@27
Ponun .1050p LU3626 130420 .58553 47703 2.1661E+¢@1 1558,67815
725629 20500 LUP696 . 16657 66742 69675 1,8529E¢M1 1461,22001
26192 2PERR 41451 15957 , 64971 62662 2,2153E+A1  1462,0M4395
L 26755 L2naen LU42080 15340 L63411 56883 2,1849E+A1 1521,03017
.P7318 L PRRGE JU2614 14701 , 62021 52032 2,35A6E+01  1548,28530
NALLY L0500 L3074 14297 HA773 47890 2.5385E+01 1573,98262
086Uy ,2050R JU3U76 « 13851 , 59642 J4a31t P2.T2UQE+PY  1598,20216
25275 21500 L4055 17149 ,h7988 67562 2,1954E+P1  1518,61890
JA580A2 21500 L1307 16432 66172 bP167 2,4316E+401  1545,98519
,P63%@ 21504 L1937 15799 «6US72 W 51a73 24662641 1572,35R79
NIYLY .215np JUPu7? 15236 63147 URGSY 2,9PBLE+P] 1507,61178
73R4 21500 42932 JAu730 61866 , UUSAR 3,156RE+421  1621,69452
L7912 . 21506F 43334 14272 LARTRT LUp810 3,3601E+@1  1640,66315



¥4

COMF R
POF PLGT,

RUN

4,43670
u,RRNY7
5,32404
S.76771
6,2113R
6,65575%

2,d1352
P,65487
2,R9622
3,13758
3,37893
T,62028

1,56693
1,7236?
1,88032
2,037M
2.1937¢
2.35040

1,12082
1,23290
1,34498
1,45776
1,56915
1,68123

85240

,93763
1,22287
1,10811
1,19335
1,27859

L6TH2T
L Tu389
.B81162
87915
,94677
1, a144n

.55340
JENBTY
L,66408
. 71942
LT7476
LA3A1R

PCJ = 4,284

LNfRY = A & ReM(P),
REACTTON HUGONINT, s

2200

3200
PR
JRRORQ
LA3000
23220
3200

LAUNPG
JPURAn
Lounpn
LPuman
LPapQn
LPupag

AT Y]
SH5ARR
JPsana
L5000
LYY
, 25200

Qe00Q
6000
PA602AN
26000
26000
6nAn

07099
TR
,PTP00
LA7000
7000
,eTNRP

PPN
JPRARA
L ARAN
PRAND
L ARANA
,P3A0R

C +

SR,

v

.5173%6
L52768
.52/29
L5308
.53un1
.53677

LSB1RA
,50791
,51291
51717
JSPMRP
52400

LU9nak
,4969n
50227
50683
L9177
51420

JURLSU
L4R824
L 49385
, 49862
502713
51633

L47428
LU8118
L4R6OS
Lu9185
L49609
L, 49980

JAue822
, 47525
JURL1Y
48614
Lu9n4a7
Luau2e

Jue30g
,47018
LU7615
LUR123
L4RSH2
L4R947

A
c

TABLE C-I1

~U,3BUL6RE+AP
2.312000F =B

e Us
23626 32164
.A3USR 31725
213296 « 31339
,23159 + 30998
23037 . 30692
12927 . 30417
RPTRTY «390U0
L,AUTAR L 34872
cAUSAR . 34369
L AUIIP . 33924
LAU1TR 33526
UMK «331h6
ABNRT 38317
«PSR16 s 37639
WW5577 37042
«AS364U , 36510
«AS173 36433
5001 . 35602
A712A U091y
« 26816 Juatdy
JR6SUY 39459
26301 o 38RS2
. 26783 . 38307
«AS58RS 37814
JPRARR SU3300
,27736 yu2uuy
27433 LUT0RY
87164 LU1ANT
. 06921 LURUG2
JPRTRY »39R53
<8967 45518
«P8592 JUUSARY
JPB262 s 43758
+87967 ,43018
«07702 L 42358
Q7462 ,41755
. 29RAR LHT60R
99396 L46591
L P90u0 LUS700
Q8722 Juk9es
. 28437 JUM192
,AR174 243544

RHQO

-1,501545¢8 400
2.5BNBARE + A

989548
«9R288
97742
297289
96906
«9A579

.97959
« 96933
, 96093
L5392
.94798
JOU2RA

RLYLL
L9504
. 94278
e 93328
92520
+91R25

95901
293759
092323
1117
« 900914
89205

L 9U994
,91982
,90238
JBBTT2
.B87521
,B6U39

,92581
930091
.BAA3Q
LB6294
LBuUBYQ
,83525

,98967
,BRARG
85698
B3I6R3
,81959
LTS

RATE

6, 3USUE-NT
6,1176E=03
5,9U4R9E=n3
5, 8PULF=3
S,696RFE=03
S,6RBUF=73

2,035PE~=0?
1,9763E=02
{e931RE~02
1.8967E=02
1.,8693E=02
1 RUTISE=D2

4, TAR2E~02
4,5995k=22
U,52UPF=02
U, 466TE=D2
4,U229«22
4, 3R9UF=P2

9,R9UBE-RR
8,9673t=02
8,8762E=72
8,8336F=02
B, TbUbE=P?
R,73usF=02

1.5753E-21
1,5647E=01
1,55R6E=01
1,5558E=21
1,5553E=021
1.556UF=R1

245296E=01
2eS316E=PY
2,5379E=0¢
P.5472t=01
2.55RKE=A]
2.571UE=Q}

3,B453E~0]
3,8773E=01
3,912 1E~0}
3,9485c=0t
3,985RE=01
4,0235E=71

= 1.715¢

TEMPERATURE

ung, 66634
u3in,35a75
454,59395
474,81595
491,97653
S0k, TURGT

UT6,0TRLE
S16,14336
SUR, 097410
576,46154
%99,88299
627, 13102

S560,53451
HUR, UT218
647,B2870
680,86477
789, A94R8
733,57439

650 ,BAR26
704,708R0
749,32661
766,33559
818,25126
RU5,99336

Tou,82632
Bn3,15128
851,145R8
891,57654
926,26796
956 ,48489

aut, 22286
902,59360
953,16861
995,83457
1P32,50913
1A64,50910

939,0a526
1enp,25576
1954,43398
10¢98,51491
1136,46437
1169,63630



L

CoMP p

LY

pPoP PLOT,
REACTION RUGONTNT,

RUN p
-46369 ML <P Yol
«51076 LRonan
.55643 ,fnep
JbP2RA ALY T2
64917 N:CLRE)
«h9554 L PARMN
. 39584 12000
R LYR ,1nanp
L4750 12000
51460 L0000
55418 L1 0RNe
459377 ,1nann
<3436 11PN
« 37737 J1opn
241167 JI1a6e
L UusaR 117200
J4RA29 ,l1mnp
.51459 J1onn
3P0 200
.33115 12000
« 36125 12000
39136 12000
JH2146 120000
445157 12000
. 26695 LH3pp0
229365 13020
.3PA34 . 13000
. 34700 13000
»3737% 13700
40y . 13000
«23884 lucen
.26272 14700
, 28661 ,luanp
031040 Jdapan
. 33438 Ldunpa
. 35826 Jdnran
21534 Jsarp
. 23687 . 150100
«25R4A 16000
. 27994 15000
30147 ,15000R
32300 15MAQ

Ut =

LN(R) = A + BxLN(F),
+ SxyP,

4S 1928

~4,384168E+00
2,310ANPE=01

e

. 10587
.10A157
9776
,Pau37
.R9132
L ARRSS

11336
. 1ARAR
L1477
J1R117
#9794
, 79500

. 12250
JA1570
s11146
10767
J1Pu27
L0117

o 12736
12233
,117R8
« 11391
J11P3
10710

. 13395
12870
12406
,11992
J161R
L11780

L1603
. 13485
13002
,12571
12182
L11830

Jdusu?
JJupan
13579
« 13131
12728
. 12363

s

,UG5hA
LURLGY
L4754
L 46693
, 45930
L, 45238

,51439
,50299
49292
LIR393
L, 47585
L 46851

53226
,52826
.50965
.500819
LU9166
,48393

,54940
53682
,52570
.51578
50684
L 49874

56588
»55275
54115
,53079
52146
.51299

58179
056813
255605
,5Us27
» 53556
52675

59716
.58299
,57047
,55928
,54921
,54006

RHQ
=1.,531545¢k+00
2.5AN0NPE+ R

RATE

5.,6AR3E=04
9.69A2F=01
5.7874E=7]
5,87S1E=R1
5,9591E=01
6,PUUPE=DY

T7,9273E~01
8,1177E=01
8,2912F=01
8,U4694F=01
8,6U11F=01
B,8069E=A1

1,A903E+00
1,1253F+0p
141593E+00
1,1917F+2Q
1,2229E+00
1.,2530E+00

1,U70RF+99
1,5308E+n0
1,5898E+n0
1,64U8E+0A
1,6985E+030
1,7489E+00

1,9498E+00
2,RUBBE+NA
2. 1440E+00
2,2331E+QPQ
2e32UbESPD
2,4123E+00

2,550BE+0N
2. TRGUES+RD
2,8S41E+00
3.,0048E+400
3,15A3¢+00
3,2916E+00

3,3001E+00
3,5381E+00Q
3,7722E+0@
4,A493E+AN
4,2358E+00
4,Ub60E+RQ

s 1.7156@

TEMPERATURE

1037,47506
1191,52929
1154,42700
1199,179@a7
1237,80118
1271,58181

1136,07773
1199,94805
1252,79087
1297,52455
1336,17282
1370,P8366

1234,36866
1297.16R55
1349,13526
1393,25952
1431,45619
1465,03610

1332,00966
1392,81865
1443,28552
1486,23088
1523,49376
1556,33984

1828,61099
1486,69879
1535,a3441
1576,32246
1612,17467
1643,89461

1523,95535
1578,58619
1624,25044
1663,29515
1697,43692
1727,71857

1617,79534
1668,28915
1710,68323
1747,18911
1779,22847
18@7,76716




€L

COMP R PCJ = @,2R4 RH( = 1,7150

POP PLOT, LN(R) = A + Ra[N(P), A = 4 ,3AUIARE+ PN R = “],50154SE+0Q
REACTION HUGONIOT, 1S = C + S*UP, C = 2.31PA0AF =N s = 2.50NRRRE+ 00
RUN P v Up us w PATE TEMPERATURE
.1954% 16000 .43788 15243 61206 L7416 4,2312E+02 1709,9u594
.21499 Jh00A L 445135 18656 ,597ud 067567 4,5R66E+70 1755,AUT746
. 23454 . 16030 ,15158 L4138 .5R444 62108 4,9LBU4F+0  1794,33294
. 25408 16000 LU56R9 13675 ,57287 57492 S.3003E+00  1827,88538
27363 16000 Lunta? . 13258 56244 +53531 5,6782E+40P 1R57,52U63
.29317 . 16000 46547 12879 .5%297 +SPARY 6,AUISE+AP  1RRU,N6518
17844 L1700 LU35RS 15821 V62653 , 71458 S, 3865400 JROA,NR3TI1
. 19629 , 17000 L4u333 15216 Lh11u8 L bu345 5,917PE+A¢  184Q,4B8927
,21413 17700 ,4u9s8 J1UB6RY 59801 58438 6,U679E+00  1875,76370
23197 17000 L usuAg L8202 ,586Ph 53445 7,M262E 400 19R5, 34463
-YLEY 17000 L 45948 13772 ,57529 49163 7.5981E+0@ 1932,30152
26766 L17ap0 , 46349 13180 . 56551 U544 B, 1933E+4R8  1954,63915
. 16377 . 1RQnR .4339¢6 16380 L6un6n 168623 6.B171E+0% 1888, 14RAQ
18014 .1830Q Jautus 15760 62500 Y LLYS T 6PIPE+RA 1922 71043
. 19652 18000 Lua771 15208 61121 54575 R, U251F+AB  1952,79538
21284 ,1A0pA L 45303 14716 L5989 ,49194 Q,2894E4P0 1979,5¢610
.22927 JlRraARR LU8762 Jlu271 .58779 L 44579 1,0207F+01 2003,58237
24565 o, LRRA 26163 ., 13868 W B57771 2 4R573 1,1173E+21  2P25,512R9
15100 BT ALY Lu322m 16032 65438 165623 B,6M31E+¥M  1973,R9732
6610 19000 43970 J16200 63826 57360 9. 7RLTE+RQ  28R2,15R32
18119 19000 ,4us597 15723 NY-PIY 50507 1,A9RRE+AL  2P27,45345
19629 Jomnp L 45129 ,15216 61139 Jua7PU 1,2340E+01 2050,37367
21139 .19mnn 45589 L 14759 ,59996 . 39769 1,3R11E+401  2R71,36922
22649 19000 L45990n J1a3ua .HA959 35461 1,5468E+401 2090,R1241
13980 I L-ELY) . 43055 J17487 66706 6P443 1,ABRSE+R]  2067,19260
.15378 272000 43806 16807 .65118 53569 1,2516E4%1 207R,7981@
16776 20000 Luuu3y 16220 . 63660 46220 1,4390E+#1 2P9R,99218
18174 L2000 LUn9h6 15703 .62358 LU4nn23 1,6525E+7) 2117,91520
19572 20000 L 45428 15234 s61184 . 34729 1,90A7E+¢1  2135,74319
.2n970 L2000 L 45828 14828 , 60119 , 37098 2,1BT2E+H1  2152,52339
12993 21000 Ju29p0a 17988 68071 59271 1,3626E+@1 2137,R6793
. 14292 21000 L43652 7312 66380 ,U495au 1,6M95F+01 2152, 44432
« 15591 2100 JUu2re 16714 LHUBRS 41699 1,B8998F+21 2167,35883
J16R90 L21pen L4UB13 L16179 L3549 235068 2,2U96E+R) 2182,188n9
18190 21A00 45273 . 15698 62344 ,29390 2.6761F+71  2196,68257
. 19489 1000 LUSAKTS 15260 61251 LPUUBD 3,2118E+71  2210,75515
12116 , 22000 L2755 . 18498 69346 55492 1., 7173E+001  2215,77841
13328 JLP2nen L4358 17806 L,6761d ,45327 2,0R37F+01  2223,M6127
. 14539 22000 Lu4135 17193 Y .LY . 36925 2.5425E+01 2232,54337
.15751 22700 ,4ub69 . 166US L4713 . 298UB 3,1322E+21 2243, ,13R2A
. 16963 LP20ep ,45129 , 16151 ,63479 23791 3,9222E+01  2254,26394

18174 r-riddy L4553 15703 52358 « 18542 S,M196F+P1  2265,52826




L

Xuzop
POP PLOT,

REACTTON HURONTOT,

RUM

9,40364
10,64300
11,39237
12,34173
13,29109
14,24046

5,70843
6,27927
6,85212
7.,42796
7,99180
8,56265

3,70220
4,n7242
4,40264
u,81286
S.18308
5,5533@

2,53946
2,7934m
3,24735
3,3/129
3,55524
3,80919

1,81R76
2.20064
2.18252
2,36439
2,54627
2.72R15

1,348028
1,4B286
1,61767
1,75247
1,88728
2,02208

1,92744
1,13018
1,°3293
1.33567
1,43R42
1.54116

PCJ = 0,288
A + Bx[N(P),

26772
P6617
6478
06353
6238
.P6133

L27651
L@74BR
L7326
L7187
L7060
26943

,ABUT2
.28286
.A8118
+A7967
.07828
,87702

,9245
,P9nus
R8BS
L8701
,"8553
8416

.09978
19764
.P9572
.29398
.29240
,29n94

+ 12676
« 10450
10247
, 17063
«A9R95
AU

RRETY
11106
12892
< 17698
RULYY
s 17359

TABLE C-III

“6,3U7110E+00
2,U000NRE21

us

L4093y
L, 4n543
JU0196
«398A2
+39595
,39332

J43128
(42699
L2315
L41967
L 41650
41359

,45181
,48714
, 44295
,43917
LA3571
,43254

L4714
,U46612
Wintel
LU5754
.45382
,450u0

JUR9uS
U840
,47930
47496
«47099
L6735

250691
50124
49616
249156
JURT3IY
,48351

52360
«31765
,51230
,5A7us
50304
,49898

RHO

»2,917511€E+00

2.5000AAF+0Q

W RATE
, 96839 5,8999E=03
«95781% Se7128E=n3
94890 5.562TE=03
94126 5, 4UR6E"RT
«93463 S.3URPE=RT
,92880 5.2563E=03
295864 1,2696E=02
s U594 1,2341Ee02
,93518 1,20S7E=R2
092599 1,1827E=02
«918020 1,1638E=02
291098 1,14R2E=02
,9u804 2.U4602E=02
93306 2,UNNBEwNR
. 92045 2,3537E~02
090964 ?:31S8BE=02
,90R25 2.,2RU9F=02
«89199 2,2597E=Q2
+ 93650 4,U4138E=R2
091923 4,3252E+02
I TYY 4,2555E=n2
,89217 4,2002Fen2
8R132 4,1560E=02
87177 4,120SF=92
92408 7.,4673E=02
92438 7.3U494Ewn2
88776 7.2585E-02
87351 7,1882E=02
B6112 7.131UE=R2
85023 7.A89RF=n2
9170 1.,2P6RE"P]
L8884 1,1930E=01
«B6966 1,1828E=81
85357 1¢1756E=01
«8396R 1,1705E=0]
82728 1,1671E=21
89627 1.8792E=71
WB7133 1,8674E=N1
,85029 1,8599E=014
83225 {,ASSBE=P]
«81657, 1,8542E-01
«RRA27R 1.,854USE=N1

s 1,8940

TEMPERATURE

492,44427
S13,77132
531,710¢41
S547,09047
568,48058
572,28761

S44,16574
567,27023
586,69686
603,34u69
617,83519
6308,61251

598,32887
622,87652
643,36664
660,97325
676,29243
689,79835

654,86531
679,95979
701,34574
719,645087
735,55991
749,58662

712,22977
738,42675
769,37185
779,13185
795,45879
87m9,81954

77136461
797,98532
827,26R29
839,27829
855,78989
870,33286

831,68955
858,47836
8R7,84919
899,93380
916,49740
931,A7912




SL

xe290
PP PLOT,

REACTION HLGONINT,

RUN

L8R4
.B88155
L96170
1,44184
1,1219R
1,2021°2

63742
LJI117
. 7649)
R28BAS
.B9239
95614

.51551
56706
L61861
L7016
L72172
L77327

L42296
L46526
50756
L5U9RS
.59215
L6344

,35142
. 38656
L42170
45685
,49199
.52713

,29523
.32475
.35428
.3R380
L41337
NYELY

,25m47
, 27552
3056
.32561
35066
«37571

PrJ = »,288

LMERY = A + KBalN(P),
t

§

L 12250
12250
.12250
L1225
.12250
.12250

213054
13250
13250
13250
13250
. 13250

» 11250
J1dese
14250
14250
o lu2sn
14250

. 15253
» 15250
. 15°50
. 15258
. 15250
15250

. 162502
16250
,16250
16250
16250
, 16250

17252
,172%2
17252
17257
17250
17252

.18250
, 18250
L18258
,18250
. 18250
L 18250

C 4

Sk{JP,

v

41072
JHa4tUld
L1170y
, 41953
U217
LU2363

LJUpB1 e
2LU1154
Juru4s
416986
L4191
42108

LUASTY
L4a917
L1209
YT
 d1ana
JU1RTY

L, 40352
JUpreos
LU?99p
J41244
ALTY
LU1689

Lantae
L4nu9?
L4079
JUtuy
L41265
L41459

. 39961
T
Lunspu
Lum8s8
L41779
L1274

.39785
L4r135
L,unu3e
LU268Y
.4m906
Ja11e

A
C

=6, 387114F+00
2, U0RPRPE~DY

up

, 11985
1736
L11512
.11379
1124
, 198954

L12603
12343
.l21m9
.11897
L11704
11527

13200
. 12929
. 12h86
s12Ub6
12265
12080

L13777
,13u96
13244
.13016
L 12808
12616

L 14337
,lunu7
13786
13550
(13334
13136

JIURRY
L 14581
L4312
L 14068
L 13846
L 13641

15411
15102
L1482
. 14573
u3aa
,14133

s

,53964
,53340
,5278p
$52273
.S1810
51385

55578
LSUAS7
L54273
L53744
53261
52817

» 56999
56323
.55715
.55165
JSUb62
54201

.SRuU3
L57741
L57111
,56540
,56019
,55540

,59843
59117
58465
,57874
,57335
56840

61203
,6AUSY
.59781
,59171
58614
58173

,62526
61754
61061
LHbPU33
. 59859
,59332

RHOQO

“2,917511F+PR
2.5UNARAE +PP

L8873
LB5294
LB295¢
,BA%un
.79193
.77657

eRB397
83315
1AN716
s TRURT
. 76550
. TuBun

+845RS
,81181
+ 78309
. 75846
73708
.71828

,82623
, 78873
.75729
72999
. 77643
L 68573

,BR493
76370
. 72895
,69915
,67328
, 65053

.78171
73650
L 69834
66568
. 63729
(61234

, 75638
. 77680
66500
,62918
.59807
57075

RATE

2,8410F=n1
2,8392F=01
2,BU14E=R1
2,8471E=01
?.B555F=01
2 B650E=01

4,1951E=01
U 2157E~01
U, 2UR9E=01
4,2693E=R1
4, 30PRE=A1
4,3287F=n1

heRT1SE=RY
6, 1427E=01
6,2130E=01
6,2823E=0}
ho36R1E=1Y
6,437UE=01

R bUT3E=01
B,8683E=01
B,9646E=01
9,1284E=01
9,2890E=01
9, uubUE=R]

1,2158F 00
1,2478F+0A0
1,2803E+00
1,3121¢ ¢a0
1,34326+00
1,3737€+00

1,6914E+0Q
1,7531E+00
1.,8135€+00
1.8726E+00
1.9308E+AQ
14 98RTE+AQ

2.,3377F+00
2,44768+00
245559E+020
Ceb6IUE+PA
2,7715F+00
2.,BTUUE+AQ

= 11,8940

TEMPERATURE

H93, VA 30
919,74647
942,73711
961,02954
977,50051
991,99318

955,22174
981,7¢303
1903,73912
1122,491099
1238,735909
1953,04739

1018,22153
1044,25739
1765,RR10A4
1ARU,>27819
1179,17168
1114,15217

171,91 48¢
1197,33238
1128,41304
1146,28133
1161,74471
1175,33177

1146,21968
1176,87208
1191,24159
1208,51364
1223,44215
1236,55004

1211,07945
1234,78017
1254,35334
1270,92060
{285,22606
1297,78615

1276,37767
1299,03285
1317,69071
1333,46243
1347,08965
1359,P0759




9L

XA29@ PLJ = #,2RS RHO = 1,894@

POP PLOT, LH(R) = A + Rx[N(P), A = w6, 34T LUE+2A B = “2.,917511FE+00n
RFACTION NUGONIONT, 1S = C + S*UP, C = 2, UPNARAE~I $ = 2.50NAPRE+ AN
RUN P v up us W RATE TEMPERATURE
, 21437 Jlazse 0 39622 + 15926 «63816 « 72858 3,2147€E4000 1342,08770
23581 019250 . 39972 . 15609 63022 67426 3,4456F+2n  1363,56058
.25724 . 19250 JUP2KR 15324 . 623029 62846 3,5973E+00 1381,28737
«2786R . 19750 JURRR2 . 16065 061663 58972 3,79235420 1396,11779
30012 19250 JURT7uUU 14829 «61073 55518 3,98A1E+70  14QR,9U1R9
. 3P 156 . 19280 LUr939 14612 s 60531 052526 U,1722E+020 1420,2R561
L1RU93 PP250 . 39468 16430 65A75 .69793 4,4325E+P2 14P8,15881
J2A342 ,20250 < 39819 6104 .64259 63844 U,7383E+7Q 1428,31273
22191 20250 LUn11S +1HR1Y « 63527 «SRB26 5,0773L+09  14u6,B78017
2URun , 20250 L4837 . 15548 62863 + 54532 S.4131E+0A2 1458,79928
« 25890 nPARKA U259 » 15303 . 62257 ,5PBA3 Ss76A6E+A0 1470,81504
<2779 2PN2SeR LURATR7 , 15082 61700 247527 6,11068E+VQ  1UB1,351587
16066 21250 . 39324 16022 66304 66404 6,1028E+70 1474,47670
« 17673 1250 . 39675 « 16587 s 65467 « 59882 beb1TTE+0Q  1493,23824
+ 19280 ,21250 . 39972 . 16286 64716 «DU3RE 7.1998E+20 1508,58778
L PPRABE 21250 LUr226 601U 54835 L 49680 7T.8119E+28 1521,51917
,22u93 21266 Junuun . 15766 03414 s 45595 R, US16E+AR  1532,65472
ou1ee 212851 Juneuy . 15637 «62RUT U228 9,1197E+9PA 1542,41453
. 1Un4g 27250 « 39187 J174p2 +h1506 62634 8,3414E+90 1540,990219
15454 s 22250 39539 17060 «Hb6UYT «55478 9,3042E+2R 1558,25690
+16RS59 22780 . 39834 16752 + 65879 s494uo {.A344E ¢+ 1572,35713
s 18264 . 722507 LJUrn9y 16073 65182 Ju44289 1s1469E+R) 1584,216R6
219669 .22250 U313 16218 . 6USUS 30811 1,2686E+01 1594,42043
21074 22750 ,4p509 , 15984 , 63960 35874 1,4037641 16P3,40A84U8
.12358 232507 ,39P59 «17R73 +68582 «58410 1.1590E+01 160A7,66183
. 13594 23250 . 30411 «17522 67806 50550 1,3264E+01 1623,330224
. 14830 23250 . 397078 17207 .67018 243928 1.5164E+01 1636,10876
. 16266 «”3250 » 39963 16922 56304 238263 1,7319E+@1  16u6,84247
« 17301 «23250 LU4r185 RT3 « 65653 «33349% 1,9827E+01 1656,12180
, 18537 23250 LUPIRY 16422 + 65054 0 29R22 2.2729E4 01 1664,25637
. 10929 ,PN253 .389137 18334 069835 053652 1,6295E+401  1674,37410
12022 ,2urse .39289 17975 68939 L 44998 1,9319E+01 1688,384R85
13115 L PU250 . 39587 17683 68134 « 37712 242958E+@41 1699,78263
14208 2U250R . 3908U2 17362 6740y W 31473 2,T463E+A1  17G9,38925
15301 ,2u25a LY .170065 66738 « 26061 3.3129E+@1  1717,66363
. 16394 24250 LUn260 ,16850 66126 21311 4,35M2E+@1  1724,94358
,P9714 .2525@ .38821 18786 , 72965 JUB24U6 2,3401F+0t 17u3,07503
. 10685 .25250 . 39174 18a2n . 70058 + 38696 2,9112E+B1 1753,38774
» 116587 25250 30472 18091 69228 « 30661 3.6677E+4921  17563,30863
12628 «25P50 39727 ,17793 68482 23772 4,7392E+A1 1771,75492
13599 e P5250 » 39949 « 17521 67802 17803 6,3355E481 1779,72285

14571 1252659 49145 17271 67176 012563 8,9946E+P1 1785,43636




LL

TABLE C-1V

XA219 PCJ = @,281 RHO = 1,9140
POP PLOT, LM(R) = A + BxLN(P), A = ~6,UUBT1GE+00 B = “3,540121E+020
QEACTION HUGONIOT, US = C + §*xP, € = 2,400BANF =01 § = 2.58P0RPE+00
RUN P v up s W RATE TEMPERATURE
9,75765 , 28500 L41926 79366 L47u18 093252 1,0PR9E=02  £57,22629
10,73341 28500 LU2196 29199 LUb996 ,91750 9,R43IAE=R3  677,PBP86
11,70918 13520 Lu2u26 .79048 C4bh19 L90UTR 9,6U51F=03  693,77218
12,68494 LPB500 L2620 18911 LU6277 .R93R4 9,UBURF=A3  708,R7757
13,6604T1 L AR50R L42798 LARTRG LU5964 ,8RUP 9,3521e=73  728,53152
14,63647 L VBS00 L 42951 28671 45676 «87588 9,24P7E=03  731,51762
6,58174 9500 L41540 . 10085 49214 091972 1,8052€=02  713,22741
7.23992 LY T LJU1813 ,99n7 JUBTAB 97265 1,7676F=02  733,40858
7.89809 . P9572 .4pm45 79747 LUB8367 L 88820 1.,7376F=2  750,34719
8,55626 , 19500 12245 o« P9601 .usen3 87576 1,7135E=02  764,84690
9,21444 29500 42421 LYY L7670 B6UGP 1,693UF=R2  777,4R013
9,87261 ,na5pQ ,4257¢6 79345 47363 , 85534 1.,6774Fe02 78R,59519
4,61814 , 10500 41196 10772 , 50929 » 90595 3,714k  770,41834
5,07995 10500 L41872 12683 . 50458 ,88672 3,RP272E=0?  79p,69770
5,54177 . 10500 LU1706 J1rutd .52035 LB7043 2,9777E=02  BA7,70371
6,AN358 , 12500 L1929 17260 , 49650 85643 2.9455E=02  822,22622
6,46539 10500 L42086 10119 49298 S ALUR2 2,9198E=RA2  834,Bu4796
6,92721 17500 LH2242 ,NA98g L,u8974 «R33Ub 2.,8995E=-02  B845,96859
3.34659 . 11500 JUBRABY 11429 ,52572 A9112 Qe P1AUE=AL 828,63091
3, 68124 11500 LU1166 11231 ,52077 WR6962 4,9542F=02  B84B, 79804
4,m1590 11500 LAa14m2 11053 ,51632 JRS51U2 4,9054E=02  BAKS5,666814
4,35056 11520 LJU1606 17891 51227 «R3576 4,8683E-02  880,n6928
4,68522 .11500 LU1784 L1743 ,5PBS7 JA2211 4,BURRF=R2  B892,57438
5,M19R8 11500 LAu194? 10607 .5%517 «R1078 4,R193F=N2  9M3,58USS
2.,49119 J1250n ,avete 2060 ,54151 87516 7.9362E=7?  BB7,68718
2,74n3) 12500 LUrR9p 11853 53633 85126 7.8708FE=P?  907,56348
2.,98943 . 12500 LU1127 11667 053167 83102 7.8248E~R2  924,15679
3,23854 L12500 41332 11498 52744 . B1361 7.7937E=02  938,304R}
3, URThE 12500 LU151t 11343 52357 79843 7.7740F=02  95@,57637
3,73678 Jd250@ JH1669 Jl1200 ,5200p 78506 7.7633E=02 961,37308
1,89797 13529 ,4m3s7 L 12669 . 55673 «B579% 1,2217E=01 947,49057
2,0884677 13500 ,4n638 , 12453 55133 83149 1,2177F=01  966,90683
2,27648 . 13590 LUPR77 . 12259 HUbU7 80908 1,2160E=01 983,48392
2,46619 . 13500 Lu1m82 Jd12p82 54226 «7R982 1,2160E=01  996,R5634
2,65589 . 13520 41262 . 11921 ,53802 77302 1,2173k=01 1078, 79001
2.84560 , 13500 Ju1421 JU1772 ,53431 75820 1,21R3E=01  1G19,37897
1,47305 . 1450p L4n12s . 13257 ,57144 » 83935 1,A395F«0) 1AR7,93779
1,620138 ,1us0e Jueuny , 13033 .56583 81016 1,8U36E=01 1026,74001
1,76766 14528 .4n64a7 J12R31 .56078 . 7RSS 1,8501E«A1  1042,37269
1,91494 , 14500 LUP8S3 L 12648 .55619 L7HU1R 1,85h6E=*1  1055,68564
2,76227 14500 41034 L 1PUBN ,55209 . 74568 1,866RE=01 1847,17259
?,20957 , 14509 41193 12325 54813 72936 1,8778F«21 1R77,27086




8L

XP219 PCJ = @, 289 RHO = 1,9140

POP PLOT, LHNCRY = A + BxLN(P), A = ~6,U0R715E+00 B = -3,540121E+00
REACYION HUGONINT, 1S = C + §«UyP, C = 2., UGAARAE=AY S = 2.500072RE+00
RUN 2] v up us W RATE TEMPERATURE
1,16328 » 15500 e 39912 «13827 , 58568 »81922 2.7T198E~0{ 1068,93881
1,27960 «158604 LU4P198 « 13595 « 57947 78710 2.T426E~0y 1086,98623
1,39593 » 155007 LUNU3S , 13385 «S7Ub3 0715991 247659E=A1 1161,97174
1.51226 15500 JuUnbu? »1319S +56988 ¢ 73655 2.,793AE=2t 1114,66922
1,602859 e 15500 LURB23 13721 s 56553 71619 2.B82°7E=B1 1125,65338
1,74491 . 15500 LUP9R3 . 12861 56153 , 69824 2.RUBTE=AY  1135,3A015
93231 16504 . 39714 sl14380 «5995%0 « 79735 3,9628E=1 113@,41263
1,82554 « 16500 « 39998 Jdatlun 59349 « 716208 4,2218E=A1  1147,58612
1,11877 16500 ,4n239 . 13923 258808 73225 4,08U9E~A1 1161,78441
1,2120¢ 16500 JARUU? o 13727 58317 710660 4,1477E=31  1173,82256
1,30523% 16500 242628 « 13547 «STRKT «H8U28 4,21HUE=A1 {1R4,19837
1,39846 16500 JURTARR « 13381 257453 66456 4,2718E=A1 1193,34561
, 75700 17500 . 39531 14917 ,61293 717352 S.TAUBE=R] 1192,29586
.8327¢ 17500 « 398164 U669 « 60673 » 134RT 5,8394E=A1 12pR,44705
s I2BUA , 17500 LUnns7 JJudue 68115 « 712217 5,9722E=01 1221,79262
.98410 17506 LUP2H5 JJupul ,59608 -y b, 1R29E=A1 1233,88568
1,0R5980 17500 Juruuy , 14058 . 5914y « 64958 6,2287E=031 1242,80P860
1,1355@ 7502 Ju4n607 . 13RR7 +58716 «6P79R 6,36RUE=DT  1251,37490
. 62184 «1RSOA 039360 , 15440 6260 W« 74749 8,1466F=»N1 1254,484R4
«68399 . l85an . 396U6 .1518% 61962 o 12515 B84,4123E=01 1269,53362
74617 . 1AS2R « 39847 o U988 61387 2656932 R,6736E~P1  1281,93410
808346 . JRSEN LU4rR9h U746 hP86S 63854 8,9322E=A1 1292,41017
.B7054 . 18500 ,U42277 14558 67387 61172 9,198UE=A1  13¢1,44561
93272 . 1RS0p LUPU3ZA ,14379 ,59947 , 58828 9,4502F«A1 1379,376094
« 91600 «195m0 . 30200 15950 ,63875 s 71891 1,1563E+08 1316,93657
56769 .195¢0 . 394R% . 15684 63219 67254 1,2063E4+0@ 1330,77775
.619302 , 19500 39728 o 15451 «62628 +63332 1,2560E+02  1342,15510
67091 19500 ,39937 15236 . 62091 +59961 1,3061FE+38 1351,76121
e 712252 L 19500 Jum11Q 150up .61599 «57928 1.3539E+2@ 136A,01833
ST7413 193500 L2779 . 14859 61147 e5UUY3 1.,4A2UE+QY 1367,26217
43235 s 2WS00 . 39050Q «JHUUR ,05119 «b68739 1,6359€+0A8 1379,5745%0
247558 . PR5A « 39337 W 1617R ,buu445 063662 1,7277E+28 1392, ,11631
51882 20520 395709 15935 63838 « 59366 1,R212E+01  1UP2,41169
«Sh2U8 2500 . 39788 e 15715 « 63287 « 55679 1.9121E+28  1411,06393
L0529 .22500 .39974 215513 62782 052467 2,ANSAE+AR  141R,52260
LhU8S? . FASPH LIS EY! 15327 ,62318 s 496138 2.,0982E+P@ 1425,M85765
. 36526 21508 . 380909 16934 66335 65247 2.310UE+PO 1442,32%29
L4179 21500 .30194 « 16658 hobUY 059682 2,UB82RE+0@ 1453,489153
JHU3RZ2 21508 . 39439 JJhURQ , 65622 e 54979 2,650A2E+0A  1dp2,61417
47088 21530 J39AUR 15182 Y LY »,5A938 2.R239E+0BA  1470,29803
«51137 215m0 «39R30 15976 .63939 yo7U20 3,AN16E+A@  1UT76,9104)

.5479@ 21500 . 39499) o 15788 s 63462 W4u324 3.1832E+08  14R2,70392




6L

Xpr219 PCJ = 2,281 RHO = 1,9140

poP PLOT, LM(R) = A + ha(l(P), A = -6,UURTISE+RQ oz «3,540121F +4%
REACTION HUGNANTINT, 1S = C + S*xUP, € = 2 UNNNRRE =Y S = 2.SNBNARE+ P
RUN » v up us W RATE TEMPERATURF
31096 .22500 .38776 .17409 ,67524 61354 3.,2869F+00 1515,10823
34206 0 2250R 239163 7126 sH6816 55251 3.586UE PP 1514,81109
. 37316 . 22500 . 39304 ,16R72 66179 50092 3.9P10F ¢ 1522,73629
Junu’rs 22509 . 39515 , 16600 . 65600 « 45661 4,2335E+2  1529,3997¢0
«83535 s 225070 . 39698 16428 65470 JH1805 4,5F20E+22 1535,13211
46645 22500 + 39”68 ,16233 , U882 ,3RUL3 H,9480F+0@ 1540P,15260
26660 23500 « SRASA ,17875% .hB6AR8 + 56985 4,7P848F+00 1567 ,B5478
. 249326 23507 . SR93A . 17584 ,67964 , 50282 5,2532E+400  1576,m25418
, 31997 . 231502 . 39181 .17328 57312 LUHB1LS 5,8533E+P8 1582,69979
. 3465R .2350M . 39390 . 178AR 66120 «39749 6,5092E+00 1588,30755
« 37324 23500 . 39572 16871 066177 + 35518 T22TRE+ROA 1593 ,12744
+»309A89 0 23507 0 3973% J1h6T1 65678 31783 B, RULBE+NA 1507 ,42229
23003 s 24567 . 38511 «18331 ,69828 52087 6,8256F402@ 1630,42988
. PH303 L AUSER . 3R819 o 18P3S 69RNR9 s44b72 7.8621F+0@ 1637,04433
276074 . 24520 . 39062 . 17769 JHRU22 38434 9,1554F+@27  1642,42978
29904 24527 .39°71 17527 :67817 33081 1,BU40E+P1  1606,94R92
32204 24500 . 39454 17305 67263 « 28412 1,2114E+41  1650,91522
. 34505 L, 24500 . 39614 ATIM 66752 24309 1,4105F+0A1  1654,38810
19965 25500 <3RU18 « 18779 70947 JU6U40 1,2131F+21  1692,78020
21962 » 25500 «3RTA 18477 JTP1094 « 38286 1,2185E+411  1697,77619
23958 « 25502 . 38949 18204 69511 , 31401 1,4753E+01 1701 ,83947
25955 25520 39158 17957 +6RB93 05480 1,8129F+01 1705,32673
27952 . 25500 . 39341 1773 «6B327 2334 2,2652E+01 1708,34000
,29948 25500 . 39501 «17522 67806 15806 2,9PBRE+U1  1711,02414
17424 26500 .33t +1921R s720UdY 039984 1455876401 1754,77480
« 19166 » £H52N . 385498 1RO1A ,71274 30949 2,VRILE+B] 1758,11592
«OV90AR 26500 . 3RRU2 18632 s 711580 23310 2,6541F+01  1760,89672
2265 2650 . 39051 ,18380 .69949 » 16757 3,6B63E+41  1763,26842
24393 26500 39233 18148 269372 11056 5.,5840E+¢1  1765,36729
«26135 s PHSER . 39394 « 17936 L6RBUD 26239 1,P22RF+02 1767,27199
15282 2 27509 . 38207 19649 73122 e 32483 2.5472E+01  1B816,28267
16811 27500 . 38496 «19335 72337 22420 3,6931E+01 1817,98213
.18319 27590 38739 19082 e 71629 . 13922 S«9451E+0t  1819,42666
19867 27540 . 38949 18794 « 77986 «P6628 1,2504E402 182@,72006
. 13467 28590 .38109 20073 74182 023662 U,6625E+01 1877,15081
J14814 PRSP . 38398 , 19753 ,73381 012393 8,9UUPE+RY 1R77,20n0u1
16161 28520 38642 19464 072661 22881 3,8087E+92 1B77,34143
.11919 < 29500 .38R16 .CRUB9g +75223 «13137 1,6286F+U2 1937,19734
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LASL Identification No. LP-0601

PROGRAM FFIREC INP, OUT, PUN)
CHARLES A FOREST, JAN 197s

c
c
c
C CODE CONYROL INPUT, THE FIRST TWO CARDS
C-.-----.--c--...-.--.9!--9--.--.---.---'---.--q.--'v-p---p-.-p--q---9,'
C JPUN(I=1,0),J0BUG = INTEGER FLAGS, FORMAT(§216)

C JPUNC1) ,NE, A, PUNCH COEFFICIENTS, W = POLYNOMIAL( U )

c JPUN(2) NE.®, PUNCH COFFFICIENTS, LN{RATE)=POLYNOMIAL(LNC(TEMP))
o JPUN(3) ,NE, @, PUNCH COEFFICIENTS, W = POLYNOMIAL( P )

o JPUN(4) NE, @, PUNCH COEFFICIENTS, LN(RATE) = POLYNOMIALC( P )

C JDBUG,NE @, TURN ON ERROR EXIT PRINT IN DIFFHOM AND SOLVEWT
c-.-.------..--.9-.------.-----------..---p-------.-..------'-‘--.-----.
C PSTART,DELP,PSTOP = PRESSURE GRID CONTROL, FORMAT (6F12,6)

(o PSTART = MINIUM PRESSURE TO TRY IN RATE CALCULATION

C PDELP = PRESSURE INCREMENT

C PSTOP = MAXIMUM PRESSURE FOR RATE CALCULATION
c---.--.-..-.---------.Q,QQ--#”..---.....------.'------.---.---'---.---
C
c
c
c

END OF CODE CONTROL INPUT

INPUT FOR EACH EXPLOSIVE MATERIAL
(o R e L Ly R e N L L L L T T L L T T Ty,
C LABEL(I={,8) = HOLLERITH DESCRIPTION, FORMAT(BAIN)
[ R L R e T R L L L Ll Ll L L L L Ty T ey RS,
C HUG(I=1,4) = COEFFICIENTS FOR (US,UP) RELATION, FORMAT(6F12,6)
US = HUG(1)+HUG(2)+UP IF P, GE,PHSW
US = HUG(3)+HUG(4)AUP IF P LT,PHSW
PHSwW IS CALCULATED BY THE CODE FRNM THE HUG(I=1,48) INPUT
b X A X A A A A A A d A DAL LA I L LIS A R X PR Y R IR R XYY YL Y Y Y LY T Fr YOy
POP(I=1,3) = COEFF, FOR (DIST,,PRESS,) RELATION, FORMAT(6F12,4)
LN(DISTANCE TO DETONATION) = POP(1)+POP(2)4LN(P=POP(3))
[ R e L T o ey ey U g,
C RHG,USCJ = INITIAL DENSITY,DETONATION VELOCITY, FORMAT(6F12,6)
[ e o Ly T O
C Sx(Ix{,23) = HOM EOS LONSTANTS FOR SOLID FXPLOSIVE, FORMAT(4F18,11)
(o0 T T e T g gV
C GX(Is1,17) = HOM CONSTANTS FDOR DFTONATION PROUDCTS, FORMAT(4E18,.11)

(ol e R L L L L L L L L
9 - A 4

C FEND OF INPUT FOR EACH EXPLOSIVE MATERIAL

IsNaRa ke laNa]

r
o
C J0B TERMINATION CARD, FOLLOWS LAST MATERIAL

(e m o rar e na e e e e rm e e e e m . oo - - - " 4 =

C END PUNCHED IN COLUMMS 1«3 CAUSES NORMAL EXIT , FORMAT(A1Q)

(Frmc e enrenrrun e e e RN NS T r R C R RSN PR R e PR SR TR TR R e .G .-

C END OF INPUT DECK
c
C
C
EXTERNAL DTYDPF
C
DIMENSTION JPUN(4)
COMMON / DBUG /7 JDBUG
¢
C CCMMON BLOCK FOR COEFFICIENTS TO HOM ERUATION OF STATE

COMMON /HOMC / SX(23), GX(17)




SX = C,8,VSW,C1,S14F,G,H,1,J,GAMMA,CV,Vd,ALPHA,SPA,USP,
Te,PR,24Y0/3,MU,PLAP,SPALL P,MINV
GX = A,B,C,0,E,K,LeM,N,0,0,R,5,T,U,CV,2

aNaRaaNel

ARRAYS FOR SHOCK FRONT CALCULATION
CNMMON /SHOCK/ RHO, VA, POP(3), HUG(4), PHSW, LABEL(8), VV(1®),
1 DHOM(3)
r ARRAYS FOR SAVING SOLUTION PNDINTS

DIMENSION UX(5a@), PX(SPA), VX(58@), TX(50AQ), wXx(S0A8), RX(50@)

c ARRAYS FOR LFAST SQUARES ROUTINE
DIMENSTION XX(3Q@), XXX(3PB), YY(30Q), YYY(3r@), WGHT(30Q),
A YYP(3AM), DELY(3@Q), COEF(3QW), SB(3@), TT(3@), CC(37), SC(37),
A A(32,30), ST(3R), BB(30Q)

DATA RUNMX / 10, /
NATA DEL / @,002 /

c READ CODE CONTROL CARDS
READ 9023, (JPUN(I),I=1,d4),JDBUG
READ 96R@, PSTART, DELP, PSTOP

[aRal

PRINT OPTIONS SELECTED
0N 112 I=1,4
TFCJPUNCT) LEB, @) GO TO 11@
PRINT 9106
PRINT 9124
IF(T LEN, 1) PRINT 6111
IFCI FR, 2) PRINT 9112
1F¢T ,EG, 3) PRINT 9113
IFCI (EQ, 4) PRINT 9114
PRINT 9106
11@ CONTINUE
IF(JINBUG 6T, @) PRINT 9128, JOBUG
PRINT 9106
PRINT 9115, PSTART, DELP, PSTOP
PRINT 916

c BEGIN MAIN MATERIAL LOOP
1Ae@d CONTINUE
READ 9001, (LABEL(I),1=1,8)

c
c NORMAL EXIT

TF(LABEL(1) LEQ, 3IHEND ) RETURN
c

READ 9@R0, (RUG(TI),1=st,4)
READ q@ear, (POP(1),1=2t,3)
READ 901, RMO, USCJ

o READ HOM EQS CONSTANTS
READ 9@p2, (SX(1),1=1,23)
READ 9422, (GX(I),I=1,17)

o000

LOOK AT HUGONIOT CONSTANTS, ARE THERE MORE THAN ONE PAIR (C,S)
PHSW = =1, .
IF(ABS(HUG(3))+ABS(HUG(4)) ,EQ, @,) GO YO 1020
c SOLVE FOR INTERSECTION OF HUGONIOTS
c US = HUG(1) 4 HUG(2)%UP FOR P GREATER THAN PHSHW
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115
116
117
118
119
127
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
1480
149
146
147
148
149
151
151
162
153
154
195
156
187
18
159
166
161
162
163
164
165
166
167
168
169
{17@
171

aEaRe]

c

c

US = HUG(3) + HUG(4)=UP FOR P LESS THAN PHSW
U s (HUG(3)«HUG( 1))/ (HUG(2)=HUG(4))
US = HUG(1) + HUG(2)*U
PHSW = PHO#US»U
1@2@ CONTINUE

PRINY HEADER PAGE
PRINT 91@3, (LABEL(I),I={,8) , RHO
PRINT 9126
PRINT 9124, (POP(1),Is1,3)
PRINT 9106
PRINT 9145, (HUG(1),I=1,2)
IF(PHSW ,GT, @,) PRINT 9117, PHSW, HUG(3), HUG(Y)
PRINT 9106
PRINT 9118, USCJ
PRINT 91Q6
PRINTY 917
PRINT 9108, (SXx(Il),1z1,23)
PRINT 9109, (GX(1),I=1,17)
PRINT 9106

P = PSTART
PMX = PSTOP
ve = {,/RHO

NPT = @
LINE = 0
W s ,96

HTEST = 10,2DEL
IF(P LLT, POP(3)) P = POP(3) + DELP

CALC, PRESSURE ON REACTIVE HUGONIOT FOR CJ DETONATION VELOCITY
PUSCJ = RHO*USCJ#(USCJeHUG(1))/HUG(2)
IF(PMX ,GT, PUSCJ) PMX = PUSCJ

BEGIN PRESSURE LOOP
1100 CONTINUE

SET REACTION HUGONIQOT CONSTANTS
KK =
IF(P LT, PHSW) KK = 3
HUG1 = HUG(KK)
HIJG2 = HUG(KK+1)
CAt 3 HUGI=%#2
Ch2 = 4,%VOxHUG?

P GIVEN AT THE SHOCK FRONT
RUN = DISTANCE TO DETONATION
RUN = EXP( PORP(1)4POP(2)*ALLDG(P=POP(3)) )
IF(PUN (LE, RUNMX)Y GO TO 1t11@
1105 CONTINUE
P = P ¢ DELP
W=z ,96
GO T0 110Q

1110 CONTINUE
caLC, v, U, US, w ON THE REACTIVE HUGONIOT




172
173
174
175
176
177
178
179
180
181
{A2
1RY
184
18RS
186
1”7
188
149
190
191
192
193
194
195
196
197
198
199
2eq
201
202
203
204
245
206
277
2n8
2N
219
211
212
213
214
215
216
217
218
219
22n
221
222
223
224
225
226
2217
bd)

[aEa

aRal

aNaleNel

1150

an™

o0

SN = SART(CAL + CA2xP)

U s { =HUGI+SA )/7( 2,*BUG2 )
US = HUGY1 + HUG2*U

vV oz vea(US=y)/Uus

b o= ,5eUsb

CALC, TIME TO DETONATION (TDET)
TRET = SIMPSN( DTOPF, P, PUSCJ, 1|,RE=-07)

CALC, TOTAL DFRIVATIVES AT SHOCK FRONT
PDOT « (P=POP(3))AUS/(POP(2)#RUN)
uporT VA«PDOT/SQ
vooT ~HIGI*VAsUNOT/(USA2)
ENPOT uaupor

itHun

ASSUME FLAT PRESSURFE WAVE, PX = 8,

THEN
DP = PDOT
NUDx = NNOT/Z(US=L))
DV = V*DUDX
DE = =PaDV

CHFCK FOR CLOSENESS TO NONREACTIVE HUGONIOT
JHUG=@, NN OR CLOSE TO NONREACTIVE HUGONIOY
JHUG=1, AWAY FROM NONREACTIVE HUGONIOT

KK =

IF(V ,LE, SX(3)) KK = 4

UPH = SORT(P*(VRAeY))

USH = SX(KK) + SX(KKe]1)sUPH

PH = RHO®USHAYPK

VH = V@& (UJSH=UPH)/USH

JHUG = @

IF(ARS(VeVH)/V + ABS(PePH)/P ,GT, MTEST) JHUG = |

SOLVE FOR W AND T
CALL SOLVEWYC( P, Vv, Fy W, T, JHUG)
IF(w ,6T, @,) GO TO 115@
IF(NPT JEQ, B) GO TO 1105
GO TO 2009

CONT INUE

CALC, DERIVAYIVES OF HOM EOS WITH RESPECY TO VvV, E, AND W
LAASD
Vvi(2)
vy
vv(a) P
CALL DIFFHOM({ vv, DHOM, DEL, JHUG)
TFCVV(4),LT,2, ,AND, NPT, EQ,B) GO TO 11@S
TF(VV(Y),LT, 0,) GO TO 2n0QQ

v
E
W

CALC, DWw FROM TOTAL DERIVATIVE OF EO0S ALONG THE PARTICAL PATH
DP = DHOM(1)4DV ¢ DHOM(2)*DE + DHOM(3)wDW

DW = (DP = DHOM(1)ADV « DHOM(2)&DE)/DHOM(3)

RATE = w»DW/W

SAVE VALUES

83
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229
230
231
232
233
234
235
236
237
238
239
24Q
241
242
2u3
244
245
246
2u7
248
2u9
250
251
252
253
254
255
256
257
258
259
260
261
262
263
26l
265
266
267
268
269
210
271
272
273
274
275
2716
217
278
279
280
281
282
283
284
285

1810

1950

IaRel

344y

2012

2n2e

2n22

2a3n

NPT = NPT
UX{NPT)
PX(NPT)
VX (NPT)
TX(NPT)
WX(NPT)
RY (NPT)

DE A<D

ATE

PRINT
LINE = LINE¢]
IF(MOD(LINF,S”)Y ,NE, 1) GO YO 1810
PRINT 91@3, (LABEL(I),I=3,8), RHKHO
PRINT 9104, (POP(I!)Y,I=1,3)
PRINT 9185, (HUG(I),1=1,2)
I1F(PHSW ,GT, #,) PRINY 9§17, PHSW, HUG(3), HUG(4)
PRINT 9106
PRINT 910Q
PRINT 9106
CONTINUE
PRINT 9101, RUN, P, V, U, US, W, RATE, T, TDET
CONTINUE
P = P ¢ DELP
IF(P ,Gt, PMX) GO TO 2¢0@®
GO TO 11060
END PRESSURE LOOP

CONTINUE
GENERATE POLYNOMIAL FITS FOR W AND RATE

PRINT 91Qe6
DO 2372 NFIT=1,4
GO TO (2014,2020,2238,204Q) NFI1Y

CONT INUE

FIT, W = FCN(U)
XXX(1) = xX(1) = @,
YYY(1) = YY(l) = ¢,
WGHT (1) = ,1*FLOAT(NPT)

NP = NPT 4

DO P12 Is2,NP

XXX(T) = XX(I) = UXClet)
YYY(I) = YY(I) = wX(l=1)
WGHT(T) = 1,

CNANT INUE

GO 10 210

CONT INUE

FIT, LOG(RATF) = FCN( T )
NP = NPT
DC 2022 I=1,NP
XXX(I) = XX(I) = ALOG(TX(I))
YYYCI) = YYCI) = ALOGCRX(I))
WGHT(T) = 1,
CONTINUF
GO TO 212m

CONTINUE



286
287
288
289
29@
291
292
293
294
295S
296
297
298
299
369
3y
32
3A3
324
3as
306
3a7
3ip8
349
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
3126
327
328
329
33n
331
332
333
334
335
336
337
338
339
3u@
341
342

c

FIT, W z FCN(P)
XXX(1) = XX(1) = m,
YYY(1) = YY(1) = ¢,
WEHT (1) = 1*FLOAT(NPT)
NP = NPT ¢
DO 2032 l=2,NP
XXX(I) = xXX(I)
YYY(I) = YY(I)
WGHTCI) = 1,

P32 CONTINDE
GN TO 2100

PX(I=1)
WX (J=1)

2PUP CONTINUE
FIT, LOG(RATE) 3 FCN(P)

NP = NPT
DO 2842 Iz{,NP
XXX(I) = xX(I) s PX(I)
YYY(T) = YY(I) = ALOG(RX(I))
WGHT(T) = 1,

2Au2 CONTINUE
GN 10 21080

2102 CONTINUE
MID = 02
ERRMX = 1 ,RE+300¢
KM = 14
M = NP
2110 CONTINUE
CALL PFTS(M,kM,1,02,2,0,1,MI0,KDEG,SIGMA,XX,YY,#GHT,YYP,DELY,BB,SB,
A TT,87,CC,SC,A)
MID = 1t
NX = KDFG +
CALL LSQFRR( NP, XXX, YYY, NX, BB, XERR, ERR)
IF(ERR ,GE, ERRMX) GO TO 2118
NN = NX
X¥XMX = XERR
ERRMX = ERR
DO 211S I=si,NN
COEF(I) = BR(I)
2115 CONTIMUF
2118 CONTINUE
IF{(NX ,GT, KM) GO T0O 2120
GO 70 2110
°12% CONTINUE
PRINT 910@6

IF(JPUN(NFIT) R, @) GO TG 2190
PUNCH SELECTED POLYNOMIAL COEFFICIENTS
PUNCH 9119, C(LABEL(1),T31,7),RHO
IFINFIT LEQ, 1) PUNCH 9111
IFINFIT ,EQ, 2) PUNCH 9112
IF(NFIT LEQ, 3) PUNCH 9113
IF(NFIT LEQ, 4) PUNCH 9114
PUNCH 9083, NN .
PUNCH 9882, (COEF(1),151,NN)
2192 CONTINUE
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343
340
345
346
347
348
349
350
35St
352
383
354
35%
356
357
358
359
360
361
362
363
364
365
366
367
3168
369
370
371
372
373
374
375
376
377
378
379
388
381
382
383
384
385
186
387
388
389
390
191
392
393
394
395
396
397
3198
199

[aNeXel

c

c

22089

2225

2239
2235

2259

2275

2280
2285

2300

GO T0 (2200, 2225, 2250,2275) NFITY

CONT INUE

FIT, W = FCNCU)
PRINT 9183, (LABEL(I),I={,8), RHO
PRINT 9111
PRINT 9118, NN, (COFF(I),Is1,NN)
PRINT 9116, XXMX, ERRMX
GO TQ 23m@

CONTINUE
FITy LOG(RATE) = FCN(C T )
CALCULATE FIT AT EACH TEMPERATURE
LOG(RATE) = POLY( LOG(TEMP) )

Do 2235 J=i,NP

RATE = EXP( POLYNL(XX(J),NN,COEF) )

D = (RX(JI=RATE)/RX(J)

IF(MOD(J,50) ,NE, 1) GO TO 2234

PRINY 9103, (LABEL(I),I=1{,8), RHO

PRINT 9112

PRINT 9110, NN, (COEF(I),I=1,NN)

PRINT 91@6

PRINT Q123

PRINT 9106

CONTINUE

PRINT 9122, TX(J)},RX(J),RATE,D

CONTINUE

G0 TO 2300

CONT INUE

FIT, W = FCN(P)
PRINT 9103, (LABELCI),I1=1,8), RHO
PRINT 9113
PRINT 9110, NN, (COEF(1),1=1,KNN)
PRINT 9116, XXMX, ERRMX
GQ 10 23¢ée

CONTINUE
FIT, LOG(RATE) = FCN(P)
CALCULATE FIT AT EACH PRESSURE
DN 2285 J=1,MpP
RATE = EXPC POLYNLIXX(J),NN,COEF) )
D = (RX(J) = RATE)I/RX(J)
IF(MDD(J,50) NE. 1) GO TO 2280
PRINT 9103, (LABEL((),I=1,8), RHO
PRINT 9114
PRINT 9114, NN, (COEF(1},I=1,NN)
PRINT 9106
PRINT 9121
PRINT 91@a
CONTINUE
PRINT 9122, PX(J),RX(J),RATE,D
CONTINUE
GO 10 238a

CONTINUE
END PLOYNOMIAL FIT LOOP



unn c
ant G0 TO 1009

4n2 f FND MAIN MATERTIA{ LONF
4nl C
49y o FORMATS
uns C INPUT FORMATS
unk QUER FNORMAT( 6F12,6 )
un7 9nAl FORMAT( BALA )
una 9042 FORMAT( 4F18,11)
une QPR3 FNRMAT(1216)
aye o QUTPUT FORMATS
411 910A FORMAT(7X, 3HRUN, 9X, 1HP, 11X, 1HV, 11X,2HUP, 18X, 2HUS, 18X, 1HW, 11X,
412 A UHPATE, X, {1HTEMPERATURE, 6X, 4HTIME )
413 91”1 FNRMAT( 6F12,5, {PEl16,4, BP, 2F12,5)
414 91123 FNORMAT(1H{,RA1Q,SX,SHRHO =,F8,5)
41s 9178 FORMAT(1X,43HPOP PLNT, LN(RUNY = Al + AP»LN(P=a3), Al =,1PEid,6,
416 A 2X,UHA2 =,1PF14,6,2X,4HA3 =,1PE1U,6)
417 9145 FORMAT(IX,43HRFACTION HUGONIOT, US = C ¢ S*UP, C 3,1PE14,6,
418 A 2X,4H S =,1PFiIU4,b)
419 9116 FORMAT(IH )
ure Q177 FORMAT(IX, 31HHOM FQUATINN OF STATE CONSTANTS )
421 91148 FORMAT(IX, 19HUNREACTED EXPLOSIVE / (1X,1P4E18,11))
422 91729 FORMAT(IX,19HDETONATION PRODUCTS /7 (1X,1PUE1B,11))
[ 911@ FORMAT(IX,6HC (121, ,12,4H) = ,i1PSE18,10/(13X,1PSF18,10))
424 Q111 FORMAT(IX,39HW = CC1) + C(2Y2U 4 ,,, + C(M$p1I2(UREM) )
42% 9112 FORMAT(IX,U6HLN(RATE) = CC1) 4 C(2)xT + ,,, ¢ C(M+§)x(T2aM) ,
426 A SX,2@HT = [OG(TEMPERATURE) )
up? 9113 FORMAT(IX,39HW = C(1) 4 C(2)+*P ¢ ,,, ¢ C{Me1)a(PraM) )
408 9114 FORMAT(IX,d6HLN(RATE) = C(1) ¢ C(2)2P 4 ,,, ¢+ C(M+1)a(PaxM) )
429 911S FORMAT(1X,8HPSTART =,1PE1U4,6,2X,6HDELP =,E14,6,2X,7THPSTOP =,E14,6)
430 9116 FORMAT(IX,25HMAXIMUM RELATIVE ERROR AT, {PE16,6,3H = ,1PE16,6)
43 9117 FORMAT(UX,20H AND IF P LESS THAN ,FB.,5,5X,4HC = ,1PE1646,
432 A Sx,4HS = ,1PE16,6)
433 Q118 FORMAT(1X,24HCJ DETONATTION VELOCITY =,1PE14,6)
43y 9119 FORMAT(hAIA,A7,2X, dHRHOS,FT,4)
435 9120 FORMAT(1X,23HNBUG PRINTS ON, JDBUG =,]16)
436 9121 FORMAT(T7X,RHPRESSURF,8X,4HRATE, 12X, 3HFIT, 13X, 10AHREL, ERROR )
437 9122 FORMATY(1X,1PU4E16,6)
43R 9123 FORMAT(6X, 1 {HTEMPERATURE 46X, 4HRATE, 12X, 3HFIT, 13X, 1PHREL, ERROR )
u3s G124 FORMAT(1X,34HPUNCHED OUTPUT FOR COEFFICIENTS OF )
sup END
YT YT Y Y Y P P Y PR P YT RN PR Y P Y R PRI R R A P Y Y R L AL P LR L L R R R L L R N NN L]
1 FUNCTION DTIDPF( P)
2 o SET INDEX FOR HUGONIOT CONSTANTS
3 COMMON /SHOCK/ RHO, V@, POP(3), HUG(U4), PHSwW, LABEL(8), VV(i®),
4 { DHOM(3)
5 KK =
6 IF(P LT, PHSW) KK = 3
7 o
8 US = ,5%( HUGCKK) ¢ SORT(HUG(KK)IA*2 ¢ 4, wVAXHUG(KK+1)%xP) )
9 RUN = EXP( POP({)+POP({(2)*ALOG(P=»POP(3)) )
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19 c

11 DTDPF = «RUN*POP(2)/( USx(P=POP(3)) )
12 RETURN

13 END

LA IR P I L PR L LI I L A T L LYY P L L L L R L Ry R R R N Y R T YT T YL ]

FUNCTION POLYNLC( X, NC, C)
DIMENSION C(1)
C POLYNL = SUM( C(N)*(X®A(Nel)) ),N=3{,NC

NCM z NCwi

S s C(NC)

DO 18 Nz{,NCM

S = S«X ¢+ C(NCeN})
10 CONTINUE

POLYNL = S

RETURN

END

N DO ONITNLE WV

— -
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1 SUBRQUTINE DIFFKOM( VvV, DHOM, DEL, JHUG)

° c Vv( 1) = v vv(e) s E VV(3) = W
3 o vv(d) = P

a c DHOM( ) = DP/DV DHOM(2) = OP/DE DHOM(3) = DP/DW
5 o

6 COMHON / HOMC / SX(23), GX(17)

7 COMMON 7 DBUG / JDBUG

a C

9 DIMENSION VV (1), DHOM(Y)

10 PA = vvV(4)

11 0O 1A N=21,3

12 VSAVE = VV(N)

13 I[F(JHUG LEG, 1) GO TO a¢

14 C CASE(JHUG=A, ON AR NEAR NONREACTIVE HUGONIOT)
15 GO TO C 7¢#, 65, 604) N

16 o

17 a@ CONTINDE .

18 o CASE (JHUG=Y, OFF NONREACTIVE HUGONIOT)

19 GO TO (65, 65, SS) N
23 c
21 5% CONTINUE
el o SUBCASES FOR DIFFERENCES WITH RFSPECT TO w
23 IF(VSAVE LT, ,A5) GO TO 70
24 IF(VSAVE ,GT, ,98) GO 10 62
25 60 10 65
26 o
27 60 CONTINUF



28 C DIFFERENCE TO SMALLER ARGUMENTS

29 VA z VSAVE#(1, « DEL)

30 VB = VSAVE#*(1, = 2.,#2DEL)

33 GO 10O AA

32 65 CONTINUE

33 . CENTRAL DIFFERENCE

34 VA 3 VSAVEx(1, = DEL)

15 VR = VSAVEx(1, + DEL)

36 GO T0 80

37 76 CONTINUE

38 % DIFFERENCE TO BIGGER ARGUMENTS

39 VA = VSAVE«x(1, + DFL)

un VR = VSAVE#*(l, ¢ 2,*DEL)

a1 GO 10O 8@

42 c

43 82 CONTINUE

a4 VVIN) = VA

- 45 CALL HOM ( Vv, SX, GXx, IND)

46 IFCIND ,EQ, =3) GO TO 209

a7 Pl = vV (4)

48 VV(N) = VR

49 CALL HOM  (VV,SX,GX, IND)

50 IF(IND L,EN, »3) GO TO 2@

St P2 = VvV(4)

52 A = (VB = VSAVE)/(VA =~ VSAVE)

53 DHOM(N)} = ( (PinP@YXA = (P2=PA)/A )/( VB » VA )

S4 VV(N) = VSAVE

55 19 CONTINUE

56 C NORMAL EXIT

57 RETURN

58 220 CONTINUE

59 c ERROR EXIT

60 VVv(4) = =3,

61 IF(JOBUG ,EQ, @) RETURN

62 PRINT 9000

63 PRINT Qaat, (vVv(I1),I=1,10)

64 RETURN

65 9t FORMAT(iX,evVa/ (IPSE18,8) )

66 9320 FORMAT(IX#ERROR EXIT, SUBROUTINE DIFFHOMx)

67 END

Y Y T EY RPR RPN LR LR AR R R SR R R AR R R R PSR A AR Y R R AR A A L 2 & 0 X 2 X L & Rul J

{ SUBROUTINE SOLVEWT( P, V, E, W, T, JHUG)
2 DIMENSION Tx(10), VvvV(1@)

3 COMMON / HOMC / S$X(23), GX(17)

4 COMMON / DBUG / JDBUG

S c

6 IF(JHUG LEG, 1) GO TO S@ , )
7 C CASE(JHUG=®, ON OR NEAR NONREACTIVE HUGONIOY)
8 VV( 1) =2 v

9 Vv(2) = E

19 vv(s) = 1,
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26 c

39 c

42 c

OO N SNV~

14

100

11@

fea

20a

9rpra
9911
eee

CALL K
IFCIND
Wwes 1,
T = vV
RFTURN

oM
EQ.

(s)

€ vy,

CONTINUE
CASE (JHUGS

SX, 6X,
=3) GO TO 2¢na

| )

IND)

Tx(18)
vvi(l)
vv(2)

T W
S 98

1,PE=07

= A,

sV
z E

CONTINUE
CALL LFB( W,
IFgIXc1n)) 2@
CONTINUE
IF(w ,GT,
Vv(3) = W
CALL HOM

1,)

tv

bp,
a,

TX)

128, i@

W= ,99

V, SX¢ GX,

IND)

IFCIND ,EQ, =3) GO TO 200

PP 2 P = VV(4
T = Vv (S)
GO 70 190
CONTINUE
NORMAL EXxI
RETURN
CONTINUE
FRROR EXIT
W =z of,
IF{JDBUG ,EQ,
PRINT 9AQ@2
PRINT 9200,
PRINT 9a01,
RETURN

)

T

@) RETURN

(TX(I),I=1,18)
(VW(T)s1z1,10)

FORMAT(tX,xTX%,/ (IPS5L18,8) )
FORMAT(1X,4xVVx/ (1PSFE18,8)

FORMAT(1X, #ER
END

SUBROUTINE LS
DIMENSION XX(
ERRMX = @,
XMX = XX(1)
NCP = NC +
DO 18 J=i,NPT
XX (J)

X =
Y = YY(J)

ROR EXIT,

NERR( NPT,
NPTY, YY(NP

X¥,
Ty,

YY,

NC,

C(NC)

c,

)
SUBROUTINE SOLVETWx)

XMX,

AWAY FROM NONREACTIVE HUGONIOT)

ERRMX)



9 S = 4d,

10 DN 4 N={,NC
11 S = SxX ¢ C(NCP=N)

1° 4 CNNTINUE

13 ERR = ARS(Y ~ 3)

1d IFCARS(Y) ,GT, @,) ERR = ERR/ABS(Y)

15 1F (ERR LY, FRRMX) GO T0 1¢

16 XMX = X

17 FRRMX = ERR

18 1¥ CONTINUE

19 RETURN
29 END

1 SURROUTINE HOM (Vv,S5,6,IND)

2 o

3 o HNM CALCULATES THE EQUATION OF STATE FOR A SULIO, GAS, OR
U C SOLID=GAS MIXTURE,

S C

6 C THE PARAMETERS AWE

7 C v AN ARRAY OF DIMENSTION §

A C V(1) SPECIFIC VOLUME INPUT

9 C v(e) INTFRNAL EMERGY INPUT

1 [ v(l) MASS FRACTION INPUT

11 C v(4) =ABS(DP/DX) INPUT

12 c IF v(d) IS ,GE,? NO SPALLING CALCULATION IS DONF FOR A PURE
13 C SOLID

14 C v(d) PRESSURE autreur

15 c vV(s) TEMPERATURE OUTPYT

16 C S AN ARRAY QOFf DIMENSION 18 CONTAINING THE PARAMETERS FOR THE
17 C SOLID EQUATION OF STATE

18 C S(1) c

19 o S(2) S

2a C S(3) VSHKW VOLUME YO SWITCH TO SECOND US,UP FIT
21 o sS(a) Ci
22 C 5(%) St
23 C S(6) f
24 c S(7) 6

25 o 5(8) H

26 c S(9) I

el o St1 J

28 C S(11) GAMMA

29 c S(1°2) Cv

30 o S(13) va INITIAL VOLUME

31 c S(14) ALPHA

32 c S(15) SPALL &

33 C S(te6) ULTIMATE SPALL PRESSURE

3d c sS(1 7 TR INITIAL TEMPERATURE

1S C S(18) PO INITIAL PRESSURE

36 [« §(22) IS SPALL INTYERFACE PRESSURE

37 c S(23) 1S MIN V FOR TWO PHASE FE EQUATION OF STATE

38 C G AN ARRAY OF DIMENSION 17 CONTAINING THE PARAMETFRS FOR THE
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s EaNeslalaEaslslalalasNeNeNalaRsNaEale RaNalaNeNeNal

c

GAS FQUATION QOF STATE
G(1)
G(2)
G(3)
6(4)
G(5)
G(6)
G(7)
6(8)
G(9)
GC1m)
G(11)
G(12)
G(13)
G(14)
G(15)
6(16)
G(17)
IND OUTPUT INDICATOR
SET T0 @ FOR NORMAL EXIT
SET TO { FOR SPALLED SOLID
SET TO ={ FOR HOM ERROR IN ITERATION
IND INPUT INDICATQR FOR SHARP SHOCK BURN AND IS EQUAL T0O 3
WILL GIVE HUGONIOT PRESSURE AND ENERGY FOR INPUT V AND W = 0
DIMENSION V(5),5(23),G€17),VIT(10Q)
DATA GASW /0,72/
DATA SOLW 7,999/
DATA SPMIN/S,PEwy/
DATA VGSS /,9/
DATA VIT(3) /1, ,E=5/
DATA VIT(1O) /0,/
IFCIND,ER,3) GO TO 2
IND=O
IF (V(3),6T7,S0LW) GO YO 198
IF (V(3),LT,GASW) GN 10 119
GC TO 21@
EQUATION OF STATE FOR SOLID ONLY
12 IF (V(1),67,S5(13)) GO YO S0
FOR Tw0 PHASE FF TYPF EQUATION OF STATE
IF(V(1),6T7,S(3)) GO TO 11}
IF(v(1),LT,S(23)) GO 10 45
vV{1)=S(23)
GO 10 45
11 C1=2S5(1)
51=8¢(2)
23 VOMVES(13)=v (1)
HP=((C1/(S(13)=S1sVOMV))4x2)aVOMY
HE = (HP=S(18))*xVOMVaR, S
V(UISHP+(V(2)=HEIXxS(11)/V(1)
IF NO HFAT CAPACITY SKIP TEMP CALCULATION
IF (S(12)) 21,22,21
21 ALNVSALDG(V(1))
V(S)=(V(2)=HEY*23890,/S(12)+EXP{S(6)+ALNVA(S(7)+ALNVX(S(8)+ALNV
1(SC)+ALNV2S(1A)))))
2?2 RETURN
SWITCH TO SECOND US,UP FIT
45 C1=S(4)

v

NOAT 4O DO0ZIFT XMTO T >



96
97
98

1ne
101
112
123
104
105
126
127
178
109
f1@
111
112
113
114
115
116
117
{18
119
124
121
122
123
124
125
126
127
128
129
130
134
132
133
134
138
136
137
138
139
140
141
142
143
144
14%
146
147
148
149
150
151
152

§138(5)

GO TO 22
C SPALLING SOLID CAUATION OF STATE
56 Depxsv(4)
C I1F ALPHA IS Z2€FR0 SET P=PB AND DO NOT SPalLl

JF (S(14)) 51,591,592
91 v(4)=S(1A)
V(5)=5(17)
RETURN
S2 V(4)s(S(11Y2atV(2Y4(14~V(1)}/S(13))25(12)%1,39528394E=5/5(14)))/v(1)
VIS)=v(2)*2389A,/5(12)+8(1 7
I+ (DPDX,GE,P,) RETURN

C IF SPA LESS THAN / 09,0021 DN NOT SPALL
IF (S(1%) ,LT,08,0001) RETURN
T=zS(15)2SART(=DPDX)

SPLP==T

IF (T,6T,5(16)) SPLP==S(16)
IfF (T,LT,SPMIN) SPLP==SPMIN
IF (V(U),GT,SPLP) RETURN
V(d)=S(22)
C SET IND FOR SPALLED SOLID
IND=1
RETURN
C EQUATION OF STATE FOR GAS ONLY
114 ALNV=ALOG(V (1))
ALNPI=GEIY+ALNVACGL23I+AILNVR(GEI)I*ALNVACGCU)+ALNVAG(R))))
ALNII=G(O)+ALNPI*(G(TI+ALNPIA(GIB)+ALNPI«(G(I)+ALNPI«G(IA))
ALNTI=SG(11)+ALNVR(G(I2)+ALNVA(G(I3ICALNVR(G(1U)+ALNVAG(1S))
EIsFXP(ALNIT)®G(17)
C SHARP SHOCK BURN
IFCINDLEQ3) GO TO 111
VOUISEXPCALNPI)#(EInV(2))/VI1)RC(GCI2)+ALNVA(G(13)+G(13)+ALNVA(
13, #G(14)YSALNVRE «G(15))))
V(SISEXPCALNTI)#(V(2)=E1)}%238908,/6(16)
RF TURN
C SHARP SHOCK BURN
111 S1P = EXP(ALNMPI)
v(da) = SIP
DO 112 IX = {,6
V(2) 3 B 5aVv(u)*(S(13) » V(1))
VI4) = STP ¢+ (ETwV(2))/V(1)e(G(12)+ALNVR(G(13) +G(13)+ALNV(
13,2G(1A)+ALNVRY +G(15))))
112 CONTINUE
RETURN
C EQUATION OF STATE FOR MIXTURE OF SOLID AND GAS
210 OMWz1,=v(3)
OMWR=1 ,/0MW
IF (V1) ,LT,S(13)) GO T0 230
WR=1,/V(Y)
VITOIS(VL)=V(3)%xS(13)*VGSS) *OMWR
VIT(2)=31,002
C I18R=y FOR ITERATIQON ON VG
IBR=1 o
215 CALL LFB (X,F,VIT)
IF (VIT(18)) 906,260,220
229 IF (X,LE.B,) GO 7O 22%
vG=X

))
))
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94

15%
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
{R7
188
{189
190
191
192
193
194
195
196
197
19R
199
204
271
2n2
203
204

225

14

235

24n

esn

C
C
260

AR

VSS(V(1)wOMWAVG) xWR
IF (VS,LE.B,) GO T0 22%
IF (VS,67,S8(13)) vS=S(13)

GO T0 2%9

SET VS=vVGaVOLUME WHEN GET IN TROUBLE

vssvi(ld

VGV (1)

X=V(1)

GO TO 250

VIT(1)=V(Y)

VIT(2)5,999

IRR=2 FOR ITERATION ON VS

IBR=?2

CALL LFB (X,F,VvIT)

IF (VIT(1W)) 900,260,240

IF (X,LE.?,) GO TQ 22%

IF (X,6T,SC13)) X=S(¢13)

vseX

VES(V(1)wV(3)&aVS)xOMWR

IF (VG LE,RA,) GO TQ 225

CALCULATE TFMPERATURE/PRESSURE DIFFERENCF FOR MIXTURE ITERATION
VOMV=S(13)mvS

HP=((SC1)/(S(13)mS(2)2VOMV))IRx2)XVOMY

HE = (HP=S{18))avOMV*Q S

ALNVZALOG(VS)
HTZEXP(S(6)+ALNVA(S(7)+ALNVA(S(B)+ALNVA(S(9)+ALNVAS(17)))))
ALNVZALOG(VG)
ALNPIZG(1)+ALNVA(G(2)+ALNVR(G(IIFALNYX(G(U)+ALNVAG(S))))
FISEXP(G(O)+ALNPI®(G(7)+ALNPIA(G(BI4ALNPIA(G(Q)+ALNPI*G(10)))))=
16¢17)

PISEXP(ALNPT)
TIZEXP(G(11)+ALNVA(G(12) +ALNVR(G(13)+ALNVE(GL14)+ALNVRG(15)))
BETER==(G(I2)+ALNVA(GIIZI+G(13)+ALNVH (3, 2G(J14)+4,4ALNVAG(15))
TEMP=wG(16)*BETER/VG
TEMP1=38(11)*S8(12)/VS
So (HT*TEMPL{4TIATEMP)x0 18585182E=S
TEMP=TEMP+TEMP
VSTO=(S(12)=G(16))*V(3)+6(16)
Fe((OMWNYG(16)4TTI4V(3)*S(12)#HT)I#d,18585182E=S+ (EI=HEY 2V (3)mEls
IV(2)IATEMP/VSTO4F =P T4HP
GN 10 (215,235),18R
HAVE FOUND A SOLUTION FOR THE MIXTURE
GET THE TEMPERATURE AND PRESSURE
VARST=((((TI=HT)#G(16)%4,1R585182E=5+V(2)*0MWR=ET)I*S(12)+HE*G(16))
1 40Mw/VSTO) =HE
V(Q)=HP+VARST2S(11)/VS
V(5)=HT+VARST#23892,/5(12)
RF TURN
ERROR IN HOM ITERATION SET IND TN =
INDzw
RETURN
END

D)
})
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SURBROUTINF | FB (XP,FP,TX)

TX(1) INTTTIAL GUESS

TX(2) RATIO TO GET SECOND POINT
TX(3) ZERQ DEFINITION

TX(1R) COUNT OF NUMBER OF ITERATIONS

SET TO ZERC ON SOLUTION

SET TO NEGATIVE OF COUNT ON ERROR
FpP SFUNCTION(XP)
wHEN A SOLUTION IS FOUND, XP IS THE ROOT

FRROR EXITS OCCUR FOR
1, 100 MANY JTERATIONS, ,GT,CNTMAX

?, TW0O SUCESSIVE XP § OR FP S ARE EQUAL

DIMENSION TX(1@)
DATA CNTMAX /100@,/
IF (TX(12),LE,P,) GN TO 1}
ITX(IN)=TX(1R)+1,
IF (TX(1P)=3,) 2,3,4
FNTRY FIRST TIME THROUGH
1 ITx(id)=1,
IF (TX(1),EQ.,2,) TX(1) = 1,
XP=T1X(1)
GO GET F(XP)
RETURN
FNTRY SECOND TIME THROUGH
2 1x(9)=FP
TX(B)=XP
TX(S)=FP
IF (ARS(FPY, LT, TX(3)) GO TO 18
XPzTX(1)+TX(2)
GO GET F(XP)
Rt TURN
FNTRY THIRD TIME THROUGH
3 TX(S)=FP
TX(6)=XP
TX(7)=FP
IF (ABS(FP),LT,TX(3)) GO TO 18
XPSTX(6)=TXLT)A(TX(6)=TX(B))/(TXL(7)weTX(9))
GO GET F(XP)
RETURN
EMTRY FQOR FOURTH AND SUCEEDING TIMES THROUGH
4 IF (TX(12),6GT,CNTMAX) GO TO 99
TX(4)=XP
TX(S)=FP
TsTX(4)=TX(6)
IF (T,EQ W) GO TO 99
IF CARS(FP) L T,TXx(3)) GO TO 18
R=TX(S)=TX(7)
IF (R,EQ,¥,) GO TO 99
XPTX(4)aTX(S)K(T/R)
IF (TIX(S)«TX(7),LT,3,) GO T0 11
IF (TX(S)«TX(9),GE.®,) GO TO {1
IF (XP,GT,TX(4)) GO TO 6
IF (¥P,GY,.TX(A)Y) GO 1O 1@
R XPESTX(U)aTX(S)a(TX(4)=TX(B8))/(TX(S)*TX(9))
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57 10 TX(7)¥=TX(S)

58 TX(6)=1TX(4)

59 C GO GET F(XP)

60 RETURN

61 & TF (XP,GT,TX(8)) GO TO 8
62 GQ 10 12

63 11 TX(9)=TX(7)

64 TX(8)=TX(6)

65 GO 10 1@

bb C HAVE FOUND A SOLUTION

67 18 Tx(im)=a,

68 TX(1)=XP

69 TY(a)=xp

144 RETURN

71 C AN ERRNR HAS QCCURED

72 C SET COUNT NEGATIVE AND EXIY
7% 99 TX(1D)awTX (10}

74 RETURN

75 END

LI B I R L DA R L R R Y L P Y L R Y P L LY S SR L DL LR LR R R L L Y L L]

FUNCTTIOM SIMPSN(ARG,Y1,Y2,FERR)
o SIMPSN INTEGRATION ROUTINE WRITTEN AS FORTRAN IV FUNCTION J,SMITH
DIMENSION F2T(20),FMT(20),F3T(20),F4T(2Q),FBT(20),
1NXT(2@),X1T(20),X2T(27),ART(27),EPST(2@),ES2T(2°R),
2ES3T(2A),LEG(20),S5UMI(2@),SUM2(2Q)
C INITIAL SET=-UP
A=Y
EPS=FFRR
BzY?
DA=BRwA
FASARG(A)
PM=y 2 ARG((A+R),S)

B I o e
ODINT N RN~ RIS S W —

FB=ARG(®)

ARE A=Y, D

EST=1,9

L=t

c REGIN SIMPSON
1 Dx=DA/3,

X12A+4DX
2@ X2=X1+DX
21 F1=o,%ARG(A4+,54DX)
2° Fo=ARG(X1)
3 F3IzARG(X2)
24 Fa=U % ARG(A+2,540X)
es DXb=DX/6,
26 ESTiz(FA+F1+4F2)xDX6
27 EST2=(F2+¢FM+F 3)aDX6
28 EST3=(F3+¢FU+FR)ADXG
29 AREASAREA~ABS(ESTI+ABS(EST1)+ABS(EST2)+ARS(ESTI)
30 SUMSFSTI+EST2+ESTS
31 c TEST FOR CONVERGENCE

96




o

JwW N

11

IF(ARS(EST=SUM)=«EPS*AREA)2,2,3
IF(FST=1,0)Y6,3,6
IF(L=2?)5,6,6

L=t +}

LEGC(LY)=3

STORF PARAMETERS FNR SIMPSON Il AND I11
FeT(L)=sF2

FMYI(L)=FM

F3T(L)=F3

F4T(L)=F4

FRT(L)=FR

DXT(L)=DX

X{T(LY=x1

X2T (L ¥=X2

ART (I Y=AREA
EPST(L)SEPS/Y,7
ES2Y(L)=EST?
ES3TC(LI=FSTS

RETURN TO SIMPSON Y
Da=DX

Fr=F|

FRz=F?

EST=ESTI
FPS=EPST(L)

GO 70 !
IF(LEG(L)=2)9,R,7
SUML (L) =SUM
LEG(L)=2

RETURN TO SIMPSON IT
AsX{T(L)

DASDXTLL)

FARF2T(L)

FMSEMT(L)

FB=F3IT(L)
AREAZART (L)
EST=ES2T (L)
EPS=FPST(L)

Go 10 |

SumM2(L)=8SUM
LEG(L)=!

RETURN TO SIMPSON IT1
A=X2T (L)

DA=DXT(L)

FASF3IT(L)

FMZFAT(L)

FR=FBT (L)
ARFAZART(L)
EST=FS3T(L)
EPSSEPST(L)

GO 10 1
SUMz=SUMI(L)+SUMP (L) +SUM
Lzl=1
TIF(L=1311,11,6
SIMPSN = SUM

RE TIRN

END
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