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ABSTRACT

Results of three calculations of the impulsive
interaction of thermal radiation from high-altitude
nuclear explosicns with targets within the fireball
(the thermomechanical effect) are reported. These
problems constitute a preliminary investigation into
techniques of calculation and phenomena of importance
to be followed later by a survey to establish lethal
radius envelopes. The interaction with 200-KT yield
at 60,000-ft altitude is found to be predominantly
the effect of the blast wave which is perhaps just
lethal at a range of 2.5 x th cm. The interaction
of the same yield at 90,000 ft, however, does show
important thermomechanical as well as blast effects.
The lethal radius is found to0 be greater than
3.0 x th cm. Presentation of the calculated results
is supplemented by discussion of the method of
calculation, préparamion of initial data, and evalua-
tion of assumptions constituting the interaction

model.
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INTRODUCTION

Preliminary resulis of calculations of the interaction of thermal
radiation from a nuclear explosion with an object within the fireball esrs
presented. The effect, called the thermomechanical effect (IME), results
from the irradiation of a structure by intense thermal energy emitted by the
heated air and the subsequent vaporization and blowoff of the heated wvapor.
The reaction of the blowoff to exert an impulse on the structure produces

the TME.

In this report three calculations are described in some detail. Two of
these use the environmment created by a 200-KT yield at 90,000-ft altitude
and differ in the range of the object (called for convenience a re-entry
vehicle, or R.V.) from the origin of the expiosion. These ranges are:
problem 1, 2.5 x 10% cm, and problem 2, 3.0 x lOLIL cm. The third problem
represents interaction with an R.V. at range 2.5 x 1oh cn from a 200-KT
explosion at 60,000 ft.

Material in the report is organized into three sections. In Section I
a current statement of characteristics of the General Atomic interaction
code, SUPER SPUITER, is presented. This code has been used to perform the
TME calculations presented here as well as to investigate other interaction
phenomena. Section II contains an analysis of the explosion environment to
obtain boundary conditions for the TME calculations. A critique is also
presented of some of the assumptions made about the environment. Finally,
in Section IIT the calculations are analyzed in some detail to present the

characteristics of the TME interaction process.

At 60,000-ft altitude it is found that the effect of ambient fireball
pressure is much more important than sblation pressure in determining the
impulsive losding. Consequently, this altitude is below the altitude where
the TME plays a role and is properly considered in the blast regime. At
90,000 ft both ambient and ablation pressures are important. This is a

transition region between effects. The lethal range appears to be greater

SECRET




SECRET

3

than 3 x lOh cm. An interesting and important effect of abrupt heating and
ionlzation of the R.V. vapor is identified in the problems at 90,000 ft.
Its quantitative description may depend sensitively on low-temperature

radiative properties.

While calculations presented here by no means constitute an exhaustive
survey of the TME, it is thought that presentation of early results will
accomplish the following results:

1. Acquaint a wider audience with techniques available for application
to the TME and similar problems.

2. Document more currently and in greater detail the calculational

methods and material properties in use.
3. Prompt criticism of the approach to the calculation of the TME.

Additional calculations are now planned to detail the lethal radius as a
function of altitude. Further improvements in code and environment specifi-

cation are also being incorporated.
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I. THE SUPER SPUTTER CODE

Calculations of the TME have used SUPER SPUTTER, a general purpose, one-
dimensional radiation transport hydrodynamics ccde based on the Lagranglan
description of the fluld. Severasl modifications of this code have been made
to carry out IME calculations. In the tollowing sections the most important
of these code changes are described in order to illuminate the nature of tue
physical model and some of the mathematical approximations being used.

In section A the photon source treatment is described in camplete detail;

section B indicates how the ambient pressure inside the fireball is applied
as 2 boundary condition to the vapor; section C describes the treatment of
transition between vapor and solid at the "boiling" interface and the
divergence of expanding vapor; section D indicates how deviations from local
thermodynamic equilibrium which may occur in optically thin and low-density
regione are taken into account; section E describes the radiation transport
routine used in the code; section F gives a brief description of newly
incorporata=d features of the problem generator code which, in addition to
preparing initial data, allows redistribution of zones during the course of
the problem. Finaily, section G describes the properties assumed for the
target materia. and presents previously unpublished calculations for scame
of the temperature-density regime.

The successful completion of a number of problems described below has

both tested the modifications mentioned herein as well as shown up some

(1)

The new routines have been thoroughly checked and are producing consistent

inconsistency in the angular distribution used in an earlier calculation.

results with obvious improvements. In one case a comparison of two runs
differing in the angular distribution of the source which resulted from an
earlier incorrect source formulation is presented. The error, contained in
our first report(e) on the thermomechanical source, has been corrected in
the description of the first section and does not oceur in the remsinder of

problem results presented.

A more complete report on the SUPER SPUTTER code is now in preparation,
with publication expected shortly.
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A. THERMAL SOURCE

The SUPER SPUTTER code will be used to calculate the interaction of a
high-temperature radiative scurce on an object placed within the thermal
environment. The description of the problem is most closely approximated by
that for the az,:issxgle-frequency source used in the investigation of optical

interactions.

A generalization of the optical. interaction source has been made to
describe the thermal interaction. In it the incident radiation is assumed
to fall on the locally plane surface of the target or target vapor. The
source is characterized by a total intensity which may change with time, a
frequency distribution approximated by representative groups of photons, and
one of several different choices of angular distribution. The photon groups
are absorbed in the target vapor according to an approximation to the ionic
absorption coefficient which takes into account free-free and bound-free
transitions of the ionized vapor. This coefficient depends on the photon
frequency v, the material temperature ©, and density p, as well as on the
target material and degree of ionization. The absorption of each frequency
group in the vapor is determined by numerical integration to find the optical
depth from the surface corrected for induced emission at the frequency in
question. The flux is then obtained as a function of the optical depth amnd
parameters specifying the nature of the incident anguler distribution.

The Source

The thermal source is specified by the angular and frequency distributions
of the photons incident on the target. While in the most genersl problem
these distributions cannot be factored and depend on the time, in this first
approach several simplifying assumptions have been made. Perhaps mcst
fundemental of these is that the frequency and angular distributions may be
factored into a product of two individual distribulions, one of which depends

only on frequency and the other only am angle.

Angular Distribution
The source routine now offers three options for the photon angular

distribution, each of which is a simple, time-independent function for which

angular groups are unnecessary. The choices are:




1. Isotropic distribution, I(Q) = I,
2. Cos distribution, I(Q) = I M-
3. Ray or pencil distribution, I(Q) = I 8(Q - ﬁo)

In the second distribution p is the cosine of the angle from the ray
direction to the normal to the assumed plane target. In the last distribution
& pencil of photons falls on the target in the 60 direction for which u = Hoe
All of these distributions allow the planarity of the interaction to be
preserved and lead to the following simple functions £(x) describing the net
flux, ¢ = _J'(Q) cos © df}, of the source photons at optical depth x normal to
surface within the target:

1. £(x) = 2E3(x)

2. f(x) 3El+(x)

3. £(x) = n exp (-x/u)

Each of the distributions is normalized to 1 at x = O if the distribution is
symeetrical about the normal. For case 3 and oblique incidence (p.o # 1),
the coefficient Ho takes into account the increased target area intercepted

by & beam having unit area normal to the ray.

The first option is relevant to the thermal source inside an optically
thick fireball where isotropy of the radiation obtains. Well outside the
fireball radiation comes from & rather localized direction reprssented by
the pencil of option 3. Option 2 is an intermediate case perhaps appropriate
near the edge of the fireball.

Addition of further simple options is easily made. Angular grouping for
a complex distribution, however, would present a harder but still tractable
Jjob.

Frequency Distribution
Photons in the incident beam are described by a distribution function

f(u) which is assumed to depend on time but not on angle. The source calcula~
tion approximates this distribution in the frequency group approximation
wherein the photons falling within the interval (un, v, +l) according to the
absorption coefficient of a representative frequency. In the general case
the intensities An within these groups would be permitted to depend on time
in a quite arbitrary way as, for exemple, when specified by piece~wise linear

expressions.
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In the special case of the black body function, f£(v) =
frequencies may be chosen in such a way that considerable

; 0: 5 the

B dv
o V
simplification results through maintaining a constait time-independent ratio

between groups even though the black body source temperature Oo may change
with time. This is accomplished by the sssigmment v = u 6 /h in which the

u_ are constants chosen to give the desired accuracy in the source description.

n
The frequency group boundaries, consequently, depend on time through time-

dependence of OU. A representative choice of frequency groups and weights
for a black body is given in Table 1. The “51 are normalized to give unit

sum.

Table 1. Nine-group Constants

Group Boundary Average Energy
n hv/Oo An E = hv/Qo
0
1 1.0 0.05 0.5
2 2.0 0.14 1.5
3 3.0 0.21 2.5
L k.0 0.20 3.5
5 5.0 0.16 k.5
6 6.0 0.10 5.5
7 8.0 0.10 7.0
8 10.0 0.03 9.0
9 12.0 0.01 11.0

In the currently available version of the source the group constants
are loaded into the code from Table 1 for application to the black body
source. The black body intensity, oOok, 1s allowed to change with time
through specification 6f constants in a plece-wise linear variation of 00
with time. Generalization of the routine to calculate non-black body cases
is made trivielly if the intensity is independent of time and requires
additional coding to provide the description of the time dependence of the

intensities for the more general problem.
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Source Fnergy Deposition

The amount of energy 9 [ergs/ (cmesec)] deposited in each of the zones

of the vapor is bounded by Lagrangian coordinates X, and x The source

i+1°

is obtained by taking the difference between the net fluxes ¢i incident on

and emergent from the zons in guestion.
gy = ¥ -ba

The flux is formed from the finite difference approximation to the following
expression for the total net flux integrated over frequency and angles:

. @
#(x) = B[ 2(x)r(v)aw
o]

vhere E is the integrated intensity falling on the target and xv is the
optical depth at frequency v measured normal to the target surface

x = _]‘: pKU(x')dx' . In the finite difference approximation for the frequency
groups and zones, this becomes ¢i =EZ Anfj(xn)’ where X is the optical

depth for the nth group and f, can teke the form of the three options given

J

above.

For the black body source
» Xi
¢i = 2EfZ AnE3[J0 Kn(x)pdx

where the optical depth is approximated

Xi i-1

’ —_— T R/ - . -

JOK"'(X)OdX ) Llpj‘{(”n’gj"’a) (g = %505
j:

E = o@ou, and £ is a constant to allow for l/:c'2 reduction in intensity.

Flow Diagram

The specification given above has been incorporated into the "Q

subroutine. This routine, one among several options which may be incorporated
into SPUTTER, is selected for thermal mechanical effect calculations while

other subroutines remain largely in standard form. The logical flow of the
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code subroutine is given In Appendix A of this report, together with the
FORTRAN instructions corresponding to it. Both flow dlagram and code apply
to the tlack body source. Addition of a specification of the way in which
the frequency distribution changes with time will be required for the more

general frequency-dependent problem.

Vapor Absorption Coefficient

L,5)

to obtain the dependence on frequency, material temperature, density and

The Ralzer approximation to ioniec absorption coefficient( is used

species. The prescription including induced emission is

u R
Kff(e -1) if u < u
K'..D =
-uy %k
Kff(l-e Je if u 2
where
Kop = 8.62 x 10%0 g Z £
A (hw) e
and
w = min (ul, . T)
2
u, = K - shell energy = }-}-6—2'«—
1 2]
10"2A93/ 2
I' = electron degencracy parameter = ——p—Z~—-—

Other quantities appearing are

A = atomic number of target material

p = density (gm/cm3)

@ = temperature (ev)
hy = pheton energy {(ev)

7Z = mean number of free electrons per target atom (obtained in the

equation of state subroutine)
u = hu/O
2

Z if Z <1
{ Mean square number of free electrons

Z2 if Z2 =21
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Future Applications

Further generalization and improvement of the interaction code would
indicate modification in at least two respects:

1. A more general angular distribution would require analysis to
determine how the angular integrals may be performed. It is likely thet a
simple distribution could be handled analytically while a more complicated

one would requlre angular grouping.

2. Optical properties in the ionic region exist for some target
materials in greater detail than the Raizer approximation. For these (e.g.,
CH,, air, Be, Si, Al) the deposition can be more accuritely performed in
principle. In practice, bowever, this btregtment- contains many of the limita-
tions of the many-frequency radiation transport, primarily in lengthy, slow
calculation. It is probable that improved material properties can be used in
the source without excessive lengthening of the code. The low temperature
material properties (solid and molecular regimes) are known very poorly,
constituting a limitatiun for applications having small incident radiant flux.
Additional work is needed for this use as well as for the optical interaction

application at low incident power.

B. PRESSURE BOUNDARY CONDITION
Alr inside the fireball heated to its ambient temperature exerts a

pressure which, increasingly at lower altitudes, influences the hydrodynamics 1
of the vapor blowoff. When the air pressure iz comparable with or exceeds |
the ablation pressure, mc, the blowoff is inhibited, the density remains
high, and vapor opacity is affected. This pressure also increases the
impulse experienced by the target. If the velocities of the air and vapor
remain small compared with thermal velocities, the effect of the air is to
apply a static pressure to the air-vapor interface, constituting a boundary
condition. Further discussion of this point is found in section II.D. At
a particular radial distance from the explosion point this pressure, given
by the ambient fireball pressure, changes with time as showm typically in
Fig. I1.2.

Modification of the SUPER SPUTTER code has been made 1n the HYDRO

subroutine to accommodate the externally spplied toundary pressure. The

o
rm
!
rm
-—I

-
!
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boundary condition at the vapor-air interface is given in the form of a
piece~wise linear fit in time to the ambient fireball temperature. Flow
diagram and code are presented in Appendix B.

C. BOILING AND VAPOR DIVERGENCE

In order to describe the transition from solid to vapor, called "boiling)
it is assuwed that a "boiling" temperature; Gb, and a constant specific heat,
Cy» can be defined for the solid. In turn a specific energy for "boiling",

HC = Cva, is then known. When an element of mass 1s heated to Gb , it is
assumed that an additional amount of specific energy HV’ called the vaporiza-
tion energy, is required before the vaporization will occur and the temperature
can change. For E > HC + H\l’ the material is described in terms of vapor

equations of state.

As vapor is evolved at the solid-vapor interface, it expands, dropping
in density. If 1t continued to expand in only one direction, a steady state
could. not be achieved in the vapor. In fact the vapor will tend to expand
parallel to the target surface also. In order to tske this effect into

account, a mass depletion scheme has been added to the code.

The radial divergence can be approximately taken into account in a
lagrangian plane geometry calculation if the mass in a given zone is reduced
as the zone expands. A parameter ;, the radius of the target or target area
in the case of a laboratory experiment, is introduced into the calculation.

The mass of a given zone on each time cycle 1s then said to be

- 2
n n_ ‘L T }
L = n [¢)
+ C(ZL z, )
or n-1
n n ’rjz, ‘[2 n n-1
/N JL n) Ty g
T
2
where
r® = Tre(z -z o)
4 £ £

and z Ln is the average position, mzasured perpendicularly to the target

surface at time zero, of the zonz g at time n. This treatment assumes that:
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(1) the vapor diverges parsllel to the target surface at the same rate at
which it expands perpendicularly to the surface; (2) the temperature and
density of the material are functions of z and t only; and (3) vapor which
flows out of a tube perpendicular to the target surface and of radius T can
be removed from the calculation and ignored. The work done and the total
energy removed from the calculation as this material is removed from the

zone 1s taken into account.

D. DEVIATIONS FROM LOCAL THERMODYNAMIC EQUILIBRIUM

In the very low density leading edge of the blownoff vapor, the material
becames optically thin. When this occurs the local equilibrium between the
material and the radiation field is maintained only if the rate of increase
of the internal energy by collisional ionization (i:col)" exceeds the rate of
rec) . This breakdown of the local
equilibrium between the radiation field and the material will, in general,

decrease by radiation recombination (B

occur before the random kinetic energy of the ions and electrons fall out
of local equilibrium with one another. If it is assumed that the ions and
electrons are in equilibrium, then separate rate equations for the internal
energy due to random kinetic energy of the ions and electrons (R) and the
internal energy due to ionization and excitation (I) cen be integrated if
the material is described in terms of three independent variables: tempera-
ture, density, and the mean number of free electrons per average ion (-Z-).
The correct rediation rate can be expressed in terms of €, p, and 7 also.
In order to do this, I as a function of 7 for the material in question must
be known. In the numerical calculation, LTE 1s assumed in e mass element

until the material is optically thin and E 2 E From that point on,

E.:col is ignored and separate equations forrl?{cand :(i::oz];re integrated in terms
of p, 8, and Z. The radiation rate due to recombination and bremsstrshlung
is calculated, and the absorption of energy due to self-radiation is ignored.
This correction in general reduces the amount of energy radiated out of the

vapor.
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E. RADIATION TRANSPORT

The radiation transport subroutine FLASHSO) used in plane geometry
interaction calculations, has been reccled to make more accurate and faster
use of the exponential integrals. This routine has also been coupled with
a diffusion caiculation for optically thick zones in order to speed up the
calculation, in particular, for the multifrequency time-dependent code
expected to be operational soon. The present multifrequency code does a
"snapshot" calculation using group absorption coefficients stored on
magnetic tape.

The multifrequency calculation brings into core storage a single
frequency at a time. This calculation is repeated until all groups have
been processgd. The calculation will be performed as a part of the regular
SUPER SPUITER cycle to perform a truly frequency-dependent calculation;
however, in practice the calculation is at present too slow to do more than a
few successive cycles for a test. These snapshot calculations are used
primarily to evaluate radiative properties of the system and to campare with
(and hopefully correct) the mean absorption coefficient results used in the
time-dependent calculation.

F. FPROBLEM GENERATOR CODE AND REZONE

1. SUPER SPUITER Variables for Generating and Rezone

Ri = distance in centimeters from the origin
DEIIEAR:.L = Ri+l - Ri -
G, = mass in grams at i + # (for sphere is G; = (zone mass)/(-g-—)
THETA;, = temperature in electron volts at i + %
RD, = velocity in cm/sec of R
SV, = specific volume at i + % in cm/gm (plane) or cm3/gm (sphere)
Ai = cr-gss sectional area at i in cm2
ASQi = Ai
Pi = (material + radiation + viscous) total pressure at i + ﬁ in
ergs/cm or ergs/cm3
Ei = gpecific internal energy from equation of state at 1 + %
in ergs/gn
EI, = specific internal energy from integration at i + § in ergs/em
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SMLRi = radius of depleted mass

IMDA = =zone of constant material properties.

2. Generating

The sbove variables are generated for slab or spherical gecmetry.
Options of zoning by mass or by radius are available. In each case a
constant, o, is specified giving the ratio of either mass or radius increment
to the corresponding quantity for neighboring zones. This quantity is
constant within a region but has possibly different values in different
regions. Combinations of the quantities of a number of zomes, interface mass
or DELTAR, may be specified to complete the problem setup. Among these the
possibility of matcning G or DELTAR across IMDA interfaces exlsts.

The flow of the solution is:

(1) Input cards are read which describe the density, temperature
and velocity at several discrete positions in the system. Then the coeffi-
cients of a segmented function fit (constant through cubic) are calculated
for the density profile, THETA profile, and RD profile.

{2) An input IMDA zone card is read which establishes for the IMDA
zone: {a) the left and right limits (em), (b) & description of how mass

points are to be generated, and {c¢) material constants. Then 3, 4 and 5

below are executed, finally followed by editing and initiation of calculation.

(3} wWhether generating or rezoning, given the left and right
boundaries (cm) there are six quantities available to describe how .the
generated mass points shall be related to each other. - Any two.of the follow-
ing (a)-{d) constitute a complete prescription, and are a means of describing
what the ratio of Gi +1/Gi shall be. (a) The mass of the leftmost mass point,
(al) or the length of the leftmost mass point; (b) the mass of the rightmost
mass point, (bl) or the length of the rightmost mass point, (c) the constant
ratio of Gi+l/Gi’ (d) the number of mass points to generate. To equate (a)
or (al) with the unknown previous last mass point gives only one of the
specifications (b), (bl), (¢), or (d). Special: if the prescription if
(al), (vl), or just (bl), the ratio of the mass points is then by DELTAR
rather than their G. Gi’ DELTARi, and Ri are calculated.

(4) THETA; are interpolated from the THETA profile.
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(5) RD, are interpolated from the RD profile.

(6) SV,, A, ASQ, are calculated.

(1) Ei’ EIi’ Pi are calculated.

(8) SMLR, (for mass depletion) are transferred from an input

storage array.

3. Rezoning
The rezoning process first establishes a step function density

profile for the problem to be rezoned. A linear segmented fit is calculated
for the RD profile, and another for the SMIR profile if there is mass
depletion.

Rezone input cards are read and facilities are considered for: deleting
or adCing mass; continuing or rezoning old mass points; prescription for how
to rezone o0ld mass points or generate new mass points; whether to delete,
add, alter, or preserve IMDA interfaces; whether to add a pusher. (3) above
is utilized for rezoning and adding mass points and RD and SMLR are inter-
rolated from their profiles. Unchanged mass points retain their original

values of the variables.

When rezone input is exhausted, (6) is employed. Rezoned mass points
have a calculation of THE‘I’A:.L (conserving old internal energy). New mass
points get their E['IilE‘l‘.l\i fram rezone input. Ei’ EIi’ Pi are calculated for

new and rezoned mass points.

G. MATERIAL PROPERTIES

Calculations of the TME presented herein required thermodynamic and
optical properties for the target materiel properties for the target materisl.
The properties for polyethylene with composition (CH2)n as representative of
an ablative material having low thermal conductivity and large specific heat
have been used. Two regimes are to be distinguished: that in which the
temperature is low a=nd ionization is small, and the ionic region at higher

temperature.

In the low temperature region a simplified molecular equation of state
is used. Below the vaporization temperature of 0.125 ev an aversge specific
heat of 2.4 x 10t ergs/(gm ev) applies. Thermal conductivity also is
effective only in the solid where the conductivity is taken to be
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1073 cal/(cm sec °K). The heat of vaporization is the small value
1.26 x lOll ergs/gn, sufficient to depolymerize the plastic into Cth. With
subsequent heating dissociation into atomic C and H occurs in an abrupt but
continuous transition whose transition temperature depends weakly on the
density,  with a value of ~ 0.4 ev for the problems of interest. A disso-

1 ergs/gm is used. Optical properties in the

ciation energy of 8.5 x 10t
region below 1 ev are based on extrapolation from calculations relevant to
alr, not taking into account the molecules and molecular ions actually
present in CH2 at temperatures below 1 ev. Correspondingly schematic
representations of the Rosseland and Planck mean opacities are used. Further
work is needed to remedy this deficiency for quantitative calculations on CH2
It should be emphasized that the particular material composition is much

more critical in this low temperature region than in the ionic regime at

higher tempersature.

In the ionic region the thermodynamic and optical properties have been

calculated by the ionic model.é'?)
\

CH2 using the DIAPHANOUS code( / have been incorporated into SPUTTER.

Taking into account the line contribution to the optical absorption coeffi-

Results of unpublished calculations for

cient, the resuits represent an accurate estimate of optical properties of
CH2 as contained in the Rosseland optical mean free path used in the diffusion
regimes and the spectral absorption coefficient used in the muitifrequency

"

"snapshot" calculations described above. While the absorption coefficients
have not yet been published, the thermodynamic properties and the mean
optical properties as calculated in DIAPHANOUS are presented in the table of

Appendix C.
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II. EXPLOSION ENVIRONMENT OF THE TARGET

In this section we present the environmental conditions assumed for the
evaluation of the TME. Calculations of the effects of explosions of the
XW50Y2(9’ 10) at the altitudes of 60,000 ft and 90,000 ft provide histories
of environmental quantities at all radii of interest. Using these data,
three calculations have been performed for the following altitudes of
explosion h,and radii or target from explosion center, r.

Problem 1. h = 90,000 ft, r = 2.5 x 101‘L cm.

Problem 2. h = 90,000 ft, r = 3.0 x th cm.

Problem 3. h = 60,000 ft, r = 2.5 x J.ol+ cit.

We have assumed throughout the histories of the interaction that the
relevant envirommental guantities sre the Tireball local static pressure and
isotropic black body thermal flux. We present these quantities in Section
ITA for thé threc cases. In Sections B and C we examire, filwust,.the valldity
of the black body assumption and, second, the arguments for neglecting effects

associated with motion of air or target.

A. AMBIENT TEMPERATURE AND PRESSURE

In Fig. 1II-1 we show temperature vs time and in Fig. II-2 pressure vs
time at the fixed radial distances corresponding to the three cases described
above. These quantities are obtained as the result of saue interpretation
of quantities interpolated in position and plotted in time from the cited

explosion calculations.

The structure exhibited by the temperature curves is interpreted as
representing two phenomena in the explosion. At the distances chosen, a
sharply defined shock has formed in the air and represents the first distur-
bance reaching the point in question. Associated with it is a rise in
temperature corresponding to the material state resulting from the strong
shock having a particular shock speed. While a slight temperature rise may
occur in the material behind the shock, the rise is slight compared with the
rather abrupt rise associated with the transit of the radiative front. This

disturbance moves forward primarily by convection of the shocked air and
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secondarily by diffusion of the front into additional cold material. The
second rise leads rather quickly to the isothermal interior of the fireball
which is seen to be considerably hotter than the shocked air. Since the
radiative flux increases as the fourth power of temperature, it is seen that
the second rise leads to fluxes almost two orders larger than in the shock.

Modifications of the explosion calculation data were found necessary to
detail the duration of the shock plateau. TContinucus mathematical rondering
of the shock transition by the artificial viscosity leads, with limited
numbers of zones, to washing out of the shock front. In each case, the
shock front was identified and replaced in the curves by the more correct
discontinuous profile. Duration of shock temperature was calculated by
measuring plateau width and material veloci:by, a more accurate way than
available with limited printouts in time. The very small preheating of air
ahead of the shock by the emitted thermal flux was neglected, as was the

flux itself vefore shock arrival.

B. RADIATIVE ENVIRONMENT
(9,10)

The calculations of fireball early history used to cobtain black
body temperature also permit more detailed snalysis to evaluate the validity
of the black body assumption. At selected intervals during the explosion
calculation frequency-dependent analysis calculations have been made deter-
mining the radiative flux and energy density throughout the fireball interior.
Comparisons between the frequency-dependent radiation energy density and the
correspond ing black body quantity indicate the degree to which the black body
distrivutiocn is Justified. In Fig. III-3 these quantities are campared at
several fireball radii 8.3 x 10"3 sec after explosion at h = 90,000 ft.

While a complete analysis would call for the comparisons at successive times
at the same position, qualitatively the same information is achieved by
cheosing positions (a) outside the shock front given in zone 53 corresponding
to time just before the shock wave arrives, (b) inside the shock plateau
given in zone 46 corresponding to the early shock heated history, (e¢) in the
transition region in the radiative front given in zone 39 corresponding to
the temperature rise from convection of the radiative front, and (d) in the
isotherma’ sphere platesau given by zone 33 corresponding to the post tempera-

ture maximum period. One may conclude from Fig. ITI-3 that in general the

SECRET




MONOCHROMATIC RADIATION ENERGY (ERGS/{CM3EV))

102

o
L]

<

1o™

SECRET

=

TT1TTTT

T

T

53

= 4 -
HA, rys= 2.49X104CM Gy3 = 5.4EV
Ts3=2.64%X10%CM 8,5 = 3.1 EV
Teg*2.67X10*CM Gae = 1.4 EV

rs3=2.91 X10%CM 843 2 0.1 EV

ACTUAL AND BLACK BODY
CURVES COINCIDE FOR ZONES
33 AND 46

46

BLACK BODY —e!

ACTUAL

] I ] l J

20 30 40 50 80

PHOTON ENERGY {EV)
Fig. II-3--Source Energy vs Frequency

SECRET

70




SECRET

black body assumption is well justified. In the platsau regions, indeed,

it is highly accurate, while in the transition region the occurrance of a
photoelectric edge at ~ 11 ev introduces a small deviation which sverages out
in the black body curve. Ahead of the shock, of course, the radiation is
highly nonthemmal and anisotropic but with intensity which is not large enough,
compared with the subsequent history, to be significant.

This conclusion is based on phenamena encountered st 90,000 £t and rather
small target radii. While apprecisbly larger radii are not of interest at
this altitude, interest in larger radii at higher altitudes suggests that
the question be kept open. Indeed, the greater transparency of the fireball
at higher altitudes indicates that deviations from thermality will be more
important there.

Introduction of the target and its evolving vapor into the fireball will
perturb to same degree the surrounding air by locally reducing the tempera-
ture. The agsumption of thermal radiation at the unperturbed fireball tempera-
ture, consequently, is somewhat of an overestimate of the actual flux from
the locally depleted air, Estimates have been made of the following effects
which replenish the alr cooled by the black body emission; first, the air
may be heated again by radiative diffusicn from more distant {but still
nearby) unperturbed regions and second, undepleted air may be convected %o the

target by the streaming velocity induced by the shock wave.

Assuming that the local reduction in temperature is small, the radiative
diffusion equation may be linearized so that the problem can be solved in
closed form. The R.V. is assumed to be a perfectly absorbing sphere of
radius a, bathed by a medium whose initial temperature is the unperturbed
local temperature Go of the fireball. The air at the surface of the R.V.
is assumed to radiate like a black body having the air surface temperature,
Ga. Asymptotically at late time the solution approaches a steady state
having dependence on radial distance r fram the R.V. as

6 ha 3
—_—= ] - R whereh=—6——,
% L (na + 1) 1org

©

and )”R is the Rossecland mean free path. At the surface the temperature
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depends on time t as

ga ha x2
'é-o— = 1 - e 1 [ -e erfc(?c)] s
; 2
where x = (ha + 1)/kt/a" .
cgoh 4
The parameter K = R containg the black body emission flux 090 and the

energy per unit volume E of the air at the unperturbed air temperature. A
time T, characteristic of the decrease in surface temperature from the

initial value O ,to the asymptotiz value GO/_ (ha+l), is given by

haeE

T = Ty
(ha+1) o@o
e
2
ha+l
exist in the shock and radistive plateaus. In the former, the local cooling

Numerical evaluation of T and chows that rather different conditions
may be quite appreciable (for 90,000 ft, in the shock plateau at range

2.7 x 10 cm. @, drops to .3 9, and 8 _ = 1.5 ev) but T is rather long
(tr=3x lo_hsec for the case above). Since the shock region contains

large air velocities, which may be supplemented by the R.V. velocity,
considerable convection occurs during this time, sufficient to increase
markedly the asymptotic value {the displacement d = vT is d = 340 cm with

v =1.1 x10 cm/sec. This is considerably greater than the assumed R.V.
radius a = 50 cm and much greater than XR =k cm). In the radiative plateau
the mean free path is longer principally because of decreased density so that
the asymptote is much higher. On the other hand, the time T is so short

that convection is of no importance.(For 90,000 ft in the radiative plateau
at range 2.5 x th cm, Gs = .88 N and 9, = 5ev. T =1.2x lO‘-6 sec, giving

}
d =1 cm. Here cQSt is reduced to 0.5 of the unperturbed medium value.)

For the cases investigated the effect of local cooling is neither larger
nor cumpletely negligible. Somewhat surprisingly, the effect is smaller at
the 60,000 ft altitude where strong hydrodynamics decreases the density

sharply behind the radiative front to a value actually lower than at a
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comparable stage at 90,000 ft. At altitudes considerably higher than 90,000
ft, one would expect that the decrease of air density and increase of mean
free path would reduce the effect to negligible proportions. At intermediate
altitudes 1t appears to be necsssary to take into account some reduction of
flux due to this effect.

C. HYDRODYNAMIC ENVIRONMENT

As the shock wave sweeps over the R.V. the Mach number of the air is
initially large (Ml ~ 3) and the stagnation point pressure against the R.V.
is greater than ambient by a larger factor {~ 10). As the radiation front
engulfs the R.V. the air velocity drops and the sound speed decreases to
give a typically subsonic flow (Ml ~ .7) and & small increase of stagnation
pressure over ambient (~ 1.3). The pressure changes in the opposite sense
on the surface away fram the explosion center, of course. The velocity of
the R. V. itself is not negligible compared with the air velocity and may
add to or subtract from that of the air depending on the reiative orientation
of the R.V. in the explosion. While these dynamic effects are not smail, the
sign of the effect depends on R.V. orientation and surface of interest. The

ambient pressure is, in a sense, the central value of the pressure.
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III. NATURE OF THE INTERACTION

Caleculations carried out with the code as described in Section I and
with boundary conditions for the three cases recorded in Section II.A. are
analyzed in this section. The properties assumed for the surface of the R.V.
are those characteristic of a low thermal conductivity plastic composed of
low~Z elements for which more data are recorded in Section I.G. For the
purpose of taking into sccount the divergence of the expanding vapor as
described in Section I.C. a characteristic R.V. radius r = 50 cem was used.

In each case an outer layer of the plastic was divided into 150 .gzongs,: the
outermost one of which was lO"3 gm/cme in thickness. Zones increased in
thickness with increasing depth into the surface to give a total zoned layer
thickness of 0.5 gm/cme, or C.5 cm at the initial density of 1.0 gm/cm3.

3

Calculations were continued forward in time until from 1.5 x 10~ to
b x 10_3 sec had elapsed. This history corresponds to transit through the
shock plateau and rise of source temperature toward its peak, stopping
samevhat before achieving the peak source temperature. Impulse experienced
by the R.V. in each of these cases by the time of problem termination was

5

approximately 10 dyne-sec/cme.

Each problem required typically a little more than 2000 cycles or time
steps and a little less than one hour of 7090 computer use. Calculations
were rezoned to remove superfluous zones as often as twice per problem and
in one of the problems (h = 90,000 ft, r = 2.5 x lOu cm) almost all of the

mass provided in the mesh had been ablated by time of termination.

Results of the caleculations are examined in the sections below. In
Section A for one of the problems the spatial characteristics of température
@9, pressure P, velocity v, density p, and Rosseland mean free path )"R’ are
examined. A comparison between the radiation fluxes calculated with and
without frequency dependence is also made. In Section B all three problems
are analyzed for time dependence of impulse per unit area, I/A, and ablated
mass per unit area, m . The coupling constant, i/é, is also examlned during

the interaction history. Section C contains a comparison of two problems
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differing only in the wey source energy is deposited in vapor and solids.
Finally, in Section D the conditions for comvective instebility are examined
and estimates are made of the role it plays in the TME.

A. SPATIAL CHARACTERISTICS

In Figs. ITI-1 to III-20 profiles of five quantitles are shown at four
instants durlng the §0,000-ft explosion at interaction range = 2.5 x 101* cu.
In Fig. III-1 the temperature at t = 4.3 x lO""1L sec is seen to be almost
constant at 0.45 ev. At this time energy from the fireball streams through
the cool vapor with very little ab.orption so that most of the source is
deposited in the solid where it is very efficient in producing vapor. The
boundary pressure at the interface is important in retarding the blowoff and
in elevating the pressure on the solid above the free blowoff value. Also
for this reason the blowoff velocity remeains low and the vapor density
relatively high. The limitation of the temperature at 0.45 ev is due to a
combination of the large dissociation energy needed to reach higher tempera-
tures and the small absorptivity of the vapor at low temperature. The energy
absorbed from the source does, however, at t ~ 6.3 x ILO"I+ sec exceed the
dissociation energy in the outside layers resulting in a marked temperature
rise as shown in Fig. III-6. Accompanying the increase in temperature is an
increase in vapor ionization and absorptivity which markedly affects the
behavior of the problem. The solid suddenly is shielded from the source by
the very opaque vapor which, in turn, is heated to a high enough temperature
for reradiation to play a role. In Fig. III-1l at 8.0 x 10'“ sec the vapér
temperature has reached 3.9 ev, sufficient to reradiate 35% of the incident
energy from the system. The source is now being absorbed by the denser vepor
at the head of the advancing temperature wave which is also radiating energy
ahead into the cold vapor. Considerable hydrodynamic disturbance results
from the rather sudden expansion of the previously cold vapor and impels a
campression and shock wave forward. The hot vapor now expands outward with
velocity ~ 106 but the cold vapor is recompressed against the solid.

In Fig. III-16 the temperature wave has progressed inward close to an
equilibrium position in the vapor. Reradiation does not yet contribute
appreciably to the ablation rate but will do so at a little later tine. It
is expected that on campletion of the vapor heating a greater fraction of

o)
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source energy will reach the solid which, together with reradiation, will
appreciably increase the ablation rate. Loss of energy fram the system by
reradiation still accounts for 38% of the source. At this time the inward-
7

driven wave has reflected from the R.V. surface with pressure p = 9 x 10

and is driving the vapor outward with v > 2 x 10 cm/sec.

Throughout these problems the boundary pressure has ensured that the
density remain high cnough for thc hot vapor to stay in the radiation diffusion
rvegime. As a consequence of this, local thermodynamic equilibrium has been

maintained throughout the entire calculation.

One calculation of the frequency-dependent radiation transport was also
made on the above problem. Corresponding to t = 8.5 x lO-l’L sec, the calcula-
tlon permits comparison with the transport calculation using the Rosseland
mean free path as employed for the entire histories of the time-dependent
caleulations. At this time, as noted above, the temperature profile consists
of a high temperature plateau, an abrupt transition region, and a low-
temperature plateau intc which radiation streams from the hot region. In
Fig. ITI-21 the radiative fluxes calculated in these two ways are shown
throughout the system. At the outer boundary the flux is positive, corres-
ponding to black body emission from the high temperature plateau. Deeper
into the vapor the flux decreases and changes sign as the region of transi-
tion is approached. This change of sign of flux is noted on the graph by a
vertical line marking the position. In the negative flux region the flux
reaches a minimur as the temperature falls and then rises again toward zero
by absorption toward the solid. Good agreement is found in the high tempera-
ture regime. In the transition region, however, the Rosseland curve is too
high while at the solid it is apprecisbly too low. In view of the smallness

of the radiative flux campared to the source flux, very little error was

made, showing that the Rosseland treatment is, in this case, quite satisfactory.

For times when radiation contributes importantly to the ablaiion rate, more
important deviation may be expected, however. Work now in progress on using
the frequency-dependent code throughout the calculation may then be very

valusble. In Fig. III-22 the frequency dependence of the flux is displayed

at several positions in the vapor.
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B. EVOLUTION IN TIME, LETHALITY, AND MATERIAL LOSS

During the interaction the pressure at the solid surface results in a
continued increase of impulse contributed to by both the ambient pressure
and the ablation pressure as influenced by the hydrodynamics of the vapor.
The amount of mass ablated determined by source and reradiation alsc increases
with time. In Figs. III-21 through ITI-23 the history of both of these
quantities is shown for the three interaction problems. At early times in
the shock platesu the curves are all very similar with approximately linearly
increasing ablation and impulse with time. This phase is terminated by the
progressive increase in source rate as the radiative wave arrives. Happening
at earliest time in Prcblem 1 and successively in Problems 2 and 3, the
ablation rate responds immediately, followed much more slowly by the impuise
curve. Problem 3 was terminated in this state. The first two of the problems,
hovever, show the effects of the catastrophic surface temperature increase
reflected by sudden decrease in the mass ablation rate and in the impulse
curve by a sudden drop in the ablation pressure; introducing a plateau in

the impulse curve.

In Problem 2 the calculation was ended almost immediately after ioniza-
tion started. Only in Problem 1 is this phenomenon followed farther. The
mass ablation curve is greatly decreased in slope for an extended interval
equal to at least 10-3 sec for Problem 1. In the impulse curve, however,
structure is introduced by the violent hydrodynamic motions triggered by the
reduction in ablation. Pressure at the solid interface is reduced at the
same time that a shock wave is driven inward by the expanding material in
the heating wave. These then cooperate to raise the pressure of the sciid
momentarily to P > lO8 as the shock reflects. Consequently, the impulse
curve rises abruptly and, after some smaller fluctuations, assumes a new
slope smaller than the original. While Problem 1 was terminated before the
thermal wave reached the solid, this evert should initiate a new increase in

both mass ablation rate and eblation pressure.

It is also of interest to examine the efficiency of the thermal energy
gource in producing impulse. This has been done by forming I/E = a{I1/A/&at
where @ is the thermal power per unit area from the source § = c@oh in
watts/cm2, In Figs. ITI-2h through ITI-26, I/E, the instantaneous coupling
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coefficient, is shown vs time for the three problems. The values are sur-
prisingly large at early times in consequence of the fireball anbient
pressure. This pressure, more conventionally thought of as part of the blast
wave and associated with the blast regime, is relatively more important in
the shock plateau before the ablation rate has risen. At the 60,000-ft
altitude the interaction is almost entirely attributable to the blast regime
with only minor TME superimposed. This altitude is clearly below separation
boundary between blast and TME. At the altitude of 90,000 ft, however, blast
and thermal effects are interwoven into a closely interrelated cumulative
effect. The more specifically ablative values of I/E are obtained as the
ablation pressure rises well above ambient. While considersble structure is
introduced into the Problem 1 curve by vapor heating, typical values of I/E

associated with the thermal mechanical effect appear to be 1-5.

Lethality. It is striking that, as a consequence of vapor shielding
Problem 1 at a shorter range from the explosion has less ablation than and
comparable impulse to Problem 2 after 1.5 x 10'3 sec of interaction. The
impulse curve for Problem 2 is considerably steeper and thus more damaging,
. lthough both locations have probably suffered lethal demage. (Lethality
is evaluated in terms of criteria established by Abrehamson and Lindberggll)
These require total impulse per unit area > 2 x th and pressure > 4 x 1073)
The vapor shock in Problem 1, however, is worthy of further investigation
as to its lethality. The impulse curve for h = 60,000 ft in Problem 3 is
considerably shallower corresponding to lower pressure which is probably
not lethal to a hardened R.V.

Material Loss. The amount of material lost by ablation is not large
during the calculations. If the rate of ablation were maintained near iis
peak value for the duration of the high temperature, however, significant

material loss would result.

C. COMPARISON OF SOURCE FUNCTIONS

While for an isotropic incident distribution the correct law of decrease
of flux at optical depth x below the surface is given by ?F!3( x) (see Section
I.A. for a description of the source subroutine), an early versim of the

source erroneously contained E?(x). While these functions lead to the same
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total incident flux, the latter function deposits the energy nearer the
surface than the former. Since some cf problem h = 90,000, r = 2.5 x lOllL
was run with E2 before being repeated with 2F3 , a camparison exists between
problems differing only in the angular distribution of the source or
equivalently in the deposition functlion for the source energy. This compari-
son gives an indication of the sensitivity to depth of deposition of results
and, consequently, gives some basls for judgement of how accurately the non-
isotropic distribution at higher altitudes must be approximated. In Fig.
III-27 the impulse per unit area and mass ablated are compared at rather
early times. While initially the curves are substantially the same with all
of the energy penetrating to the solid, as vepor is evolved the E2 function
deposits more energy in vapor, leaving less for vaporization. The greater
deposition in the vapor at the air interface supplies the dissociation energy
there at an appreciably earlier time and initiates the catastrophic heating
and ionic absorption which, in turn, is the reason for the reduction in rate
of increase of impulse and mass ablation. Since these phenomena occur at
earlier time, source rate, and total energy the E2 deposition reduces the
interaction considerably. It is not known, of course, whether the earlier
completion of the vapor heating would result in a compensating earlier
resumption of strong ablation. The differences in Fig. ITI-27, however,

occur at a significant part of the interaction in that the impulse is inecreas-
ing most rapidly there and are of sufficient magnitude to indicate considerable
sensitivity of results to angular distribution. Some care in specifying the
distribution is indicated. The same may be said of the low temperature vapor
absorption coefficient, pointing up the need for more accurately known

material properties.

D. CONVECTIVE INSTABILITY

There is theoretical evidence that radiation is not the only energy
transport mechanism present in the vapor when the temperature reaches values
large cenough to make radiation itself an important process. The additional
transport mechanism is one which takes place if elements (bubbles) in the
gas may be convected by the acceleration field to increasingly greater
distances from their point of origin. OCnly if the motion is unstable does

the convection establish a non-zero steady state in which energy is convected.
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M analog of this process ir convective heat transfer in the atmosphere where
the buoyancy displacement of air cells may under certain conditions be
unstable. There is experimental evidence from the Orion investigations
indirectly applicable to the thermal interaction, that the process is present

in a similar radiative ablation environment.

Consider a slab of material with a positive pressure gradient and with

a density and temperature gradient as shown below.
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The two curves labeled Ga and Py indicate the way in which the tempera-
ture and density would vary if from point A the flow were adiabatic and the
pressure remained the same. If a perfect gas equation of state is assumed,

P = ap9, then along P = KpY, the adiabat is determined by P:

0 (E)l/Y oo . p_29P
a K ’ ozla YP 93z
and 1o 1
o = X v, - %8 _ (x=lygor
a o 'K 7 dzla v’ Pdz '

A small clement of vrapor displaced to the left from A along the adisbat

experiences an unbalanced force on the element proportional to
(3R (| )]
z ‘dzla 02
If the quantity given in the brackets is negative, then the element will
continue to move to the left and the vapor will be unstable to small pertur-

bations. An element displaced to the right from B will be unstable with
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respect to displacement to the right under the san_le'condit.ions. The result
is convective energy transfer toward the solid vapor interface due to the
circulation in the unstable layer of hot eclements toward the colder region
and cold elements toward the hotter region. The condition for instability
can be written as

)
3P (20

38
= -=<

ozla dz 0.

Convective energy transport in an unstable layer in the presence of
energy transport by radiation is also well known in stellar interiors.(lz)
A similar energy flow has been observed in fluids in the presence of thermal

(13)

heat conduction where the convective mixing cells that are formed are

known as Bénard cells.

The energy flux in the unstable layer can be estimated in two ways.

Schwa.rzschild(lg)derives a convection flux that is given by
- 2
e - a®y (.22 1, @
¢c = pC:p - A(az) L poz © a (az I
where
09 o) 39
A(az dzla = 3

and ¢ is the mixing length. This quantity can be estimated to be the width
of the unstable layer.

In Ref. 13 the effect of viscosity in the Bénard cell problem is
considered. It is shown that the energy flux is unchanged until a critical
value for a dimensionless number, the Rayleigh number (R), is reached in the

layer. A Rayleigh number can be defined for the radiation enviromment as

R = g.;P.@E.Q.?E._l.(L)L*
Red oz 9z 9z T

where ¢R ad is the radiative flux and 7 is the viscosity. The ratio of energy
transfer with the instability present to the energy iransfer in the absence
of convective mixing, the Nusseit number (Nu), has been measured as a function
of R for the Bénard experiment. The results are indépendent of the fluid used
in the experiment. The critical value of R for the experiment reported is
~ 1600. The Nusselt humber is observed to be a very weak function of R,
e.p., for R = 109, Nu = 8.
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APPENDIX A

THERMAL SOURCE FLOW DIAGRAM AND CODE

The quantities required as input for the "QUE" and "HYDRO" subroutine

are given below, together with descriptions.

HYDRO

D) Fractional weights of a finite number of frequency groups for the

source.

CRTPC(J) Average energies of a finite number of frequency groups for the

source.
CHRNO(2k) Number of frequency groups of the source.

CHRNO(25) Constent coefficient used for the CAPAC(I) calculation.
RDK(1-52) Times (ti) for the QUE subroutine.

RDK(53-104) Initial boundary temperatures (QL) for the GQUE subroutine.

SOLID(1l) Positive, zero or negative trigger to use EXPIL4, EXPI3, or EXPF

in source angular distribution.
SOLID(2) Cosine of angle of incidence of source ray, Moo usually one.
SOLID(3) Constant factor, = 1, to represent a distant themal source.
SOLID(8) Tnitial source rate used to establish conduction wave.
SOLID(9) Consvant coefficient used for the YKILC calculation.

A Atomic number of target material.

Z Charge number of target material.

QUE

THETAK(1-52 Times (ti) for the pressures in "hydro".

)
THETAK(53-10k)  Boundary pressures (Qi in "hydro".
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el oap le -y boundary of vapor.

et O to {luzes.

Ieilialize identii'ication storuge g

zone oo decpest source @
peretlracion.

®

WRITE OUTFUT TAPE 6, 190,

= RDK(J), J
RDK(1) %@s@ I

FORMAT (1941 INPUT THETA

) <
@ ERROR, 1PE 15.7, Ik

Interpolute linearly CALL UNCIE @
S

among t_,9_ to obtain
the source tcmp. 4 .

Source = 0 if Tit > . :
R = e —
@J-l) : L 0(2) }‘*ﬁgﬁoj’"’ OLTD(B)=0- I
~ g -

1000

— o {TEMP(1)=RDK(J+51)+{RDK(J+52) -RDK(J+51) )/
TEMP( 1)=RDK{J+52) F——@K(J)j‘l, (ROK(J)~RDK{J-1)*(TH=RDK(J-1) )

L

E“O TO 7_’()’)J

iy et
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SOLID(8) = 1.020E12+50LID(3) Black body source intensity
XTEMP( 1) %¥ly )

— N
FOFR(IB)zl Normulized Ilux at surface 1s 1.

IK = CILWO(2h) Load the number of frequency groups.

Initlally set each freguency group
optical depth to zero.

T
1

!

|

1

1
-1

I_I = TRML J Start zone calculation from the surface.

M,A—w -_)_ . @ Test whether o zone ic boiling.

<
>
Gm ) =o(3)

T —— Boiling zone source is being calculated.
TEMP(h) = sv(IAM 1) _15Set up quantities to evaluate optical

o . - i depth of unvaporized fraction of the
SV(TAML) = sv{IaML - 1) boiling zone.

HROTT, = 1 Exit to code to form contribution to

' optical depth at
A(T) = a(1)/(1.-soLID(2h) @

L

Ve

UNCLASSIFIED




UNCLASSIFIED

6h
R . - T Boiling zone is being calculated.
SV(IAM]-: = SOLID (27) Set up quantities to evaluate optical
HBOTL = 2 depth of vaporized fraction of
oI = < boiling zone. Exit to form optical
depth centribution at e
A1) - l\gI)[l..‘o.- SOLID (24) ] @
VOLID (24
ONNE)
I
A(T) = a(1) - s0LIn(2h)
SV(IAML) = rr4aP(h ) Restore boiling zone quantities.
F{(l) = [GOFR(T41) - GOFR(1)] - P ] Zone source is formed
A . Md remaining energy to
e TS - .| last zone
(:OFR(l) - 10 )*,’ a(1) = ¢(1) + Gorr(1) - E-—
b3
N s T Throw away energy
(1 - Ly _d. - e — -Y which netrates the
g . e W pe
S 'I E - E(l--(vOFR(I)). entire mesh.
>
I'.I“;‘T{‘:"l‘ Do next zone inward
R from surface. __
| sme = 1 lRecord last zone
/\&
\ ") i Tally energy
- oy . added on cycle
lRPIB = RPIB + BAty | 4" ctim to
- ——- main code.

| oo |

<D

E_...

=
()
()

=
D
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D
XKLC = SOLID(())/:SV( 1) ] Form iovw tewperstuce sbsorpiion coeiliclent.
If vapor is unionized, form
opt.fcal depthh and normelized
fluz fran low temperature
absorption coefficient.
Find what
is inu_t.ef;u‘l (T o
int MAXiM | DO\\
zouel | I=1, K >>
1
I.l ,
1 - - . -
! (I - TMDA(K+1) ) ~)-{co:rrn,'um—| P )
N ' PB(J) = PB(J) r TEMP(LL J
,_,_4_1S L-(J) ( ) £ ( )..,
| IF - K|
O
TMP(2) = TEMP(2) = EXPI3(PB(J))
T 3. *EXPIL(PB(J)) GOLID(1 TEMP(2) = TEMP(2)+TEMP
_13.6[2(1F) T - (2
i el 0 TO 512
Frqunn_g_-,::i_ndcpendcnt, R
T T T pird of e o) - o 2)x
-2 1.5 ] —l I g PEMP(2) = SOLID(2
r - 10 9(1) <SV(1) - A(IF) Ltizer EXPF(-PB(J)/SOLID(2))
"~ ¢7y | avsorp- N
- tlon ceefficient. GO TO 512
USRS S Lo o — e
= MILiF(u,,pn I}
g re GOFR(1)--TRMP(2)*D(J)4 GOFR(I)
L ] 512
CHRNO(2S) » max(l)..,{(2Z> 513
CAPAC(T)=
l o A(TF) - 6(1)°- i —

D

(
¢
!
9%
v

=




2 R N N3
MDD ACOITIEN
UNNUVLAROOITICU
P
-—--Qn\';- TOTT ot T s s e s ey
1
1
cm‘Pc(J)é;‘ —‘ !
- ————— ]
" e(1) - i
[ i
1 < . '
lu_'D —mmm e Y P2 )= c—’%‘p—(ﬂ (e"-1)+ 0.2 i
ot e ;
> Fonin irequency-dependent part
of abgorption coefficient and
e e X e '

pep(2) = CAPACLL ik, o
Fl
u

AP(2) ~e(1)
lpB(J) - —_-_%\%T%LL .

GOFR(T) - l‘i'}[fi?(E)*D(JFZbI’R(I) L

e o) wae) - v |

sum 211 group countributions
to optical depth and flux. '
Lincar interpoiation between
low temperature and ionice

coef'ficients when {Z) < .5 !

TEMP(2 )=SOLID(2)*
BXPF(-PB(J)/S0LID(2))

1
|
1
|
GO TO 410 !
|
!
t
i
|

'i-i-;»&(e§=gxp13(m(1))
TEMP(2 ) =TIMP(2)+THMP(2)
GO TO 410

TI-MP(E)=3.*E)'(PI11(PB(J))

is 1O 7 |

L__.___i L
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b
(Cwoiia )" —(5)

>
< Detecrmine whether o boiling zone
b N is being caleculated and return
( I - 1AMl )__. _,__<5> to prorer location.
0

0 10 (33,31), “BoLL |
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AUGUST 07,1953

IL=SUMRR
DO 1 I=TL,7T8M1
1 GOFR(1)=0,
SUMRB=[R
T{I}) GREATER THAN QR EQUAL TO ZERQ
T(I+1) GREATER THAN OR EQUAL TO TII)
IF (RDK(1})} 180,110,110
110 IF (RDK(1)-TH} 120,120,161
120 DO 135 J=2,52
J=J
IF (RDK{J}-RDK{J-1)) 170,170,130
130 1IF (RDK{J)-TH) 135,150,140
135 CONTINUL
GG 1O 160
140 TEMP{1)}=RDK{J+51)+{RDK{J+52)-RDK{J+51))/{ROK(J}-RDK{J-1)})=
1 ({TH-KDK{J~1})
Ga 10 200
150 TEMP{1)=RDK(J+52)
GO 7O 200
160 S56=0,
161 SOLIN{8)I=0,
GO TO 1000
170 IF (RDK(J)) 180,160,180
180 WRITE QUTPUT TAPE 65190:RDK{J),J
190 FORMAT(19HL INPUT THETA ERROR,1PE15.7,14)
CALL UNCLE
200 SOLIDIB)=1.026E12%SOLID(3)#TEMP{1)®ns4
GOFR(IB)=1,
IK=CHRND(24)
DO 30 J=1,1IK
30 PBlJ)=0.
I=1BM1
4 IF(BOILA)31,3,31
31 IH(I-TAM1)}3,32,:3
32 TEMP({&)=SV{IAM])
SVITAMI)=5V(IAML~1}

NBOTL=1
AlT)=A{1}/(1.-SOLID(24))
GO 10 3
33 SV{IAML)}-SOLID(27)}
NBOIL=2
A{I)=A(I}/SDLID(24)#(1.-SOLID(24)}
GUOFR({11=0,
GO T0 3

37 A{T}=A(1)#S50LID{24)
SV(IAML)=TEMP (4}
5 SMLOII)={GOFR{I+1)-GOFR(I}}=30LID(8)
TFIGOFR(T}-.0001)10,27527
27 IF(1-1)29:29,9
29 SOLID(8)=SOLID{BI#{1.~-GOFR{I}}
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AUGUST 07,1963 69 PAGE

GO TO 28
9 I=I-1
GO 10 4
10 SMLOQET)=SMLQ{I}+GOFR{I)=SOLIDI(8)
28 SUMRB=]
RPIB=RPIB+SOLID(8)*DTH2
1000 RETURN
3 XKLC=S0LIN(91/Svil)
IF{FeEw{I ) 511,511,509
511 TEMP{11)=XKLC/A(TI)=«G{I)
DO 512 J=1,1K
PB{JI=PRIJI+TEMP(1])
TFISOLIDIYY) 420,421,422
420 TEMD 2V =SOLTD{2) «EXPR{~-PBLJ)}/SOLID(2Z2))
GO Tn 6512
421 TEMPII ) =¢XPI3(PBRLJ))
TEMD (2 =TEMP (2)+TEMP(2)
Gl 10 512
422 TEMP{2i=3,#EXPI4(PB(J))
512 GOFR{II=TEMP(2)=D{J)+GOFR(TI}
GO TU 513
509 DO 610 K=1,MAXLM
IF{I-LMDA(K+1))510,4,510,4610
510 [F=K
GO TO 630
610 CONTIMUE
630 TEMP(]13)=13,6*CHRNO(IF)#*=2/THETA(1)
TEMP (14 )=THETA([)*%l S=SV{I}/FER({TI)»1.E1O/AMASNO(IF)
TEMP{i15)=LOGF(TEMP{14)}
TEMPILZ)=MINLF(TEMP(L3),TEMP(15))
CAPAC{I)=CHINU{25)#FuW {1} aMAXIF(layFEW(I)})
1# AMASNO(IF)/{THETA( IV = =22=2TEMP(14) )
DO 40 J=1,.TX
TEMP{L11)Y=~CRTPC{J)I#*TEMP(1)/THETA(T)
[F{TEMP{LI)-TEMP{L2))800,950,950
BOO TUMPL{Z)=CAPAC(I)/TEMP{11l )43+ {EXPF{TEMP{11)})-1.04,2
GO TO 34
950 TEMP(21=CAPACIIY/TEMP(11)x%3#(1l.~-EXPF{-TEMP(11)})=
LEXPELTEMP(12)) 4.2
35 irEMe{lli=.5--FEW(I]
IFLTEMPE11))39539:38
38 TEMPLZ2 = (FEN{I)#TEMP{2)+TEMP(111#XKLC)=2,
39 PBUJY=TEMP{2)}/A{T)=G{I}+PB{J)
IF{SOLIDI1)}Y 400454015402
00 TEMP (2 i=SDLID(z)Y+*EXPF{-PB{J}/SULID(2})
GO TC 4190
401 TOMP{Zy=EXPI2{PBIIY)
TEMP{7i=TENPIZYFTEMP{2)
Giy ¥ TN

02 TUMPIZ2: =3 = AP 14 {Pa{J))
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410
40
513
36
11
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GOFR(I)=TEMP (2)*D{J)+GOFR{I}

CONTINUE

IF{ROILA)} 35;5,36
IF(I-TAM1)5,11 45

GO YU (33,:37)yNBOIL
END
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APPENDIX B

PRESSURE BOUNDARY CONDITION FLOW DIAGRAM AND CODE
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SUBROUTME IIYDRO

116 = pofowm) oo
<

P(IB) = TEMP(1) >
IC = IAPL -
c(IA) = R(IA) %%%P;é,?ﬁ;(l)
C(IM1) = R{TIAML) RIB = R{IB)
CB - (1B)
G(1B) = 2.#(CL-SOLID(30))

: : j( .

[ERROR e S{((muETAK(2)) }3{P(1B) - TEMR(1]
|
I
I

LB(1)=R(I)+RD(I)*U1'H2]

@ - )2

[
l
- I
!
|
|
|
|
!

RD(Y)=RD(I}+(2.#(P(1-1))/
G(I1)+c{1~-1)*A(1) )*DrHL

| R(1)=R(1)+r(1)#rrH2]

I
~rmp -1  CONTINUE
110
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AUGUST 07,1963 T4

IF (THETAK(1)) 180,100,100
100 IF (THETAK{1)=TH) 115,115,160
115 DO 135 J=2,52
J=J
IF (THETAK{J)—-THETAK{J-1)) 170,170,130
130 IF (THETAK{J)=-TH) 135,150,140
135 CONTINUE
GO TO 160
140 TEMP{1)=THETAK(J+51 )+ ({THETAK{J+52)-THETAK{J+51))/
1(THETAK{J)=-THETAK{J~-1) )2 {TH-THETAK(J-1]})
GO TO 10
150 TEMP(1)=THETAK{J+52)
GO TO 10
160 TEMP{1)=0.
GO TO 10
170 IF {THETAK{J}) 180,+160,180
180 WRITE OUTPUT TAPE 64190,THETAK{J) s J
190 FORMAT(22HL INPUT PRESSURE ERRORLIPE1S.7,14)
CALL UNCLE
10 IF (PUSHA) 11520511
11 plIB)=TEMPI(1)}
IC=1AP]
C(IA}=R{IA)
C{IAM]1)=R({IAM])
1f (1BP1-1G) 12512514
12 DO 13 I=I8PLl,IG
13 R{I)=R{I}+RD(1)%*DTH2
14 IF {I8~1IA) 120,120,550
20 IC=1A
IF (PUSHB) 40,30,40
40 P{IAML)=TEMP (1)
RD{IB)=ASMLR
RIB=R{IR)
GB=G{I8)}
GiIB)=2.#{GL-SOLID{30Q))
30 IF [THETAK(2)) 180,50,31
31 PLIB)=TEMPI(1)}
50 CONTINUE
80 DO 110 I=IC,IB
ClII=R{I)
ROUII=RO{II+{2,2iP{I=-1)=~P{I}}/IG{I)+G(I-1)}=A(1)}*DTH]1
RUIY=R{I)+RD{TI)=DTH2
110 CONTINUE
120 RETURN
END

NO. OF CARDS
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APPENDIX C

PROPERTIES OF CH,

The DIAPHANOUS data are arranged in ascending values of the temperature
as the first independent varisble for each of which the second independent
variable 1s the density arranged in descending sequence. Each page contains
values for a single tempersture {ev) and lists for reference the integrated
black body thermal power crel‘ (ergs/cmesec). In the body of the table the
following guantities are tabaulated:

Quantity Units ' Explanation Formule
RHO gm/cm3 Material density o
log RHO - Natural logarithm of density -
Pressure ergs/cm3 Material pressure P
ENERGY ergs/gm Total specific material energy B
RION ergs/gn Ionic specific material energy -
ZBAR - Number of free electrons per -

atom
EGAM - Strong shock "gamnma" vy=1+ %’E
KROS cme/g,m Rosseland mean opacity e
KFIK cme/gm Emission or Planck mean opacity “p
LMDAROS cm Rosseland mean free path Aa = L
neP
IMDAPLK cm Planck mean free path XP = ;}3
. »
K * 3 1 AnYinoe = E
TCOOL se Rac.iiatlve emission cooliy tc =
time 4o *
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DIAPHANOUS DATA

THETA(EV)

RHU
{GM/CM3)

2.211-02
1.620-03
10226'04
1.202-05
2.639-07
4.324-08
6o 334"09
7.229~10

RhU
(GM/CM3)

2.340-01
2.211-02
1.620-03
1.226-04
1.202-05
1.638-06
2639-07
4.324-08
6.334-09
7e229"10

= 1.500

LOG RHO
{GM/7CM3}

-1.452+00
~-3.812+00
-6.425+00
-9.007+00
~1.133+01
-193324’01
-1.515+01
-10696*01
-1.888+01
-2.105+01

LOG RHO
{GM/CM3)

~1.452+00
-3.812#00
-6.425+00
-9.007+00
-1.133+01
-10332"01
-1.515+01
-1.696+01
~2.1C5+401

CH2
SIGMA THETA 4 =

PRESSURE ENERGY
{ERG/CM3) (ERGS/GM)
T7.336+10 5.748+11
7.073+09 6.352+11
5521408 8.235+11
4.842+07 1.320+12
5.837+#06 2.207+12
9.315405 3.063+12
1.5984¢05 3.453+12
2.667+04 3.593+12
4.005+03 3.861+12
%e877402 4.669+12

KROS KPLK
{CM2/GM)  (CM2/GM)
1.0364#04 3.159+05
9.107+03 3,056+05
8.215+03 2.868+05
5.551403 2.356+05
2.448+03 1,429+05
6646402 5.278+04
1.308+402 1.271+04
2.545+01 3,048+03
6.575+00 1.137+03
1.738+00 4.284+02

GENERAL ATOMIC

5.194+12

EION
{ERGS/GM)

1,046+11
1,553+11
3.123+11
T.278+11
1.479+12
2.210+12
2.555+12
2.668+12
24913412
3.653+12

LMDAROS
{CM}

4,125-04
4.966-03
T.514-02
1.469+00
3.398+01
9,188+02
2.896+04
9.088+05
2.401+07
7.960+08

UNCLASSIFIED

ZBAR

0.019
0.039
0.107
0.283
0.578
0.848
0.967
1.004
1.054
1.201

LMDAPLK
{(CM})

1.353-05
1.480-04
2.152-03
3.462-02
5.820-01
1.157+#01
2.981+02
7.589+03
1.389+05
34229406

EGAM

1.545
1.504
l.414
1.299
1.220
1.186
1.175
1.172
l.164
l.145

TCOOL
{SEC)

8.759-08
1.001~07
1.382-07
269707
Te434~-07
2.793-06
1.307-05
5.675-05
1.635-04

76

AR




UNCLASSIFIED

DIAPHANOUS DATA

THETA(LEV)

RHO
{GM/CM3)

5.716-02
5.T46-03
5.912-04
7.764-05
1.315-05
2.406-06
3.932-07
60148-08
9.216-09
1.171-09

RHU
{GM/(CM3)

5.716-02
5.746-03
5912-04
7-764-05
1.315'05
2+406-06
3.932-07
63148-08
9.216-09
10171‘09

= 2.250

LOG RHO
(GM/CM3}

_2.862+°0
-50159+00
-7.433+00
~9.463+00
-1-12‘*01
-1294+01
-1.475+01
-1.660*01
-1.850+01
-2.057+01

LOG R4O0
{GM/CM3)

'2.862+00
‘5.159+00
~7.433+00
~9.463+00
-1.124+01
=1.294+01
-1.475+01
-1.660+01
-1.850+01
-20057+01

SIGMA

PRESSURE
(ERG/CM3)

3.007+10
3.389+09
4.202+08
6.530+07
1.196+07
2.289+06
3.981+05
6.520+04
9.918+03
1.277+03

KROS
(CM2/GM)}

9.405+04
6. 778404
4.062+404
1.489+04
4.,089+03
1,111+03
2-571+02
4e 294401
6.350+00
1.095+00

CH2
THETA 4 =

ENERGY
(ERGS/GM)

1.186+12
1.636+12
2.511+12
3.432+12
3.978+12
4,433+12
5,207+12
5.831+12
6.052+12
6.343+12

KPLK
{CM2/GM)

5.148+05
5.066+05
3.249+05
1.402+05
4.783+04
1.945404
8.068+03
2.462+03
9.219+02
6.079+02

7

- GENERAL ATOMIC

2.630+13

EION
(ERGS/GM)

3,965+11
T.510+112
1.445+12
2.170+12
2.614+12
3.,006+12
3.688+12
4.240%12
4.438+12
4, 753T+12

LMDAKOS
{CM)

1.860-04
2.568-03
4o164-02
8.647-01
1.860+01
3.742%02
9.893+03
3.788+05
1. 709+07
To 799+08

UNCLASSIFIED

ZBAR

0.139
0.278
0.539
0.822
0.970
1.060
1.193
1.297
1.331
1.362

LMDAPLK
{CM)

2.846-05
3.435-04
5.207-03
9.188'02
1.590+00
2.,137+01
3.152+02
6.608+03
1.177+05
1.405+06

EGAM

l.444
1.361
1.283
1.245
1.229
1.215
1.194
1.182
1.178
1.172

TCOoL
{SEC)

1.834-08
3.070-08
7.348—08
2.328“07
7.908—07
2.167-06
60136-06
2:252-05
6.242-05
9.921-05



DIAPHANOUS DATA

THETALEV)

RHO
(GM/CM3)

3.421-02
4.522-03
666004
1.910-05
3.570-06
617407
9. 543-08
l - 380-08
1.717-09

RHO
(GM/CM3)

3.421-02
§.522-03
1.088-04
1.910~05
3.570-006
6.174~-07
9. 543-08
1.380-08
1.717-0S

UNCLASSIFIED

= 3.400 SIGMA
LOG RHE PRESSURE
{GM/CM3) (ERG/CM3)
=3.375+00 3.420+10
-5.399+00 5.221+09
-7.314+00 8,780+08
~-9.126+00 1.586+08
-1.087+01 2.986+07
-1.254+01 5,797+06
"10’*30"’01 1.039+06
~1.616+01 1.699+05
-1.810+01 2.553+04
~2.018+401 3.265+03
LOG RHO KROS
(GM/CM3) (CM2/GM)
~3.375+00 2.607+05
-5.399+00 1.804+05
-7-314+00 8.365+04
-9.126+00 2.527+04%
-1.087+01 5.163+03
=1.254+01 B8.768+02
-1.430+#01 1.830+02
~1l.616401 3.448+01
~Z.018+01 1.078+Q0

-CH2
THETA 4 =

ENERGY
{ERGS/GM)

2.481+12
3,537+12
4.581+12
5.536+]12
b 44b6+12
T.068+12
7.860%12
9.302%12
1.035+13
1.130+13

KPLK
(CM2/GM])

5.231405
3.062+05
1.505405
T.340+04
3.584+04
2.034+04
1.386+04
7.869+03
4.224403
2.849+y3

8

GENERAL ATOMIC

1.371+14

EION
{ERGS/GM)

9.809+11
1.805+12
2.603+12
3349412
4.102+12
4.632+12
5.337+12
6.631+12
T.574+12
B8.452+12

LMDAROS
{(Cm)

10 121"04
1.226-03
1.795-02
3.637~01
1.014+01
3.195+02
8.849+03
3.039+05
1.278+0Q7
5.402+08

UNCLASSIFIED

ZBAR

0.433
0.655
U.890
1.089
1.240
1.328
1.411
1.552
1.651
l.725

LMDAPLK
(CM}

5.588-05
Te222~04
9.978~03
1.252-01
1.460+00
1.377+01
1.169+02
1.332+03
1.715+44
2.0444+05

EGAM

1.403
1.326
1.288
1.263
l1.242
1.230
1.214
1.191
1.179
1.168

TCa0L
{3EC)

8.646~-09
2.106-08
5.551-08
1.375-07
3.280-07
6.337-07
1.034-06
2.155-06
4.467-06
T.234-06



UNCLASSIFIED

DIAPHANQUS DATA

THETALEV)

RHO
(GM/CM3)

3.566-02
5.680~03
G.365~D4
1.600~04
2.865-05
5.238~06
9.010~-07
L.412~07
20062-08
2.647'0@

RHO
(GM/CM3)

3.566-02
5.680‘03
9.345-04
1.600-04
2.865-05
5.238-06
9.010-07
l.412-07
2.062-08
2.647-09

= 5. 000

LOG RHO
(GM/CM3)

~3.334+00
~5.171+00
~6.976+00
-80740+00
~1.046+01
~1.216+01
-1-392+01
~1.577+01
~1.770+01
-lOQV5+01

LOG RHO
(GM/CM3)

~3.334+00
~5.171+00
'6.976*00
~8.740+00
«1.046+01
~1.216¢01
~1.392+01
~1.577+01
“10770+Dl
~1.975+01

SIGMA

PRESSURE
{ERG/GM3)
6.369+10
1.125+10
2.043+09
3.810+08
T.275+07
1.405+07
2.518+06
4.159+05
6.285+04
8.135+03

KROS
{CM2/GM)

1.855+05
1l.426+05
6.948+04%
2.088+04
4@331+03
£.000+02
1.508+02
2.803+01
4.221+00
T.221~01

CH2Z
THETA &4 =

ENERGY
(ERGS/GM)

4.405+12
5.786+12
T.205+12
B.467+12
9.875+12
1.134+13
1.272+13
1.478+13
1.617+13
1.654+13

KPLK
(CM2/7GM)

3.234+05
1.819+45
1.042+05
7.259+04
5.160+04
3.437+04%
2.287+04
L.0536+04
2.402+03
3.396+02

[

b.412¢14

EION
{ERGS/GM)

1.726+12
2.8l6+12
3¢926+12
4.895*12
6.065+12
Te3dl4+)2
B.525+]12
1.033+13
1.160+13
14193+13

LMDARDOS
{CM)

1.51:~04
l.234-03
1.540-02
2.993-01
8.06G+00
2.386+02
T.357+403
2.526+05
1.149+07
5.232+08

UNCLASSIFIED

9

ENERAL ATOMIC

IZBAR

0.741
U.930
1.131
1.321
1.475
1.614
1.724
1.870
1.970
1.995

LMDAPLK
(CM)

8.670-05
9.67T7T-04
10027'02
8.609'02
6.765-01
5.554+00
4.852+01
60706+02
2., 19+04
1.113406

EGAM

1.4056
1.342
1.3C3
1.281
1.257
1.237
1.220
1.200
i.188
l1.186

TCOOL
({ SEC)

5.310-09
1.240-08
2.697-08
4. 547-08
T-461-08
1.286-07
2. 168~-07
S5¢ 459-07
2+625-06
1.898-05



DIAPHANOUS DATA

THETA(EV)

RHO
(GM/CM3)

4:49(‘1-‘02
7.616-03
lectbi-023
2.264-04
4.(79-05
7 .490-96
1.31u-0C6
2.195-07
3.367-08
23N 3’{‘6",‘9

RHO
{GM/CM3)

4.490~02
70616-03
1.281-03
2.264-04
4.679*05
T.490~-06
1.310~06
2.195-07
3.3267-08
4,376-09

UNCLASSIFIED

= 7.000 SIGMA
LOG RHO PRESSURE
{GM/CMA3} (ERG/CM3)
=3.103+00 1.273+11
~4,878+00 2.351+10
~6.660+U0 4.394409
-8.393+00 8.280+08
~1.011+01 1.591+08
-1.180+01 3.087+07
-1.355+01 5.578+06
=1.533+01 9,437+05
=1.721+01 1.451+05
"1.925"01 l.885+0a
LOG RHO KRQOS
{GM/CM3) (CM2/GM)
'3-103*00 9.396*04
-4.878+00 8,.351+04
'6:660+00 4.855*04
-8.393+00 1.438+04
’19011+01 30139*03
-1.180#01 6.223+02
'10355*01 80469*01
~1.533+01 1.058+01
=1.721+01 1.614+00
-1.925+01 4.365-01

CH2
THETA 4 =

ENERGY
{ERGS/GM)

6.631412
B.547+12
1.047+13
1.244+13
1.441+13
1.650+13
1.789+13
1.832+13
1.842+13
1.844+13

KPLK
(CM2/GH)

2.196+05
1+366+05
9.713+#04%
7.022+04
4.878+04
2.342404
6.331+403
1.899+02
2.487+01

GENERAL ATOMIC

2:.463+15

EION
{ERGS/GM)

2.376+12
3,917+12
50370V12
6,956+12
8.554+12
1,032+13
1.150+13
1.187+13
1.196+13
1-1984‘13

LMDAROS
(Cmj

2.370-04
1,572-03
1.608-02
3.072-01
T7.810+00
2e146+02
9.015+03
4,306+05
1.839+07
5235408

UNCLASSIFIED

8o

ZBAR

0.974
1.149
1.366
1.546
1.716
1.869
1.965
1.993
1.999
2.0C0

LMDAPLK
(CM])

i1014-04
9.610-04
8.038-03
6.290-02
5-1 25'01
5« 702+00
L.206+02
3.795+03
1.564+05
9.187T+Ub6

EGAM

1.428
1.36.
1.325
1.294
1.271
1.25.
1.238
1.235
1.234
1.234 -

FCOOL
{SEC]

3-064’09
S 348’09
1.094-08
L= 798-08
2.997-08
7T.152-08
2.868-07
1.549-06
9.845-06
Te523-05



UNCLASSIFIED

DIAPHANOUS DATA

THETATEV)

RHO
{GM/CM3)

6.208-02
1.052-02
1.884~03
3.373-04
6.234“05
1.208-05
2.202-06
3.737-07
5.747-08
T.471-09

R0
LGM/CM3)

6.208-02
1.052-02
1.884~-C3
623405
10208-05
2.2.2-06
3.737-07
S«T47-08
T.471~-09

= 10. 000

LOG RHO
(GM/CM3)

-2.779+00
-4.,554+00
-6.275+00
-7‘994*00
+9,683+00
-1.132+01
-1.,303+01
'1.480*01
-1.667*01
-1.871+01

LOG RHO
{GM/CM3)

=2.779+00
“40554*00
-6.275+00
-7.994+00
-9.683+00
-1.132¢01
-1.303+01
-10480*01
-1.667+01
-10871*01

CH2

SIGMA THETA 4 =

PRESSURE
{ERG/CM3)

2.807¢11
5.225+10
3.997409
1.919+09
3.732+08
Te384+407
1.354407
2.300+06
3.538+05
4.591+404

KROS
{(CM2/GNM)

3.859+04
3.494+04
2325404
B.266+03
1.530+03
2.109+02
2+850+01
4,366+400
9.175=-01
3.629-01

ENERGY
{ERGS/GM)

9.853+12
1.261+13
1.527+13
1.790+13
1.993+13
2.081+13
2.109+13
2.118+13
2.120+13
2.121+13

KPLK
(CM2/7GM)

1.488+05
1.004+05
6.613+04
3.721+04
1.365+04
3.523+03
T.062+02
l.237¢02
1.923+01
2.511+00

81

GENERAL ATOMIC

1.026¢16

EION
{ERGS/GM)

3.070+12
85.1563+12
T«304+12
9.371+12
1.095+13
1l.163+13
1.187+¢13
1.194+413
1.197+13
1.198+13

LMDARDS
(CM)

4.175-04
2.720-03
2.283-02
3.5%86-0}
1.048+C1
3.925402
1.588+04
6.129+05
1.897+07
3.689+08

UNCLASSIFIED

ZBAR

1.230
l.420
1.587
l.772
1.917
1.979
1.996
1.999
2.000
2.000

LMDAPLK
{Cm)

1-082'04
e467-04
8.028-03
?-967‘02
1.175+00
2350401
6.431+02
2e164+.4
9.046+05
54330407

EGAM

1.459
1.394
l.348
1.318
1.30¢
1.294
1.291
1.291
1.290
1.290

TCoo
{SEC)

1.613-09
3.061-09
5.625-09
1.172-08
3.557-08
1.439-07
7.277-07
4.172-06
2.686-05
2.058-04



UNCLASSIFIED

DIAPHANOUS DATA

THETALEV)

RHO
(GM/CM3)

9.543-D2
l.679-02
3.053-03
5745-04
1.117-04
2+204-05
4.040-06
6.863-07
1-056-07
1.372-08

RHO
(GM/CM3)

9.543-02
1.679-02
3.053-03
5.,745~-04
1.117-04
20204‘05
4.040-06
60863“07
10056'07
1.372-08

= 15.000

LOG RHO
(GM/CM3)

-2.349+00
~4.087+00
-5.792+00
-:.462*00
-90100’00
-1.072¢01
-1.242+01
“1.419+01
-1.6056+01
-1.810+01

LOG RAD
{GM/CM3)

'20349*00
-4-087+90
-5.792+00
-7.462+00
-9.100+00
-1.072+01
~l.242+01]
~1.419+01
-1.606+01
-1.810+01

SIGMA

PRESSURE
{ERG/CM3})

Tal61+11
1.362+11
2.629+10
5.148+09
1.020+09
2.030+08
3.728+07
6.337+06
9.748+05
1l.26T+05

KROS
{CM2/GM)

1.091+04%
T.611+03
3.949+03
1.260+03
2., 780402
5.499+01
9.,763+00
1.837+00
5.197-01
2.755~-01

CH2
THETA 4 =

ENERGY
(ERGS/GM}

1.501+13
1.883+13
2.200+13
2.%13+13
2.515+13
2.558+13
2.5T4+13
2+580+13
2.582+13
2.585+13

KPLK
(CM2/7GM)

8.170+0C4
4.632+04
2.260404
T.548+03
1.906+03
4.331+02
8.388+01
1.492+01
2.721+00
7.739-01

GENERAL ATOMIC

5.194+16

EION
(ERGS/GM)

3,751+12
6.667+12
9.079+12
1.069+13
l.145+13
1.176+13
1.189+13
1.195#13
le197+13
1.200+13

LMDARQOS
{cm)

90607-04
T.825-03
8.294-02
1.381+00
3.220+01
8.249+02
2530404
T.931+405
1.823+07
2.645+08

UNCLASSIFIED

ZBAR

l.438
1.635
1.798
1.911
1.966
1.992
1.999
2.000
2.000
2.000

LMDAPLK
(CM)

1.283-04
1.286-03
1.449-02
2.306-01
4.697+00
1.047+02
2.951403
9.762+04
3.481+06
9.416+07

82

EGAM

1.500
l.431
l.392
1.371
1.363
1.360
1.359
1358
1.358
1.357

¥COooL
(SEC}

8.842-10
1.957-C2
4. 685-09
1-539‘08
$.350-08
1.477-Gd
B.319-06
4.568-05
1.608-0%



UNCLASSIFIED

83

CH2 GENERAL ATOMIC

UNCLASSIFIED

DIAPHANOUS DATA
THETA(EV) = 22.500 SIGMA THETA 4 = 2.630+17
RHO L3G RHO PRESSURE ENERGY EION ZBAR EGAM
{GM/CM3) (GM/CM3) (ERG/CM3) (ERGS/GM) (ERGS/GM) :
1.572-01 -1.850+00 1.89G+12 2.174+13 3,709+12 1.604 1.553
2.833-02 -3.564+00 3.636+11 2.644+13 7.188+12 1.780 1.485
5.370-03 =5.227+400 7.136+10 2.954+#13 9.612+]12 1.878 1.450
1.039-03 ~6.870+#00 1.411+10 3.126+13 1.088+13 l.942 1.435
2.043-04 ~8.6496+00 2.806+09 3.210+13 1,150+13 1.975 l.428
4.043-05 -1.012+01 5.592+08 3.260+13 1.185¢+13 1.996 1.424
7.397-06 -1.181+401 1.026+08 3.320+13 1.238+13 2.005 1.418
1.240-06 -1.360+01 1.737+07 3.560+13 1.460+13 2.033 1.393
1.8164-07 -1.552+01 2.628+06 4.48T7T+13 2.314+13 2.139 1.323
2.205-08 -1.763+01 3.346+05 5.794+13 3,.517+13 2-287 l.262
RHO LOG RHO KROS KPLK LMDARDS LMDAPLK TCOOL
{GM/CM3) (GM/CM3) (CM2/GM) (CM2/GM) - (CM) (CN) {SEC)
1.572-01 -1.850+00 3.246+03 3.662404 1.959-03 1.737-06 5.645-10
2.833~02 -3.564+00 1.600403 1.626+04 2.205-02 2.171-03 1.546-09
5.370~03 -5.,227+00 5.328+02 5,.382+403 3.,495~01 3.460-02 5.219-09
1.039~03 -6.870+00 1.462+02 1.527403 6.586+00 6.305-01 1.946-08
2.043-04 ~B.496+00 3.357+01 4.199402 1.458+02 1.166+01 7.269-08
4043-05 -1.012401 7.816+400 1.632+02 3.164+03 1.515+02 1.899-07
7.397-06 ~1.181#01 1.974¢00 1.036+02 64847404 1.305+03 3.046-07
1.240-06 ~1.360+#01 7.281-01 B.544+01 1.107+06 9.436+03 3,962-C7
1.814-07 -1.552+01 3.792~-01 5.661+401 1.454+07 9.739+0¢ 7.536-07
2.205-08 -1.763+01 2.596-01 1.963+01 1.747+408 2.311+406 2.806-06



UNCLASSIFIED

D1APHANGUS DATA

THETA(EV)

RHO
{GM7CM3)

2.731-01
9.750-03
1.8‘12"03
3.651-04
6.857-05

RHQO
{GM/CM3)

2.731"’01
5.035-02
9.7C0-03
1'892"03
3.651~-04
6.857-05

= 34.000

LOG RHO
{GM/CM3)

~1.298+00
‘2. 989"’ 00
"“’o 636“ 00
-6.,270+00
-7.915+00
~9.588+00

LGG RHO
{GM/CM3)

-10298"00
"2. 989"00
-4.5636+00
~-6.270+00
~7.915+00
-9.588+00

SIGMA

PRESSURE
(ERG/CM3)

5.173+12
1.005+12
1.984+11
3.934+10
7.775+09
1.524+09

KRO3
(CM2/GM)

1.587+03
5617402
1.722+02
4.596+01
1l.441+01
5.226+00

CHZ
THETA & =

ENERGY
(ERGS/GM)

3.164+13
3.723+13
4.063+13
4.356+13
4,916+13
6.065+13

KPLK
{CM2/7GM)

1.523+.4
6282403
3.116+03
2.079+03
1.,617+03
1.029+403

GENERAL

1.371+18

EION
(ERGS/GM)

3.230+12
Te291%12
9.948+12
1.236+13
1.721+13
2.731+13

LMDAROS
{(CM)

2.308-03
3.535-02
5.986-01
1.150+01
1.901+02
2.790403

UNCLASSIFIED

8k

ATOMIC

ZBAR

1.715
1.860
1.931
L.981
2.053
2.186

LMDAPLK
{C™)

2.404‘04
3.161-03
3.308-~02
2.543-01
1.694+00
1.417+01

EGANM

1.599
1.536
1.503
1.477
le433
1.366

TCOOL
(SEC)

3.788-10
1.080-09
2377-1:9
3. 820~-09
5.543-09
l . 075-08



UNCLASSIFIED

DIAPHANOUS DATA

THETALEV)

RHO
(GM/CM3)

G467 8‘01
8 0651"02
1.616-02
3.094"‘03
5.616-04
1.055-04

RHO
(GM/CM3)

‘0.678-01
Be651-02
1.616"02
3.004-03
5.616-04
1.055-04

= 50.000

LOG RHO
(GM/CM3)}

=7.597-01
-2.447+00
~4.125+00
«5.808+00
~Te 4854+ 00
~9.157+00

LOG -RHO
(GM/CM3}

-7.597-01
-2.447+00
-4-.125+00
~5.808+00
-T.485+00
-9.157+00

- CH2

GENERAL ATOMIC

SIGMA THETA 4 = 6.412+18

PRESSURE
(ERG/CM3}

1.337413
2.601+)2
5.086+11
9.937+10
1.947¢10
3.825+09

KR35
(CM2/GM)

1.694+03
5590+02
1932402
5.124+01
1. 751401
4.,801+00

ENERGY
(ERGS/GM)

4.608+13
5.495+13
6.582+13
8.089+13
9.689+13
1l.140+14

KPLK
{CM2/GM)
1.224+404
8.4484+03
6.4615+03
4.,031+03

2,201+03
9,266+02

EIDN
{ERGS/GM)
3,215+12
9.844+12
1.B61+13
3.,126+13

4.488+13
5.964+13

LMDARDS
{(CM)
10262"03
20068-02
3.203-01
5.436+00

1.017+02
1.974+03

UNCLASSIFIED

85

ZBAR

1.785
1.931
2,068
2.224
2.380
2.533

LMDAPLK
(CNM}

1.747-04
1.368-03
9.649-03
8.258-02
8.089-01
1.023+01

EGAM

1.620
1.547
1.478
1.409
1.358
1.318

TCOOL

{SEC)
1.468-10
2.536~10
4,001-10
T.823-10

1.716-09
4. 797-09



UNCLASSIFIED

DIAPHANGUS DATA

THETALEV)
RHO
{GM/CM3)
T7.098-01
1.303-01
2.‘02-02
4.465-03

8.508-04
le6T74~04

RHO
(GM/CH3)
7.098-01
1.303-01
2402-02
4.465-03

8.508-04
1.674-04

= 70. 000

LOG RHO
(GM/CH3)
“3.427'01
-2.038’00
-3.729+00
-5.411+00

’7.059*00
-8.695+00

LOG RHO
(GM/CM3}
-3.427-01
-20038*00
‘30729*00
-5.411+¢00

~-T7.069+00
-8.695+00

SIGMA

PRESSURE
{ERG/CM3)
3.007+13
5.846+12
1.140+12
2.231+11

4.402+10
B8.764+09

KRGS
{CH2/GH}
2.798+03
1.026+03
3.027+02
7.233+01
1.4356+01
2.7T71+00

CH2
THETA 4 =
ENERGY
(ERGS/GHI
T«054+13
8.921+13
1.091+14
1.297+14

l.438+14
le491+l4

KPLK
(CM2/GM}

1354404
9.541403
5.8244C3
2.723+403
8.489402

1.959+02

- GENERAL ATOMIC

2.463+19
EION
{ERGS/GH)
6.991+12
2.191+13
3.789+13
5.472+13

6.622+13
T.055+13

LMDAROS
(CM)
5.036-04
7.483-03
1:375‘“1
3.097+03

8.072+01
2.156+03

UNCLASSIFIED

86

IBAR

1."%9
2.124
2.304
2.479
2.602
2.644%4

LMDAPLK
{CM)

1.040-04
8-043-04
T.148-03
8:224'02
1.384+00
3.048+01

EGAM

1.601
1.503
l.435
1.385
1.360
1.351

TCOOL
(SEC)

5.286-11
Y.488-11
i.901-10
4.833~10
1.719-09
T T721~09



UNCLASSIFIED

DIAPHANOUS DATA

THETALEV)

RHO

(GM/CM3}

1.105+00
2.035-01
30760-02
7.243-03
1.430-03
2.846-04

RHO
(GM/CH3)

1.105+C0
2.035-01
3.760-02
7. 2‘?3“‘03
1.430-03
2.846-0%

= 100.000

LGG RHO
(GM/CH3)

9.978-02
-1.592+00
-3.281+00
-4, 9‘284'”0
-6.550+00
~8.164+00

LOG RHO
(GM/CM3)

9.978-02
-1.592+00
=3.281+00
-4, 928+00
-b6. 559*00
-8.186%+00

SIGMA

PRESSURE
(ERG/CM3)

Tell5+13
1l.387+13
2e711+12
5.364+11
l.069+11
2.135+10

KROS
(CM2/GM)

3.347+03
1.34Q+03
3¢361+02
5.853401
9,215+00
1.848+00

CH2
THETA 4 =

ENERGY
{ERGS/GM)

1.129+14
1.357+14
1.638+14
l.773+14
1.822+14
1.840+14

KPLK
(CH2/7GM)

1.071+04
64121403
2.602+03
Te231402
1.855+4+02
3.500+01

GENERAL ATOMIC

1.026+20

EICN
(ERGS/GM)

1,631+13
3.,742+13
5.563+13
6.618+13
T.00T7+13
T+143+13

LMDAROS
(CM)

2.704-04
3.668-03
Te913-02
2-359+00
T.587+01
1.901+03

UNCLASSIFIED

87

IBAR

2.138
24322
24513
2.609
2643
2-656

LMDAPLK
(CM)

8.4649-05
8.030~06
1.022-02
1.909-01%
%.224+00
1.004+02

EGAN

1.570
1.488
1.440
l.418
1.5410
l.408

TCOOL
(SEC)

2.568-11
5e561-11
1.534-10
5.974-10
2.682-09
1.281-08



UNCLASSIFIED

UTAPHANDUS DATA

THETA(EV)

RHO
(GM/CHM3)

1.855+00
3.476-01
6.681-02
1.319~-02
5.223-04

RHO
(GM/CM3)

1.855+00
3.4’6-01
6.681-02
1.319-02
2.6}.8"03

5.223-04

= 150.000

LOG RHO
(GM/CM3)

£.179-01
~-1.057+00
-4 329"00
-5.945+00
-7.557+00

LOG RHO
{GM/CM3)

6.179-01
-1.057+00
-2.706+00
-4,329+00

:::::

=7.557+00

LHZ

SIGMA THETA 4 =

PRESSURE

[ERG/CM3)

1.907+14%
3.742+13
7.400+12
lo475+412
2.943%11
5.882+10

KROS
(CM2/GM)

1.021403
3.924+02
1.078+02
2.308+01
4.744400

1.208+00

ENERGY

{ERGS/GM)

1.812+14
2.112+14
2.284+14
2.35T+]14
2.390+14%
2.404+14

KPLK
{CM2/GM)

5.062+903
1.960+03
5.811+02
1.375402
2.982+01
6.165+00

GENERAL ATOMIC

5.194+20

EION

{ERGS/GM)

2.705+13
4,975+13
6.223+13
6.T96%13
7.039¢12
Tel45¢13

LMGARDS
(CM)

5.278-04
7.332-03
lc388-01
3.286+00
8.051+01
1.584+03

88

ZBAR

24340
2497
22599
24633
2.653
2.659

LMDAPLK
{CM)

1.069-04
1.468-03
2.576-02
5.517-01
1.251+01
3.105+02

EGAM

1.567
1.510
1.485
l.474
1.470
1.468

TCQGL
(5EC)

1.730-11
5.187-11
1.892-10
8. 253"10
3.859-09
1.877-08




D1APHANOUS DATA

THETALEY)

RHO
{GM/CM3)

3.220+00
6,180-01
1.219-01
2.410-02
4.807-03
9.589-04

RHO
{GM/CM3)

3.220+400
1.219-01
2.410-02
4.807-~03
9.589—04

L0G RHO
{GM/CM3)

1.170+00
~-4.813-01
-2.105+00
-3.725+00
-5.338+00
-6.950+00

L0G RHO
(GM/7CM3)

1.170+00
-4.813-01
~-2.105+00
=3.,725+00
"5.338+U0
"6. 950"'00

SIGMA

PRESSURE
(ERGFCMI)

5.168+14
l.022+14
2.035+13
4.,058+12
8,109+11
l.621+11}

KROS
(CM2/GHI

1.738+02
6.450+01
1.553+01
4.029+00
1.182+00
4.939-01

-

- o ow

CH2
THETA 4 =

ENERGY
(ERGS/GM)

2.T25+14
2.995+14
3.132+14
3.204414
3.233+14
3.249+14

KPLK
{CMZ/GM)

1.657+03
5.769+02
1.350+02
3.102+01
6.439+00
1.323+00

o
o
-
o

o

89
GENERAL ATUMIC
2.630+21
EION ZBAR
{ERGS/GM)
3.180¢13 2.476
5:154+13 2.580
6.270+13 2.617
6.784+13 2.647
T.027+13 2.654
T.138+13 2.661
LMDARDOS LMDAPLK
{CM) {CM)
1.786-03 1.874-0D4
2.509-02 2.805-03
5.283-01 6.076-02
1.030+01 1.337+00
1.759+02 3,230+401
24111403 7.883+02

=~

EGAR

1.589
1.552
1.533
1.528
1.522
1.520

TCOOL
( SEC}

1.563-11
%a 936"11
2.205-10
%, 819~10
4.774-09
2.335-08



UNCLASSIFIED

DIAPHANQUS DATA

THETA{EY)

RHO
{GM/CM3)

5.731¢00
1.132+00
2.244’01
8.918-03
1.781-03

RHO
(GM/CH3)

5.731+400
1.132+00
2.264=01
4.474-02
8.918‘03
1.781-03

= 340.000

LOG RHO
(GM/CM3 1]

1.746+00
1.242-01
-1.494+00
-3.107+900
~-4.720¢00
~6.330+00

LOG RHO
(GM/CM3)

1le7456+00
1.242-01
-1.494+00
=3.107+00
-4.T20+00

-6.330+00

SIGMA

PRESSURE

-2 U4

(ERG/CM3}

1.433+15
2.857+14%
5.699+13
1139413
2275412
4.549+11

KROS
{CM2/GM)

4.,031+401
1.149401
3.116+00
1,010+0v
44.688-01
3.,033-01

CH2
THETA 4 =

ENE#GV
{ERAGS/GM)

4.038+1%
4$.290+14
4.428+14
4.492¢14%
4.528¢14%
G.54%414

KPLK
(CM2/6M)

3.803+02
1.561+02
3.593+01
7-587+00
1.581+00
3.218-01

GENERAL ATOMIC

1.371+22

EIDNV
{ERGS/GM)

2.872+13
5.053+13
6.185+13
6.T40O+13
T.005+13
Tel28+13

LMDARDS
(CM)

4.328-03
7.688-02
1.430+00
2,213+G1
2.392+02
1.851+03

UNCLASSIFIED

90

JRAR

2.584%
2.616
2.640
2.648
2.657
2.661

LMDAPLK
{cM)

G.587-04
5.656-G3
1.240-C1
2.946+00
T.094+01
1.744+03

EGAM

1.619
1.588
1.574
1.567
l1.564
1.562

TEOOL
{SEC)

1.936-11
5.009-11
2.247-10
i.080-09
5.223-09
2.575-08



UNCLASSIFIED

DIAPHANOUS DATA

THETALEV)

KHO
(GM/CH3])

1.013+01
2.012+00
3.997-01
71.952-02
1.590-02
3.175-03

RHO
(GM/CM3)

1.G13+01
2.012+00
3.997-01
T.952--02
1.590-02
3.175-03

= 500,000

LOG RHO
(GM/CM3)

2.315+#G0
6.992-01
-9.169-01
~2.532+00
~4.142+00
-5.7152+00

LOG RHO
(GM/CM3}

2315+00
6.992-01
-9a169-01
-2.532+00
'4.142’00
~5.752+00

CH2
SIGKMA THETA 4 =

PRESSURE ENERGY
{ERG/CM3) [ ERGS/GM)
34T49¢15 5,.796+14
T«484+%1l4 6.,061+14%
lo494+%1d 6.214+14
2.984+13 6.298+14
SeBT+L2 6,329+14
1.193+12 65348414

KROS KPLK
(CM2/GHM}  (CM2/GH)
1.092+01 1.996+02
3.196%00 4.964+01
1.068+00 1.103+01
4.887T-01 2.,320+00
3.117-01 4.735~01
2.532-01 9.614~02

GENERAL ATOMIC

6.412422

EION
{ERGS/GM)

21439%i3
4.820+13
6.073+13
5.688+13
6,981+13
7.117+#13

LMDAROS
(CM)

3.039-03
1.555-01
2341400
24573401
2.018+02
1.244+03

UNCLASSIFIED

91

ZBAR

2.608
2.625
2643
2657
2.659
2.662

LMDAPLK
(CM)

4.946-04
1.001-02
2-269_01
5+420+00
1.328+02
3.276*03

EGAM

1.639
1.614
1.601L
1.596
1.593
1.592

TCO0L
{SEC)

le132-11
4, 761-11
2.197~10
1.058-09
5.210-09
2.574-08



DIAPHANDUS

THETA(EY)

RHD
{GM/0M3)

1.671+01
3.328+09
6.61i8-01
1.317-01

RHQ
{GM/7CM3)

1.671+#01
53.3£28¢«00
6:6;.3"01
1.317-Nn1

UNCL

DATA
= T00.000 SIGMA
LOG RHO PRESSURE
(GM/CM3) (ERG/LMI;
2.816+00 B.6B5+15
1:202+00 1.735+15
-4,125~-01 3.404414%
~2.027T+00 6.919+13
LOG RHO KROS
{GM/CHM3) {CM2/7GM)
2.816+00 4,208+00
1.202+00 1.383+00
~4,128-01 5.795-01
"23027"00 3.439-01

ASSIFIED

CHZ
THETA 4 =

ENERGY
{ERLGS/GM)

T.985+14
B.277+14
8.4%448%14
8.545¢14

KPLK
{CM2/GM)

8.175+01
1937401
%.139+00

[s ] i 2L YLD |
Delf sV L

GENERAL ATOMIC

2,463+23

EION
{ERGS/GM)

1.888+13
4¢570+13
5.257+13
6635413

LMDARDOS
(CM)

1.422—02
2.172-01
2:607+400

2.2u8+01

UNCLASSIFIED

g2

IBAR

2.618
2:.629
2.644
2.658

LMDAPLK
(CM)

7.321-04
10551"02
3.651'01
8.678+00

EGAM

1.651
1.630
1.620
1.615

TCaoL
{SEC)

9.913-12
Ge347-11
2.071-10
9. 91(,_1 3



UNCLASSIFIED

DIAPHANOUS DAiA

IHLTALEY)

RHO
(GM/CM3)

2.846+01
5.679+00
1.130#03

RHO
{GM/CH3Y

2.866+01
5.675+00
1.13C+07
2.249-01

= 1U00.0070

LOG RHO
{GM/CM3)

3.348+00
1.736+00
1.220-01
-1.492+00

LIG RA40
{GM/CM3Y)

3.348+00
1.736+00
1.220-01
-1.492¢00

SIGMA

PRESSURE
{ERG/GM3)

2.117+¢16
4,230+15
2.450+14
1.688+14

KR0S
{CM2/GM)

1.862+400
7.231-01
3. 90"’-01
2.8 12‘01

CH2
THETA ¢ =

ENERGY
LERGS/7GM)

1.128+15
1.161+15
1.,180+15
LelG92#15

KPLK
{CM2/GM)

3.,309+01
7361400
1.579+00
3.307'[}1

GCENICRAL ATOMIC

1.026+24

EION
(ERGS/GM)

1.226+13
4.268+13
5.817+13
6.574+13

LMDAROS
{Cml

1.887-02
2.437-01
2.268+00
1.582+01

UNCLASSIFIED

93

ZBAR

2.625
2.633
2645
2.658

LMDAPLK
LM

1.062-03
2039‘4-62
5060‘6-‘)1
1.345+01

EGAM

1.659
116‘92
l.634
1.630

TCOOL
{SEC)

B8.307-12
3.843~11
1.821-10
8.781-10



—r’

UNCLASSIFIED

DIAPHAMNOUS DATA

THETA(EV)

RHG
(GM/CM3)

9.530+01
1.897+401
3.,796+00
705“8-01

RHO
(GM/CM3)

9.580+01
1.897+01
3¢ 190107,
Ta582-21

= 2250.,000

LOG RHO
(GM/CM3)

4.562+930
2.943+00
1.334+00
-2.760-01

LOG RHO
{GM/CM3)

4.562+00
2.943+00
1.3364+0y
'2.76D"{Jl

CHZ
SIGMA THETA & =

PRESSURE ENERGY
{ERG/CM3} {ERGS/GM)
1.606+17 2.509+15
30204+16 2-563*15
He4(09+15 2.58T+15
1.282+15 2.598+15

KROS KPLK
(CM2/GM) (CM2/GM)
50619"01 4:8"’3*0‘0
3.378-01 1.019+0U
chﬁjj“ul 20159‘“1
24350-G1  4.34T-U2

ol

GENERAL ATOMIC

2.630+25

EION
(ERGS/GM)

6202412
Jehllel3
5.452+13
6a0l6+]13

LMDARDS
{CM)

1.858-02
1.561-01
L.0CO0+00
54937401

UNCLASSIFIED

ZBAR

2.632
2.659
24657
2.658

LMDAPLK
{CM)

241%6~03
5.175-02
1.232+0C
3,031+01

EGAN

1.668
1.658
1.653
1.650

TCOOL
{SEC)

4.926-12
2¢397-11
1.150-10
5.681-10



<~
.-—4
2
P
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UNCLASSIFIED




