I T AN S L

.- -

Edited by Glenda Ponder, ESS Division

‘ . DIsC LAIM:IR
R R RN A L el

This report was prepared asan account of work sponsored by zn\agency of t?le f]mteJ Sutes Covemment
Nelt}ler the United States Governunent nor any agency thereof, nor any of their émplayees, makes any
warranty, express orTmpﬁed or aséumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commeréia] product, process, or
=rvice by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The
views and oplmons of authors expressed herein do not necessarily state or reflect those of the United
Sules Govemment or any agency thereof

< - - ’ . e
.o


ABOUT THIS REPORT
This official electronic version was created by scanning 
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



LA-9688-MS

UcC-35
Issued: February 1983

Concentric Nuclear Explosions

Eric M. Jones
Rodney W. Whitaker
John W. Kodis

Ll /
i

il

1

W

|

LOS AJZMAOS Lesaamosatoraaveraory


ABOUT THIS REPORT
This official electronic version was created by scanning 
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov






CONCENTRIC NUCLEAR EXPLOSIONS

by

Eric M. Jones, Rodney W. Whitaker, and John W. Kodis

ABSTRACT

We have done numerical calculations of two co-located
nuclear bursts separated by 5 s in time. The yields were
both 1.2 Mt. At the time of the second burst, the central
density in the fireball has dropped to 1/27th of
atmospheric density. The distance to which energy 1is
deposited 1increases as the cube root of the density so the
initial radius of the hydrodynamic shock of the second
burst 1is about three times that of the first burst.
Similarly, the reduced density has a profound effect on the
radiative history of the second burst. In fact, the second
burst has a power-time history comparable to a single burst
at similar density in the unperturbed atmosphere -- one at
30-40 km. The second burst radiates 60%Z of its energy
compared with roughly 28% for the first burst.

I. TINTRODUCTION

We have done a numerical simulation of two co-located 1l.2-Mt nuclear
explosions separated by 5 s in time. The calculations were done with the
one~dimensional (spherical symmetry), coupled radiation-transport/hydrodynamics
program RADFLO (Zinn 1973). We use tables of equation of state and opacity
data for dry air. The program has successfully reproduced atmospheric nuclear
test data and, with careful attention to numerical resolution, agrees well with

the predictions of appropriate analytic results (e.g., jump conditions, blast-

wave scaling).

IT. FIRST BURST

Single-burst evolution has been described by Glasstone (1964), Brode
(1968), Zinn (1973) and others. For the present set of calculations we have

chosen to model a 1000-kg, 1.2-Mt source. The choice 1is rather arbitrary.



Initially, half the energy resides in thermal energy of the device and half as
kinetic energy of the expanding (850 km/s) weapon debris. Initial energy
deposition 1in the ambient air is due to x rays radiated by the hot source., At
the end of x~ray deposition the 0.3 eV temperature contour is at 100-m radius
although the steepest gradients of temperature and pressure are near 30 m.

The hot core grows by radiative expanson for the first 100 ps. At that
time the core radius is 56 m and its characteristic temperature is 60 eV. At
the same time the expanding weapon debris has reached 19-m radius. The sound
speed in the core is 59.4 km/s compared with particle speeds of 43 km/s in the
debris shock; the debris shock is rather weak with a Mach number (shock speed/
sound speed) of only 1.5. Profiles of velocity, pressure, density, and
temperature at 100 ps are shown in in Fig. 1. Note that a hydrodynamic shock
has begun to form at the core edge.

The hydrodynamic shock forms when the radiative expansion speed drops
below ambient sound speed. Prior to this time radiative expansion 1is
sufficiently rapid that no hydrodynamic signal can keep ahead of the radiative
front. At 100 ps the core expansion speed is of the order of 0.5 km/s while
the sound speed just outside the core is 3.5 km/s.

Formation of the shock marks transition to the hydrodynamic phase of
expansion. Characteristics of the expansion are summarized in Fig. 2. The
figure includes shock radius (Rg), density (pg), particle velocity (Ug), and
pressure (Pg); central pressure (P.) and density (p.); total thermal power
(Ppg) and the integrated radiative loss (SPpydt).

The radiative output remains unaltered by the hydrodynamic shock until the
shock becomes optically thick at about 0.7 ms. Subsequent brightness
variations are determined by the interplay of shock strength (Zinn and Anderson
1973), fireball area, and the optical thickness of the fireball (Zinn 1973).
Although the derived power—-time curve during the first maximum is dominated by
fluctuations of numerical origin (high-resolution calculations show very small
fluctuations), the fireball reaches first maximum near 3.5 ms. By this time
the fireball has grown to 133 m and is well into the classical blast-wave phase
(Taylor 1950, Brode 1955, Sedov 1959). Examination of the shock radius history
in Fig. 2 shows that the fireball entered the blast-wave phase (Rat0'4) at 2 ms



when the radius was 110 m, twice the core radius when the hydrodynamic shock
formed . *

Profiles of the state variables (density, pressure, temperature) and of
velocity are given in Fig. 3 for 40 ms, a time in the midst of the blast-wave
phase. Although the calculation has only modest resolution in the shock front
(6r =60 cm), jump conditions are near those expected from the shock velocity
(vg = 3.34 km/s = 0.4 Rg/t), the ambient sound speed (350 m/s) and the ratio of

specific heats in the shocked gas (yg = 1.261). For example, the peak pressure

Is low by only 2%.

Eventually, as the shock wave weakens and the fireball becomes transparent
(near the time of second maximum = 1 s), fireball evolution is no longer well-
described by the blast-wave similarity solution. When the shock weakens to the
point that entrained air is no longer heated above 0.3 eV, the shock ceases to
be luminous and detaches ("shock breakaway'") from the visible fireball surface.
This happens at about 40 ms in the present calculation. Further, as the
central pressure drops, positive pressure gradients (%§-> 0) create inward
acceleration, slowing the growth of the visible fireball. The 0.3 eV contour
begins to move inward (albeit at only a few meters per second) at about 1.5 s,
near the time that the central pressure drops below atmospheric pressure. The
central pressure falls to about 75% of ambient at 3 s and then recovers as the

fireball shrinks. Profiles at 5 s, just before the second burst, are presented

in Fig. 4.

III. SECOND BURST

Five seconds after the first explosion, an identical source was placed at

the center of the computing mesh. Because expansion of the first fireball had

*This fireball initially grew by radiative expansion and entered the blast-wave
phase when roughly 8 times the mass of the fireball core had been swept uB by
the shock. Wilke (1982) discusses the evolution of microfireballs (10‘1 kt)
generated by the laser—induced explosions of micron-sized glass spheres. These
fireballs, which have no radlative expansion phase, also begin the blast-wave
phase when the shock has swept up air about 8 times the mass of the glass
spheres.



created large cells in the interior, we rezoned the Inner mesh to give cell
widths of roughly 5 m.

The first burst created an x—ray heated core of roughly 30-m radius, which
then doubled in size by radiative expansion. By the time the hydrodynamic
shock formed at 0.l ms, the core vradius was 55 wm. We would expect that
distances reached during the radiative phase would scale inversely with the
cube root of the density. With the central density reduced a factor of 27 from
atmospheric density, we would expect an initial core radius of 90 m and a
radius for hydrodynamic shock formation of 165 m. The temperature profiles for
both bursts at the end of x~ray depositon and at shock formation are shown in
Fig. 5. The results are close to those expected from simple density scaling.

Evolution of the second burst begins with the x-ray deposition described
above and with rapld expansion of the weapon debris. Figure 6, which gives
radlal contours of density as a function of time, clearly shows the debris
shock at roughly 45 m at 0.1 ms after the second burst. The hydrodynamic shock
begins to form at 200 m at about 0.5 ms. The debris shock dissipates on a time
scale of milliseconds due to both the general expansion induced by the
hydrodynamic shock and the infall produced by the rapid depressurization of the
center during initial debris expansion.

The density profile inside the pre-—existing fireball is fairly flat., The
edge of the density well is several hundred meters from the burst point. In
such a relatively homogeneous region we would expect the second burst to begin
blast-wave expansion at 400 m -- about twice the core radius. Sedov
(1959:p.260 ff) and others have shown that spherical shock waves moving into
regions of variable density (paR ") have a shock front radius proportional to
t2.5—w. In Fig. 6 the shock wave expands as t2/5 until it encounters the edge
of the well, after which it expands more slowly. This is entirely consistent
with the preceeding analysis (w < 0).

The general evolution of the second burst is summarized in Fig. 7.
Perhaps the most outstanding difference between the two bursts is the far
greater fraction of explosion energy radiated away by the second burst.
Whereas the first burst radiated 330 kt (27.5%) of the 1200-kt explosion
energy, the second radiated 720 kt (60%). The two power-time signatures are

quite different.



The classic power—-time curve of a low-altitude nuclear burst displays two
peaks and is a phenomena of a strong luminous shock in air. As the ambient
density is reduced, a strong shock develops farther and farther away from the
burst point, 1i.e., it takes longer to sweep up a few core masses of air.
Ultimately, for extremely low-density air, no hydrodynamic shock would form;
the energy of the burst would go into prompt radiation and thermal energy. In
such condlitions the power-time curve would show one maximum, near t,, and
decrease after that time. As the burst height Increases then, the power-time
curve changes from the classic double-peak character to single-peak character.,
This is illustrated in Fig. 8, which shows the calculated power-time curve of a
medium yield nuclear explosion at 50 km. The second burst in this study is 1In
a density environment, which is characteristic of high altitude. The density
in the well of the first burst at 5 s is similar to atmospheric density at 30
to 40 km. The power-time curve for the second burst at 5 s should have the
character of a burst in this altitude region. Figure 9 is a calculated power-
time curve for a medium yield nuclear burst at 35~km altitude. The similarity
to the Ppy curve of Fig. 7 is striking. Thus, with less energy going into
hydrodynamic motions, more is available to be radiated as thermal power. (Note
the power values in Figs. 8 and 9.)

Finally, we address the late state of the double burst. How different |is
it from the final state of the first burst? The answer is —— not very
different. Figure 10 shows the central temperature history for the double
burst, The solid curve tracks the first burst., At 5 s the second burst
produces a sharp spike and subsequent decay. We replot the decay with a 5-—s
time shift as the dashed curve.

Although there are early differences between the curves, these become
minor after the fireballs become transparent (> 1 s). The reasons, of course,
are that Dboth fireballs are rapidly approaching pressure equilibrium with the
atmosphere together with the fact that air is a poor radiator at these low,
late-time temperatures. Similarly the central density returns to a value near
4 x 107 g/cm3 5 s after each burst. Figure 11 shows profiles of the variables
5 s after the second burst. These should be compared with Fig. 4. Although

the calculation obviously suffers from poor resolution, particularly in the two



shock waves, the overall structure (central values, width of the density well,

location of shock peaks) are expected to be well determined.

IV. SUMMARY

A second, concentric nuclear explosion inside the density well of a prior
explosion behaves normally provided that appropriate density scaling is
observed and that the initial expansion occurs far from the walls., The power-
time history is greatly modified by the perturbed environment. The minimum is
virtually missing, first maximum is delayed, and power levels at second maximum

are elevated. The total thermal output more than doubles.,
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Fig. 1. Flow-field profiles at 0.1 ms for the first 1.2-Mt burst computed

with RADFLO.

The hydrodynamic shockwave has just begun to form

near 56-m radius.
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Fig. 2. Summary of the evolution of the first burst. The eight quantities

plotted are thermal power (P ), shock pressure (PS), shock density
(ps), central pressure (P ), ?luld velocity at the shock front (U ),
central density (p ), shoSk radius (R_), and integrated power

(fP ). All quantlgles are given in cgs units. For example, the
shoc density is 0.01 g/cm3 near 0.01 s.
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