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ABSTRACT

Background information is provided on the controlling physics behind nano-to-macroscale explosive burst generation from
pretensioned and/or superheated metastable liquids.  Estimates of energetics from experimental evidence are provided where it is
shown that relatively large energy outputs can be achieved. Conceptual schemes are discussed for inducing metastable states and for
controlled triggering from  neutrons, lasers and acoustic energy pulses.
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INTRODUCTION

     It has been known for some time (although not widely recognized) that fluids, like solids, can be
put under negative pressure (i.e., placed under tension).  For example, in a tree, water passes up from the
roots to the leaves.  Because the hydrostatic pressure must decrease with height  (because of the force of
gravity), the water pressure in the tree reduces by 1 bar (15 psi) for every 10m in height.  The pressure of
water at the top of a 100-m tall California redwood tree is therefore close to -9 bar (-132 psi).  Upon
reaching an appropriate state of instability, liquids can explode and release their stored up energy.  Such
states can be reached via pretensioning or via suitable combination of pretension and thermal superheat.
Experiments for determination of thresholds for fracture of pretensioned fluids under various states of
treatment have been conducted (1) at Oak Ridge National Laboratory (ORNL) and elsewhere (2,3,4,5,6,7).
The maximum possible extent of pretensioning prior to onset of cavitation for a properly prepared liquid
such as water and mercury can be quite large and can reach close to -1,400 bar (-20,000 psi) and -17,000
bar (-250,000 psi), respectively (2-6).  These tensile states are metastable and may be viewed for analogy as
placing a spring under intense tension prior to snapping and explosive vaporization.  The triggering of
metastable fluids gives rise to explosive vaporization and release of stored energy which may be permitted
to grow uncontrollably or induced to collapse to produce very high localized pressures and temperatures.
This process, if conducted with suitable fluids, can possess the capability of producing enormous energy
density (factors of 106 greater than that from CHNO compounds like TNT).  Indeed, the controlled nuclear-
based triggering of metastable fluids has recently been shown (8) by the authors to be capable of inducing
nuclear fusion reactions between deuterium atoms during cavitation of deuterated acetone.
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TRIGGERING AND EXPLOSIVE PHASE CHANGE

The nanoscale triggering of pretensioned liquids can be attained by subjecting individual nuclei of
liquid molecules to knock-on collisions with energetic particles such as neutrons or the recoils from alpha
particle decays. The collision of a high-energy (e.g., 14-MeV) neutron with an individual nucleus results in
recoil-induced deposition of thermal energy in a tiny (~nanometers) region of the targeted liquid. If this
energy level is sufficient to cause a vapor nucleus to form with a radius larger than a certain critical size of
a vapor cavity, the cavity can then grow. Critical radii are usually in the nanometer range and are formed
within nanoseconds. For example, for an organic liquid such as C3H6O we calculate the critical radius to be
about 28 nm with nucleation from dissolved alpha emitters or the knock-ons from energetic neutrons. Note
that the triggered formation of the number of critical vapor pockets is dependent on the state of the fluid.
The greater the pretensioned or metastable state, the lower is the initiation energy required. The closer the
state is to that for homogeneous-explosive transformation, the larger will be the inherent statistically
induced fluctuations amenable to explosive vaporization; once again, the lower will be the initiation energy
requirements. Figure 1 shows the experimentally-determined variation of the normalized homogeneous or
spontaneous nucleation temperature with normalized pressure of the fluid field. Normalization is done
relative to the critical point. Note that the data on which this plot is based involves extrapolation below the
normalized pressure value of ~–1. This is based on the fact that the data above –l have been found
experimentally (2,9) to follow a linear profile; therefore, the linear extrapolation into as yet uncharted
territory is considered reasonable initial engineering judgment. As will be noted, the greater the degree of
pretension, the lower the stability limit and the easier it becomes to destabilize the entire system to explode.
At a normalized negative pressure of –7 (i.e., –l400 bar) for water, the normalized temperature is only ~0.1
to 0.14 (i.e., ~30-50oC).

Triggering of explosive burst generation can also be conducted via use of pulsed lasers.  In this case, even
if the metastable state is far from the stability limit, localized explosive burst generation can be attained.
Bulk triggering of metastable fluids can be attained via increasing the flux of incident neutrons, via use of
laser (thermal) energy deposition, as also via use of acoustic energy that reduces the pressure to the limiting
tensile state (as demonstrated for ether at ~120oC by Apfel (2) via reducing the pressure to ~ -15 bar, at
which point the conditions for system destabilization were met and the droplet exploded).  As may be
obvious by now, if the combination of pretension and temperature are at or close to the stability limits, bulk
vaporization should be possible to initiate via intentional destabilization of a small region of the fluid space
which propagates through the bulk fluid.

METASTABLE STATE ATTAINMENT & WORK OUTPUT

The means of storing energy in the fluid can be varied. The simplest form of storing and maintaining
pretension is via use of a centrifuge-type apparatus shown (for a specific configuration) in Figure 2. The
fluid to be explosively vaporized is placed in the central cavity after which the centrifugal forces introduce
the liquid to the desired degree of pretension. The degree of pretension will vary quadratically with the arm
length of the centrifuge apparatus and rotation speed. As such, significant metastable states are possible to
attain with a reasonable choice of parameters (e.g. -1000 bar with a length of 0.5 m and a spin rate of ~150
Hz).  Other methods for introduction of metastable states in tension include acoustic means (2,7,8) and the



Berthelot (3) method (using which the theoretical thresholds for pretension of water has been attained (6)).
The use of acoustic means provides the capability to vary the frequency of tensile state attainment over a
very wide range (e.g., up to tens of kHz). For our sonofusion studies (8) we employed a chamber where
~15 bar (~250 psi) oscillating pressures were induced.  We have also worked with multifrequency
excitation (10) in which the transient pressure field can be composed of more than one pressure component.
Such an acoustically excited system can possess the ability to store very large amounts of energy that can
be released on demand (i.e., on triggering, which is something we have done successfully via pulsed
neutron generator triggering). Transformation factors of output to input power have been observed
experimentally by us to be in the several l03 range. The induction of extreme states of metastability requires
careful preparation of the test liquid and its enclosure.  Purity and degassing play an important role (4,5);
however we believe that prior precompression (to induce close-to-perfect wetting, and dissolve
microbubbles) can play a far more effective role (as is clear when one analyzes the methods used and
results obtained from tests by several experimenters (2,6).

Energy is stored in a metastable fluid that, upon release in a controlled fashion, may then be used to deliver
mechanical output to projectiles or surrounding structures. For pretensioned fluids it is important to realize
that the compressibility and specific heat capacity increase (11,12) as the degree of pretension increases,
rising theoretically to infinity at the stability limit.  Therefore, the amount of stored energy can become
quite large, increasing non-linearly with progressively enhanced states of metastability.  An indirect method
for estimating the work energy potential is to conduct experiments for bulk vaporization and localized
explosive vaporization.  Experiments conducted with ether at ~120oC (2) in an oscillating pressure field
produced a relative volume change of ~ 50,000 to 70,000 (i.e., from liquid to vapor) over a millisecond of
expansion.  Conducting the calculation for pdV type work we estimated energy output of ~ 5-6 kJ per gram
of vaporizing material.  This is very significant when we realize that the work output from propellants such
as nitrocellulose is only ~ 1.2 kJ/g.

An alternate experiment conducted in our laboratory at ORNL involved introduction of metastable
pretension in test liquids such as acetone, ethanol, etc., using a centrifugal system as shown in Figure 3.  As
an example, for one case acetone was placed under pretension via spinning the apparatus to attain ~-5bar of
negative pressure.  Thereafter, a nanosecond timed laser pulse from a nitrogen laser caused explosive
triggering at the focus point for a 1mm diameter region of the test liquid.  The burst vaporization even at
this relatively modest negative pressure (under room temperature conditions) resulted in the projectile
being ejected at ~40 m/s (~150 fps) from which the pdV work output due to vaporization was estimated as
~ 0.1 kJ/g.  While low compared with chemical energy sources, it should be realized that this work output
was obtained at only a small fraction of the theoretical pretension threshold.  It is not known at present how
the process will scale with various levels of metastability and other process parameters.

SUMMARY AND CONCLUSIONS

     In summary, the combination of metastable states and appropriate triggering can offer the possibilities
of nano-to-macro scale triggering-induced explosive work output for a wide range of fluids. Various means
ranging from centrifugal spinners to acoustic generators can be employed together with thermal



management to induce desired states of metastability, which can then be destabilized explosively using
nuclear to macro-scale triggering techniques.  The energy storage and work output potential from such
releases can be significant, and appear to be controllable.  This promises to open up exciting possibilities in
the fields of propulsion, explosives and possibly for nuclear fusion energy generation.
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Figure 1. Variation of normalized homogeneous nucleation temperature with
pressure.



Explosively vaporizing
pretensioned  liquid
- Pushes projectile
 through barrel

Projectile

Pretensioned liquid
in centrifuge chamber

Trigger Source
(n, laser,..)
Nanosecond nucleation
vs rotation speed & pretension

Motor/Driver

Figure 2.  Schematic of centrifugal spinner experiment setup for energetics estimation.


