A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-UR -87-22

Rﬁ"l“!.“,“;_.,-.:i 4 '.  ™ T!

PR
FLH O 7 1887
S NV IS P

Los Alamos Natonal Laboratory 18 aperated by Ihe Univeraily of California for the United States Department of Energy under contract W-7405-ENG-36

TITLE:

AUTHOR(S):

SUBMITTED TO.

LA-UR--87-~22
DE87 005124

A SELF~SIMILAR APPROACH TO THE EXPLOSION OF DROPLETS BY A HIGH
ENERGY LASER BEAM

SHIRISH M. CHITANVIS

INTERNATIONAL LASER SCIENCE CONFERENCE 1986 PROCEEDINGS

DECEMBER 30,

1986

DISCLAIMER

This report was prepared as an account of wark sponsored by an agency of the United States
Ciovernr. ent.  Neither the United States Government nor any agency thereof, nor any of their
employces, makes any wurranty, express or implied, or ussumes any lega! liability or responsi-
hility for the accuracy, completeness, or usefulness of uny information, apparatus, product, or
process disclosed, or represents that its use would not Infringe privately owned rights. Refer-
ence herein o any specific commercial product, process, or service hy trade name, trademark,
manufncturer. or otherwise does not necessarlly constitute or imply itx ¢endorsement, recom-
mendudon, of favoring hy the United States CGiovernment or uny ngency thereof. The views
and opinions of suthors expressed herein do not necesarily state or reflect thuse of the
United Statea Guvernment or any agency thereof,

Dy acceptance of thus arlicle. the pubhahaer recognizes thal the U S Government retainy A nonexclusive, royally-iree hcanse to publish or reproduce
iho pubhished form ol thig contribulion ot to allow olhers to do wo, for 1) 8 Governmaent purposes

tThe | on Alamos National Laboralory requents (hat the pubhaher idaentily this arlicle as work nertormed undar the auapicen of tho U 5 Daparimant ol | negy

LOS A\I2IMNOS Loshlamos National Lavorstory

FORM ND AN A
A1 NO 2829 /)

MASTER i

DIS TR o Py


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


A self-similar approach to the explosion of droplets by a high
energy laser beam.

Snirish 11 Chitanvis
Los Alamos National Laboratory, Theoretical Division, P-371
Los Alamos, New Mexico 87544,
ABSTRACT.

we have constructed a model in which a small droplet is exploded by the
absorption of energy from a high energy laser beam. The beam flux is so
high that we assume the formation of a plasma. We have a single-fluid
model of a plasma droplet interacting with laser radiation. Selfsimilarity
is invoked to reduce the spierically symmetric problem involving
hydrodynamics and Maxwell's equations to quadrature. We show analytically
that our mode! reproduces in a qualitative manner certain features
observed experimentally by Eickmans et al.

l. Introduction.

Eickmans et al' have reported the explosion Of water droplets Of radius
3Sum, by a laser beams with a flux | ~ 109 w/cm2, and a pulse ‘v'dth T, of
20 nanoseconds. In these experiments, the laser beam is incl. . 'n the
dropiet, which acts as a convergent lens and causes focusir® v/ ird the
rear of the dropl«t. The wavelength of the incident (N7 73) laser is
0.532um. One would not expect much thermal absorption in ..ater at that
wavelength. But due to the high flux of the beam and the fucusirg effect,
the droplet ionizes.! The plasma then absorbs quite strongly from the beam,
and the drop explodes with the formation of a layer of vapor. In the vapor,!
we clearly see a decrease in the density followed by an increase. We
theorize that the hot spot created within the droplet expels a mass of
vapor. Far from the droplet, the temperature drops and the vapor becomes
denser and then appears as a plume .

We have distilled the fundamental idea that tre blow-off followed by
cooling causes the non-monotonic beahvior,' and constructed a spherically
symmetric model of the explosion which does indeed predict a plume.

Il. The single-fluid model.

In the explosions reported by Eickmans et al,! we basically have
ionized /g streaming out of the droplet. But there is no compelling
reason o treat the two components of this plasma separately with great

' JH. Eickmans, W.F. Hsieh and RK. Chang, submitted to Opt. Lell.



care. we therefore simply consider the plasma to be a hydrodynamic fluid
with a certain |ocal velocity (v), mass density (p), temperature (T),
pressure (P), a specific heat (C,) and an absorption coefficient (o). For

simplicity we shall consider the plasma to be perfect gas. We shall take C,

and o« t0 be phenomenological parameters to be fitted using experimental
data.

As discussed in a previous paper on esplosions? we shall use the
following self similar variable to simplify the coupled equations of
hyu-odynamics and electromagnetism:2

£ = r/c(t+ty) (2.1)

where c is the surface speed given approximately by the conservation of
energy:3

cxy{2a'l17p/ pgl (2.2)

whe: o’ = 3¢/ 4ag, o« being 3 dimensionless absorption efficiency, ag is
the unperturbed droplet radius, | is the flux of the beam (wW/cm?), Tp is the
pulse length, and pg is the unperturbed density.

If we make the ansatz2:3 that p(r.t) = p'(&), v(r.t) = vI(£), T(r.t) = T'(E).
E(r.t) = F(£), and we assume a perfect gas law for ease of computations:

PE)PE) = RyT(E) (23)

we get the following set of coupled ordirary differential equations,
using F(£) = I/€ (please see references 2 and 3 for details):

dv(8)/dE, = 2x,[(V(E)-E)? - xa(x3-DT(E)]!
[ (x3*+)VET(E)/L + x, & (d/4E | F(E)]2) /(2p(E)) ) (2.4)
dT(E)/dE = -xyT(EXdW(E)/dE+2v(E)/E)/(V(E)-E)
-xy &(d/dE |F(£)|2) /(p(8) (V(8)-E)) (2.5)
dp(£)/dE = - p(ENAVE)/dE+2v(E)/E)/ ((E)-E) (26)
d2F(8)/d282= -2F(8)/¢ (2.7)

where p,v,TF are normalized functions as follows: p(&) = p'(&) /pi)
v(i) = v(&)/c, T(E) = T'(&)/ T, F(&) = F(L)/F'(E=1), where pyq Is the
density of the droplet at the surface, T, is the temperature of the drop at

7SM. Chitanvis, Ahysica /574 271, {1986)
ISH. Chianvis, CARUEC Conference Froceedings (1986)



the surface. and c is the speed of the surface. We also need the following
definitions: x, = & |F(£=1)]2/ (BTWCYT(g)p(0)C). X2 = RQT(0)/€?, X3 = RG/Cv.

lll. The analysis.

Notice that in Eqn (2.4)-(2.6), there is a potential source of sinqularity
when p(&) = 0 or v(8) = £ for some & = £%.

We shall perform a local analysis of the solution for
§1=8"+88 8 ,=8%+8L, 88 » 0* when v(£) = v* ~ £* we shall take dv/df = 0
here. This assumption was suggested by our earlier? numerical solution of
the probler. This leads to the identity:

T(Z) = k) /(v¥(x3+1)) (1/p(8)) (1/E) (3.1)
From Eqn. (2.13) we get:

p(E) = p(E) [ (ve-E)/(v*-L)/E 12 $3.2)
This yields:

T(E) = x)/(p(&(x3+1) [(v*-&)/(v¥-E)1? (3.3)

It is easy to show that Eqn (3.3) satisfies Eqn (2.5) approximately for
{=g~.

Thus we see that at the singular point & = &*, the density dips to zero,
then starts to rise. The temperature on the other hand, has a second order
pole at £ = £*. This is not unphysical behaviour, since the total energy cf
the fluid viz. 1/2pv? + pC,T remains finite,

Far beyond this dip, for some £ = &, we can get the asymptotic behaviour
of the hydrodynamic variables. wWe again take dv/dé = 0, and V(£ = ) = v
SO that:

p(&) = p(La) expl-2vy (1€ - 1/Ep ) (3.4)

T(&) = [ xyvo/p(Ea)(x3+1)] (1/E) expl2vg (1/& - 1/8,) ) (3.5)

Eqn. (3.5) satisfies Eqn (2.5) approximately, as long as ¥, (which is
dimensionless) << 1. For | £ 10'2 w/cm2, this condition is satisfied.

We therefore have the following picture of the density; it starts off at
some value p(&=1) at the surface, decreases to zero, and then tends to an
asymptotic value if there is no ambient medium around the spherically
exploding droplet. In the presence of an ambient medium, the motion stops
at £ =1+ ct'/(initial radius), where t' is the time past the explosion.

We therefore see analytically in our model that a spherical p/iume or

bloworr is formed around the exploding droplet. This is analogous to the
plume seen in experiments.!



