k CONF-MBOS0O8 - _t5)

LA-UR -78-1627

TITLE: INERTIAL CONFINEMENT FUSION REACTOR CAVITY PHENOMENA

AUTHOR(S): 1, o, Bohachevsky, J. F. Hafer, J. J. Devanay,
and J. H. Pendergrass (all L-5)

SUBMITTED TO: "-oc. 3rd ANS Topical Meeting on the

echnology of Controlled Nuclear Fusion
(May 1978), Santa Fe, NM

\‘\\\s'\‘&

By acceptance of this article for publication, the
publisher recognizes the Governmant's (license) rights
in any copyright and the Government and its authorized
/ representatives have unrestricted right to reproduce in

whole or in part said article under any copyright
< secured by tie publisher.

publisher identifv this article as work performed under

The Los Alamos Scientific Laboratory requests that the
> the auspices of the USERDA.

[ 2 2

- NOTICH

¢ k
fhis report was prepared a3 an account of wor
sponsored by the United States Governmant. Neither the

United States not the United States Department of
Lnergy, not any of their employses, not any of thekt

contracton, sub tors, ot thewr employ makes
lied, fepsl
scientific laboratory S e

o usefulness ~F anv information, apparatus, product or

Of 'h. unlv.r“'y Of cc"forniﬂ m;mu du«-lu:d, m"::’p:::m that s use would Aot
infringe privately ow shiv.
LOS ALAMOS, NEW MEXICO 87648 !

An Affirmative Action/Equal Opportunity Employer

N UNITED STATES
Form No. . ENKERGY RESEARCH AND
¥ DEVELOPMENT ADMINISTRATION
CONTRACT W-7406-ENG. 36
’ DISTRIBUTION OF TIIS DOCUMENT IS UNLIMITED

N
ok


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


r ‘ INERTIAL CONFINEMENT FUSION REACTOR CAVITY PHENOMENA -]

1. 0. Bbhachevsky, J. J. Devaney, J. F. Hafer, and J. H, Pendergrass

Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Cavity phenomena in Inertial Confinement Fusion (ICF) are created by the
interaction of energy released by the fuel pellet microexplosion with the medium
inside the reactor cavity. The ambient state of the medium in ICF reactor cavities
is restricted primarily by its effects on laser beam propagation and on the fuel
pellet trajectory. Therefore, a relatively wide choice of ambient conditions can be
exploited to gain first-wall protection and advantages in energy extraction. Depend-
ing on the choice of ambient cavity conditions and on fuel pellet design, a variety
of physical phenomena may develop and dominate the ICF reactor cavity design. B8e-
cause of the cavity phenomena, the forms of energy released by the fuel-pellet micro-
explosion are modified before reaching the first wall, thus giving rise to different
cavity design problems. The types of cavity phenomena encountercd in th. conceptual
design of ICF reactors are examined, the approaches available for their modeling and
analysis are discussed, and some results are presented. Most phenomena are suffi-
ciently well understood to permit valid engineering assessments of the proposed ICF ~ ™~ -
reactor concepts.

!
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INTRODUCTION plosion with the ambient medium in the reactor cav-

In Inertial Confinement Fusion (ICF) the implo- 1ity. They modify the energy release forms and thus
sion and burn of a D-T fuel pellet are independent give rise to different cavity first-wall design
of the initia} (ambient) cavity conditions, This problems. Therefore, the cavity phenomena must be
aspect of ICF is different from that of magnetical- 1identified and analyzed before the first-wall de-
1y confined fusion in which compression, heating, sign problems can be specified and solved. Conse-
and ignition of the DT plasma cannnot be separated quently, the objectives of modeling and 1ﬁvestiga-
from the anbient conditions inside the confinement - ting the cavity phenomena are:

vessel. Thus the requirement for unobstructed - 1. Determine transient thermal and mechanical wall

transmissicn of the driver-beam energy through the loadings,

cavity medium to the fuel pellet is the dominant ¢, estimate the damage to the cavity first wall

constraint on ICF cavity cunditions between micro- and structure caused by neutrons, x rays, and

explosfons. This freedom in the selection of ambi- peilet debris; and

ent conditions is exploited to gain first-wall pro- 3. dete mine the requirements for restoration of

tecticn and advantages in energy extraction (e.a., favorablie cavity contitiors between successive

making use of MHD generators). | fuel-petlet microexplosions for repetitive op-

Cavity phenomena develop from the interaction | eration,

of the energy released by the fuel-pellet microex- | For each particular ICF reactor design the rel-
‘ | evant and dominant physical phenomena are deter-
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mined by the first-wall protection concept and by
the ambient cavity conditions. We will summarize
and 1l1lustrate the general classes of physical phe-
nomena that require modeling and study in the con-
ceptual ICF reactor design stages and outline cur-
rent research at LASL.

ICF REACTOR CAVITY CONCEPYS, AMBIENT CONDITIONS,
Y PHEROMENA

ICF reactor cavity concepts, proposed in the
past, may be grouped into two generic classes:

1. Cavities with permanent solid walls; their
lifetine may be extended by protecting the
walls with sacrificial liners or magnetic
fields; and

2. Cavities with renewable fluid walls exemplified
by the wetted or thick-curtain walls.

The concept in which the cavity is filled with
a protective gas may belong to either class: 1if the
gas s totally replaced after each microexplosion
then 1t can be viewed as a renewable wall, however,
if the gas content is only partially replaced, then
its pressure and density may be viewed as ambient
conditions in a cavity with solid walls. This ex-
ample 1llustrates that it 1s not always possible to
differenciate unambiguously between the cavity phe-
nomera and the first-wall problems.

Ambient cavity conditions for ICF reactors may
be divided into three broad classes:

1. Vacuum, 1.e., the mean free path of a pellet-
debris 1on is longer than or comparable to the
cavity size for both momentum and charge-ex-
change encounters;

2. Background fluid medium {which may be partially
fonized by the initial burst of radiation from
the pellet), in which debris-ion mean free
patns are short for at least one kind of en-
counter;

3. Mixture of vapor and liquid phases.

Not a1l these ambient conditions and first-wall
protection schemes are compatible. A high vacuum
can be maintained only in cavities with solid
walls; therefore, this choice {s available only for
cavity concepts employing bare refractory metal
walls, sacrificial liners, or magnetic-field wall
protection. A protective gas may be introduced
into the cavity to attenuate the x rays transmitted
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to the walls and to slow down the fast pellet de-

bris fons. The density of such a protective atmos-

phere will be limited by 1ts effects on the trajec-
tories of injected fuel pellet and on the transmis-
sion characteristics of the laser beam . The buf-
fer gas may be used with or without magnetic-field
wall protection. Vapor and liquid phases will be
present in the cavity when 1iquid 1ithium {s used
for wall protection either as an adhering thin film
or as a free-falling thick curtain wall.

Depending on the choice of ambient cavity con-
ditions and fuel-pellet design, the following cavi-
ty phenomenia may dominate the reactor cavity design:
1. Unaffected energy transmission (in the form of

neutrons, x rays, and debris i{ons) from the

exploded pellet to the cavity wall;

2. Debris ion expansion in the presence of a mag-
netic fleld;

3. Debris ion expansion through a background medi-
um, whether in the presence of a magnetic field
oF not, with average ion mean free path short
relative to any cavity dimension for at least
one type of encounter;

4. large-scale (blast or acoustic wave) and small-
scale (turbulence) motions of the buffer gas
with and/or without radiation or magnetic-field
effects;

5. hydrodynamic wave motion with evaporation and
condensation phenomena;

We at LASL recognized early the importance of
reactor cavity phenomena in modeling ICF reactor
concepts, and initfated numerous studies in this
area. Results of these studies are presented be-
low, together with an indication of the ongning
investigations.

UNAFFECTED FUEL PELLET ENERGY TRANSMISSION
The modeling of the free expansion of energy

forms released by the fuel-pellet microexplosion

{neutrons, x rays, energetic ions) leads to the

analysis of the interaction of each energy form

with the solid or 1iquid first wall. Neutrons gen-
erated during D-T fusion pass through the inner
cavity wall with negligible energy loss and damage
the material through atomic displacements and re-
lated effects. These effects are not considered

. [

SMOOT AY P



ENERGY RESEARCH & l..l VEOPRIENT ADRINISTBATION

r—

cavity phenomena in this paper and therefore are
not discussed further. We will, however, discuss
in some detail the three effects caused at the wall
by both x rays and energetic fons: impulse, surface
temperature increase, and cause material loss.

The impulse,pT, delivered to the first wall by
the(%;netic energy of the fast cebris ions 1s given
by:

pr - VM
2vﬁi 7R

where Y is the fuel-pellet energy yield, f is the
fraction of yield in debris ions, M is the pellet
mass, and R the cavity radfius.

The impulse generated at the surface of the
wall by ablation resulting from x-ray o~ debris-ion
energy deposition is: !

Nxy
4R/

where x is the fraction of yield in x rays, H is
the heat of evaporation of the wall material, and 7
is the fraction of the maximum attainable blowoff
velocity representing :the mean vapor motion.

The second problem 1s that of surtace tempera-
ture increase. The model and the analysis of the
thermal response of the wall to pulsed energy depo-
sition have been described previously;(z’3 the
results, however, are too extensive to be included
here.

The third problem is that of wall materfal loss
through mechanical erosion by fon sputtering and
thermal evaporation from x-ray and ion debris heat-
ing.

The determination of the mechanical sputtering
erosion has been described in detail in two reports
by Bohachevsky and Hafer.(a's) Results, 11lus-
trated in Fig. 1, show the calculated amount of
wall material eroded per gram of pellet material as
a function of debris fon energy. The loss of mate-
rial due to evaporation from first-wall inner sur-
faces induced by x-ray and charged-particle energy
depositions has been modeled analytically and nu-
merically.
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EIGURE 1 Sputtering erosion of wall material.

The analytical mode! is restricted to constant
phys15a1 properties but includes arbitrary surface
energy fluxas on the inner and outer surfaces, as
wel) as thermal radfation fluxes at the inner sur-
faces and a constant temperature at the outer sur-
face. It was used primarily to verify the model
calculations.

The numerical mode! removes the principal re-
striction of the analytical models - constant ther-
mophysical material propertias - and is presently
most heavily utilized. It is one-dimensional, but
includes an arbitrary number of slabs and radiating
surfaces. The thermal conductivity and heat capa-
city of the wall material are approximated by poly-
nomfal functicns of temperature. The initial and
boundary temperatures and the energy-deposition
profile and history can be prescribed arbitrarily.

The rate of evaporation as a functfon of sur-
face temperature is computed using the Langmuir
theory, with an arbitrary sticking coefficient, and
vapor pressure represented by the usual Arrhenius-
type expression. Multicomponent =vaporation is
determined by weighting the evanoration rates of
individual specle by their mole fractions in the
surface layers. Self-shielding of the first wall
by the evaporated material 1is taken into account by
treating'the evaporated material as an equivalent

- thickness of the condensed phase,
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The amount of surface material evaporated from
the first wall surface by a pellet microexplosion
depends on the integral over the pulse duration of
the vapor pressure of the wall material divided by
the square-root of the surface temperature; and
because the vapor pressure is proportional to the
inverse exponential function of the instantaneous
value of the surface temperature, the amount of
material lost by evaporation 1s completely deter-
mined by the surface-temperature history. Of
course, this history depends on many parametars

that characterize the pellet enerqy output and wall
material properties; the details of these dependen-

cles may be found, for example, in Refs: (2), (3),
and (6).

Studies of first-wall evaporation indicate that
the most important characteristic, apparently, is
the energy spectrum of the incident radiation.

More energetic radiation penetrates deeper and de-
posits its energy in a larger volume, inducing a
lower surface-temperature increase, whereas

the opposite is true for less energetic (softer)
spectra, However, for less penetrating radiation,
a smaller amount of evaporated material is suffi~
cfent to prevent further signficant radiation-ener-
gy transport to the solid surface because of the
self-shielding effect. Therefore, it s difficult
to predict the trend in each particular case with-
out detailed calculations. This 1s 11lustrated in
Fig. 2, showing the amount of material evaporated
from an ATJ graphite surface by an x-ray pulse as a
function uf photon energy. When 2 J/cm2 are de-
posited 1n 10~ s, the effect of self-shielding

at low energles (decreasing material loss with de-
creasing energy) 1s evident; however, when

4 J/cm2 are deposited 1n 10-3 s, the self-
shielding mechanism is not effective. Because pho-
ton pen.tration increases with increasing energ{
and induces a lower surface-temperature rise.(

a1l curves in Fig. 2 show a dramatic decrease in
evaporation with increasing energy. The steepness
of the decrease is a consequence of the inverse
exponential dependence of the evaporation rate on
surface temperature.
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FIGURE 2 Surface evaporation. -

Pellet Debris Expansion in a Magnetic Field

The problem of modeling debris ion expansion in
vacuum with an axial magnetic field arfises in the
analysis of the magnetically protected reactor cav-
ity concnpt. The modeling has been success-
fuliy accomplished with the computer code LIFE;
details of the computational method and results
have been presented previous]y.(a) Here we in-
clude only sample results. The ion distribution at
different times during expansion, and the number
and energy distribution of particles incident on
the walls of tie cavity are {llustrated in Figs. 3
and 4, respectively.

The x rays do not interact with the magnetic
field, and therefore their effects are determined
as in the previous case. The material loss through
mechanical ercsion occurs only on specially design-
ed parts of the wall known as energy sinks. They
have been modeled and analyzed extensively.

Pellet Debris lon Expansion Through a Backgrcund
Gas and Magnetic Field

A background gas may be added to the magnetic-
ally protected cavity to shield the cylindrical
walls frgm x-ray heating and thus retard the wall
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FIGURE 3 Debris fon expansion in a cylindrical
magnetic field; time in seconds, dimensions in

cent imeters.

DISTANCE ALONG CAVITY AXIS

FIGURE 4 Cumulative energy (E) and ion (N) deposi-
tions 1n the cavity wall.
i

TIME* 2,100E-C4

Eyac"1023210"erg/cm
' E

Nuax.® 72.6 ions/cm

avaporation. The analysis of such a cavity concept
requires modeling of iton motion in a cylinder fill-
ed with a partially 1onized fluid medium and an
{mposed axial magnetic field. lonization occurs
primarily as a consequence of the burst of radia-
tion from the exploding fuel pellet; its level is
:Efumed to be high enough to make the plasma a good

L] ' :__

: guish 50 different jon species.

conductor. The fuel pellet ions created in the
microexplosion interact with the background fluid
through the action of the magnetic field and
through charge exchange.

The physical mod21 therefore must include two
components: the background fluid and the debris
fons. The behavior of the background fluid 1s de-
scribed by the Lundquist equations supplemented by
an appropriate equation of state and a rate equa-
tion to describe the changes in the degree of ioni-
zation. The debris ion motion is determined by
statistical modeling (PIC), with rate equations
describing the average ion charge state. Individ-
ual 1on trajectories are determined by integrating
the equation of motion for each simulation ion,
with the Lorentz force providing the acceleration.
The background fluid motion and the 1on motion are
coupled through Maxwell's equations in which the
displacement current has been neglected. Appropri-
ate reaction rates are included to describe the
changes in the average ion charge and in the degree
of ionfzation of the background medium.

We have formulated the mathematical description
of this model with a method of solution, and are
coding the program for its calculation. In this
program, the Lundquist equations will be solved
with a first-order finite-difference scheme ex-
pressed in conservation form to facilitate computa-
tion with imbedded MHD shocks. [Ion motion will be
computed, as in the LIFE code, from conservaiion of
canonical momentum and from time integration em-
ploying cell-area weighting. The code can distin-
The capacity of
the currently available CRAY-I computer will allow
parametric studies with this model.

" Effects of a Protective Buffer Gas

A protective fluid medium may be used in a cav-
ity with or without a magnetic field. Without a
magnetic fFleld it will be most effective if the
combination of density and cavity size can signifi-
cantly attenuate low-energy x rays and appreciably
slow down the energetic pellet-debris ions, as pro-
posed by Conn and collaborators.(a) Some effects
of the protective atmosphere and restrictions on
its characteristics will be discussed in this sec-
tion,
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When the density is sufficiently high to absorb
the x rays and dissipate the debris fon energy,
then the mean free path is sufficiently short and a
blast wave will develop after the pellet microex-
plosion. However, the difference between the pel-
Tet and background densities is suffictently large
as to cast doubt on the validity of similarity-so-
lution representations of the blast wave within the
confines of the reactor cavity. (In obtaining sim-
flarity solutions of the microexplosion phenomenon
it is assumed that the initial pellat mass is neg-
1igible in comparison to the mass of the fluid
swept by the blast wave; clearly, this assumption
§s not valid when the fuel pellet mass is compar-
able to the mass of the fluid contained in the cav-
ity.) To investigate the validity of blast-wave
similarity solutions and to obtain representations
valid for all pellet masses, Freiwald and Ax-
ford(g) modified the classical Taylor-Sedov simi-
larity solution to account for nonnegligible pellet
mass. The results predicted by their theory are
shown in Figs. 5 and 6. As intended, the Freiwald-
Axford sulution removes the singularity of the Tay-
lor-Sedov solution at the origin and, instead, pre-
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FIGURE 5 Gas expansion velocity predicted by ~
Freiwald-Axford(8) plast wave analysis.
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~; "FIGURE 6 Pressure predicted by Friiwald- -7
| ord blast wave analysis.
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dicts for small radii a velocity zbout equal tc the
free expansion velocity; this result appears physi-
cally plausible. For large radii ( =10 m) and con-
ditions at which the calculations reported in Ref.
(9) were carried out, Freiwald and Axford predict
velocities abou. half as high as those predicted by
the Taylor-Sedov solution, and the pressure predic-
tions disagree by an equaily large factor. These
differences suggest that simple similarity solu-
tions cannot always be used to accurately predict
the development of a blast wave in the reactor cav-
ity.

The Freiwald-Axford analysis is a significant
improvement over the Taylor-Sedov similarity solu-
tion, but, it does not include the effects of radi-
ation; in cases when the buffer gas in the cavity
is sufficiently opaque to absorb the x rays emitted
during pellet microexplosion, the radiation-erergy
transport should be included in the determination
of fireball formation und blast-wave development.
Although much has been accomplished in this area in
connection with the analysis of weapons effects,
adequate modeling of these phenomena for the set of
conditions anticipated in ICF reactor cavities has
not yet b=en attempted.

Following their formation, blast waves in a
spherical cavity will be reflected back and forth
detween the wall and the cavity center, The number
of reflections 1n between successive pellet micro--
explosions may be estimated crudely by using the
acoustic approximation:

N=2
ppseR *

where a is the sound speed and pps denotes number
of pulses per second. At a pressure of 1 torr and
a density of 3.33x1077 g/cm’, when the effec-

tive adiabatic exponent equals 1.4, the sound speed
equals 75x103 cm/s; therefore, 15 successive wave
reflections will occur in a 5-m radius cavity oper- f
ating at 10 pps. Thus, attenuation of ~ 7% per
reflection may be required to dampen the wave mo-
tion to insignificant amplitude between successive
pelict injections. Numerical modeling and analysis
L |

. flight and aim all laser beams accordingly.
procedure, however, will not be effective 1f fluc-
' ’
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of similar problems indicate that damping of such
magnitude will be generally present.

In addition to large-scale wave motion, one
encounters small-scale turbulence in iae cavity,
resulting from nonuniform wave reflections induced
by cavity wall openings and protrusions (for, e.g.,
optics, pellet injection, gas circulation) and by
the pumping required to circulate cavizy gas. The
effect of medium inhomogeneities on the injected
pellet trijectory may be estimated by integrating
the fluctuating aerodynamic drag and pressure for-
ces over the length of the trajectory. The result-
ing expression for the perturbation of the intended
pallet position, 8r, is:

ar-'—;; _'{O(CDO
(%! + ) %} E;%Ez) dr'dr ,

where rp is the pellet radius, m the pellet mass,
CD the drag coafficient, p the cavity gas densi-
ty, p the pressure, v the pellet velocity relative
to the gas, and & denotes the fluctuation of the
quantity following it. This expression 1s valid in
a regime in which the drag force is proportional to

~ the square of the velocity and the pressure fluctu-
: ations occur over a distance approximately equal to

rp. A corresponding expression can be easily
Jerived for conditions that require other assump-
tions. The expression for &r obtained above esti-
mates the departure from the intended position

_along the trajectory of the pellet (equivalent to
" the delay 8r/v in pellet arrival time); a corres-

ponding expression for transverse perturbation in-
volves pressure nonuniformity only and can be de-
rived without difficulty.

If the medium fluctuations cannot be kept with-

in limitations set by the above expression for &r

then 1t will be necessary to track each pellet in
This
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FIGURE 7 Effect of cavity medium 1nhomogeneity on
the beam path,

tuations in the index of refraction caused by den-
sity inhomogeneities in the riedium are sufficiently
cevere to displace the focal point of the beam ap-
preciably. The lateral displacement of the beam
focus (assuming ideal focusing can be attained;
comments about this assumption will be made below)
1s easily determined by calculating the optical
path length along two rays separated initially by
the beam diameter 2Rb as indicated .chematically

in Fig. 7. The result for the lateral displacement
of the focus is:

R )?'e'
= . -1) %4
sr fk: 2o {n )p r
1
0,6,
-/ m-1)¥dr

R,Oz

where n 1s the index of refraction and the integra-
tions are carried out along the two rays 0, and
92. The above relation may express the most re-
strictive condition on the homogeneity of the cavi-
ty medium; most likely it will have to be verified
experimentally.

In addition to the effects induced by inhomo-
genvities in the cavity buffer gas, the laser beam
will be affected by self-generated processes. The

wide range of 1igh' intensities encountered in pro-

' 'I [

. onto the fuel pellet.

~ pagation of focused laser beams in large gas-filled
' cavities gives rise to a multitude of competing
processes that affect the delivery of light energy
These processes include:
multiphoton, tunneling, and cascade fonizatfon;
absorption; Rayleigh, 8rillouin, and Raman scatter-
ing; stimulated Raman scattering; refraction; self-
focusing; inverse bremsstrahlung; ion polarization;
ponderomot ive force; thermal blooming; inverse
blooming or trapping; and laser-induced detona-
tion. For proposed commercial reactor cavity pa-
_rameters some effects will certainly be negligible;
" however, a comprehensive analysis that would iden-
tify the important effects is not yet available.

Henderson 10) obtained results which describe
the defocusing of the laser beam due to induced
jonization and consequent reduction of the index of
refraction, and Conn with his co]laborators.(a)
utilizin? the model and analysis of Hacker, Cohn,
and Lax, 1) concluded that laser-induced break-
down ;111 not significantly hinder the delivery of
beam energy onto the fuel peliet. As indicated
previously, the question whether these are the most
important effects, and, if not, what other physical
mechanisms should be considered, has not been an-
swered yet.

We wish to mention a problem not usually dis-
cussed in the analyses of gas-filled cavities; the
heat transfer from the buffer gases to fuel nellets
during their travel to the center of the cavity. A
simple estimate shows that absorption of all the
photon energy emitted during the pellet microexplo-
sion will rafise the buffer-gas temperature to seve-
ral electron volts; this is the veason why, in mod-
eling magnetically protected cavities with a back-
ground gas, the degree of ionization must be calcu-
lated. During a conservatively short pellet tran-
sit time of 1073 s, the high ambient temperature
will penetrate to a significanc extent, ~3
x1072 cm, into a pellet materdal with a typical
therma’ diffusivity of 0.25 cmzls. Such depth
may exceed the radii! of presently considered fuel
pellets. Therefore, unless the gas is entirely
replaced between successive microexplosions (which
may not be easily accomplished in cavities with
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radii of several meters operating at tens of pulses
per second), cryogenic pellets will not survive the
resulting high-temperature cavity environment in
their original state and even the integrity of
high-pressure metal-clad microballoons may be sus-
pect.
Cavity Conditions with Phase Transitions

To 11lustrate the conditions and problems ex-
pected in reactor cavities containing, by design,
aixtures of liquid and vapor phases, we present in
this section results of a numerical computation of
the response of a thick 1ith‘um curtain wall (as
proposed in the lithium-fall reactor concept) to
neutron-cnerqgy deposition following a pellet micro-
explosion.

The configuration analyzed incorporates a cyl-

indrical, 50-cm-thick, curtain of flowing 1ithfum--

occupying the space between vadii of 400 and

450 cm, falling in a normal gravity field with ar-
bitrarily prescribed initial velocity inside a cyl-
indrical cavity of 500 cm radius--and a sphericaliy
symuetric neutron source, as shown in Fig. 8. The
neutron energy is deposited in the liquid lithium
with an exponentially decreasing intensity (e-fold-
ing distance, 70 cm) within 10'9 s; the total
deposited energy is 3000 MJ, and the fraction in-
tercepted by a 1-cm-high cylindrical ring is

3.75 M.

The modeling consisted of determining numeri-
cally the one-dimensional radial motion ir the
equatorial plane through the center of the fuel
pellet and the superposition of this motion on the
uniformly accelerating (under the force of gravity)
axfal flow. The initial velocity in the vertical
directlon was 500 cm/s, as indicated in Fig. 8.
Thus, the analysis did not include disturbances
propagating un and down the lithium curtain.

The radial hydrodyramic motion was determined
with the CHART-D code;(lz) features of this code
relevant to the presert calculation are:

o Lagrangean formulation of the hydrodynamic
equations of motion with artificial viscosity,

® local thermodynamic equilibrium with radiation
energy transport option suppressed,

-

FIGURE 8 Lithium curtain wall model. .
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o analytic representation of the equation of
state with sufficient parameters to accurately
approximate phase transitions, the melting
curve, and the triple line.

Figures 9 and 10 are a sequence of snapshots
depicting the motion of the 1iquid curtain after
the neutron-energy deposition: the curtain splits
into two halves and breaks up into spray following
reflections at the cylinder axis and from the cyl-
indes wall. The temperature distribution in the
curtain and the heating of the central and outer
lithium vapor regiuvns (initially at 600K and vapor
pressure) after compression by the expanding cur-
tain are shown in the lower half of Fig. 10.

The superposition of radial and axial motions
is preserted in Fig. 11. This figure shows the
trajectories of the centers of mass of the two
halves of the curtain (solid lines) and of its
inner edge (dashed line) after injection with ini-
tial downward velocity of 500 cm/s and after neu-
tron-enérgy deposition. Gravitational acceleration
was included in this calcuiation. As can te seen,
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FIGURE 9 Curtain wall density distribution.
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FIGURE 10 Curtain wall density and temperature
distributions.

the lunium fills the cavity almost completely for
the duration of this calculation, mostly as a mix-

o~ | 2 P— 1 o.o—_; " ture of liquid and vapor phases (indicated by hori-
INNER EOCE OF 2 ] ; R
ey los Jo  stom of tieutd (rndtcated oy so1tg chretens. |
7-““;“—";’;“;5 1~ ' g] 1y, thi 1ike medi b . d
",i CRAJECTORIES | early, s spray-1ike medium must be remove
’ INNER_HALF 1.0 ~ from the cavity before the next pellet can be in-
C_ — o S DUIER HALF, dar " Jected and ignited. The amount of vapor generated
™ - will be much larger, and the outward motion of the
—————— :gg; curtain faster, when the effects of x-ray and de-
2 4  bris energy deposition are included in the analysis.
] c-::'-:_-_:-_ = g;;g £ CONCLUDING REMARKS
™l S Qur discussion of cavity phenomena relevant in
________ S Jaia :.:‘ the conceptual design of ICF reactors does not pre-
EJ tend to present a complete and corprehensive analy-
| e 461 sis of all tne phenomena of :n-~rest. It only
SoooTTTTT Ja92 serves as an {llustrative selection of problems
40 ]::: which, in our opinion, require resolution before
U eese CELLS WITH LIQUID ‘::: credible reactor designs can be proposed. Our
= AND VAEOH PRASES o . choice of problems and approackes to solutions re-
. flect judgments and opinions prevalent in the Sys-
L . . L -2 635 | tems and Applications Group of the 'os Alamos Sci-
| entific Laboratory. We feel we have demonstrated
| that the analysis of ICF reactor cavity phenomena
Fi-RE 1) Curtain wall motion. L 4s sufficiently well-advanced to allow a realistic
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modeling of the reactor systems and a realistic
assessment of the possibilities for the solutfon of
the outstanding problems.
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