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A NOTE ON TIlE PRESSURE FIELD WITt-I{INAN OUTWARD MOVING FREE ANNULUS
i
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Berkeley, CA 94720
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ABSTRACT paper, L,'actures during its outward motion is

The outward radial expansion of a ft'ce !iquid annulus ;.,,,,_tl_,_t,,_,t_n.1ti<,,ll_,pr_O_r_._.,._fl_eTnYt__fr._
by calcuLathal_t),¢ radial
annulus, Irt this model, we

is a common problem of both ealier and current ICF treat thefluid asan incompressible flow, Wecan obtain
blanket design, Whether the annulus fractures or not a theoreucal solution following analysis similar to that
depends on the internal pressure and surface stability, of Rayleigh forbubble dynamlcsL
In this, paper a model based on incompressible
cylindricallysymmetric flow is usedto geta theoretical THE INCOMPRESSIBLE GOVERNING

' solution similar to that of the Rayleigh's solution for EQUATIONS
bubble dy_mics, The pressure inside the annulus is
found posiUve ali time but the peak is lowering during We view theannulus as a freecontinuous body which
the expartsion, Besides, both surfacesareTaylor stable has cylindrical inner and outer surfaces exposed to the
during such motion, ThUS,r ,t ISconcluded tKat an ambient pressure as illustrated in Figure 1. The
annulus in outward radial motion will not cavitate or following assumptions can be reasonably made,
breakup,

THE BACKGROUND

In an Inertia Confinement Fusion (ICF) reactor, the
chamber wall may be protected from the neutron
radiation bya neutron absorbtntg,falling liquidblanket,
which surrounds the fusion site. The blar&et has a
geomeu'y.consisting of either a conthmous am_ulus
geomet_ or an array of discrete jets_,both of which
encLrclea central cavity. Shortly after a fusion event,
ali of the high.energy neutrons will leavethe fusionsite

' and be mostlyabsorbed bythe fallingliquid, Moreovcr,
the attenuation of neutron energy by the liquid will
occur so quickly that the liquid wiUnot have sufficient

' time to esj}and. This process is known as iso_,horic
heating .. I,e, heating atconslm_tvolun,c, The neutron
absorbing liquid thus finds itself suddenly possessing
much higher internal pressure tiron its surroundings
(due to its increasedinternal energy), and will fragment
due to the propagation of a rarefaction wave into the
liquid, Interestingly, for the case of the dLscretejet
array, the fragmentation of the liquid results not in the
ft}rmatlonof small liquid chunks. On the contrary,
because of geoiaetj-y and neutr_ energy density
_radient, fcagmentataonresults ftrSi in the break-off of
mdtvld_aalannullhorn each jet, which thencollide with Figure 1, The Description of Model
each other and consolidate into a roughly continuous
annulus, In eithergeometry, fragmentationis expected
to cause the outward radial motion of a single, free _II_I19_01

'nliquid annulus, In previous studies_, it was assumed 1 The fluid is I compre.ss_ble
that this motion causing fracture of the liquid. In this 2 The fluid is inviscid

3 The motion is one dimensional (radial)

Work ped'orrne<t under tl_ auspices oi'" the US
Department of Energy by the Lawrence Livermore Following these assumptions, we can v_aqteout lbe
National Laboratory under Contract W-7405-Eng-48 governtng equations,
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._/alJ/lllRy_K_atto._ subsdtutlng tt_ continuity equation into F..quation2and
integratingoverr tor w¢_can gel for th_instantaneous

&v l}---0 (1) pressure distribution

forradialflow P(r)'-P(R)=_(RR+kZ)InR+(RR)_( 1 1']]

in which R and R' arethe instantaneous outerandinner With the boundary condition,Equation3a,we have
radii of rhoannulus and R and/_' are the respectivo from Equation 5
surface velocities,

O=?(R')-e(R)
The integradon (over timO ofEquationla gives a

global continuity equation,

P_ "_" R (RI_)'(1 1 1.,"_ ," "
= . (Sa)

2

R_'-rR'_'Ro -'Ron=C1 , ,(lb)
' 'Ilais holds for ali time, (R, R', /_ and/_ me al_

jMomela_mEquation functions of time.)

The 1.D cylindrical momenttun .equation can be
i

derived from Navier Stokes Equations, simplified for _e Total Kinefl_ Enerm/
pure radial motion

During the outward motion, the velocity profllo is
known from thecontinuity equation. Therefore we can

OV,+ V _V, 1BP ' calculate the total kinetic energy of the liquid annulus
"-b-/" '_r ""-p 0"7" " (2) at any imtant by integrating over the whole body, i,o,

"II_eboundaries of the free annulus are exposed to K_', = J,. 2xpr T_ -- 2hp(RR) ln_, (6)
the ambient pressure, In the, HYLIFE II case. the
pressure is close to zero, That is, ZO.litl.h_l:Itrdgu_

P(R') ,,,0 (3a) The,total momentum canbecalculated also by an
integration of over the whole annulus

P(R)--O . (3b)

/;Strictly, we have ne_lec_oAsurface tension and the Morn, _ , p2rt_V, • dr-2_p(R_¢)(R _R'), (7), normal component ot viscous stress in the dynamic
state, • Note that the term rV, =.R_ is constant in the above

lategration.

THE SOLIYFION SCItEME
Atthe beginning, tl_ annulus has its initial radiiand

a velocity distribution which sadsfy thecontinuity
equation. That is, With the aboveequations we,can set up a numerical

schemetosolve theh'istoryof fluidmotion andpressure
R -- Ro R' =R'0 distribution within the annulus.

I. Stardng with the initial con_tionwe can
Vo(r) • r ,_Ro" Ro'= Ro" Ro (4) solvefor theouter surface _cceleratlonrate

from Equation 5a,

RESULTS E =- _--:---

Similar to Raylelgh's model ot bubble dynamics in 2, The velocity at the next time step can b¢
tmincompressible liquid", we can integrate Equation 2 obtained by using
over spac_ at m_instant in time to obiain the relatton
between the presSure and the surfac0 conditions', 13y /t (At)=/_(0) + _ ' At

I
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3, After we have tt_ surface velocity the 2 _JtJ I_,,._

,_(at) R(O)+_(O).,m , , ...

4, Thogloba]con_ulty Equadonlb nowcaa 't' _ _
be used to determine theradius R' i. .-

5. The velocit_ k' can b¢calculated from the _ _i _ .... _. _ _

6, Using Equation 5 we can Calculate the _,_ _ ":pressure distribution within the annulus

• 7. Increase another time step _, repeat step
1)to step 6), Continue until fileend of the
timeof interost. Wo then have the history ' --- -_ ' '

. of radii, velocities, accelerationrates, and ,tt_ ,m ,_,
most importandy, t]le pre._me profile at
each instant,

Flgtlr¢2. The Change of Radii

8, AddiLion_lly,we can alto calculate the
to_ momentum and kinetic energyof the
annulus atanytime, m A_2!__"'D_'___

1

Table 1, The Initial Value U_d in theCalculation" [

g0'-'-0.02 m v
1

Ro_ 0,1011 m

!
V,(Ro')= 178,5mis m

p = 485 Kglm _ I

** The Values tan be arbitrary, but the ltstextdata are.
chosen for lithium_as in the HYLIFE stud)',

DISCUSSION 0 ,_ .:,l ._:

TblF°rae illustration,initial values are chosen as given in1, Following the procedure des_q:,ed in the last
section the histories of outer and inner radii me found Figure 3, The History of Velocities
as shown inFigure 2, As the annulus moves outward,
its thickness continually diminishes, as expecteA from surface is acceleratexk The two velocities tend to
conflnuttyconstderations, Figure 3 showsd_attheinner converge as time becomes large, Surface w.cx,lerafion
surface velocity decays with time while the outer histories are shown in Figure 4,
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We have investigated the st,ability ,of the
_)_ ........ ._,,i,,,,. mm,,,, a_,cele_ting surfaces, According to Taylor s plane,

inteMa.eetheory' both cylindrical surfaces are, stable;
Plesset7 derived the conditions for s_bilJty of a

J ".:tr:...'::_-.=.,,,-=-:- sohedc.al surface, We have carriex:lout a similar' derivation for cylindrical surface.st which agaln shows
i 0 .----"-" _ ........ : _ :" ..... that both sttrfaces are stable in the present probtom.

, /'1_

t 'the calculations show that kinetic energy is, conserved irt thts motion, however, the total radial
, -_t ..... ---- _- .... -..... momentum is found to increase with time. This

surprising result ts consistent with the,decreasing
, internal pressure, A rigorous derivation of the

momentum chango due to II'" pressure profile is

:I "la _ presented in the Appendix,

,, CONCLUSIONS

-_,_,6 - -....... :...... The pressure field within an outwardly moving
, m ,_ ,_ ,_s annulus of l_ompressible liquid has been found

analytically, Contrary the previous Intuitive
a_sumpfion that liquid in this motion would be subject
to tension and cavitation, the prese., analysis shows

Figure 4, The History of Acceleration Rate that the pressure within the liquid is _lways positive,
Furthermore stability analysis indicates that both
surfaces are st,ableto small perturbataons,

Figure 5 illustrates the shape of the presstueprofile
within the liquid, Thepressure is everywhere positive REFERENCES
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APPENDIX

'Ilae momentum equatlort tells us teat if there is a
The total momentum change of the annulus is Just

pressure gradient tlmtlutd will be accelerated, It would d_e dme integration of th_ rate
bo very clear iS we rewrite Equadon 2 in Lagrangian

form as (MI,')---(MV),.o

. -._-_p--_-T_p_-_-+V-._r ] (I) +f0 2= (R +Rt_)(R.-R')+(RI_)' - dt(!V)
° t:,v,

wher_ the p-bi-is the rate of the momentum ctmnge Aaad flus is _hievable in the simple tmmodeal
caleutetton along with the other calcutadons. What we

of an unit volume fluid particle at r, The total rate of find outisthe total momentumof the annuluscalculated
¢tmnge can be obtained by integration over the v,,hole from this equation (l-V)exactly overlaps on tyre,curve
body. 'Ilmris c.alculatedf.t'omF.,qtmtion7.
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