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HEAT TRANSFER PROBLEMS ASSOCIATED WITH LASER FUSION®
[ T. G. Frank, I. 0. Bohacheveky, L. A. Booth, and J. H. Pendergraes
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Abstract [

Los Alsmos Scientific Laboratory, Loe Alamos, New Maxico B7545

i Briefly diecuseed are the laser-initiated fueion reaction, emisaions that are produced, and methode
that may be used to protect the walls of reactor cavities from these emissions.

Thermal loadings encoun-

tered in laser fueion reactors will consist of energy deposition by discrete, short, intenee pulses of x

and gamma rays, fast alpha and other charged particles, and fusion neutrons.

Presented are models of ener-

gy deposition in structural valls and blanket regione surrounding the reaction chamber and methoda used to

ralculate resulting temperetury increases and thermal stresses in theee components.

The results of such

calculations indicate that the deaign conditione for the engineering of laser-initiated fusion reaciors will
ba eavers and a great amount of ingenuity and analysie will be required to meet them succeeefully.

1. CTION

Laser-induced fueion is an attractive potential
alternative and/or supplement to magnetically
confined fuasion for satisfying anticipated nationel
and global enexgy needs. Fueion reactors are expacted
to be eignificant eocurces of consumable energy in
the early part of the next century.

The develojuent of laser-fusion technology is
baing paced by the time required to develop and
construct high-powver-level, short-pulse lasers.
Significant numbers of thermonuclear neutrons have
besn produced by fusion pellet irradiations with
laeer powver levels lese than 1 TW. Naw and unprace-
dented laseve with pover levele ae lerge as 200 TW
are echeduled for completion during the next five
yesre. Achievement of scientific breakeven (thermo-
nuclear energy releass equal to laser encrgy input)
1e expacted with this new generation of lasers.

The understanding of the phyuice of laser-
induced fueion doee not permit definitive apecifica-
tion of either fusion-pellet designs or properties
of fueion microuxplosione. Sonphisticated calcule-
tional techniques to gnalyze laser-induced fusion
have been developed but suffer from the lack of
corroborating experimental deta. Nevertheless,
theee calculatione provide the heet svaileble dete
to identify the unique deeign requirements for
laeer fueion reactor (LFR) concepte.

Conceptual lawer fuelon roactora include a
reaction chamher or reactor cevity in which funion-
pallet microexploeions are contained. IPelletn
conteining fusion fuel are in)jected inte rhe reavtor
cavity where they are illumineted by intenee¢ la..
beans rvenulting in haating and compression of 1
fuel to conditions required for eelf-mustaining
thetaonuclear burn. The laaer heama are reflec:
and/a* focured by mirgors inro the cevity throu:
openinge in the cavity wali. The fuxivn fuel fto
firet-generatlon fusion reactoras will coneier m
etoichiometric mixturen of doulerinm and tritium
(DT). Becaune of the neressiiv to hreud tritium
for the (uel cycle by neutron reections with lithium,
reacior cevitles are sarrounded by relativelv thick
blanket reglone containing !ithium or tithlum
compoundns.

The major problems encountered i{n the contetin-
aent of fusion-pellet microexplosions and in analvz-
ing anergy dapisltion and recovery In LERs are
diecuaned in thiws paper, The cherecterlaticn of
fueion peliet microexplosions are dencrthal In
Section Il and mlreroaxplosion contéinment alterna-
Mork performed nmdor the annpicos uf the U.S. Enerpy

Number W-7403%-ENt=)6, P

tivee in Section III. Section IV consists of

deacriptions of energy depoeition m~ - ‘nisms in
reactor cavities and blenkets and - 2la for
analyzing the unique heat-tranefer , .vme that
arige.

II. FUSION PELLET MICROEXPLOSIONS

The phyeical and chemiccl form of the fuel for
LFRes hae not been determined; howecver, the mnrat
promising cendidate 18 molecular DT in gaseous,
1iquid or eolid form. Of equal importance, with
regard to LFR concepte, i8 the encapsulsting pecllet
material. The DT fuel might be simply frozen
pellets of pure DT or it might be contained, for
example, within e structural shell or syetem of
shells. The uee of bere frozen DT pellets is
concaptuslly attractive, snd a number of detailed
calculations have bean made of pure DT microexplosions
(ses, for inmtance, Clerke, et al.[1]).

In the process of hesting and compressing hare
fuaion pellete with laser heame, material is ahlacel
or blown off from tha surface of the pellet (Boouth,
et al.{(2])). The thermonucleer fuel ls compresscd
and heatad by the balance of momentum from the
expanding (ablated) material. Recent investigations
(Fhler, et al.[3]) indicated problema of low ther-
mal conductivity and anomalonaly poor absorptivn ot
laser 1ighi. Very high energy ions are produced
that carry avay most of the energy but with {nwuffi-
clenL momentum to adequately comprumm tho thermonn-
clear fuel, thue indicaring fundamentsl difficultien
with bere nphericel pellets. Accordingly, increasod
attontion is belng glvan to f{usion pellet denign
variations and different conpling mechenisms uminm
atructured pelletn in order ty mitigate or evolid
tnesa Jdifficultiees.

Theoretical energv-relmaso forma from v 100-MJ
pellat microexplosions are givin in Tahle | (llender-
won{4), Booth(5), Willlamwm, et al.[6])). For the
bare DT pellet, prompt »x ravs would be vbhmarved
firat. The l4-MeV neutrons would follow next in
time, thean high-energy (v 2-MpV) ulpha particlan,
and flnally the planma of paellet debris. For
Atructuted palletn, the energy relvane mechaninma
obnerved just outmide the expendlng pellet will
depend on the thermonuclasr yield and on the voapo-
nition and rans of the mrrnctural contalner. A
reletivaly mannive rhell of high atomic number will
ebnorb the cnergy of the 3.:-MeV alphn partictlens
roleanad by (I4T) roactions and will, in turn,
radiate x reys e o bLlackbody. Tho frectional
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| TABLE I
| THEORETICAL ENERGY RELEASE FORMS FROM FUSION-PELLET MICROEXPLOSTINS
i Bars (Frozen) DT Structured Pellet
! Fraction of Average Fraction of Avarage
! Total Energy Energy Total Enargy TRy
Energy escaping pellet :
Photone 0.01 ‘v 4 keV peak 0.08 0.9 MoV
a Pa.ticles 0.07 '\- 2 MaV — —
Huutro'is 0.77 v 14 MeV 0.70 12 MaV
Energy deposited in pellet 0.13 S0 keV/particle 0.25 0.2 MaV/pacticle

eusrgy release in x raye will be larger than for a
bare pellet, but with a softer spectra. However, a
higher-energy gamma-ray component wili aleo be
present due to neutron scattering reections with
the etructural materials. Moet of the 1l4-MeV
neutrons vill escape the pellet with elight degrada-
tion in energy.

The time ecalee associated with theee esvente
are important for estimating the reeponses of
reactor components. The thermonuclear buctn lasts
% 10 pe and ie terminated by expaneion of the fusion
fuel. Energy deposition in cavity and blenket
componente by x raye from pure DT microexplosione
occure in a time interval of thie same magnitude.

K and gamna radiation from structured pellete occurs
over a somevhat longer time interval. Energy de-
poeition by neutrone occure primarily in blankst
regions in neutron-elowing-down timee, a few micro-
secunde for 14-MeV neutrone in lithium. The arrivdl
tiumee at reaction chamber interfacee of free-
etreaming charged parriclee and of the debris plasma
depand on rhamber geometry and dimeneions, on the
kinetic energy and epertra of the particles, and sre
aleo affected Ly the preesnce of an ambicnt gas or a
magnetic field iu the reaction cavity. Time inter-
vale for energy ('poeitiun by charged particles are
of the order of e few micruseconds for ' 101) MJ
microexploeions in reaction chamber concepts thet
have been analyzed.

Fuaion-pellet-microexplosion repetition ratens
are important factors in determining the cost of
producing power. Repetition rates of 1 to 10 per
second appear feasible for reector cuncepts being
evalueted.

III. ALTERNATIVES FOR CONTAINMENT OF FUSTON-PELLET
M.ICROEXPLOS [ONS

In a LFR, fuelon-pellet microexplneions muat
be contained in e maner thet both praventa excee-
eive damage tc recactor nomponants und parmitu
recovery of the energy ln a form suitable taur
utilization in an enerygy cuonversion cvele,  Eneegry
deposition by x rays, (reae-xtreaming chargul parti-
clee, and particles in the debrin planma occurs at,
or very near, surfaces nf {ncidence in atracenral
e coolant materials; the enargv of l4-MeV nentrons
and high-energy gnuma rays in depoaited thronghout
relatively lerge material volumen.

A bere cavity wall (e.g., a4 hare refractory
wetel) would he the wimplent reactor cevity enclonure.
However, the luterlor wall of wuch a cavity weald
heve to wilthatand vepaated anorgy doponition
amounting tn 20-102 of the thermonuclear vield
within e fev micyvmetars of itn HurJace, and anlonn
very large cevitinn vore usmi, vervy high snrface
temparature increaneon wonld resnlt. Talerable
surfece temperatnte Incrounes ol wach srrmetarel
componente have not bLewn entablished cither by

4
[

theory or experiment, but it is probably expedient
to design eyetems that at lesst prevent temperature
excureions from exceeding the melting point of the
vall material. For a cavity made of niobium, this
constrainL would reeult in a minimum cavity diameter
of about 12 m to contain the 100-MJ pure-DT microex-
ploeton described in Teble I. There ere evonomic
incentives for reducing the cevity diameter below
this value. One eolution might be to operetc with
the higheet permiseible ambient gee deneity, allow-
ing a epherical bluast vave to develop. Calculatione
show, however, that the blaat heated gas would onlv
reside at the chamber wall for s very short time--
toco ehort for eufficient thermal conduction into

the vall. Steady-etate operation with repeeted
fueion-pellet microexplosione wonld rewnit in e

very turbulent, hot cavity medium with enerny
tcensport to the chamber walls hv radiation and
thermal conduction, compi‘cating pellet injection
.nd {lluaination by laser heams.

There are several reactor cavity conceptn that
employ ev -orastive and/or aklative materiels td
protect interior cevity wall surfacea. For such
concepte, ir is necessary tuat the protective
material be reneveble berween pellet micvroexplosions,
othervise cavity wall lif(ctimes would be uneconomi-
cally ehort. Protection of exposed nurfaces by a
l1iquid mctel euch ar tithiam has many attraceive
features end ie utilizod in the wetted-wnll concept
proposed by the Lom Alamos Scientific Laboratory
(Booth) %), Williamm, »t al.[6]), Willlams, et al.[ D)
and the ~uyprensed ablativn concept propoaund bv the
Lavrence Livermore lahoratorv (Hovingh, at al.[8]).

Externally epplied magnetic (lelda in a cylin-
drical cevity could be ueed to divert charped
perticies out the endms of the cylinder leaving unly
the x-ray energy to be accomodated by the cavity
vall eurface. This approach is alwo heing exploite:l
by the Low Alamoe Scientific¢ labhoraterv (Frenk, ci
al.{9]). Contr1l energy-sink surfmres are placed
in the enda n' rthe cylindrical cavity and the
charged parti . are incident on thewe nurf(acee

IV. HEAY TR ° IN LASER FUSION RFACTORS
A, Energy !-  atlun and Heat Tranafer in Gavity
JHulle.  The = chatlenglag snglneering problems

encunntered 1n LFR denign arce amnociatet with
protection of the surfaces of cavity components

from damage dne to x rays and ecnergetic charged
particlas., Energy dopositian ‘lennitien in cavity
valln duo to nentrone and gamma raya are not large
by conventional standards and dn not pose nignilicant
problemn.

X Rayn. Depending on the pellet design and
constitnents, & wiie range of x-ray spectra are
possible (rom fanion pellet mleroexplonions, A
typical xeray spectrom from a LK)=-M1, pure DT
mleroexplonion in whoewn In Fig. 1. X-rey smpoectra

M
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Tigure 1. K-vray epeactrum from 100~MJ pure DT (usiom-

pellet microexplosion with blackbody epectrua for
comparison.

s

from etructured pellete conteining high ztoaic

nuaber materiele are expected to have a Plenck
blackbody dietribution but the blackbody tempereture
will depend ou the vield, zase and compoaition ol

the pellet. It fe importent that eurface tespersture
fluctuations for cavity componente be eetimated

with reasonable accuracy since thay determine
eloimue cavity dimsneions tor moet reactor concepte.

Monte Carlu photon traneport cudes ere uned to
calevlate x-ray energy deposition for complex
absorber geomatries; hovever, manv practical
problems in LFR deeign involve relativelv eizple
geometriee for which ecmevnat lese deteiled analysee
are appropriate. Exponential decav lave vith
sufficiently letailed trestment «f x-ray scattering
processss have been found tu reproduce deteiled
Monte Cerlo resulrs with accerteble eccurecv for
efimple geometriesn. .\ computer program (Gardner and
Seite[10])) 1e ueed which sume the contributiuns
from photoslectric capture, coherent acettering,
and incoherent (Cumpton) scattering. Peir produc-
tion fe not included bscause the applicetions
favolve x-rey energiee heiov the threshold ltor thie
type of interect'on.

Scettered photone are sssumed to heve erimuthel
eyametry reletive to the incident bean. An approxi-
mste angular diecribuction of the ecetiered (luenve
fe celculeted bhv dlviding the scattering directione
fnte conicel eecturs mubtending tinite polar angles,
8, as flluutrated In Fig, !. Secondarv scettering,
f.0., ecuctering (rom vne conicel mector inte
another, is epproximired by assuming the seme t/pe
of eymmetry ae in the prirery heam scettering.
Backecettering ie accounted for by lumping ail
bachscettered radiation into the opposite direct ion
reletive tu the primary beem.

Figure 2. Schematlic representation of x-rey ecet-
tering rectorn.

rd
.
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Cosparisons huve been made betwaen the resulte
of Momte Carlo calculatioas and the approzimstion
described above Ior a nusber of sbsorber configura-
tisas, ifancluding some in vhich geowmetry—dependent
scattering losese were significant. Geserilly, the
agreement fe within 52 fer intermsdiate or high
atomic oumber materiale but discrepsncies ae large
as 10 to 132 may occur for lov atomic oumber aste-
risls,

Surface temperature increises due to x-Tay
-\eposition in materiale of latereet for cevity vall
chastruction (1.e., refrectory matale and eteiniene
steele) ere very largze. However, teopereture
fluctuation, ete diminiehed coneiderably hy protec-
tive layere of materiele with low atomic number
that filter out the low-temperarure componenta of
the apectrum. Liquid litalue te ueeful for this
purpose since it ie esei.v renevable between =aicro-
exploeicns and eleo efforde protertinm from energe:-
ic charged particles emsnsting from pellet microex-
plosions. Protective lavers of carbon and oetal
carbides are alao utiligel in eoma Teactor cavity
concepte. The effectivensse of thin leyers ot
lichlus and cerbon to protect niobium componenis
from the pure DT-pe'let x-rav spactrum glven 1o
Fia. 1 are showm in Fig. 4. Protection ol metal
surfaces from the reletivelv low-temperature x-ra:
spectra from structured .ellete ie wmcre crucial
than ror the pure-DT-pellet spectrus. >Stsinless
stesl nurface tempersture incresees ¥ith end without
a protective lithiuva laver are shown in Fig. <« as
functions of bleckboady teaperatura.

Free-etrearing c':arged particles anu pellet
debrie plasma. Proterciica of .avitv cemporent
surfacer (rom {mpinging .nerze: particles van b¢
achieved by restore~ie protuctive lavers, by Jiver-
eion vith magnetic flelds, uvr v previding large
eurface arees a0 that the t'-tence per unit area is
emall.

For cavity concepts with restorab'e protecti'c
lavers, such as liguid lithium, he easrgy of the
charged perticles i1x depciitel in Jepths of 3 few
nicrometere (rom the surface. This surface =ater.a’
ie evapcreted and a*latec inte the cavity (nterior
fvom whicrh 1t is exhausiel thrrugh 3 nozzle into a
condenter end heet excharger.

In cavity concepte t-at are hasad on the use
mignetic fielde to deflect cherged particlies avav
from cavitv wulls, tae particles aiv incident wn
“cnergy winks” viiich heve lerge surface arvas con-
rieting of csrbon, a4 metal carbide, or eome other

1
L

WOSIAY 5.0av rrvanct tind

Figure ). Niobium eurfece tempereture increanen due
to inetenteneous depoxition of x rave (rom pure DT
pellet microexplosion for bare end protected
ephetee.
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‘Tigure &. Stainless ateul surlace temperature in-
creaees due to instantanecus depuaition of bdlack-
body epectrum of x raye f(or bare and protected sur-
face.

refractety matarial. Energy sink aurface lifelimes
are determined by the rate at which they are eroded
or evaporated. Thus, daslgn criteria (nciude lixEita
on eurface temperature (luctustions. The time
fetervels of arctival of charged particles at the
energy oinks are long compared to other pellet
eniseiens and significsnt conduction of nwat avay
frem Lhe surfece can Lake place during : nesition.

Perticle (lunes may consist of discreu Ings wf
different types of particies and vith ‘rent
eaergy spectra. Particle ranges in s. -1nk
eurface materials of Interest vill de . par-
ticle type and energy and an the sur:. cerial
but will generaliy he less than about

The problem of calculating the sy . .« temper-

eture increess of the energy sinks cen be modeled
sathesatically In st least two ways., A surfere (lux
wodel is deacribed by the equetion

2
g..21 (0
n
and the boundary coadition
-:ocg-:--ru.-o. (2)

vhere! T ia tespereture, t is tima, x {6 apece
coordinate petpendicular to the aurface, v la ther-
eal diftuaivity, 0 ie deneity, c 1o hast cepacity,

S8 etrmae

and F iIs [lun of energy per uait surface srea per
umit tims. Altermatively, a volume source madel aay
be usad which fe described by the equation

- x 231 o 3)

aad the boumdery comdition
B-oawa=o ()

whate 3 16 tha rete of energy depositioa per unic
velude per wait tims,

The surface temparetuse increase at the eod of
a uaifore pulse u. duratiom : predicted by the
suriace flun model /s weil known (eew (Or imutance
Carelav and Jasgerill]) to ba

2r
T, 0,1\ m JU- 3

Thie selution has frequently boen used (Craston, et
al.[12), Behrish[1)]) to calculate firat wall cvep-
oretion retes in augneticeily conlined (usion
reactore.

The surfoece tewpersture increase predicted by
the velums seurce wodsl has been dataruined lor a
eingle square pulse of dJuration : to be (Axford{ls4))

$ v 2

1"(0.‘) - “L {er( u - Iu: erfc u ¢ + we ¥

vherey the velums soutce is glven by

l.. 0«1, 0<k <t
9, ethervine

§ = constent

o

! w depth of enargy depeaition

u - EIIJCT.

The two eoluticns can be compated (Or tru samme
thermal f{oading by requiring

F - 306. (1)

Comparisons O tempetrasture incresites predicted f(or
stainiesn stael by Equations (51 d4nd (h) are shown
in Flg. Sfor ¥ = - ° J/cm':s and ' = % @, Thte
plots 1liustrate the dif(erent hehavinr of the two
avlutions (or short pulses. The surtare (luxn nodel
prld!g,g that ths surface ‘empcrature will lncreane
as ' * " and the volume nuulfce model predicts that
it will approach the value F:/-ci, vhirh Ls constant

tor (luxes inversaly proportional to pulse durstions,

Compay inons hetveen the twvo endulr can be
genarslived by recogniring that for some applicae
tions {0 LFR design, v is numericatly small. Fuor
such cases, T_ (fq. 6) can be expanded in povers of
u from vhich the ratio

T,(0.1)

TJ'TO._J = 1.0 + 0(u) (9)

can be obitained. Thus, for small u, the results
from the twvo mode's will ho in subntantiel agree-
ment. The nondimcnaionsl vaeriable u la a maaiure of
the "eurfece effect” or “shin depth” (sse, (or
enample, Behrish{l1], Fig. o).

The (ractional dJifference hetween surface
temperetures calculared f(rom the two module is showm
in Fig. 6 as a function >( u. The depeadence i
slenst linedr and the covsetant of proportionality is
nearly unity.
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Figure 3. Surfece tempereture riae fur stainlese stee

source (Ty) models.

Present estimates of energy deposition by
charged particles in LFRe indicate thermal loadings
consinting of weveral pulses, sote of whiclh overlap
in time and are short cnough te fall (n the reglipe
vhare surface (lux wodaels are nut sufficiently
sccurete. To cope with this situation, the volume
source madel (£q.
& wource, 3, consisting of the superposition of an
erbitrsry number of pulsas:

N
§= I N (9)
. {=]
0s
03 -
-
-:'tl' 02 ~
™
ol -
o
4] ol 0.2 03 04
. v
Figure 6. Normalired di(ference betweren surface

tewmperature rince obtained (rom surface fiux and
volume eource madels.

3) haw been ganeralized tv include

1 calculated with the surfsce (lux (Tp) end volume

with

Y

Sl v ) otherviee.

An example ¢f two nonoveriapping pulses {3 illus-
trated schematically in Fig., 7.

.\ genets! solution of this problem hes been
obtained uring laplace traastora techniques and s
expreseed uxplicitly in terms of parabolic cviinder
functions. The resulting expressinns are too length
to be included in full generalit: {n the present
paper and will be publinhed elsevhere.

Here the sclution (s lllustrated bv an example
of the eurface temperature rexponse tn two pulses
{ncident on molvhdenus an shown in Fig. B, The
first pulee is 0.1 ..s long, penetratev to a depth ut
$.8 ua, and has 4 source strength of 6 x 10" J/em -«
The second pulse begina 0.5 us after termination ot
the firut pulse, lants for 0.6 .o, penetrates to a
depth of 0.67? .m, and hex a mource strength of
1.71 x 10'? J/cm'-s. Thiw molution clearly shows
the cocling between the pulnes and the repid temper-
ature decrease at the end of the second pulee due t»
the relatively gond therm.l conductivity of molvi-
denum. The temperatures predicted by the eurface
flux oodel ar the end of each pulee are also indi-
coted. As expected, for the (irst pulse, for which
u, = l.4]1, the tw predictions are vary far apart.
lbr the second pulec, u = 0,07, and the (ractiunal
eurface temperature difference is about 9%, vonsise
tent vwith the result presented in Fig. 3. Shown {n
Fig. 9 sre the temperature distributions f{uvafde the
vall corresponding to the surface tempersture hintury

. for 0 < x ¢ TR FTERI S PP
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“Pigure 7. Volume source of two puless.

presented in Fig. 8. Use of the above generalized
formulation permite modeling of energy deposition
and reeulting surfsce and volume temperature vavia-
tions due to penetrsting radiation and energetic
particles in any degree of detail desired. Non-
uniform volume energy deposition can be approximated
by successive pulses with appropriately different
‘'volume sources.
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Figure 8. Surface temperaturc rise in response to
two pulees.
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Figure 9. Temperature distributions inside the

cavity wall caused by thermal loading of two pulsea.

B. Energy Deposition and Heat Transfer ir Reactor

Blanker Regions

Reactor blankets have not been designed in
detail; however, analyses have been made for concep-
tual designs in which circulating lithium {s contained
betveen structural shells enclosing the reactor

cavity.

The most detailad analyses of LFR hlankets

have teen perforwed tor spherical systems.
Neutron energy is depusited primarily in the
1iquid 1ith um by neutron scattering and excergic

capture reactious.

Neutron capture reactions in

etructural componenrs result in a substantial

eecondery gamma-r»

mainly by the otr
coolant flovs to
cavity wall vher
the flow 1is dire
tive film on the
pellet microexpl

ted radially outw
gamma-ray energy i

region.

ource thit
-1l shells.

{s attenuated
Cold lithium
wum surrounding the porous
divided. A small part of
~Jard te replenish the prorec-
. wall interior between

- and the major part is direc-
:or removal of the neutron and
«t is deposited in the blanket

Reactors that hiave been desfgned for minimum
etructural mass and accceptable tritium brecding
ratlos include three structural shells surrouading

the reaction cavity.

Neutron-energy deposition (n

liquid-1lithium regions results in heating and
exransicn of the lithium. Because energy deposition
{a the lithium has a radial gradient and deposition

times are very zhort 1
natuval frequencies (* 10

10°% 8) compared to nhell
' 8), pressure waves

reasult that travel between structural components.
The shells respond to impulsive loads by ringing at
eesentially their natural frequencies, moditied by
the hydrodynamic coupling to the liquid lithium

reglons.

Pulsed energy deposition in the structural
shells results in thermal gradients whick,

in turna,

glve rise to thermal expansion and thermal
etreases. Thus, reactor blankets must be designed
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Figure 10. Neutron and gamma ray energy deposition

ineide a 1-m-t.ick Jithium blanket.

to withutand ripeated stressee due to the cyclic
nature of LFR nperation.

Neutron and gamma-rav energy deposition distri-
butions from 11)0-MJ pure DT microexplosions are
shown {n Fig. 10 in a l-m-thick blanket surrounding
a l.7-m~radiux cavity. The inner.aost structurai
ehell is load:d not only bv the pressure waves in
the lithium bur also by the recoil momentum from
the ebla:ion of lithium fyom the {nterior of the
cavity wali. Structural shell thicknesses have heen
valculated to contain 100-MJ pellet microexplosions
for either niobium, molvbdenum, or stainless steel
at temperatures up to 1000 K. The ringing hoop
etreegses for Lhe innermost ctructural shell are
shown {n Fig. 11.

Start-up analyses have been performed for the
reector with i l-m-thick blanket surrounding a
l.7-m-radius ravity for a 100-MJ pellet microexplo-
nion repetitinn rate of one per second. The results
indicete thai becausc of the large lteat capaclitv of
the system, “«2 perturbations due to individual
pulses are hirdly discernable. Equilibrium blauker!
temperature Hhistributions are achieved at~er about
300 microerplosions and :rc shown for r.ree different
lithium flew rates in Fig. 12,

V.  SUMMARY AND CONCLUSIONS

Although as yet an unproven technology, laser
fusion offers an att-active potential sourcy »{
commercial jsower. The mest crirical unsatistied
technology ecquirements ace thess related te achiev-
ing signifi ant fusion-pellet bura. Detalled
engineering of re.tcl.'r designs must awalt confirma-
tion of fusion-pell:t design and microexplosion
characterisiics. Laser systems with power levels
exceeding 1/)0 TW are scheduled for operation within

.the next fuw years and are expected -0 euneble the
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Figure ‘oop s%resses in innermost structoyral

shell -riral laser fusion reactor as a func-

tion c: arter pellet microexplosion.

echiever. 27 of the major milestone of scientif:c
breekeve:. With the achievement of this milestone,
the laser-fusion program would proceed from the
research to the technology development phase almed
4t demonstrating the attractiveness ~f commercial
operation.

“he practical feasibilicty and preliminary
cngineering design of conceptual LFRs are being
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Flgure 12. Equilibrium temperature distributicns

in the blanket of a spherical! laser fusion reactor
Ltor different lithtum ccolant flow rates.
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aseeseed based on theoretical predictions of fusion-
pallet microexplosion emieeions. Pellet microexplo-
sione must be conteined in a manner that both
prevents exceseive damage to reactor components and
peraite recovery of the energy in a form euitable
for utilization in an energy conversion cvcle.
Optimization of rsactor designe for minimum capitasl
and opereting coete have required the developaent

of nev engineering concepts to cope with unique
prodlems of vecoverv and transfer of short intenee
burste of energy in nonconventional forms.

The moet hostile environment in a LFR results
from the fusion-pellet microexp.osion in the reactor
cavity. in this peper some of the heat-transfer
problems rela:ed to the conceptual design and
analyeis of LFR cevitiev have been identified, new
sethode for their solution indicated, and the
reeulte presented. These results indicate that the
eagineetring problems associated with the development
of LFRs will poee a formidable but not an insurmount-
able rhallengs.

Heat-transfer problems in laser-fusion genera-
ring etations other than those discursed in this
paper include the cooling of very large mirrors and
windows thst will be expoeed to intense short-pulse
laser beans and poeeibly tu radiation from the
reactor cavity, and the cooling of hign-repetition-
rate lov temperature laser power asplifiers.
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