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I
Briafly dimcuamed arm the lamer-init laced f umion raact iom, -Iaoionm that ●ro produced, and methods

kbat may bc ummd to protact tha wallb of reactor cavitiaa from theea emioeiona. Thermal loadinge encoun-
tered in lamer fusion rmectoro will coneiot of ●tergy deposition by diecrete, short, intenee puleee of x
- game raye, feat ●lpha and other charged perticlee, and fuoion neutrons. Preeented ●re mdeln of frner-
w dapooition Im otructursl walla and blanket region- surrounding the reactim chamber mnd methods used CIJ
r~lculato renulting cemparaturu increaaee ●nd thermal ntresees in these component. The reeultn of r+uch
malculatioma indicate that the design conditions for the engheering of lacer-initiated funion reac~ors will
ba ●mvara amd ● grmc amountof ingenuity aod analynia will be required to meet thcm eucceasfully.

L 2UTWUICTION

Iuar-imduced fueiott ie an attrmctiva potential
mltarmetive and/or eupplmment to magnetically
confined funion for aatimfying anticipated national
md glo”bal ●.rgyueede.Fusion reactore ●re ●xpected
tm be ●igmificam ●ourcen of conaummble ●nergy iil
the early part of the next cmntury.

Tha dmvalommtt of laaer-fueion cachnology ie
bmios paced by the time required to develop end
-truct high-power-level, ehort-puloe laaera.
Sl@ficant numbers of thermonuclear ncutronn have

bamm produced by fusion pellet Irradiation with
batr power levelm lens than 1 TU. Now ●nd unprece-
dmmted laeera with power levels ae large ae 200 ‘f’U
aro ●chedulad for completion during the next five
y~ara. Achiavemmnt of scientific breakeven (therm-
nuclaar energy rehaoe equal to laser ●nc:gy input)
la ●mpactad with thin traw generation of lacers.

Ilm understanding of the phyuice of lamer-
Imduced fumion doee not permit definitive #pecifica-
tlon of ●ither fuoion-pellet deaigne or propertlee
nf fusion microexplomione. Sophisticated calcule-
tionmltcchniquea to analyze lmaor-inducud fusion
have baen developed but euffor from the lack of
corroboratin~ experimental data. Nevtircheleaa,
theso calculations provide ch~ best ●vailable data
to tdentify the unique deniRn requiremsmtn for
lmser fualon reactor (LFR) concepts.

Conceptual lamer fusion roactora lncludc a
raaction chamher or reactor cmity in WIILCII fu~lrrn-
pallat microetrplomlonn hra contained. l’olLete

containing fuelrm fual are InJected tnto the rrm,tnr
cavity whore they are illuminated by lncmm~ 1.I ., :’

beam ranultinR in haatin~ ●nd compre~ulun of 1.
fual to conditions required for ●mlf-numtnlnlnx
thcrmmnuclear burn. Th@ lnnor haamm arr reflcr.
●d/oT fncusad by mlrrorm into tha cavity throur
opmninge in the r,avlty wall. I%* fuNlon fu~l r,,
firmt-generatlun fumton ronctorn will ronuler, i,I

●tnichinmmtrlc mtxturin of doulertum ●nd trltium
(m) . Sxcann. nf tha ncn’cwnity tn hrmd frlttum
for tho fuel CYCICI by nc!utrrrn rO~L-,LkIM with llthlum,
raac:or c.w?lthm are ●urroundetf by ralntlvulv thick
blanhmt re~lonm containing !lthlum or llthlum
compoundm.

The major prohlom.i w!ounr-rmd in Lh@ rontaln-
mmnt of fualun-pallmt mlrru~xplonlnnq and III analvx-
ln~ moray duponltinll and rm:ovvrv In I,F’Rxar~
dlacunnmd in thin paper. ‘lht+ rharavtorlrnlien of
fusion prllpt mlvrn~xplotilnnrn #rm dvwrihd In
B.ctlon 11 and mlcroaxplomlon conLalnmonL altcrna-
-. —----- --- -.. --- - -

*wrk p-rrnrmr,l under rho nu~plt!tw or thm 11.S. Rn@rSy

N-bar U-740%F,N(:- )6.
4

tivee in Section 111. Section IV consi9te of
dmecriptione of energy deposition m- ,)ismn in
reactor cavitiee and blanketa end u ,.s1s for
analyzing the unique heat-tranefer . .~me that
arise.

11. YUSION PELLH t41CROSXPLOSIONS.—

The physical and chmmic:l form ni the fuel for
LFRs hae not been determined; however, the mat
promialns candidate in molecular DT in gaaeourr,

liquid or ●olid form. Of equal importance, with
regard to LFR concepts, la the encapoulatlng pellet
tmterial. The DT fual mi~ht bu simply froznn
pellete of pure DT or it might b~ contained, for
example, within ● structural nhell or eyotem of
ehells. The use of bare frozen DT pellets Ie
conceptually attractive, and a number of detailed
calculatlona have bean mada of pure DT microexploslona
(see, for inntanca, Clarke, et al. [1]).

In the proceaa of hoatlng and compreasinR hare
fualon pellets with laaer beamu, m.ztarial is uhlnted
or blown off from tha surface of tho pellet (Booth.
Wt al. [2]), The thermonuclear fuel is compre~rnud
and heatad by the brnlance of momentum from the
expandlnR (ablatad) meterial. Recent invcstiqationtl
(Ehler, et ●l.[11) lndlcatad prohlema of low ther-
mal conductivity ●nd ●nomalously p.mr absorption IJf
laaer lLRht, Vary high anergy lona ara produced
that carry away mot of the energy but with lnnuffi-
cienl momentum to adequately comprunm tho thcrmornl-

clcar fuel, thus indicating fundamental dlfficultie~
with bara npherical p~llotn. Arcordlngly, lncrtm~ud
nttontion in beimR @Lvan to funion pellet dcnifin
variation and different cnnpltng m@chanlHm# unlnM
ntrurtured pmll?tn in ord~r tJ mitigat~ or ●void
tiwmn cfJCflcultlee.

Thmnratical onerny-rolaaaa form from ~ UYHf.J
pmllat mlcroexpl-{ona ar~ Nlvtn in Tnhle I (llrwdrr-
rmn[4], Suoth[5], Wllllnmn. et al. [fi]). For thn
bara [W p~llet, prompt x rayri wnuld b- ohnprvcd
first. The 14-tbV neutronrn would follow nprtt in

tlmn, thrnn h{nh-enerRy (’u 2-MoV) nlpha partivlon.
and finally th. plame of pell~t debris, For
ntructurcd pttlletn, thp twrersy r~lean~ mm-lwtnlnm~
obnorvad jwat outnldP thv expanding pellet wIII
dwpand on thr thermnuclnar yield nnd on LIIP t.ulI,po-
eltton and mann of th~ mrrurturnl t,ontalncr, A

ralatlvaly mannlm Ehpli of hlRh atnmlc number will
absorb t.ha rn~rg~ of the 3.:-MvVitlphapartlclcm
rolemnd hy (I)+T) rractltm and will, in turn,
radlata x raym n ● blarklmfy. TIIO fractional

Rmwarrh and IMv@lopmont Admlnlmtrtttlnn, Contrarr
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~CAL ~ EELEASE = PMf PIJ21m-PELLE2 MI~fWS

Uara (Procan) OT Structured Pdlot

Prutiom of Avar-a Practiom of Av9raga
Totml ltmer~ Emerw Total 2Mr~ ~rrn

I

E-= macapittapdhc
Piwtomm

:,
0.01 %41 bvpmmk 0.05 0.9 kv

a P& Liclaa 0.07 ‘%2Mev .—

Bautrm-a 0.77 % 14 Mv 0.70 12 mv

Btergg dapwited in pall~t 0.23 50 kaV/particla 0.2s 0.2 MV/pmrtlclo

●mergy ral-aa in x rays will ba largar than for a
bar- pallet, but with a ooftar apaccra. However, a
higher-energy gw-ray componont will also bc
prasont dua to neutron, ocattaring raactionn with
the structural matariale. Fbat of tha M-HMV
nautrone will ●acmpa tha pallet with ●light dograda-
tiott In atmrgy.

The time scalaa associated with thama wants
ma important for ●animating tha rampomsas of
rmactor components. The tha-nuclaar burn lanta
% 10 pc amd is tmminmcad by ●xpaneion of tho fusion

fual . Eoergy depoeitjon in cavity and blanket
caponmts by x rays from pure OT microexploniona
occurs in m time interval of this same magnitude.

X atd gmma radiation from structured pellata occurs
war a smwhat longar time Lntmrval. Enargy de-
position by nautrona occurs primarily in blankac
rasionm in neutron-slowing-down timam, a faw micro-
soctinds for 14-f4eV neutron- in lithium. The arrival

tihm ●t reaction chamber interfacom of fraa-
●traamins charged parriclaa ●nd of tha dabrin plamae

doparwf on rh~mber gaometry cnd dimensions, on the
kinatic ●narsy and ●pactra of tha particles, and ara
also ●ffactad by the prtaance of an ambient gaa or a
ma~otic flold ill tha raaction cmvicy. Tlmo lnt~r-

valc for ●nergy dlpoaiticnt by charged partlclern ara
of tha ordar of ● faw micronmconda for ‘t lt10 YJ
microexploaione in reaction chambar concapta that

havo bman ●alymrd.
Punion-pallat-microaxploaion rapetltlon raten

arm hportant factora in dutarmlnirrg the coat of
productn~ powar. Rmprcitlon ratoa of 1 to 10 per
sacond appaar feaaiblm for raactor cmcepta baing
●valuamd.

111. ALTf!RNATIVM FOR Ct)NTAIN?fEW OF FfJSION-PELLET-—-— . —. ..-.-— .—. —.—— .
~MCR02XPLOS It)NS

In ● LFR, fualun-pallat mlrrooxplnmiona DIunt

ba tontainsd in ● ma.mar that bulb prn~srnta rwcoa-
●ivo damxsa tti reactor ,!omponnntrn nnd p.armitM
recovery of th~ ●nargy in m form nultahle r’nr
utilisation in an an.r~y convoralotr rvrlv. khor~y

dopoaltinn by x rayn, frme-straamlng churgt,d pilrti-
clea, and partl~:lcrn in tha dobrlti plnMmn occur~ nt,
or vary naar, nurftruen of lncldoncw in mtru~:tural
●iuf coolant trurtcrlnlm; tlw nrrnr~v Or 16-MFV noucronir
and hiRh-enwrRy Rrmra r.’lym iM d~pmmitmf l.hruuRhollt
relatively larKO mnt~rlal vuluman.

A bare cnvity wall (0.R,, n harm refrnctrrry
metal) would Im tha almpl~nt reaclor cavity mnrlotiuro.

mowevor, tlm lntprlor wnll of wuch n ,:avltv WWld

hava to wlthstml L’QIWMLPII mnr~r~v drponltlolt
amountlns tm m-m% or tha thorwnuu:lo~r vlwld
vlthln ● f-w mlrlnmotarm of Itir rnur.’arm, nnd unlvnn
vary Iarmm cavlflnm vmro u~rwl, vmrv hlHh mrfm:r
tamparature lncrraMoM would ranult. rolmrnhlr

aurfaca tamfrprntluro lnvrrnrno~ Ill WUCII rnrrwrlwritl
componanta hnvo nnc boc.ii entnhllahod olthvr hy

chuory or uperlment, but it La probably ●xpedierrt
to doclgn ayateme that at leaat prevent temperature
excuraiona from ●xcaeding tho melting point uf the
wall matarial. For a cavity mad. of niobium, thin

conatrainl would reuult in a ■inimum cavity dlmocer
of about 12 ■ to contain tht 1OO-FLI pure-OT ❑lcroex-
ploo!.on described in Tabla I. ‘f’her@●ro ●wwtomlc
incmmtivas for reducing the cavity dlaur,er below
this valua. Ona aolutlon ●ight be co oparatc with
tho hl~heat permiaeible ●mbient @aa deneity, allow-
ing ● ●pharical bldat wava co devalop. Calculation
ahw, howavar, that the blaat heated Saa would onlv
reoide ●t the chomber wall fur a vary short tlme--

t~o short for ●ufficitint thermi comfucriun into
tha wall. Staady-ataca operation with repeated

fusion-pallet ❑lcroaxploalona Wuld rewlt In ●

vary turbulent, hot cavitv medium with enarNy

rrmtapert to the chambar wtille hv rmllatlou und

themal conduction, complicatlrut pell~t inlacciun
..nd illumination by loaur heamu.

Thare ar@ several rauctor cnvltv conrepts thuL
mmploy ●v loratlve and/or nhlattve mterialn ta
protect interior cavity wall ~llrfacaao Fur much
concepts, it ia nacarnsirrv that thm protuctivo

matarlal ba renawable between pellet mlrro~xrrlonlonrn.
otharwiaa cavity wall Ilfetlmen wuld br unu~,orromi-
cally short. Protcctlnn of cxfrnntrd #wrf.u.o* hv a

liquid ❑ktal ●urh on lithium hnn manv nLtrucrivt.
featuras and ia utillzrwl III the wetted-wnll. runc?p!
proposed by che Lom Alnmon Sricntlflc I,,ibor.ttorv

(Booth[f], Willtame, t-t:11. [6], Ullllamn, et JI1.IP])

●nd tha -Uppranned nhlatlon lwrnccpt proponod hv thu
L4WrattCe Livermarr laboratory (Hovtngh, ot ul.[ftl).

2xtarnaliy ●pplied maSnotir fleldn In a rylirr-
drical cavity could bc used to divert char~~d
particlaa out tho andn of rhm cyllnd~r leavlnR onlv

tha x-ray arrergy to be ml!cnmodaturl bv the cavltv
wall aurfaca. Thh approrrrh In alno hoing ●xplolt-d
by tha Len Alnmoa Srirntifir l,ithnr~torv (Frank, cl
al. [9]). Conl,”tl energv-wink surfocea are pl~ced
In th~ ●nda n’

rhargsd partl

IV. HRA1’ rw’-----

A. ~~ar~--l:.
Umllm. TIIm w,

•ncuunt-r~d III

rIIn cylindrical c~vity and th~
ore incidanL on these nurfacea

‘ IN I,ASRR ~HilON REACTORS---- .- . - —--- .- . . . ,. .-

, It Ion mid Ilr,nf Trn,nnrwr in l;wlfy. . . . . . . . . . . . . . ,.,.
I L,hallvnulna ong-l”l~ot,r”l-n~ prrrblrmN
I.FR do IIIRn nrv ilWWrlaLd wiLh

prutectlrrn 01’ the ●urfarvn of rnvlty comprrnvrrtm

frum damaRe dnn to x rayn ml orrerrn~tlr ,!har@
partlclan. lh~r~y drponltlnn ,Ionrnitlca In ravlty
wallm durr tn nk,wtrrma and Bnmn rnyn aro not lar~~

by conventlunnl nLandardn mnd dn not pone ❑lRnillcunt
frrnbloms.

~ ..Rji~a. OependtnR on tho p~llet deaiRn mtd
cnttmtltwents, a wltlv ranRo of x-rav npocrra nrm
poaalblc frnm twalntr Iwllot mit!rovnplo~lonrn, A
typlvml x-ray rnpwtrurn from a IWO-HI, pwrv DT
mlcro~xfrlonlon IN rnhuwn III FIu. 1. X-ray ❑poctra

#, ,h
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WUat ●lcrouPloslon wlch blackbudy SPOCC- for
c~rlaom.

fra structured pallets concaininw high atomic
-r MtOrlals arc ●aptccad to hmva a PIanck
bh.ckbody distribution but thm blackbody torrpcracura
will dopod 00 tho vlold, -u and coopositlon o:
tho pollot. It 1s important chat ●urfaca Comparmcura
fluctuaclona for cavity compononca bo ●c-cad
with rumaabl~ ●ccuracy ●inc. thay dacarmlna
●laimm cavlcy di-noions ior -or r-actor roncapts.

kata Carlo photon tranoport cudas ●ro umd ce
ca~culata x-ray ●norsy do~sicion for cneploa
●borbar ~omtrira; howavor, unv prarcical
probku in LFR dcmlsn invalva ralatlvalv ●iaplr
~trias for which smounac 106- dar,allod analysu
●a ●ppropriate. EnponantLa: dacav law- with
●ufflcioncly detailed troatmanc .~f n-ray •catt~rinu
procouam have bun found co rcproduco docmilad
bt~ Cmrlo rasultm with a:ctrtablo ●ccuracv (or
S1Q1O sao9atrlo Nc .\ roqucor program (Cardncr ●nd
*itt[lO]) is umed ~hieh m=m tha contrlbucl.ns
from photoalaitric capture, cohsront ccutoring,
ad lncohoranc (ComptonJ scmttorins. Pair produc-
tion iB not includad bocaumm Cho ●ppl~catlonm
iavolva a-ray cnerglaa h-iow ch. thr@ohold t’nr this
ty~ of lntoract’.onm

Scattmod photons ●ra ●souood to havo ●~iauchal
sptry rmlattvo co tho lncidmnc baao. An @proxi-
motom8ular diatribucion of the scat:arcd fluanrr
la cslculuod hy dlvidin~ cho scattering ditartions
into coniial ●ectorrn ●ubtmdinn Iinltti polar wn~lcn,
6, ●m tlluutrated In Fig. 2. Swtondcrv ■catcerlnR.

i..., 9c*ctarinR from on~ conical ncctor In!,}
●nothor, is ●ppronirm?.cd by asaumln~ the mam CJPO

of ●-try as in the prlnarv ham ■rartarinn.
BachncattorinR ia accountwl ior by lumpins ●ll
bscbacutorad rndlation into the oppomita diroctlon

rahtiva to thm primary beam.

Wam

b,

~isuro 2. Schomtic ropranmtatlon of n-ray ccat-
t~rlng r8rtora.

~~t i- within S2 for Lntamodiue or hiti
●caic -r -carialm but dluropaciaa ●- lar~o
u LO to 15X M) occur for 10U ●todc -r uto-
rloLo.

tirfoca top.sraturo Irurmmoa dtn to x-ray
.~ition in-torialo of tot.rut for cavity wall
Cwcmctton (i . . . . refractory mtalm ad ●CainhS6
acosh) ●rm vary larnm. Mar, t~r4turm
floctuacimi●rc d~iniahod eomldarably by prot*c-

tlva layara of mocorinla with 10U ●taic numb-r
chat flltar out thm Iou-caaporacura compononca 0(
Cb ●pctnm. Liquid litni~ is uoa(ul ior thit
PU-* mi~. it im ●uiiv r~blm barwan alcrJ-..——_—
apiosioaa ond ●lso ●fforda pratmrcinn froo cmarg*:-
lC cltar~ad parciclom oaanatinc fra FC11OC aicroex-

pkions. ?rocaccive lav9rm of carbon and 09tml
c4rbLdos ●rm ●lso utilicrJ in saa rtactor cavicy
Coocopts. Tho ●ffoctlvanaao of chin layara at
Iithl- ●nd carbon to protcc~ niobka cocponeri:m
from cho puro DT-pa! let x-rav spoctru= gtvcn IR
fin. 1 ara mhoun in Pig. J, Protection of mocal
●urfaca frm tho ralaclvcly Iow-tnparature a-ray
~-tra frm ●tructurcd .crll.t9 is mrm crucial
than ior tho puro-OT-p*lL*t tipoccrus. Stain!Lc*n
MLU1 murfaca toaporatura introaaac with ●nd without
a prococtivo llthiualay=? ●ro ~houn in Fla. * ●m
~unct ions of blmckh~dy r*= Porbt Ur_.

~iguro 3. Nioblu ●ur(acc t~araturo incrmanm JUF
to lnstantatwoum depmitlm of R raw [rem tmrr l)f
poilat ●icroonplosion for bara ●nd protmtad
●phmm.

.
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(1)

ad tha boundary codltlon

-’NE
- ? ●t m- o, (2)

Mtarol T 10 ta9paraturc, t Im tlm, n to fipseo
coerdlnasa psrpmmdlcular to tho ●urfacc, ~’ Im ther-
mal dlffualvity, P 1s knslcy, c ID heat capacity,

.

E =Oots-o

91 1
7,(0.1) = * [arf u - h: ●rft M + +U ●+ J

*r, O,f
■ 1.0 + r)(u) (s)
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ntmbor of puimo: obtalnod us!ng [.oplace tra:wtnrs t~chniqucs and 1s

@xPro#O.d ttxpllcitlv in termn o! parabolic cvlindar

(9)
function,. The reuultlnR expresslona ●re too lwrgt!;h:
to be included in full generallt’~ Ln the prenent
pa~r ●nd wlli be publlahwd elsewhere.

hr. tho solution lo lllurtracod bv an ●xmplv
of tha surface tmperaturr re~ponm to tuo PUIIII!S
incld~nt on molybdenum am ahourr in FIx. 8. Tlw
flrgt pu’lse iII 01 ..- long, prnrtratet to a depth U!

5.8 Mu, ●nd has a sourrc *trcngtll of 6 x 10’ J/cIII’.<.
Tho socand pulfie begins 0.S us aftar termination o!
the flrnt pulne, lanta for 0.6 ..*, penetrat~s to o
dapth of 0.6?7 ma, .md has ir nourc? strength of
1.71 x 1010 J/cm’.n. This aolutlon clcnrky shown
the cooling bet~ewr tho pulntm mvl the rapid ccmprr -
●uro decrease St the end U( the second pulse due to
tho rolattvely ttood therru.tl conductivity ot wlvb-
derrum. The tm$mraturem predlctod by the surfac~
flux 004F1 ●t thr ●nd of edch pulcu aro also indi-
cated W ●xpected, for the first pulse, for which
u = 1.61, the two pr~dlctiono are very far apart.
F/ir tha ●econd pulsQ, u - 0.07, and the fraLttion.sl
surfcce teaperaturo difference la shout 92, ~.onHiR-

Fimure 6. Norualixed dlffer?nco bcrw-en ●urface tent with cha raault premented in Fig. 3. Shown (n

teopcrature rlnee obtained from aurfaco flux nrrd FtR. 9 ●re the tenperaturc distributions Innidv tho

voluw source mndelo. wall corresponding to the ●urface temperature hlntorv
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‘Pigurc 7. Volwa source of two puloes.

proaaittad in Fig. 8. Us* of the ●bove generalized
forwlation permit- modeling of energy deposition
emd resulting surface and voluma temperature varia-
tidne due to penetrating radiation and energetic
particle. in any degree of detail desired. Non-
uniform voIume energy deposition can be approximated
by successive pulses with appropr!atelv different
Volw
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?igure 8, Surface temperature rine in renponee to
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9. ‘hnaperaturc distributions ineide the
wall cauoed by thermal loading of tuo puleea.

B. =Depositfon @Ke4LT_A”. WQ$X
Blanker Regionn

Reactor blankets have not been designed in
detail; however, analysea hnve been made for concep-
tual deaigna in which clrculatin~ l.lthlum is containeJ
between structural shells enclosing the reactor
cavity. The amsc detaI1*d analyses of LFR hl~lkets
have been perforaed for spherical systems.

Neutron energy to deposlced primarilv in tile
liquid litb urn by nwtron ncattcrlng and exoerglc
capture reactious. Neutron capture reactions In
structural components result in .? substantial
secondary gmrma-r~ .,>urce thin:. 1s attenuated

mainly by the ntr ..I1 shells. Cold lithium
coolant flowe to nurn surrounding the porous

cavity wall wher divided. A small part of
the flow ia dire .,.mrd tr replenish the protec-
tive film on the wall lnterl~r between
pellet microexpl and the major part is {flrec-
ted radially out> . or removal of the neutron an(i
gz.ray energy t ,t ia depoe ited in the blanket
region.

Raactore that have been deeIRned for minimum
structural maaa and acceptable tritlum brecdlnR
ratioa include three structural shells surrounding
the renct.ion cavity. Neutron-energy deptwition in
llquid-lithium regions results in htwting and
ezranaicn of the Iithlum. llecnuHe energy deposition
iII the lithium has a rwtlal Kr.?dlcnt and d~pusition
times are very Aort ( 10-6 S) coward to $thell
natu?al frequencies (’ 10-] s), pressure waves
result thar travel botwcen structural compmentti.
The ahalla respond to impwlaivc loads by ringing at
easentlally thclr natural frequencies, modliied by
the hydrodynamic coupling to the liquid lithium
regions. Pulsed energy deposition in the structt,ral
ahella results in thermal gradients which, in turn,
give rfse to thcrwl expansion and thermal
●treaaes. Thu#, reactor blonketa must be designed
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Figure 10. Neutron and gaema ray enerttv deposition
in~ide a l-m-t,.ick lichi~m blenket. “-- -

to withstand r(l,peated stresses due to the cyclic
nature of LFR (operation.

Neutron mnd gammut-rav energy deposition distri-
butions from 1OO-MJ pure DT microexplosions are
shovn in Fig. 10 in a l-m-thick blanket surrounding
● 1.7-m-rediu!l cavity. The Inneraac struccurai
●heli is loadri not only b the pressure wweti In
the lithium bur also by the recoil momentum !rom
the ebla:ion of lithium from the interior of the
cevity wali. Structural shell thicknes~e~ have hew
calculated to contain 1OO-W pellet mlcroexplosions
for either niobium, molybdenum, or stainlees steei
at tempereturvs up to 1000 K. The ringing hoop
stresses for lthe innermost structural uhell ere
●hovn in Fig. 11.

Start-u~ analyses have been performed for thv
reactor with J l-m-thick blanket surrounding a
1.7-m-radius tavity for a ltIO-MJ pellet microexplo-
nion repetition rate of one p@Y second. The remLts
indicate that because of. the large heat capacitv of

the eystem, :,:4 perturbatiorw due to individu~l

pulees are hlrdly discernabll?. Equilibrium blankt,!
temperature distribuctons are achieved af”er about
300mlcroexpl,oeions and aro shown for ?l:ree different
lithium flou rates in Fig. 12.

v. SUM4AF.Y AND CONCLUSIONS—.,,

Althoufl) as yet an unproven technology, laser
fusion offel 3 t3n attractive potential sourcv ~:

comercial l,3wer. The mcc+t critical unsatisfied
teChnohJgJ eqtiircmenta ale tlicsr telatv~ CC JC~leV-

ing cignifi ant fusion-pellet burn. Detailf:d
●ngineering of re.lc~~~r designs must await confirma-
tion of funlon-pelljt dmiun and mlcroexpl~sion
characters I.lCS. Laser systems with power levclt!
●xceeding 11)0 TW are scheduled for operation within

the next f(,w year~ and are expected to elleble the

7
,. r(,,, .. r,...
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Time (d

-Figure !oop stresses in innermost structural

●hell .ricdl iaser fusion reactor 0s a func-
tion c: a[ter pellet microexploslon.

●chieveT, t of the ~jor milestone of scientif~c
breakevu.i. With the achievement of chla Rliestone.
the lacer-f$sion program would proceed fro= the
resetrch to the technology devclopmast phasf aimed
at demonstrating the .ictr*ctiveneus of commercial
operation.

:he practicel :ensihility and prelimiaarv
on~ineering design of crmccptua~ LFRs are being
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Figure 12. Equilibrium temperature distributions
in the blanket of a sphoricn? laser fusion reactor

ior different lithium cculant flow rates.
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aaseesed baxed on theoretical predictions of fueion-

pellet mlcroexplosion emissions. Pellet microUplo-
sioms mot be contained in a unner that both
prevamts excexeive damage to reactor compooemts nod
Pe-ts recovery of the energy in a form ●uitable
fem utilization in xo energy conversion cvcle.

~t~zation of reactor d.esigns for minlamcapitsl
md operating coets have required the developaaot
of meu ●ngineering concepts to cope with unique
problems of recovery end crenefer af short intemo
burmte of ●nergy in nonconventional forms.

Ilte mot hostile ●nvironment in a LFli resulte
from the fueion-pellet microexphaion LO the rcaccor
cmity . in this paper some of the beet-trensfer
problems relu:ed co the conceptual design and
aa2yeie of LFR cavicleo have been identified, new
ntbode for their solution indicated, and the
rooulto presented. These res~~its indicate chat the
~imeering problems associated with the development
of LFW will pose a fomldable but not an inaurmoune-
●ble challenge.

float-tramafer problem in lsser-fusion genera-
*X ●tatb?imother than thoee dlacu~sed in this
Wwr tnclude the coolin$ of ven large mirrors and
tiodowe that will be exposed co intense short-pulee
Laxer beams and possibly to radiatioa from the
r’oactor ca%itv, and the cooling of hign-repetition-
rata 10V te~erature lsser power Smplifieru.
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