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1. INTR!)DUCTI!IN



greater than the characteristic thermal response times of

differen: structural components.

In this paper wc model and analyze cycli~ thermal loads

and stresses in the complctc range of potential operating

conditions. Me examine two criticdl components of fusion

rcnckrs (including fusi~n-fissior hybrids); namely, the

sol~cl wall adjarcnt to tnc fusion plasma (“tirst wall”) and

ttw I“uclclcmonts lucat~d in the high power density region of

the I)lankut. Tnctc ~W CWllJWWllkS ~)(~nlpljty tklo ljiliitfllCJ

L;OSPS CJl thnrmal lo[idi-’~: the firzt wdll loads drc gcmcdtccl

!# flr.c~ll:ll:]irlantly zhd~low cnw!jy d(:pus’itioll tlwt may ~C

d~iptoklmlcd dit.~1 a IIUA a,r,,ss Lhih :,urf~i:~and the fuel

olt-wnl. 1(Jdflqdru q(’rnlf.il tc,l h y l~r~:dumi rliihtly VI..1UIW ljn(:r~,y

,l,,.;lfl!,jtjfjn !’)I ‘ vr)lwct! iI. h!’,11itl!l. il~r ttll’~”twl) t:/pet {)f

f~I!}{lJA



fusion reactor operations in different parameter regimes, and

to estimate benefits that may obtain from changes in

operating characteristics. The resul ts provide a

quantitative basis for tradeoff studies and assessments of

diffurent fusion c.)rcsystems.

?. I’MPERATURE DISTRI13!jTIOt!5 AND EXCURS1ONS

Thermal stresses “n rcactmr ctimpclwrlt~ ~rl’ indu(.~d !jy
tlnd)t’)

nonuni~w-m) ur)ikddy kmperaturu clistriljution:,. ?hp first

if)l’ f.!)(: m’ d fl Lt(’ll d}’ r, trJ iI: dn~l i Iu(:tu, i ti:lg tqwrdl.ur:’



formulation dllowc a uniform treatment of surface energy flux

and volume energy deposition cases. The heat generation

because of the absorption of x rays, ions, or neutrons occurs

periodically with the period tp s and lasts for -t s with

T/tp ~ 1 as shown in Fi~. lb. The temperature

variation T(x,t) at the point x inside the material and at

the time t is yivcn by the solution of the inhomogeneous heat

r,nnduction equation

(1)



‘(IT
—= Oatx= Oand T= Oatx=L . ( 2)ox

The firs~ condition (sxpresses the assumption that no heat is

transferred to the interior of the reactor cdvity or across

the syrmnetry plane of the fuel clement and the second

condition expresses the assumption that the face of the

material contiguous to the coolant remains at the constant

coolant temperature. Because we are interested in c,vclic

stresses, wc seek a periodic solution T(x,t + tp] L T(x,t)

and riot a solution of the initial value problem with an

i~rbitrary initial tcmpcraturc distribubiorl.

Under ccrtdin conditions, in l.drti~ul~r when

1://,,,. 1, the ~bovc f(jrlillll~tcd pt-oh ! m Giily Lc

ilpprLAimdtcd wittl the homogeneous heat cl’nfil:~tiurl equation

anf! the boundary cotv~itinf] I’hat pr~scril~c~ a ~; f.’~,ilied (;nrrgj

flux ~crur,s the ~urf~cc x - [}. Iluwcvcr, thu sf;lutibrt of thib

~~roblwll brcdks down (1 ~ U) wh(’r] : . 0 wllilc thf: ~lllourlL

I.I!cnt!~’gy dcpusi tcd rctimius ~lrlslant.1.Ij Ttlcsollltion Ot ttv:

~jrob?cwl formulated in this IIapur r{!:iair]:lVJI id Ior al 1 vdlucb

E(1. (1)

ndLi(Jrl Of

WI: cxpdnrl
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We have calCU1ated complete Fourier series solution

the above formulated problcm and the details will

published elsewhere. Here we use an approximate express’

of

be

on

for the temperature distribution denoted by Tl(x,t),

consisting of the first approximation to the steady state

(medfl) temperature distribution, Ts, and the fundamental

harmonic component of the temporal fluctuation If:

Tl(x,t) =Ts+Tf .

hft~l” tl:!:i911slJLlt

man t.cmpcraturc

( 3)

cII.’fiiIot(lry [computations, wc d>t~ill for the

dIII:for- L1N2 Iumimurlldl rl~rduni~

( 5)

l)!)/15/ul



and the charitcteristicthurmal diffusion time, tc, is tc

= k2/Km

The amplitude of the harmonic (Iuctuiktion, A
) T=$ A~+lJ1, is

( b)



I. . .. . -—.

induce different stresses in a cylinder than in a flat plate,

even though the ratio of the wall thickness to cylinder

r~dius may be very small. Me calculate the thermal stresses

by postulating that the first wall of the reactor vessel is a

cjlinder and that the fuel elements in the hybrid are flat

plates.

3.1 T~e First Mall

Examination of the general expressions for the thermal

ctress distribution in J hollow cylinder induced by ti]c

tcmpcrnturc distribution T(x,t) shok;s [3] tii~t the tangential

sl.~’(ssSi, equals the axial str~~s and cxceciis the radial
2 ‘t
/stress b] the f~ctor X-k wheru R is the radius of the

cyllrldcr-. Therefore, and hccdusc of the spticu constraint, We

?imit our pruscntdt!on to thl? t~n!lential btrcss.

Arl dlJ~WXilJ~tC c~pr’cssiurl (Or u:, v~lid Ior

1,.,/E<f.1 is

t.: ~ IITJV - T(x, t)],,

whcr“(!

( i)

u9/15/ul
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Tav ❑ ~ j~ T(x,t)dx
o

and b = aE/(1 - v) with Q being the coefficient of

llnear thermal expansion, E the Young’s modulus. and v the

rPoisson% atio.

Using Eqs. (4)--(6) in Eq. (7), we determine that the

steaclystate component of the stress, (;bs’ ‘s

s

where

Similarly, the amplitude of the fluct~’stingstress component,

‘::ta’1s

“’:fa
= ;-An1F2(x/k), ( 9)

whwc ‘l,,
is the ula~in:ul~amplitufic ot the temperature

~luctuation given by Eq. (6) fur x = O and

The functions T1 and Fp arc plotted in Fig. f?; the plots

show that both stresses ~~:’lngcfrom t@nsilc tu compressive at

points that are very CIOSU together. The amplitude of the

fluctuating component vanishes at x/1 = OmMiOI

In the analysis of fluctuating stresses and the



associated fatigue failure cf interest is the ratio of the

peak to steady state stresses, (06s + utifavu65~

This ratio, r?s, is given by

‘ufaR~=l+—
‘ts ‘

where

‘Jbfa ~ 2 + L
sin(ir-r/t ) F9(x/k)

p G(tp/tc) ~:’-~~)-..— -....--.—._— .
2“us 11 llT/t

P

(lo)

(11!

~!n~ ttle furlction G(tp/tc) is

G= —-i!L

()
~z t2 ‘z “
‘-l?

‘+mt2
c

:Ii!causc the r~tio t ~t is a
~’ P

nondifnens: ]nal frequency

f:xpres$ud in L-ycl L’S I)ct” chi.ir~cteristic thmnal tinle,

G(tpttc) may bc called thr?frequency function.

in Figs. 3--5. The plot in fig. 3 indiccltcs Llld+ the stresr

lJC!l”j O’ t,, dml bvcorlk!s unity dt I = t
p ‘

,1S c~l~cctcd il]
8

lt-cqucn~y funl;ticn in Fig. (d) SIIOWS tll,li.thr s~t’css ratio

.

0t98!iA L19/15/t!l
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