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COMPOSITE LINER DESIGN TO MAXIMIZE THE SIHOCK
PRESSURE BEYOND MEGABARS

Huan Lew
Los Alamos Nntianal Laboratury
Los Alamun, Niew Mexiea, UISA

Aveng the zelid hiners made of a single materal whiek are ymploded onte a turgel under the
same driving condinon, the aluminum liner produces the hivhest shock prussure. e propuse
the composite finev design which can increase the shock pressure scveral times over the the

best pevformance obiamable from an elunmanum hner.

We have also developed a general

Jormulation o o ,[h'rr--r the composite lincr degign for any drving current. and denived a
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acaling relahons  Fimally, we present zome 1-D svmulations of the optimal
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wiaterial always maximizes the pressure for all
value of v,. But for multi-meguhar presaures or
higher, this is indeed the case, This follows from
the fuet that, for m wide varicty of inateriala [4), ¢ Ix
archnd a few tam/m and 1.2 < 2 < 2. At high
imegabar prossures, v, in lurge enough so that tha
tern #vy dominatex aver 2e in Fag (V) and
comequently we havy

P~ pmnd. Q)

This ensures that /2 is the maximum for the
moterial with the highest value in ps at any v.. In
the suine approximation, the shock preasuro
between two differeut materiale behaves like

vi
[(Bapa) =47 4 (anpp)~ 74P

IV. Joule Heating Limitation on Liner

PAy L

(10)

The current pasatlng through the liner hus Lo
diffuses {oter ite Inlerior feong the outer warlaee, wo
cabeuluting e rwivtive healing of the laer i quite
cotplicated unlons the diMaion i Is fester Ui
the iingdosion tiie, In general we do not expect.
the lempearatire distribmtion acecosa the liner o he
uniform, but rather Lo inctessa monotonleally
toward outalde. To witnplify the fornulation, let us
consldes & pure liner and asiine that the
temporatire Lo yniforiply disteibuted. Shieo
eadiation lona 1s nogligible, Lhe Wime dependanee of
the Hner temiperaturo in glven by the cnergy
halane: cynation

RO ()t = me(2 )T, (n

whete ¢ in e apeeifle lient of the liner winteeinl
aned 1 e eovistanre. (o teen of the reaintivity o
and donsity p, wo enn jutepgente the ahove ax

".‘ ] y "(”c'(r’\)r(pr' . .
b A 14(0)dt = ” .’)(.F)— 'l ()

whers 1y in the inibal taaperaturee, Notiee that the
gl hand side is anuly a abate function of the linee
innteetal, Ul 1ol hand afde (0 proportional to the
rlectrical action integral defined na

"t l ' K [
Q) - _ﬁ./‘ P alt, ()

whoter A ia the Jiner crosm menbio 4, The olec g
ac oo for way caredus tor conc e sncamigol hy
pawerinngg o cnegeat Hhaough a thin sanple wige
Sobbing o bbb cn the action iy pequiting

T(t,) = T, we conntrain the liner mass to be a
function of the collision tima t, as

V] | P ’
= [ 1°(c)d¢a9-£-,ﬁ.

{14)
For pure liners, a rensonable limit on T, i the
wielting point T,,,, since the solid phase nrintaine o
sharp shock front. The relation dorived in Fq.(14)
in still useful aven when we deal with the roalistie
situations In which the Lemperature distribution in
not wniform. In this ense wo should wet the limit on
the tamperntura of the inide liner suefnen, denoted
hy T(t), which ix the coolest at any e sinee the
cucrent b G diffuse eadinlly inwaed. 1o in eany w0
s Lhint woe cun wlill write

1
;%,A et s 11, m), (15)
except that g now has a woak depeudence on m.
Once we act 1' Lo a lmit 1, ot t = t,, J('l,, m) can
be determined by using the 1- L MIUD code tu
compute tho left haud side of Eq.(15). Later when
wo apply the above rolation to optinizu thy e
maoss, we only nued to vary m in a narrow range
around the aptimal aolution. We ean thereforn
teprenent g(1,, m) ax a conatant plus A small linear
tert in moand detarnipe it by just two code
rimulations,

Among ull metals, cpirically alupsoum hins
the highest value (only coppet in n close secomd) in
vhe ratio Q(Tm)/ e whete Q1) iw e setion o
the wuelting point. In o of G(L,)/ p*, ie
atuwinut iv ahiend of other livaviee ietaly even
tore by au exten dennidy factor. Using, Ly (14) the
wtie enn heownded nbiout the corregt laepend on the
lofh Winned mide W theraforn couclude thni the
wlutnivany hiner enn e deiven with a dongee 1,
befote eeneching the inelting powt, than any ather
paee Jiner (0f higher dunsity) huving the untne s
e and ength £ But longes imploding Gione befigoe
wiele nplion highee attadonble velocity sinee oll
e linorn aree grvergend Ly e marom jgnplimion
mipiatioon **PPO0 Huing Fop (1), we e thiat Uhin
1/p advnutage in atlainable selocity fue alunisuin
aver tabo tinln of lugher deanity in sullicicat to
vimute that e sl linee wiil also genetate
the high at ahock preatute on any chosen targt

V. Composite Liner and Optimlantion

With the phiywical dunighitn gaiaed froan owe
diacunsions o aliock Hugeniots and Jonts heating,
Ui comnpemite B wecpas o be g exellent ilea o
itnptone the attainabile sl presante sul-atantially
vt Ahe e linees Clem ]y we atilt want o uwe
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