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The C. (T) model for ea1cu latill~ sIwek tcmperature in liquid:; is prcsented as an extension of the \\'"Ish
Christian model for metals . The ll10tkl is based on an allaly~is showint: ,huck temperature to be more 
5cll,itive to varintioll5 in C. than in (iJp/iJT)., and it t'lke5 account of the tempera lure dt'pendt~ncc of 
C" 1\1easured ,hork tCll1pcratures for carbon tetrachloride' :;rl' compared ,,·ilh caicllla tcu "alues as a [cst 
of I he cOll,;tanl C· alld C,,( T) models The constan t C'" Illou!'l 0\'('1'(':;1 i111,~1 es ~h .. ck tempera lure a nd is 
inappropriate to puly~.tol1iic liquids, Th,' <1J,!;reClllcllt oht~incu with the (',(1') modd sugg~"t<; that it will 
he valuable for c3lculaling more reali ~ tic \'alues of temperatllre in S110Ck ini[iat jf' 11 ~tudic5 of li<;llids ill the 
l1cighuorhood of 100 khar, 

INTRODUCTION 

Since pressure-volumL~Lemperatttre (p -v-T) equa
t i on~ of state o[ liquids in the ki lobar regime are not 
knO\\'J1, calculal ion of shock I empcrat me is imp')rtant 
in shock,initiation st tl<.lit;s of liquid e:-.plosi\'es, l'se oi the 
method dn'eloped by \\':tIsh and Christianl for meta ls 
is limited, beGlUSe it is IJ:tsed on thenl10clynamic 
a.ssumptions thaL arc inappropriate for polya (omic 
liquids, ThL' assumpLions of constanL specilic heat at 
consLant \'Olllme C., \" iLh a \' alue eCj u,tl to tlie ~pccific 

heat <I t constant pressure C1,' arc adequall' for describing 
metals, but inadc:quate for describing molt'cub!' liquid, 
with internal degrees of \'i brat ional fnxclom, Fo r sllch 
liqui(ls undcr normal c0ndit ions, C. is a funct ion of 
temperature, and thcre is a signi fican t cl iffl-rc nce2 

br tween th (' values of c1) and C., Thus the objecl of the 
present work is to de\'c!op a lllore realist ic model fur 
calculating shock tempera ture in liquids, 

This paper a ttempts to titkl.: into accounL the cl ifier
ences bet\\tl'll liquids and metals in formulati ng th e 
C,( T) model for liquids from th e \\'"bh- Ch ri stian 
model for me tals, The formula tion is based 011 a \'ari a
tional analysis that shows thaI calculated shock tem
pera ture is more sen ~i tive to ch;t nges in c.. th an changes 
in (ap/aT) , and also on (Ill' assumption tha t difft:rl: l1 ces 
in the yi br;lt ion;t l excita tion of a molecule in (he liquid 
and g:lSCOUS phase can be Il egll'cled, The C" and C.,( T) 
models logt:lhl.: r wi th the ll ugonioL cur\"l~ dl:I'lI1e the 
p-v-Tand inte rnal energy YO l ull1l.~ t cmp('\'a lure (e-t'- T ) 
('Cju, ttions of slate in the yolu ll1 e range spanned Ly th e 
l! ugonin l. 

ShoL'k tClnpna tures fo r yarious liquids were cal
cul.t (n! u:"ing hat h till' cons tant C. and th t.: Cr (1') 
I1llldL"ls, and the " alUls I'llI' ca rbon tt'l rarhlor ide \\'ere 
compared with the briLdttnL'!''; tell1l1LTal ures J1ll'a~ure cl 

by V05kclL<liniko\' and BO~(\tll() I () \,;j .t nd R:\!nsay,4 

THE WALSH- CHRISTIAN METH OD OF 
CALCULATIN G SHO CK 

TEMPERATURES 

The thcnll{)( 1\ n:tmics of the \\'alsh Christian mod el 
with C, an,1 (<ip/'uT). !'l'gardl,(1 .lS ('UIl:,, (:ulh ha\'C been 

discu~sed by Cowperthwaite ,5 Their method of cal, 
culating shol'k temperature is to integrale the following 
different ial equation along th e IJugonioL curve, 

(!1/dv+ T (aplac).= (2C,)-I[p+ ("0- v) (dp,ldv)], (1) 

where e denotes spel'iftc el1e rg;.' a,nd the subscript 0 
dcnotes ul1shocked material. Eq\lation (1) is derived by 
cOl11bi ni I~g the dificrent ia l form of the (e-'/r T) equation 
of staLe 

dc = C,dT+ [T(Dp/ DT ).- p]dtt (2) 

wiLh the equation 

dc= -tpdv+ Hvo-v)dj), 

obtained by eli ffl:rentiatin g the Hugoniot equation 

c- Co= J(p+ Po) (1'0 - 1') 

(3) 

and neglecting the initial pressure ,Do with respecL Lo the 
shod z pressure p, 

\\'ith the assumpti ons of con stant C. and constanL 
( up/a T) ., Eq, ( 1) is in teg rated from an initial condi tion 
( To, 1'tI) to gi\'e the following cxpression for shock 
temperature, 

T = To cxp[b (v,j-v)]+ exp( -b,I/2C.) 

X J' [exp (bl') ]F (l,) dl ', (-1) 
· 0 

where for simplicity we set 

and 

Thus calculation o( !'hock tcmperature requires a 
knO\\'IccI ~e oi Cr , (up 'uT) '" and till' fun ction F (1' ) 
,dong (he Uugo niol cur\,e, The \':tlu es chosell for C. 
and (aplaT). arc lhooe lll L'aSured. under st:l.lldarcl con, 
diLiuns, and F (l') is calculated (ro l11 cxperimental shock 
wavc da ta, 

Equ:lI ions ( \ ) and (4) "w e used to calculate shock 
tL'm pl'ra (l1rl' with a compute r (a nd th e input da ta given 
ill Table J), The l'qua tion for a Ilugoniul cur\'c used in 
tIll' c:dcula t ions i<; U, = lilCu+ /( ~ III" where III and 112 arc 


