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Isothermal Flows in Water 

Nomenclature 
= Eultrian word ina t e  o f  the particle 
= I.agrangian coordinarr of the  particle 
=shuck coordinate 
= t ime  
= vclocity nf t hc particle 
=pressure of the  parliclc 
= ~empcratu l -c  o f  the pa r t i ck  
= dens i~y  of thc particle 
= charncteris~ic dcnsity 
=constant 

Introduction 

B LAST wave ~ h e o r y ,  proposed by Taylor ' arid Scdov, ' 
deals with the  assumption tha t  the flow behirid ~ h c  shock 

is adiabatic.  Thc numerical solutions obtained by them in- 
dicate tha t  the  temperature behind the shock increases 3 r d  
lead< loward infinity a t  thc center of symmetry of the  blast. 
Such large temperature gradients give risc to conduction 
currcnts tha t  should be taker1 into consideralion. Bccause o f  
hcar conduction,  inrcnsive heat exchanges take placc. between 
the par t icks  and hence the  a d i a b a ~ i c  condition does not 
rerriairi valid. However, a n  alternative assumption thal  I he 
shock eiigulfcd rcgion is isothermal, i .e. ,  tcmperature 
gradicnt is zero, appears  t o  be more reasonble. 

~o rubc in ikov ' . '  inves~igatcd for  the  first time the isothcr- 
mnl flows bchind s t rong shock in an ideal gas for bolh 
urliform and ~ l o n u n i f o r m  rncdium. Following the numerical 
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method duc t o  ~ n r o h e i n i k o v ,  ' Kot ' investigalcd isothermal 
f low? in water t o  study thr  initial phaw nf the inlcnsc poinl 
cxplosior~. Since the pni r j~  uxplosion problem in walcr is o f  
con\iderable importance to ordnance wientirts (see Colc") ,  an 
attempt is made tu obtairi ar~iilytic solutions to this problcm 
lor r h t  initial p h a ~  uf thc  explns~on when the flow is self- 
sirnilar. The shock wavc initiated by an intcnse point ex- 
plosion is assumed t o  be slrong, propagalirjg ~n still waler.  
Elow bchind the  <hock is corisidcrcd to he iwthcrmal.  .4n in- 
icgral mcthod developed by Liumbach and P robs~c in '  i s  
adopted to invesrigare a p p - o ~ i r n a ~ c  analytic s o l r ~ i ~ o n s .  The 
5ulutioti:, are oblained in closed a n a l ~ ~ i c  form.  Comparison of 
~ h c s c  sulurions with the exact numrrical  su lu t iow of Kut' 
shuws excellerlr agreement.  

Basic Equations and Boundary Cunditions 
The basic equations of continuity and mvmcntum gobern- 

ing the  flowCield bchind the  aphcrical shock a rc  taken ir l  

Lagrangian form as 

whcre r,, i s  the initial coordinatc of the parrick and ,), is the 
ambicnt density. The isothermal coililitio~l i \  characterized by 
the cquation 

Thc  cquation oC sialc fur  water i s  rakcn in t he  form 

\+ hcrc p .  is the characteristic der ls i~y.  
Introducing the paramcrcr :3 = p ,  /02, ~ h c  strong shock con- 

ditions can I3c written as 

whcrc rT is the  shock radius a n d  r2 is the shock vclocity. The  
ovcrdot denotes diffcrcntiation with respect to l ime I. Thc suf- 
fix 2 dcnutcs quantities just bchind the  .shock. 

Method and Solutions 
Here  we fo l lox  thc integral mcthod or Laumbach and 

Prubste in7 and ornil thc  explanations for the assumptiunc in- 
volrcd in it. I'he n ion~cnl i lm cquation (2) can  be writlcn in in- 
tegral Corm as 

The integral in Eq. (7) can be evaluated, approximately, by 
replacing the  integrand [ ( I / r 2  ) ( ; f 2 r / d t '  ) 1 hy its value at the 
qhock (see the Appendix). Wc obta in  

where = r,,/rl is the  reduced Lagrangian coordinatc. Now 
the pressure distribution can he obtained from Eq. (K) 
provided the  shock propagation law is known.  We thcn t ake  
this propagation law as r l =  C t 2 " ,  where C is constant, 
csrablishcd by the  dimensional considera1 ions (see Setlov' and 
K o r ~ b e i n i k o v ) . ~  Making use nf this relation, Eqs. (A1 I ) a n d  
(B), we obluin f rom Eq.  (8) 
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Fig. 1 Comp~risrj~~ of appruvimale analytic solutiuns and Ihr exacl  
numeriunl sulutiwns uf Kul. 

The equation of continuity ( I )  can be written in integral form 
as 

It i troducir~g ttw reduced Eulerian atid reduced Lagrarlgian 
coordinates. Eq. (12) can be written as 

where h = r / r ,  is the reduced Eulcrian coordinate.  It takes the  
valuc 1 at lhc shock and  x r o  a1 Ihe center of symmetry. 
Equations (3) and (4) yield 

S u b > ~ i t u ~ i o n  oCp/p l  Crorri Eq. (9) irilo Eq. (14) yields 

where R = ( G / o )  ' - I. Making use of Eq. (1 5) in to  Eq. (13), 
we obta in  

4incc at rhe shock E - 1  and h= I, Eq. ( I  h )  viclds 

Thc \ d u e  of ;3 Tor k ~ i o w n  values of the  parameters G and -, 
car1 be obtained f rom Eq. (17).  Dit'fcrentiarin; Eq. (16) w i ~ h  
respect t o  time a n d  using Eq. (5), we have 

I t  is interesting to observe that the solu t ionsp/p , ,  o/02 and  
I ; / L ~ ;  SO obtained arc in closed analytic form. A rclaiionqhip 
bcrwcen the I-educed Eulcrian and reduced Lagrangian coor- 
dinated can be obtained from t q .  (16). Cumparison of ap-  
proximate analytic solutiuns with thc cxacl nurncrical 
solutions of Kot'  shows g o d  agreement (Fig. 1 ) .  The  
pararnctcrs ~ n v o l v c t l  In Ihe w l u r ~ n r ~ r  a r e  Lalien as y -0.95, 
G =82.074 and e i  = I (we ReC. 5). Frnm Fig. 1 ,  one can ob- 
serve the fnrrriatiun of a core near the  center of symmetry in  
which there is no flow. Thc diffcrcncc in thc cxicni of ihc 
corcs prcdictcd by appruximatc a n d  cxacl numcrical solutions 
may bc a t t r i b u ~ e d  to the assumption made iri the present 
analysis in obtaining approximate sol i~ t ions .  Flow vat-inblcs 
are assumed, it1 oul- analysis, In he analytic tu~ictif ln\  of 
Eulcrian coordinates a n d  hence do  nor admit discontinuities 
such ar [hose occurring near A ~ 0 . 5  in  the exact numerical 
w l ~ l t i n n ~ .  

Appcndix 

Wc firs1 wrlrc Taylor 's  expansion f o r  r ( r , ] , r j  as 

After introducing the parameter ) 3 = p i  l p , ,  the  equation of 
continuity ( I )  yietds 

Equations (A1 ) and (A2) yield 

Usirig the shock condirion (6 ) ,  thc morncntum equation (2) 
car] be wrirteri as 

2 1 = - ( ] - B ) f j  - 
dl-' ' ( ::) ) I: 

Equating Eqs. (A3) and (A4) wc vbrain 

Lugar i t tmic  differcntiatiun uf thc  continuity equation (I ) 
yields 

Logarithmic differentiation of  the equation-of-state (4) yields 
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where 

Substituting Eq. (A6) into (A7) and making use of Eq. (A51 
we obtain 

Substitution of Eq. (AIO) into Eq. (A3) yields 
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