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Abstract :  An e f fec t ive  method for the approx imate  solution of the Eq. 

[1] for the  in tens i ty  of a re f lec ted  shock wave in the case of obl ique 

i nc idence  of a de tonat ion wave on an e las t ic  ha l f - space  is described;  

the e las t i c  ha l f - space  is described by a ce r ta in  speci f ic  form of the 

equat ion  of s ta te .  Formulas r e l a t ing  the front and par t i c le  ve loc i t i e s  

behind the  t ransmi t ted  wave  front to physical  parameters  are der ived.  

Values of the  wave in tens i ty  and other quant i t ies  de te rmined  with the 

aid of  a Ura l -2  computer  are c i t ed .  

The  author of [1 ,2]  inves t iga ted  the regular  re f lec t ion  of shock 

waves from the boundary be tween two bodies.  In the present paper we 

solve the  analogous problem in the case of obl ique inc idence  of a 

de tonat ion wave on an e las t ic  ha l f - space .  The detonat ion wave 

deforms the  e las t ic  ha l f - space ,  which assumes the position OK 1 

(F ig .  1) forming the  angle  ~ to the  i n i t i a l  d i rec t ion  KO of the hal f -  

space boundary.  We assume that  the acoust ic  stiffness of the hal f -  

space is larger  than  the acoust ic  stiffness of the explos ive .  In this 

case ,  both r e f l ec t ed  wave 2 and t ransmi t ted  wave 3 are shock waves 
[3]. Let us denote  the ve loc i t i e s  of propagat ion of the de tonat ion ,  

r e f l ec ted ,  and t ransmi t ted  waves by Ui(i = 1, 2, 3), r espec t ive ly ;  

le t  the pressure be Pi and l e t  the densi ty be Pi ( i  = 0, 1, 2, 3, 4). 
The quant i t ies  U 1, cq, P0, and p4 are g iven .  We de te rmine  the 

in tens i t ies  of waves 2 and 3, their  i, e loc i t i e s  of propagat ion,  and 

the  angles c~ z, cz s, and /3. The parameters  are constant  within each 

of the domains a, b, c ,  d, and e. In domains a and e the m e d i u m  

is s ta t ionary,  i . e . ,  u 0 = u a = 0. The basic equations of the problenl  

express the  condit ions at  the  wave  fronts and the dynamic  and 

k i n e m a t i c  re la t ionships .  

At the de tonat ion  wave front 

U1 PoU12 
Ul=k_}_ t , P l =  " k 4 - t  ' 

kU1 k + t 
a =  k @ t  ' p l = ~ p 0 ,  

where a and k are the  speed of sound and the ad iaba t i c  exponent  of the 

products of the explosion.  

At the re f lec ted  wave front 

(Ulx - -  %x) cos %-]-  (ul~; -- %u) sin % = u, 

U 2 + UlX COS a 2 -F u l  v sin % -- U, 

Ulu cos % --  ulx sin % = %v cos % -- %x sin %, 

where [4] 

k -+- I Pa -- Pl )-V,, _ ~ ( p s - i  (~+ u -  k \ Pl , 2k Pl 

U = a [ t  + + k - l p l - l ( k  + 1 ) ( p a - - p l ) ]  '&. 
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At the refracted wave  front 

U 3 =  U" (p l ,  PS), U s =  U '  (P4, Ps)- 

Analyt ic  expressions for the functions U'(p4, Ps) and u"(p 4, Pa) are 
derived below. To c lose  the sys tem of equations we wri te  out the 
self-  evident  k i n e m a t i c  re la t ions 

//IX ~ //1 eOS(l l ,  Uly = - -  U 1 s i n  @tl, 

U33C = /s COS Ct3~ //3~1 = - -  ua  s i n  % ,  

U~ Ua Ua u~. x cos ~ -- u~.. sin 
sin a l  sin ~a s in  as sin 

ua~ cos I~ -- u2,3 sin 13 = ua~ cos 13 -- uau sin 13 

and the dynamic  re la t ions  

P2 = Ps, Ps = Pa- 

Equations (1) express the  absolute t rans la t iona l  ve loc i ty  of the point  O. 

Let us find the functions u' and U' in the case in which the 
e las t ic  med ium has an equat ion of s ta te  of the form 

p = A I [ ( V 4 / V )  " c - t ]  ( V = t / P ; a l , ~ , = c o n s t ) .  

We assume that  the pressure p is much  larger  than the  pressure 
P4. This equa t ion  affords a good descr ipt ion of the behavior  of 
meta l s  under pressures on the order of  100 000 a tm [5]. 

Assuming that  the process is ad iaba t i c ,  we can  wri te  

dE = - -  pdV,  

where E is the in ternal  energy per unit  mass of the med ium.  
Integrat ing,  we obta in  

v~ 

Ea - -  E4 = - -  A1 ~ (V4 "c V -v - -  t )  dV = 
t /  

Vt 

P # 8  + A1T (Va - -  V4) 
T__ i 

or r eca l l ing  that  

Since  [3] 

V a = t / p s ,  V a = l / p 4 ,  pa--=~,  

Ea - -  E4 = /~P4  - -  AzT (Pa - -  p4) 
papa (T -- t) 

ua = u" (pa, p a ) =  u' (po, ~ ) -  u' (p a )=  I Pa ( P ~ P 4 )  ]V,, 

�9 ~ P s  ]t/,, 
Ua = U' (p4, p3) = U' (p..) = [ p4 (p3 -- p4) 

i t  follows that  

Hence, 

This means that 

E8 - -  E4 = - ~  (V4 - -  Va) pa pa - -  p~ 
' 2 psp4 

Pap4 -- AIT (p3 -- Pa) = ~ (Pa -- p4). 

T--i 

p s ~ (Z+l) P~-+2Afr 

O~ (T - -  l)  P2 + 2.41T ' 
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so that  u' and U' can  be wri t ten as 

u' (p.~) - p.. 1 / 7  
]/-Pa [{T + 1) P". -? 2A~T] ' 

U' .(p~) = ] / ( T  "t- t) p~ -t- 2A1T 
2pa 

Expressing al l  the  known quant i t ies  in terms o f ~  = P2/Pb  we 
obtain 

where  

U= / U~. = s in  ct2 / s in  % = I (~) ,  
U a / U~ = s in  a a / s i n  a ,  = n (p.), 

g ~  - -  sin~- a~ [u~ -1- u/(~)1, 
c t g ~  = 

u~ cos a~ -- u [t -- i ~" (p) s in  ~ a~] 'h ' 

n ~)  = U~ -~ (Pt / 2PJ/~ [(7 -t- t ) /~ q- 2A~Tp,-qV% 

f01) = CU - -  (B - -  A UZ) %, A = u~ZQ -zoos ~a~s in  ~a  x, 
B = u~ ~ Q-~ eos2a l ,  C = Q-1 ( U l  _ u l  sinbad),  

Q = (U~ - -  u~ sin = a~) ~ q- u~ ~ cos ~ a~ sin ~ a t .  

The intensi ty/~ of the re f lec ted  shock wave  can  now be determ ined 
[1] from the equations 

I t = 
=[ v~ _~_ ~r 

• [(T @ 1) ~ -t- 2AfrPa-X] %' (2) 

~ = [5k + 2 I/2%_~ + t § 

+ V t 7 k  ~" q- 2k -t- t q- 4q~i_tk-~ [(k - -  1) Ti~l q- k ]/ '2 (3k--l)]  I X 

<-r>] 6,) 

where 

P (tO = [I --/-0 (p) si,f- ad 'h, q> {~) = It - -  n ~- (~) sm-ad ~, 

_ / T ( k - -  i)  + k (~ + 1) ~o, ~-[ 

Table  

cq U~ / U~ 

0 . t7  
0.35 
0.52 
0.66 
0.70 
0.73 
0.77 
0.80 
0.84 
0.87 
0.91 

P, e2 =a 10 

t .82  0 , t2  0.16 0.83 
1.81 0.25 0,31 0.80 
1.79 0.40 0.47 0.76 
1.78 0.54 0.59 0 .7 t  
t .78  0.58 0.62 0.70 
t .79  0.62 0.65 0.68 
t .79  0.67 0.68 0.67 
1.80 0.72 0.70 0.66 
i . 8 t  0.77 0.73 0.65 
t .84  0.84 0.76 0.64 
1.89 0.92 0.79 0.64 ! 

0,69 
0.72 
0.78 
0.84 
0.85 
0.87 
0.89 
0.92 
0.94 
0.97 
t .01 

Tab le  2 

0.17 
0.35 
0.52 
0.66 
0.70 
0.73 
0.77 
0.80 
0.84 
0.87 
0.91 

p, 

1.43 ).11 0.20 0.15 
1.44 i).22 0.39 0 . t5  
1.45 0.35 0.59 0.13 
1.46 0.48 0.76 0 . t 2  
1.47 0.52 0.81 0.12 
1.48 0.56 0.85 0.11 
1.49 0,60 0.90 O . l l  
t . 5 t  0.65 0.95 0.10 
t .53  0.70 1.00 0.10 
t .57  0.75 t .06  0.09 
1.62 0.83 1.12 0.08 

cq o~] ~ U2/U, 

0.61 
0.64 
0.69 
0.76 
0.77 
0.79 
0.8~ 
0.84 
0.86 
0.89 
o. 93 

Calcula t ions  on the basis of (3) show that  the first approximat ion  
a l ready yieIds results which agree  wi th  the data  of [8]. In the case 
of an absolute ly  r igid barr ier  r -= 0 and 

~,o=*/4k -1 [5k @ 1 -t- (t7k~- q- 2k ~ t)]Vh 

We u.~ed the above method to c a l c u l a t e  the quant i t ies  g,  a 2 , 

%, B, U2/U1, U s / U  p and Pa/P4 on a Ural -2  computer  for two 
cases: 

1) k 1 = 4.41 X 10 l~ N/m2;  P4 = 7 .81  X 10 a k g / m a ;  

2) A 1 = 2 .00  X 10 lq N / m 2 ;  P4 = 2.70 X 10 a k g / m  a. 

T h e q u a n t i t i e s p 0 ,  U1, k, and y were set equal  to P0 1 . 3 0 " 1 0 a k g /  
m a, U, = 6020 m/ see ,  k = 3, and y= 4. We need go no further than three ap-  

proximations to obtain the intensi ty/~ of the re f lec ted  shock wave within 
three  places.  Theresu l t s  for the abovecases  appear in Tables  1 and 2. 

Within the required error bracket  we have 

0.90~ga/U1%<0.9 t ,  O .083<ua /g i<O.087 ,  

pa _ 1.10 
p4 

in the first case  and 

1.t2 ~ Ua / U1 -~ 1.14, 

O.15.~ua/Ul.~O.17,  1.16 -.~ p8 / pl ~ 1.i8 

in the second. 

Our data ind ica te  that  the intensi ty  of the ref lec ted  shock wave 

diminishes  with decreasing densi ty  of the e ias t ic  med ium.  In the 

above cases,  the ranges cq > 58" and cq > 84 ~ respec t ive ly ,  are cha r ac -  
t e r i zed  by i r regu ta r  r e f l ec t ion  for which the above equat ions are inval id .  
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