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SUMMARY

In the higher pressure regions currently of interest the reflection of
shocks cannot be treated with the ideal polytropic gas formulas since the
equation of state for air indicates considerable variance. This report

derives the shock reflection values for the special case of normal reflection.
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INTRODUCTION

A 2.

In the higher pressure regions currently of interest the reflechion of
et L O J
shocks cannot be treated with the ideal polytropic ges formulas since the

eyuation of state for air indicates considerable variance. The Tollowing

algebra is set forth to indicate the derivation of shock reflection values,

but does not attempt to formulate an entirely

.
in the regular reflection region( ). For simplicity, only the casc of

normal ineidence is treated in what follows.
The usual situation is that in which one knows the incident shock

peak pressure (Pw) as vell as the ambient,

{charac-

The fugoniot conditions which express the

mservation of mass. momentw
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discontinulty can be written as

A
e 1. >~ - .3
the varticle

velocity, (U+) the incident shock velocity, and where the subseripts (1)

|

refer to conditions behind the incident shock.
We shall write B = P/p(y-1) with the understanding that gama is also a

bl

variable dependent on the values of P and p. g, (3) then becomes an

=
“For more general reflection angles (but ideal gas) see LASL report by
H.A. Bethe et al, AECD-2060, Shock Jydrodynamics and Blast Waves, pp.30,71.




expression in P, p, and y in the two states of pre- and post-shock.

is convenient to solve this expression for pj/po, viz.,

7
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We shall also find use for p,u, /P, as & function of Pl and AR
2 7 I8
Py U kPl - PO) Gl po>
e e
Py 1 °o
A space-time plot of the shocks is given in Figure 1.
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On reflection, the reflected shock comes away at velocity (U ) and
aoves Into a medium moving with velocity U, leaving air at rest (u2 = ()

beilnd it. Under these conditions it is easy to write the Hugoniot

conditions for the reflceted shock.

pl(u1 + U ) = Py U_ (mass) L6

Py - P = plul(ul +U_) (momentum) . ...7

1 1 1 -

E, - B =2 — - nergy) ... .. 8]

By L =5 (P2 + Pl) (p1 pg) (energy) ¢

If one again uses Ei = Pi/pi(7i - 1) in the last eqguation and solves

for PP/P% one gets

N
o //71 L
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d ) pl(yg \ 7
Ao e ~
Ty T
AN /
By V_oowne o solving for oo, o, Trom ecuetions (5) and () one
obtaint
la) e =
Tl Py i
- = - -1 el 10
s P2 P
Is / \
‘ . ) PAN/P P+ P
C e s - ‘- pl . / ol "1 Q 1 rJ'l )
or, with the use of By. (5), TZ=1- -5 5 e - L1l
2 YA A B
AN

and substituting this expression in Eq. (&) gives one a quadratic equation

in P, and y_, or (where we define p
f (=4

7+l/y-1) in P, and voe  Since y or g

are rather slowly varying guantities, changes in p being comparable to

changes in the logarithm of P, we may solve for P

5 with an assumed o and
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then correct that number by re-evaluating it with an improved value of -~ ho-

i, (@s determined by the first value of P_.)

o 2
I o 1 . 1 .\.2 X
= . = w0 ( = - (28 - - =
I A 2 £ kY S 2 X) (2 * %-\ J
1 2
1 ‘ ,,Ll - 1
where A = 3 {1 + T
L4 \ t / 10
‘ | el 12
. \l’ 5 _ 7 , )
and X f/.le ’i:'kl PO : PO P H‘L}l 1 \)
a, — . - i = — - L
\\ ,12 J:/_, \“' Pl y ,,‘\.«L 1 F PLOPO ///

The overpressure of the reflected shock (A P, =P, - PO), then, in

terms of the initial shock overpressure (AP =P, - Po) may be written

- - 5 U
( > A4 L X 4 A 5 A £y D
AP, = (AP + P ) S+ 5L+ ( b5 A -(94*"%"‘) -,
2 > Byl 5
2 |
: L c (4] - %
// }LQ /AP \ oy AP + Wy JA)PO \> . LB
where X = AN Ho= = - L
1 L1 ;‘ AP + P ) AP +—<‘H‘ -} jx.)P /
. & Q7N 0 S
. AN y
gas of ¥ L APl e
ie . “
(Lo o 7 Y
AP = 2 AP P 3
s 7 "‘“"‘""“'T‘"‘(‘""‘
\AP + 7—‘ J

The following table provides a list of w's for:
o £ 3

overpressures of & shock in a sea level atmosphere.
few results from equations 12, 13 and il Figure 2 shows the reflection

factor ag a Tunction of the initial overpressure.
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