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Problems of interaction of weak shock waves arise in many physical phenomena
and also, for example, in the study of interaction of shock waves due to
explosion of two charges or due to two fast flying projectiles.

Problems of this type are very closely related to problems of reflection
of weak shock waves. These investigations, as a rule, rely on utilization
of theory of short waves developed in papers by Grib, Ryzhov and Khristian-
ovich {1 and 2].

Utilizing basic premises of the theory of short waves, in this paper con-
ditions for regular interaction of shock waves are examined, basic flow para-
meters are determined at the point of interaction, and the critical relation-
ship for initial values (of intensity and of interaction angle of shock
waves) is found which characterizes conditions for regular interaction. For
the value of overpressure at the point of interaction, the surface of depend-
ence on initial values is constructed. In case of symmetrical interaction
results of this investigation coincide with data of regular reflection of
weak shock waves from a rigid wall [3].

1, We shall examine the case of a regular interaction of weak shock waves.
Let two planar shock waves (y, and 0K,
with overpressure p, and p2 Propagate
in a quiescent medium and let them inter-

h} sect at a small angle g . To this end

the point of intersection of shock waves
describes trajectory RO with time. The
origin of the cylindrical system of coor-

dinates r, ® 1is placed at point & ,

the point of initial interaction of the

shock waves. The axis 4 =0 |is
directed along the tangent to the tra-
jectory. For a sufficiently large
interval of time ¢ the pattern of pene-
tration (Fig.1l) will consist of incident
fronts O0K,, and OKz with constant
overpressure p; and Pz and reflected
fronts 0B, and 0B where overpressure
decreases from some value Do at the

Fig. 1 peint 0 to p; and P2 at points B

and B, respectively.

In the case D™ P2 this gives a pattern of symmetrical penetration which
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is analogous to regular reflection of shock waves from a rigid wall. The
angles o, and q, (between the normal to the trajectory of motion at the
point (0 and the shock fronts) will be referred to as angles of incidence

and and g, (between the same normal and the tangents to the reflected
!‘rontsi will be called the angles of reflection.
The constant intensity of shock waves . and p, with respect to time,

the trajectory of motion of the point of )néeractmn will be rectilinear and
the entire pattern of penetration self-similar. It is therefore convenient
for investigation of the flow in the vicinity of point ¢ to go, as was
done in the theory of short waves [l and 2], over to nondimensional functions
of velocity y and  and the coordinates §, Yy and 1 which are rela-
ted to the velocities and coordinates of the cylindrical system through the
following relationships:

M 1 u _ 1 v w1
T Mo My a’ V= Mo ]/1/2 (n +1)M0 % .
1 r ’ﬂ‘ p
=7, (n 1) M, \agt =T = t, M = —
8 2 (n 41) My (aot 1) Y Vine £ s’ T=1In ! P

Here p, and are the pressure and velocity of sound in the qulescent
medium, respecuvefy n is the constant ratio of specific heats (for air
Po= 1 atm and n = 1.4), N, is some characteristic value of the quantity

. In the case under examination ¥, is equal to the value of N at the
point of intersection o0 .

At shock fronts, conditions for the normal component of velocity M-p/nPo
and conditions for conservation of the tangential component of velocity in
going through the front of the type [3]

wp—ov=u' Y+ 844 a) (1.2)
will be fulfilled.

Here g’ is the angle between the direction of flow velocity 4’ ahead of
the wave front and the axis ¢ = (0,¢ is the angle between the normal to the
shock front and the direction of the radius vector. The value of angle ¢°
is determined from the propagating equation of the shock wave front

ar /0t = N (1 + 1,99
(N is the velocity of the front) through the relationship

v=Vie+)M V2B —@i+n) (1.3)
2. Boundary conditiuns (1.2) at the shock fronts 0B, and 0B, take
the form
wh + v = u, (P, +a, —9), u, — v = uy (P + oy T V) (2.1)

In terms of notation (1.1) relationships (1.3) and (2.1) when applied to
the shock fronts (), and Ok, yield

a—8=VVa(n+1) Mo V26—, 0=V n+10)Ms V25— (2.2)
and on fronts 0B, and (pF, they yield conditions
B—mP+vViRr+F D) Mo=pm(a—9), Y1=Va(n+1) Mo V20— (0 +p1)(2.3)
M=) —v ViR + ) Mo=pa(@a+8), 2= Via(n+1) Mo V28— +pa) (2.4)
. We shall investigate the flow in the vicinity of point (0 . Since

M, is the value of y at point 0, then u,= 1 , Conditions (2.2), (2.3)
and (2.4) on shock fronts take the following form in point ©

a1= V1o (n4+1) Mg V 280 — 1, az=Va(n+1) Mo V 20— p @1y
A —m)Bi+vo VIa(n +1) Mo = puon, Bi=VhE+D Mo VB~ T 1) (32}
(1 —pa) Be— vo V2 (n +1) Mo = pos, Be=Vatn +D Mo VBo—(ra+ 1) (3.3)
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In this connection

o, + o, =a (3.4)

Combining conditions (3.1) the following expression for &, is obtained:
B — 202 . Vy[a?/(n + 1)+ M1 4 M2 — M M, 5

=33, = %/ (n + 1) (3.9

while y, and y, are determined according to (1.2) through p, and  p;

For angles of interation a,, a,, f;, B, and velocity y, we now have Expres-
sions

o= Vi (n+1)(a— M), a="Vs(n+1)(@a— M)
Bi=V Yi(n +1)(a— Mi— M), Bo=V Yo(n +1)(@a—M;—Mg)  (3.6)
vo=(1— My/Mo) V(a— Mz— Mo)] Mo— (Mz/ Mo) V (a— My)] My
Finally, combining the first conditions(3.2) and (3.3) we obtain for ¥,

the following equation:

AME + BM? + CMy+D =0 (3.7)
with coefficients
A= (M1 - ]Wz)2

B =8aMiM;— 2 (My+ Ma) (M + M%)+ 8MiM; V (e — My) (a— M3)  (3.8)

C = (Ms? — M2 + MMy My — V (a — M1) (a — My)] +
+ AM M2 [My — V(e — My) (a— Ms)] — 8aMiMs [a + V(s — M1) (a — My)]

D = 4MM; [(Mg? — 2aM,) (My— V. (a — Mh) (a — M) +
+ (M2 — 2aMy) (My — V (a— Ms) (a — M)} + 8aM1 M3 [a (M1 + Ma) — M1M,)

We shall find the condition for initial parameters #,, ¥; and a for which
M, or, which is the same thing, the pressure at the point of interaction has
the maximum value.

For Equation (3.7) we have F (M, sz o, My) = 0; eliminating N, from the

. :zsgg'gai{;’Mo (M, My, 0, M) = 0, F(M,, Mg, a, My) =0,

aV
Ks—Bs 9
ABAD—BC) 2

In this connection

/ — B+ VB —34C

7 My= 3 (3.10)

(k= VB —34C) (3.9)

/| Thus, for the range of regular interaction the
initial parameters ¥,, ¥, and o must be such
that the left-hand side (3.9) will be greater or

equal to 9/2.

/ 4. For the case of symmetrical penetration of
shock waves, when §¥,= ¥,, Equation (3.7) trans-
forms into a second order equation

Mot — [ni-i-i (%)2 +2M1] M, + (4.1)
4 3
with the solution + ["—'i'_i (%) +M‘] My=0
“ T e - -
a

Fig. 2 Vi e
ig a VihGID, (4.2)
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The critical relationship (3.9) in this connection takes the form éa\’- ?
i.e. we have flow conditions analogous to reguiar reflection from a rigid
wall {1 and 3].

5. For examination of Equation (3.7) we introduce the parameters
M2 o 4
—_— Ta T N e (5.1)
1= My Vil (n+1) M
Then, for the value of the relative overpressure in the point of inter-
action we obtain the following equation:

a3V 4 e (4] 4o () + D=0 (5.2)
with coefficients
A°=(1 —m)? B°=2Qa " — 1 +n+ 1 -1}
Co=a"m—dbda" M+ +1+q—4a+n+nt (5.3)

D°=nqnla"t (1 +n+ 4" —1+ 1+ 19—’}
The critical relationship (3.9)
4 (34°C° — B°Y) + [94° (34°D° — B°C®) + 2B®]F = 0 (5.4)
on substitution of coefficients (5.3) takes the form
dn o+ 121 — 8+ 1) GNP+ 60 + S0 + (1 — )
(* + 11603 4 2142 + 1160 + 1) a*8 —8 (n — 1) (q + 1) (2 + 17 + Do '+ (5.5)
+2Mm— 1) (2 + 36+ Na —8 (M — 1+ a4 — 10 =0
Solution (3.10) on the critical multiformity (5.5)
M, — B°+ V B% —34°C°
™My T 3A0 (5.6)

takes the form

Mo _ 2[m+1)(r—1)P—2x"2] N

M~ 3(1—n)y (5.7)
V(n—i)‘(n"‘—n+ D—bdam—1PMm+D+a M +3)En+ 1)
3 —np

By virtue of symmetry of Equation (3.7) with respect to parameters ¥,
and u, Equations {(5.2), (5.5) and (5.7) are invariant with respect to trans-

formation 1 M Mt L ( —-@—2> (5-8)
=% M, =M wm P Vm "= .

i.e, for Equations (5.2), (5.5) and (5.7)

M,
a f 1 i f )
it is sufficient to examine solutions for ﬂf I;} 1
My b2 — QZ5X \\\
My 050y \, S —o
/ 2 \ <
225
i \\\ \ ““«4-_‘
2. J =(
£2 s
075 7 J 5
100 ;
7<>§/ 7
v
0 1%

Fig. 3 Fig. &4



Conditions for regular interaction of weak shock waves 1329

n in the range 0<1;<1; values for 1 <1y o will be expressed
through these solutions by Equations (5.8).

In Fig. 2 the curve of numerical solution of Equation (5.5) is presented
which according to (4.3) goes through qv¥ = 4 at n =1 . In this connection
we have the following solution for Equation (5.5) in the viecinity of n =1

. [2( + 61 + 5)]h
Im o ‘[ m+1) ]
Wﬁ. For n =0

= , the solution takes the form

/// «=V3t+2V2 for =0

and for n - = , according to (5.8), the solution

(5.9)

// approaches to
% «'=VE+2VDn o nooo
2 In Fig.3 the surface of the solution Mb/ﬁh

of Equation (5.2) is constructed. Separate sec-
tions of this surface by planes n = const are
i presented in Fig.4, For n = O we have a con-
stant value N,/M,= 1 which corresponds to the
case of zero intensity of the wave 0X, . For
n = 1 we obtain the known solution (4.2) for
symmetrical regular interaction [1 and 3]. For
n - » the solution, according to (5.8), tends
to the cylindrical surface ¥, /W,- n which cor-
responds to the case of zero gntensity of the
] 7 wave (OK,. In Fig.5, the form of the section
g 10 of the solution surface by the cylindrical sur-
- face which passes through the critical multi-
Fig. 5 formity parallel to the axis NB/N‘, is given
along axis qV .

The author thanks S.V. Fal'kovich for advice in discussion on this paper.
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