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Abstract

The behavior of weak discontinuity waves for the one-dimensional Euler equations governing the flow of ideal poly-
tropic gases is analyzed. Interaction of a weak discontinuity wave with the elementary waves of the Riemann problem is
considered. The effects of initial states and the shock strength on the jumps in shock acceleration and the reflected and
transmitted waves are investigated.

Formulation of the problem

Here, we consider the situation when the initial discontinuity breaks up into two shocks and a characteristic shock. Given
the state on one side of the discontinuity and varying the state on the other, these intermediate states are determined as
solutions to the Riemann problem. It is investigated as to how a change in the initial data influences the solution of the
Riemann problem. While considering the interaction of a C1− wave with the elementary shock solutions of the Riemann
problem, it is found that if the initial C1− wave is an expansion wave then it will always impinge on the shock after a
finite time, however a compression wave can meet the shock only under certain conditions. The speeds of shocks, which
are elementary wave solutions of the Riemann problem, are determined and it is investigated to how the change in the
initial states can influence the shock speeds. It is found that an increase in the shock strength causes the amplitudes of
the transmitted and reflected waves to increase in magnitude. Further it is noticed that if the incident wave is compressive
then it causes the shock to accelerate, but if the incident wave is an expansion wave then its effect would be to decelerate
the shock. For a characteristic shock, the nature of the transmitted wave remains quite similar to that of incident wave, but
the nature of the reflected wave is not so. All these results, stated as above, have not been reported before to the best of our
knowledge; exception being the last observation that for a weak shock, the jump in its acceleration due to an interaction
with a C1− wave can be zero only when the incident wave belongs to the same family as the shock.
The physical analogue of the Riemann problem is the shock tube problem in which a long thin cylindrical tube is parti-
tioned by a thin diaphragm located at, say, x = 0 (see Fig.1). The tube is filled with a gas on both sides of the diaphragm
with the initial state specified. When the diaphragm is removed at time t = 0, the initial discontinuity located at x = 0
breaks up into three waves Sk, k = 1, 2, 3, separating four constant states, which from left to right are U1 = U`, U2,
U3 and U4 = Ur. The simplest case of a motion, in the x − t plane, involving an interaction of a weak discontinuity
wave D

(∗)
k with the elementary waves Sk, of the Riemann problem can be envisaged due to the presence of a kink in the

cylindrical tube located at P (x0, 0), on the left of the diaphragm; see, fig.1 with x0 = −1. When the diaphragm, located
at x = 0, is removed at t = 0, waves Sk, k = 1, 2, 3, are produced originating from (0, 0), propagating up and down the
tube. The kink located at P gives rise to weak discontinuities D

(1)
k , originating from P and propagating into the region

U = U1, the fastest of which, i.e., D
(1)
3 , interacts with the wave structure Sk; such an interaction creates a discontinuity

in the acceleration of the shock front besides producing reflected and transmitted waves.

Conclusions

Here, we consider the test data for three Riemann problems, so that the solution consists of a left facing shock S1, a
characteristic shock S2 and a right facing shock S3. In all the three cases, envisaged here, the ratio of specific heats is
taken to be γ = 1.4, and the weak discontinuity wave D

(1)
3 , determined by dx/dt = u1+c1, which collides with the shock

S1 of the Riemann problem, originates from the point P (−1, 0). We have considered the situations in which (i) when the
left state is known and varying the right state, (ii) when the right state is given and varying the left state, the states U2 and
U3 are determined as solutions to the Riemann problem. Subsequently, we compute speed of the discontinuities σ1, σ2 and
σ3 and determind jumps in shock acceleration along with the amplitudes of reflected and transmitted waves; the computed
values. The incident wave D

(1)
3 , after its interaction with the shock S1, gives rise to the transmitted waves D

(2)
3 and D

(2)
2

with no reflected wave. The interaction of incident wave D
(2)
3 with the shock S2 gives rise to the reflected wave D

(2)
1 and

the transmitted wave D
(3)
3 . Similarly, when the incident wave D

(3)
3 interacts with the shock S3, it gives rise to two reflected

waves D
(3)
1 and D

(3)
2 with no transmitted wave. The computed results show that for shock S1 or S3, if the incident wave

is expansive (respectively, compressive), then the transmitted waves (in case S1) or the reflected waves (in case S3) are
also expansive (respectively, compressive); moreover, an increase in the shock strength δ1 or δ3 causes the amplitudes of
transmitted waves/ or reflected waves to increase in magnitude. Further, if the incident wave is compressive (respectively,
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Fig.1 Shock waves Si (i = 1, 2, 3) separating constant states Uα (α = 1, 2, 3, 4) involving interaction of weak disconti-
nuities D

(i)
3 (i=1,2,3).

expansive), then its interaction with the shock S1 or S3 causes the shock to accelerate (respectively, decelerate), and
an increase in the shock strength further reinforces the shock acceleration (respectively, deceleration). However, for the
characteristic shock S2, the nature of the transmitted wave, whether expansive or compressive, remains quite similar to
that of incident wave, and an increase in the strength δ2 results in an increase in the magnitude of wave amplitude α32

which, of course, remains always bounded.
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