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Abstract. The subject of this paper is numerical verification of delta shock waves interaction for a pressureless gas dynamics
system using the approximated Wave Front Tracking algorithm. The system is perturbed with a small pressure term becoming strictly
hyperbolic. The new bounds on the strength of elementary waves in the Wave Front Tracking algorithm is obtained as well asa global
solution for initial data with arbitrary large total variation, provided that the perturbing parameter is small enough.

Introduction

There are many papers where one can find examples of systems that have no classical solution of Riemann problem (i.e.
Cauchy initial value problem). Most of these solutions are delta waves ([3]) or singular shock waves ([4]). Bressan
[2] generalized Wave Front Tracking (WFT) method for genuine nonlinear systems without restriction in the number of
equations of conservation laws. The basic algorithm will bethe one presented by Asakura [1]. The original problem is
modified with the introduction of perturbation. The main purpose of this paper is to extend the idea from [3] to a more
general initial data than Riemann ones using the ideas from [1] and [4]. Our first result in that direction, is an improvement
in the estimate of the strength of waves in the WFT method from[1]. Replacingκ2 from [1] with ε/(1 + 2 ε), precise
calculation shows that the strength of wave is now bounded by

√
ε instead ofε. That permits us to take the initial data

with large total variation and letε → 0 after solving (1) as it was done in [3]

∂tρ+ ∂x(ρu) = 0
∂t(ρu) + ∂x(ρu

2 + εργ/γ) = 0,
(1)

whereρ ≥ 0 is the density,u is the velocity withε > 0 being a small parameter andγ > 1 is a parameter depending onε.

Results and discussion

The main idea is the following: forε > 0 small enough, we set Riemann problems

(ρ, u) |t=0 =







U0 = (ρ0, u0), x < a1,
U1 = (ρ1, u1), a1 < x < a2,
U2 = (ρ2, u2), x > a2,

(2)

for (1) such that each solution consists of shock waves of thefirst and second family (this approximates the interaction of
two delta shock waves). Adelta shock is an SDW associated with aδ distribution with minor components having finite
limits asε → 0. Next, we apply the WFT method for eachε, and finally letε → 0. The solution is obtained when there
are no further interactions. It has been shown that result oftwo delta shocks interaction is a delta shock with constant
speed in a special case. From the numerical results, asε → 0, the density of the intermediate state in obtained solutions
increases as1/ε, while the velocity becomes closer to the predicted value. Finally, we have the main result:

Theorem 0.1 For arbitrary initial data with the bounded total variation, there exists ε0 such that for each ε < ε0 WFT
scheme remains stable and provides a global in time solution for the one-dimensional Euler small pressure gas dynamics
system. For each t > 0, the sum of strengths of shock waves does not exceed min {1/2, C∗/4} /(C∗

√
ε).

Assume that(ρ0, u0) can be connected to(ρ2, u2) by a single delta shock (so-called simple SDW). The result ofthe
interaction is a single SDW with a constant speedcδ. Take (1,2) wherea1 = 0, a2 = 2, (ρ0, u0) = (1, 1), (ρ1, u1) =
(1.2, 0.8) andu2 = 0.7. Two SDWs will interact at point(X,T ) = (12.635, 13.809). There exists a single simple SDW
as a solution to the interaction problem forρ2 = 1.14286. After the interaction, the correct speed of the resulting wave
equalscδ = 0.84499. At Figure 1, the solutions to the Riemann problem (1,2) for differentε at t = 5735 are given.

Figure 1: Phasex− t plane, solutionρ(x, t) andu(x, t) to (1,2) for differentε at t = 5735.
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