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Abstract. In this paper, we consider the Cauchy problem of a multi-dimensional radi-
ating gas model with nonlinear radiative inhomogeneity. Such a model gives a good
approximation to the radiative Euler equations, which are a fundamental system in
radiative hydrodynamics with many practical applications in astrophysical and nu-
clear phenomena. One of our main motivations is to attempt to explore how nonlinear
radiative inhomogeneity influences the behavior of entropy solutions. Simple but dif-
ferent phenomena are observed on relaxation limits. On one hand, the same relaxation
limit such as the hyperbolic-hyperbolic type limit is obtained, even for different scal-
ing. On the other hand, different relaxation limits including hyperbolic-hyperbolic
type and hyperbolic-parabolic type limits are obtained, even for the same scaling if
different conditions are imposed on nonlinear radiative inhomogeneity.
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1 Introduction

In this paper, we consider a multi-dimensional radiating gas model with nonlinear radia-
tive inhomogeneity

{atu+divf(u)+divq:0, 11

—Vdivg+q+Vg(u)=0.
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Here both u:=u(x,t):IR% x (0,00) - R and q:=¢(x,t) :IR¥ x (0,00) — R¥ are unknown. The
flux function f(u)=(f1(u), -+, fs(u)):R—R* and the nonlinear radiative inhomogeneity
¢(u):R— R are given such as the particular example

g(u)=ulu|™* for some m>1. (1.2)

For convenience, the system (1.1) is equivalent to the scalar balance law
oru+divf(u)=—g(u)+Kxg(u). (1.3)

Indeed, one can solve the (1.1), to obtain divg by u and substitute it into (1.1);. Then the
convolution model (1.3) is derived. Here K(x) is the fundamental solution to the elliptic
operator —A+-I and “*” denotes the convolution with respect to the space variable x. The
nonlocal force in (1.3) reflects the global influence of heat sources or gravitation fields and
appears in radiative hydrodynamics [1]. A typical choice is g(u) =cu* with ¢ >0 which
derives from Planck’s law of black body radiation.

We are concerned with the Cauchy problem of Eq. (1.3) with initial data

u(x,0)=up(x), x€R% (1.4)

One of our main motivations in this paper is to attempt to extend the case of linear ra-
diative inhomogeneity in [2] to the nonlinear radiative inhomogeneity and explore how
nonlinear radiative inhomogeneity influences the behavior of entropy solution, which is
defined as follow:

Definition 1.1 (entropy solution). A bounded measurable function u: R x (0,+00) — R is
said to be an entropy solution to Eq. (1.3) with initial datum ug € L'(RY)NL*(IRY) if it verifies
the inequality

// 1)+ ¥ ( )V¢dxdt+/ (110(x)) 9(x,0)dx
//Rd — Kxg(u)]pdxdt (1.5)

for any convex entropy 1 with flux ¥ = (¥1,---,¥,4) :R —R¥ given by

= [ fus's)es (1.6)

where o =1,---,d, and for any nonnegative Lipschitz continuous test function 1 with compact
support on R% x [0,T).

Now our main theorems are stated as follows.



