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Abstract. In this paper we study the non-relativistic and low Mach number limits of
strong solutions to a full compressible MHD-P1 approximate model arising in radia-
tion magnetohydrodynamics. We prove that, as the parameters go to zero, the solu-
tions of the primitive system converge to that of the classical incompressible magneto-
hydrodynamic equations.
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1 Introduction

In this paper we consider the following full compressible MHD-P1 approximate model
arising in radiation magnetohydrodynamics [2, 4, 7]:

∂tρ+div(ρu)=0, (1.1a)

∂t(ρu)+div(ρu⊗u)+
1

ǫ2
1

∇p−µ∆u−(λ+µ)∇divu= I1+rotb×b, (1.1b)

∂t(ρe)+div(ρue)+pdivu−∆T
=ǫ2

1

(µ

2
|∇u+∇ut|2+λ(divu)2+|rotb|2

)

+ I0−T 4, (1.1c)

∂tb+rot(b×u)−∆b=0, divb=0, (1.1d)

ǫ2∂t I0+div I1=T 4− I0, (1.1e)

ǫ2∂t I1+∇I0=−I1 in T
3×(0,∞), (1.1f)

∗Corresponding author. Email address: xhyang@nuaa.edu.cn (X. Yang)

http://www.global-sci.org/jms 314 c©2017 Global-Science Press



X. Yang / J. Math. Study, 50 (2017), pp. 314-322 315

where ρ,u,T ,b and I := I0+ I1 ·ω denote the density, velocity, temperature, magnetic field,
and the radiation intensity of the fluid, respectively. ω ∈ S2 is the direction vector. The
viscosity coefficients µ and λ of the fluid satisfy µ>0 and λ+ 2

3 µ≥0. ǫ1>0 is the (scaled)
Mach number and ǫ2>0 is the (scaled) light speed. T3 is a periodic domain in R3.

When the magnetic field in (1.1) is neglected, i.e. b= 0, the system is reduced to the
Navier-Stokes-Fourier-P1 model, and the papers [4,8,14] established non-relativistic and
low Mach number limits of the problem.

If we ignore the radiation effort in (1.1), the system is reduced to full compressible
magnetohydrodynamic equations and has received many studies, for example, see [3, 6,
9–13]. The local strong solution was obtained by Fan-Yu [9]. The global weak solutions
were obtained by Fan-Yu [10], Ducomet-Feireisl [6] and Hu-Wang [11] respectively. The
low Mach number limit problems were studied by Jiang-Ju-Li [12] in T3 for well-prepared
initial data, Jiang-Ju-Li-Xin [13] in R3 for ill-prepared initial data, and Cui-Ou-Ren [3] in
a bounded domain for well-prepared initial data.

Very recently, Xie and Klingenberg [16] studied the non-relativistic limit for the three-
dimensional ideal compressible radiation magnetohydrodynamics and obtained the lim-
iting problem which is a widely used macroscopic model in radiation magnetohydrody-
namics.

In this paper, we study the non-relativistic and low Mach number limits to the full
compressible MHD-P1 approximate model (1.1) and hence extend the result in [4] to
more general models. For simplicity, we will consider the case that the fluid is a poly-
tropic ideal gas, i.e., the internal energy e and the the pressure p satisfy

e :=CVT , p :=RρT
with positive constants CV and R.

In the following, we introduce the new unknowns σ and θ with

ρ :=1+ǫ1σ, T :=1+ǫ1θ. (1.2)

Then the system (1.1) can be rewritten as

∂tσ+div(σu)+
1

ǫ1
divu=0, (1.3a)

ρ∂tu+ρu·∇u+
R

ǫ1
(∇σ+∇θ)+R∇(σθ)

−µ∆u−(λ+µ)∇divu= I1+rotb×b, (1.3b)

CVρ(∂tθ+u·∇θ)+R(ρθ+σ)divu+
R

ǫ1
divu−∆θ

=ǫ1

(µ

2
|∇u+∇ut|2+λ(divu)2+|rotb|2

)

+ I0−(1+ǫ1θ)4, (1.3c)

∂tb+rot(b×u)−∆b=0, divb=0, (1.3d)

ǫ2∂t I0+div I1=(1+ǫ1θ)4− I0, (1.3e)

ǫ2∂t I1+∇I0=−I1 in T
3×(0,∞). (1.3f)


