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A ESTIMATE OF THE RATE OF ENTROPY DISSIPATION OFHIGH RESOLUTION MUSCL TYPE GODUNOV SCHEMES�1)Hua-zhong Tang(State Key Laboratory of S
ienti�
 and Engineering Computing, ICMSEC, Chinese A
ademyof S
ien
es, Beijing 100080, China)Ning Zhao(Department of Aerodynami
s, Nanjing University of Aeronauti
s and Astronauti
s, Nanjing210016, China)Abstra
tIn this paper, following the paper [7℄, we analysis the \sharp" estimate of therate of entropy dissipation of the fully dis
rete MUSCL type Godunov s
hemesby the general 
ompa
t theory introdu
ed by Coquel{LeFlo
h [1, 2℄, and �nd:be
ause of small vis
osity of the above s
hemes, in the vin
ity of sho
k wave, theestimate of the above s
hemes is more easily obtained, but for rarefa
tion wave, wemust impose a \sharp" 
ondition on limiter fun
tion in order to keep its entropydissipation and its 
onvergen
e.Key words: Hyperboli
 
onservation laws, MUSCL type godunov s
hemes, Entropydissipation, sho
k wave, Rarefa
tion wave.1. Introdu
tionLet us 
onsider the Cau
hy problems for nonlinear hyperboli
 s
alar 
onservationlaws: �u�t + �f�x = 0; (1.1)u(x; 0) = u0(x) (1.2)where f : <�!< is Lips
hitz 
ontinuous fun
tions, and the initial data u0(x) is a givenfun
tion in L1(R)TL1(R). As it is well-known, this problem in general does not admitsmooth solution, so that weak solutions in the sense of distributions must be 
onsider.� Re
eived De
ember 6, 1995.1)This work was supported by the China National Aeronauti
al Foundation and by the ChinaPostdo
toral S
ien
e Foundation.
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ondition must be added in order to ensure the uniqueness of theweak solutions of equation (1.1) and (1.2). The 
onvergen
e of high resolution s
hemeshas been investigated by many authers, su
h as Osher and Tadmor [3℄, Vila [5℄,andCoquel and LeFlo
h [1, 2℄. However, some quantities depending on spa
e mesh size arealways introdu
ed in their paper. In general, the di�eren
e s
hemes only depends onthe ratio of the mesh size but the mesh size. So, the introdu
tion of these quantitiesmay be improper.In this paper, we dis
uss a 
lass of the fully dis
rete MUSCL type Godunov s
hemesbased on the general theory introdu
ed by Coquel-LeFlo
h [1, 2℄. In se
tion 2, were
all the Godunov s
hemes for s
alar 
onservation laws and give its MUSCL type highresolution Godunov s
hemes. Se
tion 3 deals with the rate of entropy dissipation of thes
hemes. We give a 
ubi
 estimate of the "sharp" entropy inequalities of the MUSCLtype Godunov s
hemes in the 
ase of sho
k wave. Moreover, we anaylsis the 
ase ofrarefa
tion wave, and �nd that a "sharp" 
ondition must be imposed on the limiterfun
tions in the 
ase of rarefa
tion wave, in order to ensure entropy inequalities and
onvergen
e of the above s
hemes. The above limitations make these s
hemes fail topreserve the se
ond order a

ura
y.2. The Fully Dis
rete MUSCL Type Godunov S
hemesLet us 
onsider �nite di�eren
e s
hemes in 
onservative form for 
onservation laws(1) and (2) un+1j = unj � �(hj+ 12 � hj� 12 ); (2.1)where � = �t=�x is the mesh ratio, and �t and �x are the variable meshsize in timeand spa
e dire
tions, respe
tively. hj+ 12 denotes the numeri
al 
uxhj+ 12 = h(uj�s+1; :::; uj+s); h(u; :::; u) = f(u): (2.2)As well known, the weak solution of equation (1.1) and (1.2) is not unique. So let thefun
tion U(u) be any 
onvex fun
tion,so{
alled the entropy fun
tion, and asso
iatedwith entropy fun
tion F(u) satis�es F 0(u) = U 0(u)f 0(u). (U,F) is 
alled an entropypair. If the weak solution of equation (1.1) and (1.2) satis�es the following inequality:�U(u)�t + �F (u)�x � 0; (2.3)in the sense of distribution to every entropy pair (U,F), the weak solution is the unquephysi
al solution of equation (1.1) and (1.2). The inequality (2.3) is 
alled the entropyinequality (or the entropy 
ondition). Corresponding to the 
onservative s
heme (2.1),the dis
rete entropy inequality is de�ned asU(un+1j )� U(unj ) + �(Hj+ 12 �Hj� 12 ) � 0; (2.4)


