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Abstra t
In this paper we dis uss three topi s on the designing of the limiter fun tions.
(1) To guarantee the TVD property (2) To maintain enough arti ial vis osity. (3)
A method to form TVB limiter whi h an ensure se ond order a ura y even at
the extrema of the solution.
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1. Introdu tion

Sin e 1980's, di eren e s hemes with TVD or TVB properties have been used for
more and more CFD problems, espe ially the following system of onservation laws:
Ut + F (U )x = 0:
(1.1)
The reason is that the TVB property will guarantee the onvergen e of any subsequen e
of the di eren e solution sequen e to a week solution of the di erential equation. Obviously if the week solution is unique, then the whole sequen e will onverge to that
solution.
One of the frequently used TVD s heme is the se ond order ve-point onservative
one:
Uin+1 = Uin (Hi+1=2 Hi 1=2 ):
(1.2)
Here Hi+1=2 = H (Uin 1 , Uin, Uin+1, Uin+2), is onsistent with F , i.e, H (U; U; U; U ) =
F (U ), and ould be written as
Hi+1=2 = F (Uin ) + Qi+1=2  (F (Uin+1 ) F (Uin ));
(1.3)
here Qi+1=2 is usually a nonlinear fun tion of Uin 1 ;    ; Uin+2 , and is alled Limiter.
It is this Limiter that has great e e t on the s heme. In this paper we will dis uss
some prin iples and methods on how to onstru t that fun tion in order that the s heme
has desired properties. For simpli ity, we begin with the following s alar linear equation
as the model problem:
Ut + a  Ux = 0:
(1.4)
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The orresponding s heme is:
Uin+1 = Uin a  (Uin + Qi+1=2  Ui+1=2 Uin 1 Qi 1=2  Ui 1=2 )
(1.5)
here  = xt , Ui+1=2 = Uin+1 Uin. Without loss of generality, we assume here a  0.
Although the above simple model is used for the theoreti al analysis, the ba kground
problem of this paper is a pra ti al 3-D vis ous outer ow one, so some of the numeri al
examples are about 3-D ow problems.
In se tion 2, the onditions on Limiter for TVD property are dis ussed. In se tion
3, for solving the problems arising in the pra ti al ow al ulation, some ideas on
maintaining proper arti ial vis osity are given. In se tion 4, a method for onstru ting
a Limiter whi h will ensure the se ond order a ura y of the s heme even at the extrema
of the solution while keeping the TVB property is presented. The results of numeri al
experiments are provided in se tion 5.
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2. The Basi Conditions for TVD Limiters

A ordiong to the TVD suÆ ient ondition of Harten in [1℄, if a s heme an be
written as:
Uin+1 = Uin + Ci++1=2 Ui+1=2 Ci 1=2 Ui 1=2
(2.1)
and if
Ci++1=2 ; Ci+1=2  0; Ci++1=2 + Ci+1=2  1
(2.2)
then the s heme is a TVD one.
The s heme (1.5) an be put into the form (2.1) if we hoose:
U
Ci 1=2 = a  (1 + Qi+1=2 1+1=2 Qi 1=2 ); Ci++1=2 = 0:
(2.3)
Ui 1=2
Assume that Qi+1=2 is a fun tion of the di eren e ratio ri+1=2 = UUii+11==22 , i.e, Qi+1=2 =
Q(ri+1=2 ), and the fun tion satis es:
Q(r) = 0
r0
1  Q(r) > 0 if r > 0 :
(2.4)
Q(r) = 1=2
r=1
Furthermore we require the Q(r) is Lips hitz ontinuous, i.e, there is a L > 0 independent of r, su h that for any r; r0 :
jQ(r) Q(r0)j  L  jr r0j:
(2.5)
Thus, there must be Q(0) = 0, for any r > 0:
jQ(r)j = jQ(r) Q(0)j  L  r:
(2.6)
Therefore, when a    1+1L , for the oeÆ ient Ci 1=2 in (2.3), we have:
if UUi+1=2  0:
(2.7)
i 1=2

