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c
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+
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=
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=
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b
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u
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u
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h
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=
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� �
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(1989).

6F
.J.
H
igu
era,
S
.
S
u
cci,
an
d
R
.
B
en
zi,
E
u
ro
p
h
ys.
L
ett.
9
:345{349
(1989).
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B
h
a
tn
a
g
a
r-G
ro
ss-K
ro
o
k
A
p
p
ro
x
im
a
tio
n

L
B
E
co
llisio
n
o
p
erator:
L
G
A
)
L
B
E
)
L
in
earized
L
B
E
)
L
B
G
K



�
(f
)
=
�
1�

[f
� �
f
(e
q
)

�

];

(1
9
)

E
q
u
ilibriu
m
d
istrib
u
tio
n
fu
n
ctio
n
:

f
(e
q
)

�

=

w
�
� �1
+
A
(e
� �
u
)
+
B
(e
� �
u
)
2
+
C
u
2 �
;

(2
0
)

w
h
ere
w
�
,
A
,
B
,
an
d
C
are
d
eterm
in
ed
by
co
n
servatio
n
law
s.

T
h
e
lattice
(B
G
K
)
B
o
ltzm
an
n
E
q
u
atio
n
: 5
;6

f
�
(x
i
+
e
�
;
t
+
1)
=
f
�
(x
i ;
t)�
1� �f

�
(x
i ;
t)�
f
(e
q
)

�

(x
i ;
t) �

(2
1
)

6Y
.H
.
Q
ian
,
D
.
d
'H
u
m
i�eres,
an
d
P
.
L
allem
an
d
,
E
u
ro
p
h
ys.
L
ett.
1
7
:479{484
(1992).

7H
.
C
h
en
,
S
.
C
h
en
,
an
d
W
.H
.
M
atth
aeu
s,
P
h
ys.
R
ev.
A
4
5
:R
5339{R
5342
(1992).
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L
B
E
H
y
d
ro
d
y
n
a
m
ic
s

L
B
E
=)
th
e
N
avier-S
to
kes
eq
u
atio
n
(K
n
;
�
x ;
�
t !
0
):

�
@
t u
+
�
ur�u
=
�r
P
+
�
�r
2u

(2
2
)

P
=
c
2s
�

(23a)

�
=
c
2s �
��
12 �

(23b
)

w
h
ere
c
s � p
k
B
T
=m
=
p

�
is
th
e
so
u
n
d
sp
eed
,
d
ep
en
d
in
g
o
n
th
e
d
iscrete

velo
city
set.

�
L
B
E
o
verco
m
es
m
an
y
sh
ortco
m
in
g
s
o
f
L
G
A
;

�
T
rad
eo
�
:


o
atin
g
n
u
m
b
er
calcu
latio
n
s,
ro
u
n
d
o
�
error.
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F
e
a
tu
re
s
o
f
th
e
L
a
ttic
e
B
o
ltz
m
a
n
n
E
q
u
a
tio
n

K
ey
F
eatu
res
o
f
th
e
L
B
E
m
eth
o
d

�
D
erived
fro
m
h
yp
erb
o
lic
eq
u
atio
n
;

�
L
in
ear
ad
vectio
n
term
e
� �r
f
�
;

�
In
trin
sically
co
m
pressib
le
an
d
h
as
correct
aco
u
stics;

�
P
reserve
co
n
servatio
n
law
s
an
d
all
th
e
n
ecessary
sym
m
etries;

�
1
st
ord
er
�
n
ite-d
i�
eren
ce
in
form
,

A
ccu
racy:
2
n
d
-ord
er
�
x
an
d
1
st-ord
er
�
t ;

�
G
rid
C
F
L
=
1
;

�
A
b
ility
to
in
clu
d
e
m
o
d
el
in
teractio
n
s.

C
o
m
p
u
tatio
n
al
C
h
aracteristics
o
f
th
e
L
B
E
m
eth
o
d

�
U
su
ally
u
se
C
artesian
g
rid
;

�
U
se
eq
u
atio
n
o
f
state
to
o
b
tain
pressu
re;

�
In
trin
sic
p
arallelism
d
u
e
to
u
n
iform
,
n
earest
n
eig
h
b
or
d
ata
co
m
m
u
n
icatio
n
s

(stream
in
g
)
an
d
p
u
rely
lo
cal
calcu
latio
n
s
(co
llisio
n
);

�
A
b
ility
to
h
an
d
le
co
m
p
lex
b
o
u
n
d
aries
w
ith
o
u
t
lo
sin
g
co
m
p
u
tat.
sp
eed
;

�
B
ro
ad
ap
p
licatio
n
s.
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F
irst-O
rd
e
r
P
D
E
's
v

s
.

H
ig
h
e
r-O
rd
e
r
P
D
E
's

P
o
ssib
le
ad
van
tag
es
o
f
u
sin
g
th
e
P
D
E
's
o
f
th
e
low
est
p
o
ssib
le
ord
er
(1
st-ord
er)

as
o
p
p
o
se
to
th
e
trad
itio
n
al
h
ig
h
er-ord
er
system
s: 7

�
R
eq
u
ire
th
e
sm
allest
p
o
ssib
le
sten
cil
for
accu
rate
d
iscretizatio
n
;

�
L
o
cal
sti�
n
ess
v
s.
g
lo
b
al
sti�
n
ess;

�
M
ay
b
e
easier
to
d
erive
to
co
n
verg
en
ce
th
an
eq
u
ivalen
t
h
ig
h
er-ord
er

system
s;

�
F
irst-ord
er
P
D
E
's
yield
th
e
h
ig
h
est
p
o
ten
tial
d
iscretizatio
n
accu
racy
o
n

n
o
n
-sm
o
o
th
,
ad
ap
tively
re�
n
ed
g
rid
s;

�
B
etter
su
ited
for
fu
n
ctio
n
al
d
eco
m
p
o
sitio
n
;

�
C
an
b
e
u
sed
to
d
escrib
e
exten
d
ed
h
yd
ro
d
yn
am
ics.

7B
.
van
L
eer,
A
IA
A
T
ech
.
P
a
p
er
2
0
0
1
-2
5
2
0
(2001).
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S
u
m
m
a
ry

T
h
e
lattice-g
as
au
to
m
ata:

�
M
im
ickin
g
(sim
p
li�
ed
)
m
o
lecu
lar
d
yn
am
ics;

�
E
xactly
preservin
g
co
n
servatio
n
law
s;

�
P
ro
cessin
g
b
asic
sym
m
etries;

�
S
p
u
rio
u
s
co
n
served
q
u
an
tities;

�
L
arg
e


u
ctu
atio
n
s;

�
B
o
o
lean
n
atu
re
(in
teg
er
or
lo
g
ic
or
tab
le-lo
o
ku
p
alg
orith
m
s).

T
h
e
lattice
B
o
ltzm
an
n
eq
u
atio
n
:

�
S
im
p
li�
ed
B
o
ltzm
an
n
eq
u
atio
n
;

�
O
verco
m
in
g
so
m
e
d
efects
o
f
th
e
lattice-g
as
au
to
m
ata;

�
N
o


u
ctu
atio
n
s;

�
F
lo
atin
g
n
u
m
b
er
alg
orith
m
s;

�
E
n
h
an
ce
n
u
m
erical
e�
cien
cy.

C
o
n
clu
sio
n
:
T
h
e
L
G
A
an
d
L
B
E
m
eth
o
d
s
can
sim
u
late
h
yd
ro
d
yn
am
ics.
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