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GO TO

Program HWbt i on
Real xn, vn, xnp, vnp, xtheo
Real t, dt, akm sakm
Integer nlast, nprint, i

=1, nlast
=t +dt
vnp = (vn-aknfxn*dt)/ (1. O+aknfdt*dt)
xnp = (xn+dt*vn)/ (1. O+akntdt*dt)
XN = xnp
vn = vnp
End do

vn = 0.0
xn =10
t =00

!
akm= 1.0
dt =0.1
sakm= Sgrt (akm)
nlast = 300
nprint = 10

]
Doi =1, nlast

t =t +dt

vnp =vn - akm* xn * dt
Xnp = xn +vn * dt
xtheo = Cos(t * sakm)
If (i/nprint*nprint =i ) then
Print *, t, xnp, xtheo
End | f
XN = xnp
vn = vnp
End do

Doi =1, nlast

t =t +dt

vt =vn -akm* xn * dt

xt =xn+vn* dt

vnp =vn - 0.5* akm* (xt +xn) * dt
xnp = xn + 0.5* (vt +vn) * dt

Xn = xnp
vn = vnp
End do

End Program Hwti on

Excel
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*
xnm= 1.0 i =1, nlast
vhm= 0.0 vhh =vn - 0.5 * akm* xn * dt
Doi =1, nlast xnh = xn + 0.5 * vn * dt
t =t +dt t =t +dt
vip =vn - 0.5* akm* (3.0 * xn - xnm * dt vnp = vn - akm* xnh * dt
xnp =xn + 0.5* (3.0 * vn - vin) * dt Xxnp = xn + vnh * dt
Xnm= xn XN = xnp
vhm= vn vn = vnp
Xn = xnp End Do
vn = vnp
End Do =%
e - N 1
Doi =1, nlast \ \ /\ yl‘
T I ARIAIN
Xnp = (4. 0°ct/ (4. Orakntdt*dt))* (viH(4. O-akndt *dt ) *xn/ (4. O*ct)) \ / \ / \ j \ [ ‘
vnp = ((4.0-aknfdt*dt)*xnp- (4. 0+aknfdt*dt)*xn)/ (4. 0*dt) i
XN = xnp U - o i
vn = vnp v \u! Wl
End do \
Time ’
*
2 ! Euer explicite:first oder i2 =1Int(20/ dx)
‘iu:_u@Jriau | u(Li1) =1.0
ot ox Reodx? Modul e Burgers_var . Doi =i+, i2 o
Integer, Paraneter :: minax = 301 u(i) =1.0- Real (i - il)/Real(i2-i1)
= Real (8) u(nminax), un(ninax) End Do

t
u

0
{1 (x<=1) !

1-x (1< X <= 2) Progr am Bur gers
Use Burgers_var
0 (X>2) Inplicit None

u=1 Real (8) dx, crno, dt, al, tine
Real (8) Re
iy
!
dx =001
crno = 0.1
x=1 x=2 dt  =crno* dx
al =dx * Real(mnax - 1)
Re  =100.0
i max = mnax
nlast = 3000
nprint = 1000
time = 0.0

End Mdul e Burgers_var

i1 =1nt(10/ dx)

R L T T —————— ]

Integer inax, il i2 i
Integer n, nlast, nprint

u(i2+L:imax) = 0.0

Do n =1 nlast

tine = Real (n) * dt

Doi =2 imx- 1

un(i) =u(i) +dt*(-u(i)*(-u(i) &
&*(u(i+1)-u(i-1))/(2 0*dx) &
& Hu(i+1)-2.0*u(i)+u(i-1)) &

& / (Re*dx*dx))
End Do
!
un( 1) =un(2)
un(imax) = un(i nax- 1)
!
u=un

If(n = n/nprint*nprint) Then
Print *, (u(i), i=1,inax)
End | f
End Do

End Program Bur gers
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"
nlast = 3000 a(inax, 1) =-1.0
nprint = 1000 a(inex,2) = 0.0
time = 0.0 b(imax) =0.0
il =1Int(L0/ dx) !
! Buer inplicit:first oder i2 =1Int(20/ dx) Gl Trdiag (inax, a b, un)
! u(lil) =10 !
Mdul e Burger sl mvar Doi =il#, i2 u=un
Integer, Paraneter :: minmax = 301 u(i) =1.0 - Real (i-i1)/Real (i2-i1) If(n = n/nprint*nprint) Then
Real (8) u(mi nax), un(m nax) End Do Print *, (u(i), i=1,inax)
Real (8) a(ninax,2), b(m nax) u(i 2+L:inax) = 0.0 End I f
End Mdul e Burgersl mvar Redx2 = Re * dx * dx End Do
R T P ccc =10/ (Rdx2 +2.0* dt) End Program Bur gersim
Program Bur gersim
Use Burgers_var !
Inplicit None Don =1 nlast
Integer inax, i1, i2 i tine = Real (n) * dt
Integer n, nlast, nprint
Real (8) dx, crno, dt, al, tine a(2:imex-1, 1) = - (Re*dx*u( 2 i nex-1) &
Real (8) Re, Redx2, ccc & + 2.0)*0.5*dt*ccc
o a(2inax-1,2)= (R*dx*u(2inmax-1) &
! & - 2.0)*0.5*dt*ccc
dx =0.01 b(i) = Redx2 * u* ccc
crno = 0.1
dt  =crno * dx a(1,1) =0.0
al  =dx * Real (mnax - 1) a(1,2) =0.0
Re :190.0 b(1) =10
inax = nmnax
]

& x=0
u_oud
oX 0§ ox

2

ou _0oudE ouon
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ou _0oudE ouon
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X +a,X, +apX + +a,x, =h
Ay Xy + Axn X, +AyX; + +ay X, = b2
Ay X 85X, + 85X + +a,x, =b,
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Ax=hb
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CG

gradient method

G(x)=(xeAx)—2(xeh)

G
X1 = X oy Py
o]
3G (X, +ou py) o
oo,
A
gradient method ( )
r +. .Ap
P =N +BcPes By = _W
K Kk

conjugate

Bi-CGSTAB

Bi-CGSTAB

Lh=b—AX,, p,="1,

(ser)=0 s s=r,
k=1,2,
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B
B _ak(s'rk+1)
=]
ik(s.rk)
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CR 1

method

residual

G(Xk+1):(rk+1.rk+1):(rk 7akApk).(rk 7akApk)
:(ak)z(Apk ‘Apk)*zak(rk .Apk)+(rk 'rk)
_ (r*Ap)

‘ (Apk * Apk)

conjugate residual method

(pk+1.ATApk):(Ark+1.Apk)+Bk(Apk *Ap)=0

(Ark+1 ° Apk)

Pe=""(ap, « An,)

CR
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rL=b—-Ax,, p,=r
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Xy = X + 0oy Py
M =N — o AD,
B, =— (A1 ® Ap,)
(Ap, * Ap,)

Prsr = fea + By Py

36



" N

stress

turbulence
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LES RANS | g 23 53
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RANS
mixing length model
0
vy =12 |5”|
Li=ky
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€ 32 ¢
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RANS

Reynolds Stress Equation Model
Differential Second-moment Closure Model
Second-moment Closure Model
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RANS

"

LES

large-eddy simulation

subgrid scale
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Nagano-Tagawa(1990)
C,=009, C,=145 C,=19 o,=14, o, =13
f, =(1-exp(-y' /26)) (1+4.1RE")
f,=10, f,= (1— 0.3exp(~(Rt/6.5) ))(1— exp(~y' /6))

Myong-Kasagi(1990)
C,=009, C,=14, C,=18 o,=14, o, =13
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Nagano-Kim(1988)
Cx =011, Cp1 =1.80, sz =0.72, CDl =22, CDZ =0.8 [ =10, o, =1.0

fx:(1fexp(*(x/ﬁ/30.5)(acf)Sty+))2’ (10, f.-10

z\? 2 \2
fDl :1'0’ fDZ :1'0’ Dt = Za[a?a/yt_] ' E( :(X,(X( (17 fx)[aayi-lz-j

Nagano (1991)
¢, =010 C,; =170, C,,=064 C, =20 Cy,=09 ¢,=10 oc,=10
f, = (1~ exp(~(+/Pr/26) y*))2(1+ 34/R¥), f,, =10, f,,=10
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D2
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f, =(1-exp(-y /A7) (1+(2o/ Rt3/4)exp(—(Rt/12O)2))
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