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PROGRAM MAIN

D skokokokokok ok ook ook ok ok sk ok sk ok ok ok ok ook ook o ok ok sk ok ok sk sk o ok ok o ok sk o ko o sk ok o ok ok ok o ok o ko o ok ok ok sk ok ok o sk Kok o sk ok sk o sk ok oK

! Flow Problem: 2D Incompressible Flow through Backward Facing Stepped Duct

! Numerical Method: General Curvilinear Coordinate Grid, SMAC Delta-Form Implicit Method,

! Chakravarthy-Osher TVD Scheme

D sokookokok ook ko sk ok ko ksl ok stk sk sk kskokk sk ok stk sk sk ok stk sk sk sk ok sk sk ok ko ksl ok ko sk ok ks sk ks ok sk ks sk ko ok sk ok sk sk ok ok

PARAMETER (if=140,jf=25)

DIMENSION x(2,0:if,0:jf),UJ(2,0:if,0:jf),u(2,0:if,0:jf),p(0:if,0:jf),phi(0:if,0:jf), &
z(0:if,0:jf),UJX(2,0:1if,0:jf) ,£(0:if,0:jf) ,co(0:if,0:jf,-1:1,-1:1),locf(2,8) ,fmax(8)

COMMON //n,Re,dt,i0, jO,lowRe,steady,unsteady

COMMON /COMPUZ1/UJX

LOGICAL lowRe,steady,unsteady

CHARACTER*4 =z1,z2; CHARACTER*10 z3(8)

DATA nf,mf,Re,dt,Mode/5000,5,1000.,1.,2/ Inf=max n, mf=max(m), Re=Reynolds number

i0=if-1; jO=jf-1

! Mode=1: for low Re steady flow

! Mode=2: for high Re steady flow

! Mode=3: for low Re unsteady flow

! Mode=4: for high Re unsteady flow

steady = (Mode==1 .0OR. Mode==2)

unsteady = (Mode==3 .0R. Mode==4)

lowRe = (Mode==1 .0R. Mode==3)

CALL GRID(x,if,jf) lgrid generation

CALL METRIC(x) 'metrics, metric tensors

CALL COEF(co) lcoefficients of press-fde

IF (steady)CALL PREDCT(x,UJ,u,p) 'predict JU and p

IF (unsteady)READ (10)x,UJ,u,p 'undteady: initial data

CALL COMPUZ(UJ,u,z,locf,fmax,CFLmax) !velocities vorticity & divergence

OPEN (20,FILE="0UTPUT.dat’)
WRITE(20,60); IF(unsteady)WRITE(20,61)

n=0; 100 n=n+1 'n: step

m=0; 101 IF(unsteady)m=m+1 'm: approx

CALL COMPU1(m,UJ,u,p,z,locf,fmax) !compute JU™*

CALL COMPP (UJ,p,phi,co,resP,locf,fmax) !compute phi and p

CALL COMPU2(UJ,phi) !compute JU

CALL COMPUZ(UJ,u,z,locf,fmax,CFLmax) !velocities vorticity & divergence

! Decide convergence and output computational results
IF(MOD(n,20)==0 .AND. (steady.OR.m==1))THEN
i=if; resNS=0.
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resNS=AMAX1(fmax (1) ,-fmax(2) ,fmax(3) ,-fmax(4))
flow=3./8.*(3.*xUJ(1,1,0)+UJ(1,i,1)+0J(1,1,23)+3.*%0J(1,1,24)) loutlet flow rate
D0 j=1,23,2; flow=flow+(UJ(1,i,j)+4.*UJ(1,i,j+1)+UJ(1,1,j+2))/3.; ENDDO
CALL CPU_TIME(sec)
WRITE(20,62)n,resNS,resP,CFLmax,flow,sec !print residuals
ENDIF
60 FORMAT(/1H 3X ’n’, 6X ’resNS’, 6X ’resP’, 7X ’CFLmax’, 4X ’outflow’, 5X ’CPU-time’/)
61 FORMAT(1H 5X ’m’, 6X ’resNS’, 6X ’resP’/)
62 FORMAT(1H 15, 2F11.5, 2X F9.3, F11.5, 2X F9.2)

IF (resNS>2. .0OR. resP>2.) GOTO 110 !diverge
IF (resNS<.0001 .AND. resP<.0001)THEN !converge
IF (steady) GOTO 110
IF (unsteady) GOTO 111
ENDIF
IF (unsteady . AND . m<mf) GOTO 101 'unsteady: (m) -approx
111 IF(n<nf) GOTO 100 'n-step
110 CONTINUE
DO k=1,6
SELECT CASE (k)
CASE(1); FORALL(i=0:if,j=0:3j£)£(i,j)=x(1,i,j) ; zl=" x"; z2="  "; mz= 0
CASE(2); FORALL(i=0:if,j=0:j£)£(i,j)=x(2,i,j) ; z1=" y"; z2="  "; mz= 0
CASE(3); FORALL(i=0:if,j=0:jf)f(i,j)=u(1,i,j) ; z1=" u"; z2=" "; mz= 0
CASE(4); FORALL(i=0:if,j=0:3j£)f(i,j)=u(2,i,j) ; zl=" v"; z2="  "; mz= 0
CASE(5); FORALL(i=0:if,j=0:3£)£(i,j)=p(i,j) ; z1=" p"; 2z2="#*10 "; mz= 1
CASE(6); FORALL(i=0:if,j=0:jf)f(i,j)=z(i,j) ; zl="zeta"; z2="/10 "; mz=-1
ENDSELECT !mz:scale factor
CALL WRTF(f,z1,z2,mz,n) !print out computational results
ENDDO
CALL REATTACH(x,UJ,UJX,if,jf,xrap,k) !compute reattachment point xrap
WRITE(20,’ (56X A7,F5.1,3X I4)’)’xrap = ’,xrap,k !print out xrap

! Output locations and values of maximum and minimum of residuals and divergence

DATA z3/’maxUq =’,’minUq =’,’maxVq =’,’minVq =’,’maxphi =’,’minphi =’,’maxdiv =’,’mindiv =’/
FORALL (k=1:2,i=1:8)locf (k,i)=locf (k,i)-1

DO i=1,8; WRITE(20,’(5X A10,2I4,3X E10.3)’)z3(i), (locf(k,i),k=1,2),fmax(i); ENDDO

CALL StepDF_CG(x,u,p,z,if,jf) !computer graphics for steady
CLOSE(20)

END PROGRAM MAIN

! xkkxkkkkk* Generate curvilinear coordinate grid by analytical method
SUBROUTINE GRID(x,if,jf) 'if=140, j£=25
! Generate by sloving boundary value problem of elliptic pde
DIMENSION x(2,0:if,0:jf),x0(2,0:if,0:jf),xxi(4,0:if,0:jf),aJ(0:if,0:jf),g(3,0:if,0:jf), &
P(0:if,0:j£),Q(0:if,0:jf) ,£(0:if,0:jf)
CHARACTER*4 z1
DATA dxi,det,all/3*1./
nf=200; i1=35; i2=40; i0=if-1; jO=jf-1
OPEN (20,FILE=’0UTPUT.dat’)
! ®x**x*x Give values of grid coordinates on boundaries by geometrical series
! atartar”2+...+ar"(n-1)=a(r"n-1)/(r-1)
x(1,i1,0)=0.; x(2,i1,0)=0.
DO i=i1-1,0,-1
x(1,i,0)=x(1,i+1,0)-.09975*1.055**(i1-i-1); x(2,i,0)=0. 'bottom wall
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ENDDO
DO i=i1+1,i2

x(1,i,0)=0.; x(2,i,0)=x(2,i-1,0)-.10045%1.35%*(i-i1-1) Istep wall
ENDDO
DO i=i2+1,70

x(1,1,0)=x(1,i-1,0)+.2*%1.05**(i-i2-1) 'bottom wall
ENDDO
FORALL (i=71:if)x(1,1,0)=x(1,70,0)+.8232+«FLOAT (i-70) 'bottom wall
FORALL (i=i2:if)x(2,i,0)=-1.
FORALL(i=0:if)x(2,i,jf)=3. 'top wall

! #*xx* Give predict values of x on top bound

FORALL(i=0:i1)  x(1,i,jf)=x(1,1i,0)

FORALL (i=i1+1:i2)x(1,1i,jf)=x(1,1i1,jf)-x(2,1i,0)

FORALL (i=i2+1:if)x(1,i,jf)=x(1,i2,jf)+(x(1,if,0)-1.)/x(1,if,0)*x(1,1i,0)

! x*k*x*x Determine starting values of x,y by interporation

DO i=0,if; DO j=1,j0O
et=j/FLOAT(jf); alp=(-et*et+l.6%et+.4)x*et
! The cubic polynomial is formed to satisfy the conds of £(0)=0, £(1)=1, £’(0)=.4, £’(1)=.6
! for finer grid near walls. But it is impossible sufficiently to control grid spaces by it.
x(1,i,j)=(1.-alp)*x(1,1,0)+alp*x(1,1i,jf)
x(2,1,j)=(1.-alp)*x(2,1,0) +alp*x (2,1, jf)

ENDDO; ENDDO

n=0; 100 n=n+1; IF(n==10)all=1.4

! #xxx*x Compute x_xi y_xi x_eta y_eta

DD 1=1,2
FORALL (i=1:10,j=0:jE)xxi (1 ,i,j)=(x(1,i+1,j)-x(1,i-1,j))/2./dxi  'x_xi, y_xi
FORALL (i=0:if, j=1:j0)xxi(1+2,1i,j)=(x(1,1i,j+1)-x(1,i,j-1))/2./det !x_eta, y_eta

FORALL (j=0:jf)xxi(1 , 0,j)=—(3.*x(1, 0,j)-4.*x(1, 1,j)+x@, 2,j))/2./dxi
FORALL(j=0:jf)xxi(1 ,if,j)= (3.*x(1,if,j)-4.*x(1,i0,j)+x(1,i0-1,j))/2./dxi
FORALL(i=0:if)xxi(1+2,i, 0)=-(3.*x(1,i, 0)-4.*x(1,i, D+x(1,i, 2))/2./det
FORALL (i=0:if)xxi(1+2,i,jf)= (3.*x(1,i,jf)-4.*x(1,i,jO)+x(1,i,jO-1))/2./det

ENDDO

! xk*xx Compute J J72; xi_x eta_x xi_y eta_y; g_11 g_12 g_22

FORALL (i=0:if, j=0:jf)

aJ(i,j)=xxi(1,1,j)*xxi(4,1,j)-xxi(3,1,j)*xxi(2,1,]) 1J

g(1,i,j)=C(xxi(1,i,j)*xxi(1,1,j)+xxi(2,1,])*xxi(2,1,3))/al(4,]) 'g_11/J

g(2,i,j)=(xxi(1,1,j)*xxi(3,1,j)+xxi(2,1,])*xxi(4,1,3))/al(4,]) 'g_12/J

g(3,1,3)=(xxi(3,1,])*xxi(3,1,])+xxi (4,1, ) *xxi(4,i,j))/al(i,]) 1g_22/J
ENDFORALL

! #xxx*% Compute control functions P and Q

! P: control il-line and i2-line, Q: control grid spacing of j-direction

FORALL (i=0:if, j=0:jf)P(i,j)=0.

FORALL(i=0:if, j=0:j£)Q(i, j)=0.

FORALL (i=1:i1-1,j=1:jf)P(i,j)=2./(x(1,i+1,0)-x(1,i-1,0)) & 'xi_xx
*(1./(x(1,i+1,0)-x(1,1,0))-1./(x(1,1,0)-x(1,i-1,0)))

FORALL (i=i1+1:i2-1,3j=1:15)P(i,j)=(15-3j)/15.%2./(x(2,i+1,0)-x(2,i-1,0)) & !c*xi_yy
*(1./(x(2,1+1,0)-x(2,1,0))-1./(x(2,1,0)-x(2,i-1,0)))

FORALL (i=i2+1:10,j=1:10) P(i,j)=(10-j)/10.%2./(x(1,i+1,0)-x(1,i-1,0)) & 'c*xi_xx
*(1./(x(1,i+1,0)-x(1,1,0))-1./(x(1,1,0)-x(1,i-1,0)))

FORALL (j=1:j£)P(i1,j)=(P(i1-1,j)+P(i1+1,3j))/2.

FORALL (j=1:j£)P(i2,j)=(P(i2-1,j)+P(i2+1,3j))/2.

DO i=0,if; DO j=1,jf



10 gmoooogooo—MACOOO OO

coef=25./(x(2,1i,j£)-x(2,1,0))/(x(2,1,jf)-x(2,1,0)) 'coef=(d eta/d te)*(d
ty=(x(2,i,j)-x(2,1,0))/(x(2,i,jf)-x(2,1,0)) 'ty=(y-y_0)/(y_f-y_0)
' Q(i,j)=coef*(6.*ty-4.) Ite(ty)=ty~3-2ty~2+2ty te’(0,.5,1)=(12/6 4.5/6
Q(i,j)=coef*(8.*ty-5.) 'te(ty)=(8ty~3-15ty~2+13ty) /6 ty’ =(13/6  4/6
' Q(i,j)=coef*(10.*ty-6.) 'te(ty)=(5ty~3-9ty~2+7ty)/3 te’ =(14/6 3.5/6
' Q(i,j)=coef*(12.*%ty-7.) 'te(ty)=(4ty~3-Tty 2+5ty)/2 te’ =(15/6 3/6
' Q(i,j)=coef*(18.%ty-10.) 'te(ty)=3ty~3-5ty~2+3ty te’ =(18/6 1.5/6

! for all te(ty), te(0, .5, 1.0)=(0, .625, 1.0),

! Q=d"2eta/dy~2=(d ty/dy) "2xte’’ (ty)*(d eta/d te)=coef*te’’(ty)

! Lower Q’s correspond to grids whose spaces are larger difference.
IF(i>il1.AND.i<i1+10.AND. j<10) & 'modify grid spaces near c
Q(i,j)=Q(i,j)-coef*12.%(1.-FLOAT(j)/10.)*(1.-ABS(i1+5-i)/5.)

ENDDQO; ENDDO

! **x*x Solve difference eqs of L(x)=-J(x_xiP+x_etaQ), L(y)=-J(y_xiP+y_etaQ) by SOR

FORALL(1=1:2,i=0:if,j=0:jf)x0(1,i,j)=x(1,1,j)

nn=0; 110 nn=nn+1

DO 10 1=1,2; DO 10 i=1,i0; DO 10 j=1,j0

w=(g(3,1,j)*(x(1,i-1,j)+x(1,i+1,3)) &
-g(2,1i,j)*(x(1,i-1,j-1)-x(1,i-1,j+1)-x(1,i+1,j-D+x(1,i+1,j+1))/2. &
+g(1,1,5)*(x(1,1,j-1)+x(1,1,j+1)) &

+al (i, )% (xxi (1,1, §)*P (4, ) +xxi (1+2,1,)*Q(i,§)))/2./(g(1,1i, ) +g(3,1,1))
10 x(1,i,j)=x(1,1i,j)+all*(w-x(1,1i,3))
j=jf; DO 11 i=1,i0 'top wall
w=(g(3,1,j)*(x(1,i-1,j)+x(1,i+1,j))+g(1,1,j)*2.*x(1,1i,j-1) &
+aJ(i,j)*(xxi(1,1,j)*P(i,j)+xxi(3,1,j)*Q(1,3)))/2./(g(1,i,j)+g(3,1,3))
11 x(1,i,j)=x(1,i,j)+ali*(w-x(1,i,j))
i=0; DO 12 j=1,j0 !inlet bound
w=(g(3,1,7)%2.%x(2,1, ) +g (1,1, ) *(x (2,1, j-1)+x(2,1,j+1)) &
+aJ(i,j)*(xxi(2,1,j)*P(i,j)+xxi(4,1,j)*Q(i,j)))/2./(g(1,i,3)+g(3,1,3))
12 x(2,1,j)=x(2,1,j)+all* (w-x(2,1,3))
i=if; DO 13 j=1,j0 'outlet bound
w=(g(3,1,§)%2.%x(2,i-1, ) +g(1,1, ) *(x(2,1,j-1)+x(2,1,j+1)) &
+aJ(i,j)*(xx1(2,1,j)*P(i,j)+xxi(4,1,3)*Q(1,3)))/2./(g(1,1i,7)+g(3,1,3))
13 x(2,1,j)=x(2,1i,j)+all*(w-x(2,1i,j))

IF (nn<10) GOTO 110
! x*k*x*x Decide convergence of x,y
adx=0.
DO i=0,if; DO j=1,j0
adx=AMAX1 (adx,ABS(x(1,i,j)-x0(1,i,j))+ABS(x(2,i,j)-x0(2,1,3))) 'dx|+]dyl

ENDDO; ENDDO
IF (n==1)WRITE(20,60)

IF(MOD(n,10)==0)WRITE(20,61) n,adx

60 FORMAT(/1H 3X ’n’, 7X ’adx’/)

61 FORMAT(1H 15, F11.5)

IF (n<nf.AND.adx>1.E-4.AND.adx<5.) GOTO 100
ENDSUBROUTINE GRID

! xkkxkkkkkk Computation of metrics and metric tensors

SUBROUTINE METRIC (x)

PARAMETER (if=140, jf=25,if1=280, j£1=50)

DIMENSION x(2,0:if,0:jf),x1(2,0:if1,0:jf1),xxi(4,0:if1,0:jf1),aJ(0:if1,0:jf1), &
gu(3,0:if,0:j£),gV(3,0:if,0:jf) ,xix(4,0:1f1,0:jf1) ,dxix(0:if,0:jf,2,4), &

ty/dy) "2

6/6)
7/6)
8/6)
9/6)
12/6)

orner
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w1(0:if) ,w2(0:jf) ,w11(0:if1) ,w12(0:1if1),w21(0:jf1),w22(0:jf1)
COMMON //mna,Re,dt,i0,jO,lowRe,steady,unsteady
COMMON /METRIC1/x1 /METRIC2/aJ /METRIC3/gU,gV /METRIC4/xix /METRIC5/dxix
! x¥x%x%*%x Determine x1
DO 1=1,2; DO j=0,jf
FORALL (i=0:if)w1(i)=x(1,i,j); CALL INTP(wl,wll,if)
FORALL(i=0:if1)x1(1,i,2*j)=wl1(i)
ENDDO; ENDDO
x1(1,69,0)=(-x(1,33,0)+6.%x(1,34,0)+3.*x(1,35,0))/8.; x1(2,69,0)=0.
x1(1,71,0)=0.; x1(2,71,0)=(3.*x(2,35,0)+6.*x(2,36,0)-x(2,37,0))/8.
x1(1,79,0)=0.; x1(2,79,0)=(-x(2,38,0)+6.*x(2,39,0)+3.*x(2,40,0))/8.
x1(1,81,0)=(3.%*x(1,40,0)+6.*x(1,41,0)-x(1,42,0))/8.; x1(2,81,0)=-1.
DO 1=1,2; DO i=0,if1
FORALL (j=0: j£)w2(j)=x1(1,i,2%j); CALL INTP(w2,w21,jf)
FORALL (j=0:jf1)x1(1,1i,j)=w21(j)
ENDDO; ENDDO
! **kx¥*% Determine xxi, J
DO 1=1,2; DO j=0,jf1
FORALL (i=0:if1)w11(i)=x1(1,i,j); CALL DIFX(will,wl12,if1,.5)
FORALL (i=0:if1)xxi(1,i,j)=w12(i) 'x_xi y_xi at point X
ENDDO; ENDDO
DO 1=1,2; DO i=0,if1
FORALL (j=0: j£1)w21(j)=x1(1,i,j); CALL DIFX(w21,w22,jf1,.5)
FORALL (j=0:jf1)xxi(1+2,1i,j)=w22(j) !x_eta y_eta at X
ENDDO; ENDDO
FORALL (i=0:if1,j=0:jf1)aJ(i,j)=xxi(1,i,j)*xxi(4,1,j)-xxi(3,1,j)*xxi(2,i,j) !Jacobian J
! #x**xx Determine g_11/J g_12/J g_22/J at U and V
DO i=0,if; ii=2#i; DO j=0,j0; jj=2%j+1
gU(1,1,3)=(xxi(1,1i,jj) *xxi (1,4i,3§)+xxi (2,1i,jj) *xxi(2,ii,§j))/al(ii,jj) 'g_11/J at U

=

gU(2,i,j)=(xxi(1,1ii,jj)*xxi(3,1ii,jj)+xxi(2,1ii,jj)*xxi(4,ii,j]))/al(ii,]]) 'g_12/J at
gU(3,1,j)=(xxi(3,ii,jj)*xxi(3,ii,jj)+xxi(4,ii,jj)*xxi(4,1ii,jj))/al(ii,jj) !'g_22/J at U
ENDDO; ENDDO
DO i=0,i0; ii=2#i+1; DO j=0,jf; jj=2*j
gV(1,i,j)=(xxi(1,1ii,jj)*xxi(1,ii,jj)+xxi(2,1ii,jj)*xxi(2,ii,jj))/al(ii,jj) 'g_11/J at V

<

gV(2,1,3)=(xxi (1,14, 31)%xxi (3,11, ) +xxi (2,11, j) *xxi (4,11,73))/aJ(ii,]]) 'g_12/J at
gV (3,1,3)=(xxi(3,1i,7§) *xxi (3,11, 1])+xxi(4,1i,7j) *xxi (4,i1,j)))/al(ii,j]) 'g.22/] at V
ENDDO; ENDDO
! *****% Determine xix
DO i=0,if1; DO j=0,jf1
xix(1,i,j)= xxi(4,1,3)/aJ(i,§); xix(2,1,))=-xxi(3,1,3)/al(i,}) txix, xiy av X
xix(3,1,))=-xxi(2,1,3)/aJ(i,j); xix(4,i,j)= xxi(1,1,j)/al(i,]) teta_x, eta_y at X
ENDDO; ENDDO
! x%kx* Determine (xi_x)_xi
DO j=0,j0; jj=2%j+1
DO i=1,i0; ii=2%i

dxix(i,j,1,1)=xix(1,ii+1,jj)-xix(1,ii-1,3j) '(xi_x)_xi at U
dxix(i,j,1,3)=xix(2,ii+1,jj)-xix(2,1ii-1,jj) '(xi_y)_xi at U
ENDDO

dxix(if,j,1,1)=3.*xix(1,if1,jj)-4.*xix(1,if1-1,j)+xix(1,if1-2,3j)
dxix(if,j,1,3)=3.*xix(2,if1,jj)-4.*xix(2,if1-1,j)+xix(2,if1-2,3j)
DO i=1,if; ii=2%i

dxix(i,j,1,2)=xix(1,ii,jj+1)-xix(1,ii,jj-1) '(xi_x)_eta at U
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dxix(i,j,1,4)=xix(2,ii,jj+1)-xix(2,ii,jj-1) '(xi_y)_eta at U
ENDDO; ENDDO
DO i=0,10; ii=2#i+1; DO j=1,j0; jj=2*j

dxix(i,j,2,1)=xix(3,1i+1,jj)-xix(3,1ii-1,jj) '(eta_x)_xi at V
dxix(i,j,2,3)=xix(4,ii+1,jj)-xix(4,ii-1,3jj) !(eta_y)_xi at V
dxix(1,j,2,2)=xix(3,1ii,jj+1)-xix(3,1ii,jj-1) !'(eat_x)_eta at V
dxix(i,j,2,4)=xix(4,ii,jj+1)-xix(4,ii,jj-1) !(eta_y)_eta at V

ENDDO; ENDDO
ENDSUBROUTINE METRIC

! skxxkkkkxx Prediction of volume flux and pressure
SUBROUTINE PREDCT(x,UJ,u,p)
PARAMETER (if=140, j£=25,if1=280, j£1=50)
DIMENSION x(2,0:if,0:jf),UJ(2,0:if,0:jf),u(2,0:if,0:jf),p(0:if,0:jf),x1(2,0:if1,0:jf1), &
aJ(0:1f1,0:jf1) ,xix(4,0:if1,0:jf1)
COMMON //na,Re,dt,i0,jO,lowRe,steady,unsteady
COMMON /METRIC1/x1 /METRIC2/aJ /METRIC4/xix
! x*k*x*x Set up starting values of u, U and p
DO j=0,jf; ty=x1(2,0,2%j)/x1(2,0,jf1)
u(1,0,j)=6.*ty*(1.-ty) !mean velocity at inlet=1
ENDDO
DO j=0,j0; ty=x1(2,0,2%j+1)/x1(2,0,jf1)
UJ(1,0,j)=aJ(0,2%xj+1)*xix(1,0,2%j+1)*6.%ty*(1.-ty)
FORALL (i=1:if)UJ(1,1,3)=U0J(1,0,j)

ENDDO
Dp=1./2.-.75%.75/2. !recovery pressure in step duct
p0=(4./3.%10.+9./16.%70.9) /Re-Dp !linlet pressure

FORALL (i=0:35,3j=0:3j0)p(i,j)=p0+4./3.*(x(1, 0,j)-x1(1,2%i+1,2%j+1))/Re

FORALL (i=100:i0,3j=0:j0)p(i,j)=9./16.*(x(1,if,j)-x1(1,2*i+1,2%j+1))/Re

FORALL (i=36:99, j=0:j0)p (i, j)=(p(100,j) *(x1(1,2%i+1,2*%j+1)-x1(1,71,2%j+1)) &
+p(35,3) *(x1(1,201,2%j+1) -x1(1,2%i+1,2%j+1))) /(x1(1,201,2%j+1) -x1(1,71,2%j+1))

ENDSUBROUTINE PREDCT

! xkkxkkkxkk Compute JU™* and JV™* by delta-form implicit method using Chakravarthy-Osher
! type TVD scheme

SUBROUTINE COMPU1(ma,UJ,u,p,z,locf,fmax)

PARAMETER (if=140, jf=25,if1=280, j£1=50)

DIMENSION UJ(2,0:if,0:j£),Uq(2,0:if,0:jf),u(2,0:if,0:j£),p(0:if,0:jf),z(0:1f,0:jf), &
aJ(0:if1,0:j£1),gU(3,0:if,0:j£),gV(3,0:if,0: jf) ,xix(4,0:if1,0:j£1) ,dxix(0:if,0:j£,2,4), &
UJX(2,0:if,0:jf) ,hf (0:if) ,rhs(2,0:if,0:jf),rhs0(2,0:1if,0:jf),0J0(2,0:if,0:jf), &
a(140,140,3),b(140,140) ,c(0:4,0:if,0:j£) ,£(0:1if,0:jf) ,w(0:if) ,w1(0:if) ,w11(0:if1), &
w12(0:if1) ,w13(0:if1) ,w14(0:if),w2(0:jf),w21(0:jf1),w22(0:jf1),w23(0:jf1) ,w24(0:jf), &
1lo(2),l0cf(2,8),fmax(8)

COMMON //na,Re,dt,i0,jO,lowRe,steady,unsteady

COMMON /METRIC2/aJ /METRIC3/gU,gV /METRIC4/xix /METRIC5/dxix /COMPUZ1/UJX

LOGICAL lowRe,steady,unsteady

DATA theta,beta/1.,.5/ !theta:trapezoidal, beta:damping

FORALL (1=1:2,i=0:if,j=0:jf)rhs(1,4,3)=0.

IF (steady.AND.lowRe) THEN !for training

! x*k*x*x Compute convection term using central-differences

DO j=0,j0

FORALL (i=0:if)w1(i)=UJ(1,1,j); CALL INTP(wl,will,if) 'w11=JU_P(JU at poin P)
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FORALL (i=0:i0)hf (i)=w1l(2*i+1)*w11(2%i+1)/aJ(2%i+1,2%j+1)
FORALL(i=1:10)Uq(1,i,j)=hf(i)-hf (i-1)

ENDDO

DO i=1,i0
FORALL (j=0: j£)hf(j)=UJX(2,1,j)*UJX(1,1,j)/aT(2*i,2%*j)
FORALL (j=0:3j0)Uq(1,1i,j)=Uq(1,1,j)+hf (j+1)-hf (j)

ENDDO

D0 j=1,j0
FORALL (i=1:i0)hf (i)=UJX(1,i,j)*UJX(2,1,j)/aJ(2%i,2+*j)
FORALL(i=1:10-1)Uq(2,1,j)=hf (i+1)-hf (i)

ENDDO

DO i=1,i0-1
FORALL (j=0:jf)w2(j)=UJ(2,i,j); CALL INTP(w2,w21,jf)
FORALL (j=0:jO)hf (j)=w21(2*j+1)*w21 (2*j+1)/aJ(2*i+1,2%j+1)
FORALL(j=1:3j0)Uq(2,1,3j)=Uq(2,1i,j)+hf (j)-hf(j-1)

ENDDO

ELSE

! x**x*x Compute convection term using Chakravarthy-Osher TVD scheme

DO j=0,j0
FORALL (i=0:if)w(i)=UJ(1,1,j)/aJ(2*i,2xj+1)
FORALL (i=0:if)w1(i)=UJ(1,i,j); CALL INTP(wl,w1l,if)
i=0  ; hf(i)=wil(2*i+1)*(w(i)+w(i+1))/2.

i=if-1; hf (L)=wll(2*i+1)*(w(i)+w(i+1))/2.
cycle_1: DO i=1,i0; UJP=wl1(2*i+1)
m=1; IF(UJP>0.)m=-1; ip=i+m

IF(i==1i0.

AND.m==1)CYCLE cycle_1

UP=(w(i+1)+w(i))/2.; dU=w(i+1l)-w(i); dUl=w(ip+1)-w(ip)
hf (1) =UJP*UP+ABS (UJP) *(-dU/2.+AMINMOD (dU1,4.*dU) /6.+AMINMOD (dU,4.#*dU1)/3.) 'hf=JUU_P
ENDDO cycle_1

FORALL (i=1:

ENDDO

i0)Uq(1,1,j)=hf (i)-hf(i-1)

! #xxx*% Correct convection term just behind cormer

FORALL (i=35:37)w(i)=UJ(1,i,0)*UJ(1,i,0)/aJ(2#*i,1)
dum=w (36) -w(35) ; du=w(37)-w(36)

IF(UJ(1,36,0)<=0.)THEN; Uq(1,36,0)=AMINMOD((dum/du+1.)/2.,2.)*du
ELSE; Uq(1,36,0)=AMINMOD((du/dum+1.)/2.,2.)*dum; ENDIF

DO i=1,i0

FORALL (j=0:

jOw(§)=UJ(1,i,j)/aT(2*i,2%j+1)

j=0 ; hf(j)=0.
j=1 ; hf(§)=UJX(2,i,j)*(3.*w(j-1)+2.*%w(j)-w(j+1)/5.)/4.
j=jO; hf(§)=UJX(2,i,j)*(3.*%w(j)+2.*w(j-1)-w(j-2)/5.)/4.
j=jf; hf(j)=0.
cycle_2: DO j=1,j0; VJX=UJX(2,i,j)
m=1; IF(VJX>0.)m=-1; jp=j+m
IF(j==1.AND.m==-1 .OR. j==j0.AND.m==1)CYCLE cycle_2
UX=(w(j-D+w(j))/2.; dU=w(j)-w(j-1); dUl=w(jp)-w(jp-1)
hf (j) =VIX*UX+ABS (VJX) * (-dU/2. +AMINMOD (dU1,4.*dU) /6 . +AMINMOD (dU,4.*dU1) /3.) 'hf=JVU_X
ENDDO cycle_2

FORALL (j=0:

ENDDO
DO j=1,j0

FORALL (i=0:

jO)Uq(1,i,3)=Uq(1,1,j)+hf (j+1)-hf (§)

i0)w(i)=UJ(2,1,j)/aJ(2*i+1,2%j)

'hf=JUU_P
1JUU_xi

'hf=JVU_X
! +JVU_eta

'hf=JUV_X
1JUV_xi

'w21=JV_P
'hf=JVV_P
! +JVV_eta

'w =U
'w11=JU_P
!near inlet

'near outlet

'JUU_xi

tw=U

!bottom

'neighbor of bottom wall
'neighbor top

'top

! +JVU_eta

tw=V

13
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i=0 ; hf(i)=0.
i=1 ; hf(i)=UJX(1,1,j)*(w(i-1)+w(i))/2. 'neighbor inlet
i=10; hf(i)=UJX(1,i,j)*(-w(i-2)+6.*w(i-1)+3.%w(i))/8. 'neighbor outlet
cycle_3: DO i=2,i0; UJX0=UJX(1,1i,j)

m=1; IF(UJX0>0.)m=-1; ip=i+m

IF(i==10.AND.m==1)CYCLE cycle_3

VX=(w(i-1)+w(i))/2.; dV=w(i)-w(i-1); dVi=w(ip)-w(ip-1)

hf (i) =UJX0*VX+ABS (UJX0) *(-dV/2.+AMINMOD (dV1,4.*dV)/6.+AMINMOD (dV,4.*dV1)/3.) 'hf=JUV_X
ENDDO cycle_3

FORALL (i=0:10-1)Uq(2,1i, j)=hf (i+1)-hf (i) 1JUV_xi
ENDDO
DO i=0,i0-1
FORALL (j=0:jf)w(j)=UJ(2,1i,j)/aJ(2*i+1,2%]) lw =V
FORALL (j=0: j£)w2(j)=UJ(2,i,j); CALL INTVP(w2,w21,jf) 1w21=JV_P
j=0 ; hf(j)=w21(2*j+1)*(12.*w(1)-w(2))/32. Inear bottom
j=jO; hf(j)=w21(2*j+1)*(12.*w(jO)-w(jO-1))/32. 'near top

cycle_4: DO j=0,j0; VJP=w21(2%j+1)
m=1; IF(VJP>0.)m=-1; jp=j+m
IF(j==0.AND.m==-1 .OR. j==j0.AND.m==1)CYCLE cycle_4
VP=(w(j)+w(j+1))/2.; dV=w(j+1)-w(j); dVi=w(jp+1)-w(ip)
hf (j)=VIP*VP+ABS (VJP) * (-dV/2.+AMINMOD (dV1,4.*dV) /6. +AMINMOD (dV,4.*dV1) /3.) !'hf=JVV_P
ENDDO cycle_4
FORALL(j=1:j0)Uq(2,i,j)=Uq(2,1,j)+hf (j)-hf (j-1) ! +JVV_eta
ENDDO
ENDIF
! x**x*x Compute convection term at outlet using upwind-difference scheme
D0 j=0,j0; i=if; Uq(1,i,j)=O0.
DO k=1,2
Uq(1,i,j) = Uq(l,i,j)+xix(k,2%i,2%j+1) &
*(UJ(1,1,j)*x(uk,i,j)+ulk,i,j+1)-uk,i-1,j)-u(k,i-1,j+1))/2. &
+(UJX(2,1,)+UJX(2,1,j+1))/2.%(u(k,i, j+1)-u(k,i,j)))
ENDDO; ENDDO
DO j=1,j0; i=i0; Uq(2,i,j)=0.

DO k=1,2
Uq(2,1,j) = Uq(2,i,j)+xix(k+2,2+%i+1,2*j) &
*((UJX(1,i,§)+UJX(1,i+1,3)) /2. % (u(k,i+1,j)-u(k,i-1,3))/2. &

+U0J(2,1,j)*(u(k,i,j+) +ulk,i+l,j+1)-u(k,i, j-1)-u(k,i+1,j-1))/4.)
ENDDO; ENDDO
! x**x*x Compute additional, pressure and diffusion terms

DO i=1,if
FORALL (j=0:jf)w2(j)=u(1,i,j);  CALL INTP(w2,w21,jf) lw21=u_U
FORALL (j=0:jf)w2(j)=u(2,i,j);  CALL INTP(w2,w22,jf) 1w22=v_U
FORALL (j=0: j£)w2(j)=UJX(2,i,j); CALL INTP(w2,w23,jf) 1w23=JV_U

FORALL (j=0:jO)w2(j)=(p(i-1,j)+p(i,j))/2.; CALL DIFP(w2,w24,jf,1.) !w24=(p_eta)_U
DO j=0,30; jj=2#j+1
ad = w21(jj)*(UJI(1,1i,j)*dxix(i,j,1,1)+w23(jj)*dxix(i,j,1,2)) & 'ladditional term
+w22(jj)*(UI(1,1i,j)*dxix(i,j,1,3)+w23(jj)*dxix(i,j,1,4))
IF(i==if)ad = 0.

pr = gU(3,i,j)*(p(i,j)-p(i-1,3))-gu(2,1,j)*w24(3j) !pressure term
Uq(1l,i,j) = Uq(l,i,j)-ad+pr+(z(i,j+1)-z(i,j))/Re !residuals of NS eqn
rhs(1,i,j) = -dt*Uq(1,i,j) 'rhs of linear eqns

ENDDO; ENDDO
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D0 j=1,j0
FORALL (i=0:if)wil(i)=u(l,1i,j); CALL INTP(wl,wll,if) lwil=u_V
FORALL (i=0:if)wi1(i)=u(2,1i,j); CALL INTP(wl,w12,if) lwi2=v_V
FORALL (i=0:if)w1(i)=UJX(1,i,j); CALL INTP(wl,w13,if) 'w13=JU_V
FORALL (i=0:if)wi1(i)=(p(i,j-1)+p(i,j))/2.; CALL DIFP(wil,w14,if,1.) 'wid=(p_xi)_V
i=i0; wi4(i)=(wl(i+1)-wil(i-1))/2. loutlet
DO i=0,i0; ii=2*i+l
ad = wi1(ii)*(w13(ii)*dxix(i,j,2,1)+0J(2,1,j)*dxix(i,j,2,2)) & 'additional term

+w12(ii)* (w13 (ii)*dxix(1,j,2,3)+UJ(2,1i,j) *dxix(i,j,2,4))
IF(i==i0)ad = 0.

pr = —gV(2,i,j)*w14(i)+gV(1,i,j)*(p(i,j)-p(i,j-1)) !pressure term
Uq(2,i,j) = Uq(2,i,j)-ad+pr-(z(i+1,j)-z(i,j))/Re 'residuals of NS eqn
rhs(2,i,j) = -dt*Uq(2,1i,j) 'rhs of linear eqns
ENDDO; ENDDO
IF (unsteady) THEN lonly unsteady

IF (ma==1)FORALL(1=1:2,i=0:if, j=0:jf) UJO(1,i,j)= UJ(1,1,j)
IF (ma==1)FORALL(1=1:2,i=0:if, j=0:jf)rhs0(1,1, j)=rhs(1,1i,j)
FORALL(1=1:2,i=0:if, j=0:jf)rhs(1,i,j)=-(UJ(1,1,3j)-UJ0(1,i,]))+(rhs0(1,i,j)+rhs(1,1i,j))/2.
ENDIF
! Compute UJ™* by implicit SMAC-scheme
tt=dt*theta
DO i=1,if; DO j=0,j0O
UJp=(UJ(1,1i,j)+ABS(UJ(1,1,3)))/2.; UIm=(UJ(1,i,j)-ABS(UI(1,1i,3)))/2.
VJU=(UJX(2,i,j)+UJX(2,i,j+1))/2.
VIp=(VJU+ABS (VJU))/2.; VIm=(VJU-ABS(VJU))/2.
c(1,i,j)=-tt*(UJp+gU(3,i,j)/Re) !coefs of linear egs
c(2,i,j)= tt*(UIm-gU(3,1i,j)/Re); IF(i==if)c(2,i,j)=0.
c(3,1,j)=-tt*(VIp+gU(1,i,j)/Re)
c(4,i,j)= tt*x(VIm-gU(1,i,j)/Re)
c(0,i,j)=aJ(2*i,2%j+1)-c(1,1,j)-c(2,1,j)-c(3,i,j)-c(4,1,j)
ENDDO; ENDDO
!Compute dU”* by modifies AF-method
DO j=0,j0; 1l=j+1; DO i=1,if
a(l,i,1)=c(1,i,j)
a(l,i,2)=c(0,i,j)
a(l,i,3)=c(2,i,j); b(1,i)=rhs(1,1i,j)
ENDDO; ENDDO
CALL GAUSSZ(a,b,140,jf,if)
FORALL(j=0:j0,i=1:if)rhs(1,i,j)=b(j+1,1) 1dU” **
DO j=0,j0; 1l=j+1; DO i=1,if
a(i,1,1)=c(3,1,3)
a(i,1,2)=c(0,1i,3)
a(i,1,3)=c(4,i,j); b(i,1)=c(0,i,j)*rhs(1,i,])
ENDDO; ENDDO
CALL GAUSSZ(a,b,140,if,jf)
FORALL(j=0:3j0,i=1:if)rhs(1,i,j)=b(i,j+1) 1dU™*
! Compute VJ"* by implicit SMAC-scheme
DO i=0,i0; DO j=1,j0
UJV=(UJX(1,i,j)+UJX(1,i+1,3))/2.
UJp=(UJV +ABS (UJV) )/2.; Utm=(UJV -ABS (UJV) )/2.
VIp=(UJ(2,1,j)+ABS(UJ(2,i,j)))/2.; VIm=(UJ(2,i,j)-ABS(UJ(2,i,j)))/2.
c(1,i,j)=-tt*(UJp+gV(3,1i,j)/Re) !coefs of linear egs

15
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c(2,i,j)= tt*x(UIm-gV(3,1,j)/Re)
c(3,1i,j)=-tt*(VIp+gV(1,i,j)/Re)
c(4,i,j)= ttx(VIm-gV(1,i,j)/Re)
c(0,i,j)=at(2*%i+1,2%j)-c(1,i,j)-c(2,1,j)-c(3,1i,j)-c(4,1,])
ENDDO; ENDDO
!Compute dV~* by modifies AF-method
DO j=1,jO; DO i=0,i0; k=i+l
a(j,k,1)=c(1,1i,3)
a(§,k,2)=c(0,i,3)
a(j,k,3)=c(2,i,j); b(j,k)=rhs(2,i,j)
ENDDO; ENDDO
CALL GAUSSZ(a,b,140,j0,if)
FORALL (j=1:30,i=0:10)rhs (2,1,3)=b(j,i+1) 1AV~ %
DO j=1,j0; DO i=0,i0; k=i+l
a(k,j,1)=c(3,1,3)
alk,j,2)=c(0,i,j)
a(k,j,3)=c(4,i,j); b(k,j)=c(0,i,j)*rhs(2,i,j)
ENDDO; ENDDO
CALL GAUSSZ(a,b,140,if,j0)
FORALL (j=1:30,i=0:10)rhs (2,1,3)=b(i+1,3) 1V~ *
FORALL(j=0:j0,i=1:if)UJ(1,1,j)=UJ(1,1i,j)+beta*xaJ(2*i,2*j+1)*rhs(1,i,j) !'JU"*
FORALL (j=1:30,i=0:10)UJ(2,1,j)=UJ(2,1, ) +beta*al (2*i+1,2%j) *rhs(2,1,j) !JV"x
FORALL (i=0:if,j=0:3£)£(i,j)=Uq(1,1,3)
1o=MAXLOC(f); FORALL(k=1:2)locf(k,1)=1lo(k); fmax(1)=MAXVAL(f)
1o=MINLOC(f); FORALL(k=1:2)locf(k,2)=1lo(k); fmax(2)=MINVAL(f)
FORALL(i=0:if, j=0:j£)£(i,j)=Uq(2,1i,j)
1o=MAXLOC(f); FORALL(k=1:2)locf(k,3)=1lo(k); fmax(3)=MAXVAL(f)
1o=MINLOC(f); FORALL(k=1:2)locf(k,4)=1lo(k); fmax(4)=MINVAL(f)
ENDSUBROUTINE COMPU1

! xkkxkkkkkk Set up coefficients of difference equations for phi
SUBROUTINE COEF (co)
PARAMETER (if=140, j£=25,if1=280, j£1=50)
DIMENSION co(0:if,0:jf,-1:1,-1:1),aJ(0:if1,0:jf1),gU(3,0:if,0:jf),gV(3,0:if,0:jf), &
UJX(2,0:if,0:jf),w1(0:if,0:jf) ,gw(4,0:if,0:jf)
COMMON //mna,Re,dt,i0,jO,lowRe,steady,unsteady
COMMON /METRIC2/aJ /METRIC3/gU,gV /COMPUZ1/UJX
! x*x*xx Set up coefficients of difference-equations for phi
DO i=0,if; DO j=0,jf
gw(l,i,j)= dt*gU(3,1i,j)
gw(2,i,j)=-dt*gl(2,1,j)/4.
gw(3,1,j)=—dt*gV(2,i,j)/4.
gw(4,i,j)= dtxgV(1,i,j)
ENDDO; ENDDO
FORALL(1=-1:1,m=-1:1,i=0:if,j=0:jf)co(i,j,1,m)=0.
DO i=0,i0; DO j=0,jO !1st step
co(i,j,1, 1)= gw(2,i+1,j)
co(i,j,0, 1)= guw(2,i+1,j)
co(i,j,1, 0)= gw(l,i+1,j)
co(i,j,0, 0)=-gw(l,i+1,j)
co(i,j,1,-1)=—gw(2,i+1,j)
co(i,j,0,-1)=-gw(2,i+1,3)
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ENDDO

co(i, 0,1, 1)=co(i, 0,1, 1)+3.xgw(2,i+1, 0)
co(i, 0,0, 1)=co(i, 0,0, 1)+3.xgw(2,i+1, 0)
co(i, 0,1, 0)=co(i, 0,1, 0)-3.xgw(2,i+1, 0)
co(i, 0,0, 0)=co(i, 0,0, 0)-3.xgw(2,i+1, 0)
co(i,j0,1, 0)=co(i,j0,1, 0)+3.*gw(2,i+1,3j0)
co(i,30,0, 0)=co(i,j0,0, 0)+3.*gw(2,i+1,3j0)
co(i,jO,1,-1)=co(i,jO,1,-1)-3.*%gw(2,i+1,30)
co(i,j0,0,-1)=co(i,j0,0,-1)-3.*gw(2,i+1, j0)

ENDDO
DO i=1,i0; DO j=0,j0

co(i,j, 0, 1)=co(i,j, 0, 1)-gw(2,i,j)
co(i,j,-1, 1)=co(i,j,-1, 1)-gw(2,i,j)
co(i,j, 0, 0)=co(i,j, 0, 0)-gw(1,i,j)
co(i,j,-1, 0)=co(i,j,-1, 0)+gw(l,i,j)
co(i,j, 0,-1)=co(i,j, 0,-1)+gw(2,1,j)
co(i,j,-1,-1)=co(i,j,-1,-1)+gw(2,i,j)
ENDDO

co(i, 0, 0, 1)=co(i, 0, 0, 1)-3.*gw(2,i, 0)
co(i, 0,-1, 1)=co(i, 0,-1, 1)-3.*gw(2,i, 0)
co(i, 0, 0, 0)=co(i, 0, 0, 0)+3.xgw(2,i, 0)
co(i, 0,-1, 0)=co(i, 0,-1, 0)+3.xgw(2,i, 0)

co(i,jO, 0, 0)=co(i,jO, 0, 0)-3.*gw(2,i,jO)
co(i,jO,-1, 0)=co(i,jO,-1, 0)-3.*gw(2,i,jO)
co(i,jO, 0,-1)=co(i,jO, 0,-1)+3.*gw(2,i,j0)
co(i,jO,-1,-1)=co(i,jO,-1,-1)+3.%gw (2,1, j0)

ENDDO
DO j=0,3j0-1; DO i=0,i0

co(i,j, 1,1)=co(i,j, 1,1)+gw(3,1i,j+1)
co(i,j, 1,0)=co(i,j, 1,0)+gw(3,1i,j+1)
co(i,j, 0,1)=co(i,j, 0,1)+gw(4,i,j+1)
co(i,j, 0,0)=co(i,j, 0,0)-gw(4,i,j+1)
co(i,j,-1,1)=co(i,j,-1,1)-gw(3,i,j+1)
co(i,j,~1,0)=co(i,j,-1,0)-gu(3,1i,j+1)
ENDDO
0(0,7,1,1)=c0(0,3,1,1)+3.%gw(3,0,j+1)
0(0,7,1,0)=c0(0,3,1,0)+3.%gw(3,0,j+1)
c0(0,j,0,1)=co0(0,j,0,1)-3.*gw(3,0,j+1)
c0(0,7,0,0)=c0(0,,0,0)-3.*gw(3,0,j+1)

ENDDO

DO j=1,j0; DO i=0,i0
co(i,j, 1, 0)=co(i,j, 1, 0)-gw(3,i,j)
co(i,j, 1,-1)=co(i,j, 1,-1)-gu(3,i,j)
co(i,j, 0, 0)=co(i,j, 0, 0)-gw(4,i,j)
co(i,j, 0,-1)=co(i,j, 0,-1)+gw(4,i,j)
co(i,j,-1, 0)=co(i,j,-1, 0)+gw(3,i,j)
co(i,j,-1,-1)=co(i,j,-1,-1)+gw(3,1,j)
ENDDO

0(0,3,1, 0)=co(0,j,1, 0)-3.*gu(3,0,j)
c0(0,3,1,-1)=c0(0,j,1,-1)-3.%gw (3,0, j)
c0(0,3,0, 0)=c0(0,j,0, 0)+3.*gw(3,0,7)
c0(0,j,0,-1)=c0(0,j,0,-1)+3.*gw (3,0, j)

17

!'bottom

'top

!2nd step

!'bottom

'top

'3rd step

linlet

'4th step

linlet
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ENDDO
ENDSUBROUTINE COEF

! xkkxkkkkkk Compute static pressure p

SUBROUTINE COMPP(UJ,p,phi,co,resP,locf,fmax)

PARAMETER (if=140, j£=25,ife=70, jfe=13) 'ife=(if+1)/2, jfe=(jf+1)/2

DIMENSION UJ(2,0:if,0:jf),p(0:if,0:jf),phi(0:if,0:jf),co(0:if,0:jf,-1:1,-1:1), &
rhs(0:if,0:jf) ,a(ife,0:10,3) ,b(ife,0:10),r(ife),lo(2),locf(2,8) ,fmax(8)

COMMON //na,Re,dt,i0,jO,lowRe,steady,unsteady

REAL(8) a,b

LOGICAL lowRe,steady,unsteady

! Determine rhs of pressure difference eqn

FORALL(i=0:if, j=0:jf)phi(i,j)=0.

FORALL (i=0:i0,j=0:j0)rhs(i,j)=(UJ(1,i+1,j)-0J(1,1i,j)+UI(2,1,j+1)-UJ(2,i,])) !'UJ=JU"*

!TF (steady.AND.lowRe) THEN

IF (steady) THEN

! x*x*x*x Solve pressure difference eqn by SOR method

alp=1.5; bet=0.5 'alp:over-relaxation, bet:damping
nf=4
n=0; 100 n=n+1; resP=0.
ib=0; ie=i0; id=1; jb=0; je=j0; jd=1 'odd sweep, throughout region
IF (MOD (n,2)==0) THEN

ib=i0-1; ie=1; id=-1; jb=jO0-1; je=1; jd=-1 !leven sweep, inside region
ENDIF

DO i=ib,ie,id; DO j=jb,je,jd
res=-rhs (i, j)
DO ip=-1,1; ic=0; IF(i+ip==-1)ic=3
DO jp=-1,1; jc=0; IF(j+jp==-1)jc=3; IF(j+jp==if)jc=-3

res=res+co(i,j,ip, jp)*phi(i+ip+ic, j+jp+jc) 'residuals
ENDDO; ENDDO
phi(i,j)=phi(i,j)-alp*res/co(i,j,0,0) !over-relaxation of phi
resP=AMAX1(resP,ABS (res)) 'max residual
ENDDO; ENDDO
IF(resP>1.E-5 .AND. n<nf) GOTO 100 !dicide convergence
ELSE

20 CONTINUE
! *xxx*% Solve pressure difference eqn by Tschebyscheff SLOR method
alp=1.25; bet=0.75
ifo=if-ife; jfo=jf-jfe; nf=4
n=0; 110 n=n+1; resP=0.
! *xxx*%x Compute even i-columns
DO j=0,jO0
DO ii=1,ife; i=2%ii-2
a(ii,j,1)=co(i,j,0,-1); a(ii,j,2)=co(i,j,0, O)*alp; a(ii,j,3)=co(i,j,0, 1)
b(ii,j) =rhs(i,j)-(1.-alp)*co(i,j,0,0)*phi(i,j)
r(ii) =b(ii,j)
ENDDO
DO jp=-1,1; jc=0; IF(j+jp==-1)jc=3; IF(j+jp==jf)jc=-3
DO ii=1,ife; i=2#%ii-2
iml=i-1; IF(iml==-1)iml=2
cop=co(i,j,-1,jp)*phi(imil, j+jp+jc)+co(i,j,1,jp)*phi(i+1, j+jp+jc)
b(ii,j)=b(ii,j)-cop
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r(ii)=r(ii)-cop-a(ii,j,jp+2)*phi(i,j+jp+jc) !residuals
ENDDO; ENDDO
DO ii=1,ife
resP=AMAX1 (resP,ABS(r(ii))) 'max residual
ENDDO
ENDDO
CALL GAUSSP(a,b,ife,i0,j0,ife)
FORALL(j=0:j0,ii=1:ife)phi(2*ii-2,j)=b(ii,j) leven column phi
! x**x*x Compute odd i-columns
DO j=0,3j0

DO ii=1,ifo; i=2%ii-1
a(ii,j,1)=co(i,j,0,-1); a(ii,j,2)=co(i,j,0, O)*alp; a(ii,j,3)=co(i,j,0, 1)
b(ii,j) =rhs(i,j)-(1.-alp)*co(i,j,0,0)*phi(i,j)
r(ii) =b(ii,j)
ENDDO
DO jp=-1,1; jc=0; IF(j+jp==-1)jc=3; IF(j+jp==jf)jc=-3
DO ii=1,ifo; i=2%ii-1
cop=co(i,j,-1,jp)*phi(i-1,j+jptjc)+co(i,j,1,jp)*phi(i+l,j+jp+tjc)
b(ii,j)=b(ii,j)-cop
r(ii)=r(ii)-cop-a(ii,j,jp+2)*phi(i,j+jp+jc) !residuals
ENDDO; ENDDO
DO ii=1,ifo
resP=AMAX1(resP,ABS(r(ii))) 'max residual
ENDDO
ENDDO
CALL GAUSSP(a,b,ife,i0,j0,ifo)
FORALL(ii=1:ifo,j=0:j0)phi(2*ii-1,j)=b(ii, j) 'odd column phi
! Compute even j-rows
n=n+1; resP=0.
DO i=0,i0
DO jj=1,jfe; j=2%jj-2
a(jj,i,1)=co(i,j,-1,0); a(jj,i,2)=co(i,j, 0,0)*alp; a(jj,i,3)=co(i,j, 1,0)
b(jj,i) =rhs(i,j)-(1.-alp)*co(i,j,0,0)*phi(i,j)
r(jj) =b(jj,1)
ENDDO
DO ip=-1,1; ic=0; IF(i+ip==-1)ic=3
DO jj=1,jte; j=2+jj-2
jmi=j-1; IF(jml==-1)jm1=2
jpl=j+1; IF(jpl==jf)jp1=j0-2
cop=co(i,j,ip,-1)*phi(i+ip+ic,jml)+co(i,j,ip,1)*phi(i+ip+ic, jpl)
b(jj,i)=b(jj,i)-cop

r(jj)=r(jj)-cop-a(jj,i,ip+2)*phi(i+ip+ic,j) !residuals
ENDDO; ENDDO
DO jj=1,jfe
resP=AMAX1(resP,ABS(r(jj))) !max residual
ENDDO
ENDDO
CALL GAUSSP(a,b,ife,i0,i0, jfe)
FORALL(i=0:i0,jj=1:jfe)phi(i,2*jj-2)=b(jj,1) leven row phi
! *xxx*% Compute odd j-rows
DO i=0,i0

DO jj=1,jfo; j=2*%jj-1

19
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a(jj,i,1)=co(i,j,-1,0); a(jj,i,2)=co(i,j, 0,0)*alp; a(jj,i,3)=co(i,j, 1,0)
b(jj,i) =rhs(i,j)-(1.-alp)*co(i,j,0,0)*phi(i,j)
r(jj) =b(jj,1)
ENDDO
DO ip=-1,1; ic=0; IF(i+ip==-1)ic=3
DO jj=1,jfo; j=2#jj-1
jmi=j-1; IF(jmi==-1)jm1=2
jpi=j+1; IF(jpl==jf)jp1l=j0-2
cop=co(i,j,ip,-1)*phi(i+ip+ic,jml)+co(i,j,ip,1)*phi(i+ip+ic, jpl)
b(jj,i)=b(jj,i)-cop
r(jj)=r(jj)-cop-a(jj,i,ip+2)*phi(i+ip+ic,j) !residuals
ENDDO; ENDDO
DO jj=1,jfo
resP=AMAX1(resP,ABS(r(jj))) !max residual
ENDDO
ENDDO
CALL GAUSSP(a,b,ife,i0,i0,jfo)
FORALL(jj=1:jfe,i=0:i0)phi(i,2*jj-1)=b(jj,1) 'odd row phi
IF(resP>1.E-5 .AND. n<nf) GOTO 110
ENDIF
FORALL (1=0:10, j=0: jO)p(i,j)=p(i,j) +bet*phi (i, j) I p=p+bet*phi
1o=MAXLOC(phi); FORALL(k=1:2)locf(k,5)=1lo(k); fmax(5)=MAXVAL (phi)
1o=MINLOC(phi); FORALL(k=1:2)locf(k,6)=1lo(k); fmax(6)=MINVAL (phi)
ENDSUBROUTINE COMPP

! xkkxkkkkkk Compute volume flux JU and JV
SUBROUTINE COMPU2(UJ,phi)
PARAMETER (if=140, j£=25)
DIMENSION UJ(2,0:if,0:jf),phi(0:if,0:jf),gU(3,0:if,0:jf),gV(3,0:if,0:jf), &
pV(0:if) ,dpV(0:if) ,pU(0:jf),dpU(0:jf)
COMMON //na,Re,dt,i0,jO,lowRe,steady,unsteady
COMMON /METRIC3/gU,gV
FORALL (j=0: jO)phi(if, j)=-phi(i0,j)
DO i=1,if 1JU=JU"*-dt (g22phi_xi-gl2phi_eta)
FORALL (j=0:j0)pU(j)=(phi(i-1,j)+phi(i,j))/2.
CALL DIFP(pU,dpU,jf,1.)
FORALL(j=0:3j0) &
UJ(1,i,3j)=0J(1,1i,j)-dt*(gU(3,1i,j)*(phi(i,j)-phi(i-1,3))-gU(2,i,j)*dpU(j))
ENDDO
DO j=1,j0 1JV=JV"*-dt (-g12phi_xi+gliphi_eta)
FORALL (i=0:if)pV(i)=(phi(i, j-1)+phi(i,j))/2.
CALL DIFP(pV,dpV,if,1.)
i=i0; dpV(i)=(phi(i+1,j)-phi(i-1,j))/2. loutlet
FORALL(i=0:i0) &
UJ(2,1,3)=U3(2,1,3)-dt*(-gV(2,1,])*dpV (i) +gV(1,1,j) *(phi (i,3)-phi(i,j-1)))
ENDDO
ENDSUBROUTINE COMPU2

! skxxkkkkxx Compute velocities u and v and vorticity zeta

SUBROUTINE COMPUZ(uJ,u,z,locf,fmax,CFLmax)

PARAMETER (if=140, j£=25,if1=280, j£1=50)

DIMENSION UJ(2,0:if,0:jf),u(2,0:if,0:jf),z(0:if,0:jf) ,div(0:if,0:jf),UJX(2,0:if,0:jf), &
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aJ(0:1f1,0:jf1),gU(3,0:1if,0:jf),gV(3,0:1if,0:jf) ,xix(4,0:if1,0:jf1),w1(0:if), &
w2(0:jf) ,w11(0:if1) ,w12(0:jf1),10(2),l0cf(2,8) ,fmax(8)
COMMON //na,Re,dt,i0,jO,lowRe,steady,unsteady
COMMON /COMPUZ1/UJX /METRIC2/aJ /METRIC3/gU,gV /METRIC4/xix
! #xxx*% Compute velocities at X 'u= xix4*JUX-xix2*JVX
DO i=0,if ly=-x1x3*%JUX+xix1*JVX
FORALL (j=0:jf)w2(j)=UJ(1,1,])
CALL INTUX(w2,w12,jf)
FORALL (j=0:j£)UJX(1,1i,j)=w12(2%j)
ENDDO
DO j=0,jf
FORALL (i=0:if)w1(i)=UJ(2,1,j)
CALL INTVX(wl,wll,if)
FORALL (i=0:if)UJX(2,1,j)=w11(2%1i)
ENDDO
FORALL(i=1:if,j=1:j0)u(l,i,j)= xix(4,2*i,2*j)*UJX(1,1i,j)-xix(2,2%i,2%j)*UJX(2,1,])
FORALL (i=1:if,j=1:j0)u(2,1i,j)=-xix(3,2*1,2*j)*UJX(1,1,j)+xix(1,2*i,2%j)*UJX(2,1,j)
! #xxx*x Compute vorticity zeta at X
FORALL (i=0:if, j=0:jf)z(i,j)=0.

DO j=1,j0
FORALL (i=0:if)w1(i)=UJX(1,1i,j)
CALL INTP(wil,wll,if) 'wl1=JU_V
FORALL(i=0:i0)w1(i)=gV (2,1, j)*wll(2*i+1)+gV(3,1i,j)*UJ(2,1,j)
FORALL (i=1:10)z(i,j)=wl(i)-wl(i-1) 1*=(g21JU+g22JV) _,xi
i=0 ; z(i,j)=-w1(i+2)+3.*wl(i+1)-2.*w1(i) 'inlet bound
i=if; z(i,j)= w1(i-3)-3.*wl(i-2)+2.*w1(i-1) loutlet bound
ENDDO
DO i=0,if
FORALL (j=0:jf)w2(j)=UJX(2,1,j)
CALL INTVP(w2,w12,jf) 'w12=JV_U
FORALL (j=0:3j0)w2(j)=gU(1,1,3)*UJ(1,i,j)+gU(2,1i,])*wl2(2%j+1)
FORALL (j=1:j0)z(i,j)=z(i,j)-(w2(j)-w2(j-1)) I*=x-(g11JU+gl12JV) _,eta
j=0 ; z(i,j)=-(-w2(j+1)/3.+3.*w2(j)); z(40,0)=0. !bottom wall
j=jf; z(i,j)=-( w2(j-2)/3.-3.*%w2(j-1)) 'top wall
FORALL (j=0:jf)z(i,j)=z(i,j) /aJ(2%1i,2%]j) lzeta=*/J
ENDDO
! x**xx Divergence and max CFL number
CFLmax=0.

FORALL (i=0:10, j=0: jO)div (i, j)=(UJ(1,i+1,§)-UJ(1,i,]) &
+UJ(2,1,j+1)-UJ(2,1,7))/aJ(2%i+1,2%j+1)
1lo=MAXLOC(div); FORALL(k=1:2)locf(k,7)=lo(k); fmax(7)=MAXVAL(div)
1o=MINLOC(div); FORALL(k=1:2)locf(k,8)=lo(k); fmax(8)=MINVAL(div)
DO i=0,i0; DO j=0,jO
CFLmax=MAX (CFLmax,ABS(UJ(1,i,j)/aJ(2*i,2*j+1)) ,ABS(UJ(2,1,])/aJ(2%i+1,2*j)))
ENDDO; ENDDO
CFLmax=CFLmax*dt 'max | CFL|
ENDSUBROUTINE COMPUZ

! skxxkkkkxx Compute location of reattachment point

SUBROUTINE REATTACH(x,UJ,UJX,if,jf,xrap,k)

DIMENSION x(2,0:if,0:jf),U0J(2,0:if,0:jf),UJX(2,0:if,0:jf),al(-3:8)
k=100; irap=45; 10 irap=irap+1; IF(irap>105)RETURN
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IF(UJ(1,irap,0)<0.) GOTO 10 !irap: grid point near rap

ii=-4; 12 ii=ii+l; i=irap+ii

du=UJ(1,i,0); d2u=UJX(1,i,1)-2.*du 'du=DeltaJU, d2u=Delta”~2JU
d3u=UJ(1,i,1)-3.*¥UJX(1,i,1)+3.*du 'd3u=Delta”3JU

a=2.; 13 fa = dut(a-1.)/2.*%(d2u+(a-2.)/3.*d3u) !fa=f (alpha) by cubic interpolation
IF (ABS(fa)<.00001) GOTO 14

dfa = d2u/2.+(2.*a-3.)/6.*d3u !dfa=f’ (alpha)

a = a-fa/dfa; GOTO 13 'by Newton method

14 al(ii)=a; IF(a>0.14) GOTO 12  'al(ii): alpha of u=0
IF(al(ii)<0.01)ii=ii-1 !irap+ii: adjacent grid point to rap

! using quadratic interpolation formula f(beta)=aO+da*betat+d2a*beta*beta/2.
! get beta from f(beta)=0 by Newton method

a2=al (ii-2); al=al(ii-1); a0=al(ii)

da=(3.*a0-4.*al+a2)/2.; d2a=a0-2.*al+a2

k=0; b=0.; 22 k=k+1; fb = aO+da*b+d2a*b*b/2. ' fb=f (beta)
IF(k>10) GOTO 20

IF(ABS(fb)<0.01) GOTO 21

dfb = datd2a*b 'dfb=£f’ (beta)

b = b-fb/dfb; GOTO 22 !by Newton method

21 xii=x(1,irap+ii,0); xi=x(1,irap+ii+1,0)
20 xrap = xii+b*(xi-xii) 'x of reattachment point
ENDSUBROUTINE REATTACH

! skekskokokskkkkk minmod limiter
FUNCTION AMINMOD(a,b)

s=SIGN(1.,a); AMINMOD=s*MAX(O.,MIN(ABS(a),s*b))
ENDFUNCTION

! xsxxkkxkkx Compute x- or y-differences at point P (pressure)
SUBROUTINE DIFP(u,du,n,h)

DIMENSION u(0:n),du(O:n)

FORALL (i=1:n-2)du(i)=(u(i+1)-u(i-1))/(2.*h)
du(0)=(-3.*u(0)+4.*u(1)-u(2))/(2.*h)
du(n-1)=(u(n-3)-4.*u(n-2)+3.*u(n-1))/(2.*h)

ENDSUBROUTINE DIFP

! kkxkxkxkkx Compute x- or y-differences at point X (metrics)
SUBROUTINE DIFX(u,du,n,h)

DIMENSION u(0:n),du(O:n)

FORALL (i=1:n-1)du(i)=(u(i+1)-u(i-1))/(2.*h)
du(0)=(-3.#u(0)+4.*u(1)-u(2))/(2.*h)
du(n)=(u(n-2)-4.*u(n-1)+3.*u(n))/(2.+*h)

ENDSUBROUTINE DIFX

! xkkxkkkkkk Solve in parallel, systems of linear eqns with modified tri-diagonal matrix
! by Gaussian eliminaton

SUBROUTINE GAUSSP(a,b,ife,iO,n,if)

DIMENSION a(ife,0:i0,3),b(ife,0:10)

REAL (8) a,b

FORALL(i=1:if)a(i,0,1)=a(i,0,1)/a(i,0,2)
FORALL(i=1:if)a(i,1,3)=a(i,1,3)-a(i,1,1)*a(i,0,1)

DO k=0,n-1; DO i=1,if
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b(i,k)=b(i,k)/a(i,k,2); a(i,k,3)=a(i,k,3)/a(i,k,2)
b(i,k+1)=b(i,k+1)-a(i,k+1,1)*b(i,k)
a(i,k+1,2)=a(i,k+1,2)-a(i,k+1,1)*a(i,k,3)
ENDDO; ENDDO
FORALL (i=1:if)a(i,n,1)= -a(i,n,3)*a(i,n-2,3)
FORALL(i=1:if)a(i,n,2)=a(i,n,2)-a(i,n,1)*a(i,n-1,3)
FORALL (i=1:if)b(i,n)=(b(i,n)-a(i,n,3)*b(i,n-2)-a(i,n,1)*b(i,n-1))/a(i,n,2)
DO k=n-1,0,-1; DO i=1,if
b(i,k)=b(i,k)-a(i,k,3)*b(i,k+1)
ENDDO; ENDDO
DO i=1,if; b(i,0)=b(i,0)-a(i,0,1)*b(i,2); ENDDO
ENDSUBROUTINE GAUSSP

! xkkxkkkkk* Solve in paralell, systems of linear eqns with tri-diagonal matrix
! by Gaussian elimination
SUBROUTINE GAUSSZ(a,b,ml,m,n)
DIMENSION a(mi,m1,3),b(ml,ml)
DO k=1,n-1; DO 1=1,m
b(1,k) =b(l,k) /a(l,k,2)
a(l,k,3)=a(l,k,3)/a(l,k,2)
b(1,k+1) =b(l,k+1) -a(l,k+1,1)*b(1,k)
a(l,k+1,2)=a(l,k+1,2)-a(1l,k+1,1)*a(l,k,3)
ENDDO; ENDDO
FORALL(1=1:m)b(1,n)=b(1,n)/a(l,n,2)
DO k=n-1,1,-1
FORALL(1=1:m)b(1,k)=b(1,k)-a(l,k,3)*b(1,k+1)
ENDDO
ENDSUBROUTINE GAUSSZ

! #xxkx*kx*kx* Interpolate ul from u (U_P from U)

SUBROUTINE INTP(u,ul,n)

DIMENSION u(O:n),ul(0:2*n)

FORALL (i=0:n)ul(2*i)=u(i)

FORALL(i=1:n-2)ul (2*i+1)=(-u(i-1)+9.*(u(i)+u(i+1))-u(i+2))/16.
i=0 ; ul(2*i+1)=(3.*u(i)+6.*u(i+1)-u(i+2))/8.

i=n-1; ul(2*i+1)=(3.*u(i+1)+6.*u(i)-u(i-1))/8.

ENDSUBROUTINE INTP

! kxxxkkkkxx Interpolate U_X from U

SUBROUTINE INTUX(u,ul,jf)

DIMENSION u(0:jf),ul(0:2%jf)

FORALL (j=0: jf-1)ul (2*j+1)=u(j)

FORALL (j=2:j£-2)ul (2%j)=(-u(j-2)+9.* (u(j-1)+u(j))-u(j+1))/16.
j=0  ; ul(2xj)=0.

j=1  ; ul(2*j)=(3.*u(j-1)+2.*u(j)-u(j+1)/5.)/4.

j=jf-1; ul(2xj)=(3.*u(j)+2.*u(j-1)-u(j-2)/5.)/4.

j=jf ; ul(2xj)=0.

ENDSUBROUTINE INTUX

! skxsokkkkxx Interpolate V_P from V
SUBROUTINE INTVP(u,ul,n)
DIMENSION u(O:n),ul(0:2%n)

23
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FORALL (j=0:n)ul(2*j)=u(j)

FORALL (j=1:n-2)ul(2*j+1)=(-u(j-1)+9.*x(u(j) +u(j+1))-u(j+2))/16.
j=0 ; ul(2*j+1)=(12.*u(j+1)-u(j+2))/32.

j=n-1; ul(2*j+1)=(12.*u(j )-u(j-1))/32.

ENDSUBROUTINE INTVP

! skxsokkkkkx Interpolate V_X from V

SUBROUTINE INTVX(u,ul,if)

DIMENSION u(0:if),ul(0:2%if)

FORALL (i=0:if-1)ul (2*i+1)=u(i)

FORALL (i=2:if-2)ul (2*i)=(-u(i-2)+9.* (u(i-1)+u(i))-u(i+1))/16.
i=0 ; ul(2%1)=0.

i=1 ; ul(2%i)=(3.%u(i-1)+2.*%u(i)-u(i+1)/5.)/4.

i=if-1; ul(2%i)=(3.*u(i)+6.*u(i-1)-u(i-2))/8.

i=if ; ul(2*i)=(3.*u(i-1)-u(i-2))/2.

ENDSUBROUTINE INTVX

Pkkxsokkkk*x  Print out computational results in flow field
SUBROUTINE WRTF(f,z1,z2,mz,na)
PARAMETER (if=140, j£=25)
DIMENSION f£(0:if,0:jf)
CHARACTER*4 z1,z2,form(7),area(7)
DATA form/"(1H ","2X I","2,2X"," 36("," ","F8.4",")) "/
DATA area/" -3P"," -2p"," -1ip"," ", ip",t 2Pt 3p"/
form(5)=area(mz+4)
OPEN (20,FILE=’0UTPUT.dat’)
WRITE(20,60)z1,z2,na
iif=(if-1)/35+1
DO ii=1,iif; is=35%(ii-1); ie=MIN(35*ii,if)
DO j=jf,0,-1; WRITE(20,form)j,(£f(i,j),i=is,ie); ENDDO
WRITE(20,61) (i,i=is,ie)
ENDDO
60 FORMAT(/1H 20X "* * * ", 204, " x x x" 10X "na =", I5, /)
61 FORMAT(1H 4X 36I8//)
ENDSUBROUTINE WRTF

! xkkxkkkkkk Drawing of Grid and Computational Results

SUBROUTINE StepDF_CG(x,u,p,z,if,jf)

USE DFLIB

DIMENSION x(2,0:if,0:jf),u(2,0:1if,0:jf),p(0:if,0:j£),z(0:if,0:jf) ,pp(7:105,0:jf)
LOGICAL statusmode

TYPE (windowconfig) myscreen

TYPE (wxycoord) wxy

INTEGER(2) status,xwidth,yheight,fontnum,numfonts

INTEGER(4) oldcolor,colors(13)

REAL (4) p0(0:if,0:jf),p1(0:if),p11(0:if),psi(0:1if,0:jf),psik(13), &
x1(0:70,0:25),y1(0:70,0:25) ,£1(0:70,0:25) , &
x2(0:30,0:256) ,y2(0:30,0:25) ,£2(0:30,0:25) ,ak(13) ,Dps (13)

REAL (8) Xs,ys,xt,yt

CHARACTER*5 z1(7)

myscreen.numxpixels = -1

myscreen.numypixels = -1
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myscreen.numtextcols = -1
myscreen.numtextrows = -1
myscreen.numcolors = -1
myscreen.fontsize = -1
myscreen.title =" nc

statusmode = SETWINDOWCONFIG(myscreen)

IF(.NOT. statusmode) statusmode = SETWINDOWCONFIG(myscreen)
statusmode =GETWINDOWCONFIG (myscreen)

xwidth = myscreen.numxpixels

yheight = myscreen.numypixels

0ldcolor=SETBKCOLORRGB (#FFFFFF)

CALL CLEARSCREEN ($GCLEARSCREEN)

! Set first window coordinates
CALL SETVIEWPORT (yheight/5.,INT2(0), yheight,yheight/5.)
status = SETWINDOW(.TRUE., -5.,-2., 11.,2.)
! Draw partial computational grid
0ldcolor=SETCOLORRGB (#606060) lgray
DO i=0,if; xs=x(1,1,0); ys=x(2,1i,0); CALL MOVETO_W(xs,ys,wxy)
DO j=1,jf; xt=x(1,i,j); yt=x(2,i,j); status = LINETO_W(xt,yt); ENDDO
ENDDO
D0 j=0,jf; xs=x(1,0,j); ys=x(2,0,j); CALL MOVETO_W(xs,ys,wxy)
DO i=1,if; xt=x(1,1i,j); yt=x(2,i,j); status = LINETO_W(xt,yt); ENDDO
ENDDO
0ldcolor=SETCOLORRGB (#000000)
CALL CHARAC(1.0,-1.8,’COMPUTATIONAL GRID’)

! Set second window coordinates
OPEN(20,FILE=’0UTPUT.dat’)
CALL SETVIEWPORT (yheight/5.,yheight/5., yheight,3.*yheight/5.)
status = SETWINDOW(.TRUE., -6.,-8., 18.,4.)
! Set colors
colors (1) =#EO070A0; colors(2) =#FF7070 'blue
colors(3) =#DOA070; colors(4) =#A0D070; colors(b5) =#70FF70 !green
colors(6) =#60FFAO; colors(7) =#50FFDO; colors(8) =#40FFFF !yellow
colors(9) =#50EOFF; colors(10)=#60COFF; colors(11)=#7090FF
colors(12)=#7070FF 'red
colors(13)=#A070EQ
status = REMAPALLPALETTERGB(colors)
! Draw pressure distribution
DO j=0,jf-1

FORALL (i=0:if-1)p1(i)=p(i,j)

CALL INTPX(pl,pll,if,if)

FORALL (i=0:if)p0(i, j)=p11(i)
ENDDO
DO i=0,if

FORALL (j=0:j£-1)p1(j)=p0(i,j)

CALL INTPX(pl,pli,if,jf)

FORALL (j=0:j£)p0 (i, j)=p11(j)
ENDDO
DATA Dps/.005, .00667, .0075, .010, .0125, .015, .01667, .02, .025, &

!interpolate p_X

25

.03, .03333, .04, .05/ !standard pressure increments
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FORALL (i=7:105, j=0: j£)pp(i, j)=p0(i,j)
pmax=MAXVAL (pp) ; pmin=MINVAL (pp)
Dp=(pmax-pmin)/13.

IF(Dp<.004 .OR. Dp>.06) RETURN 'no suitable Dps
k=0; 10 k=k+1; IF(Dps(k)<Dp .AND. k<13) GOTO 10 !determine Dps
kkk=k; Dpk=Dps(k); imin=INT(pmin/Dpk); IF(pmin>0.)imin=imin+1 !No of min pressure
ak (12) =Dpk* (FLOAT (imin)+11.5)

11 IF(ak(12)>=pmax)THEN; imin=imin-1; ak(12)=ak(12)-Dpk; GOTO 11 !determine imin
ENDIF

FORALL (k=1:12) ak (k) =Dpk* (FLOAT (imin+k)-.5)
FORALL (i=0:70, j=0:jf)
x1(1i,j)=x(1,i+6,j); y1(i,j)=x(2,i+6,j); £1(i,j)=p0(i+6,j); ENDFORALL
CALL DISTRIB(x1,y1,f1,70,jf,ak,colors,1,13)
WRITE(20,’ (5X A6,F8.4,5X A6,F8.4)’)’pmax =’,pmax,’pmin =’,pmin
! Draw velocity vectors
oldcolor=SETCOLORRGB (#000000) 'black
amag=.6
D0 i=7,75,4; DO j=1,jf-1
CALL LINE(x(1,i,j),x(2,i,j),x(1,1i,j)+amag*u(l,i,j),x(2,1,j)+amag*u(2,1i,j))
ENDDO; ENDDO
status = SETWINDOW(.TRUE., 18.,-3., 42.,9.)
! Draw pressure distribution
FORALL (i=0:30, j=0: jf)
x2(i,j)=x(1,i+75,3); y2(i,j)=x(2,i+75,j); £2(i,j)=p0(i+75,j); ENDFORALL
CALL DISTRIB(x2,y2,f2,30,jf,ak,colors,1,13)
! Draw velocity vectors
0ldcolor=SETCOLORRGB (#000000)
DO i=75,99,4; DO j=1,jf-1
CALL LINE(x(1,i,j),x(2,i,j),x(1,1i,j)+amag*u(l,1i,j),x(2,1,j)+amag*u(2,1i,j))
ENDDO; ENDDO
! Color-pressure relation
CALL COLORVAL(39.0,-0.95,39.3,2.95,colors,13,kkk,Dpk,imin)
0ldcolor=SETCOLORRGB (#404040)
CALL CHARAC(23.0,-2.3,’PRESSURE DISTRIBUTION AND VELOCITY VECTORS’)

! Set third window coordinates
CALL SETVIEWPORT (yheight/5.,3.*yheight/5., yheight,yheight)
status = SETWINDOW(.TRUE., -6.,-8., 18.,4.)
! Draw vorticity distribution
FORALL (i=0:70, j=0:jf)
x1(i,j)=x(1,i+6,j); y1(i,j)=x(2,i+6,j); £f1(i,j)=z(i+6,j); ENDFORALL
FORALL (k=1:13)ak (k) =-2.6+.4xFLOAT (k) !paint colors(k) between ak(k-1) and ak(k)
CALL DISTRIB(x1,y1,f1,70,jf,ak,colors,1,13)
! Draw streamlines
DO i=0,if
psi(i,0)=0.
DO j=1,jf
psi(i,j)=psi(i,j-1)+(u(l,i,j-1)+u(l,i,j))/2.*(x(2,i,j)-x(2,i,j-1)) &
-(u(2,i,j-1)+u(2,i,§))/2.%(x(1,i,)-x(1,1,j-1))
ENDDO
dpsi=3.-psi(i,jf)
FORALL (j=1:jf)psi(i,j)=psi(i,j)+dpsi*FLOAT(j)/jf
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ENDDO
FORALL (i=0:70,§=0: j£)£1 (i, j)=psi (i+6,j)
oldcolor=SETCOLORRGB (#606060) lgray
FORALL (k=1:13) psik(k)=.25*%FLOAT (k-1)
CALL CONTOUR(x1,y1,f1,70,jf,psik,13)
oldcolor=SETCOLORRGB (#808080) !light gray
FORALL (k=1:13) psik (k) =-.01*FLOAT (k)
CALL CONTOUR(x1,y1,£1,70,jf,psik,13)
oldcolor=SETCOLORRGB (#606060) lgray
CALL LINE(-6.0,0.0,0.0,0.0) ; CALL LINE(0.0,0.0,0.0,-1.0)
CALL LINE(0.0,-1.0,18.0,-1.0); CALL LINE(-6.0,3.0,18.0,3.0)
status = SETWINDOW(.TRUE., 18.,-3.1, 42.,9)
! Draw vorticity distribution
FORALL (i=0:30, j=0: j£)
x2(i,j)=x(1,i+75,3); y2(i,j)=x(2,i+75,j); £2(i,j)=z(i+75,j); ENDFORALL
CALL DISTRIB(x2,y2,f2,30,jf,ak,colors,1,13)
! Draw streamlines
FORALL (1=0:30, j=0: j£) £2(i, j) =psi (i+75, j)
0ldcolor=SETCOLORRGB (#606060) lgray
FORALL (k=1:13) psik (k) =.25+FLOAT (k-1)
CALL CONTOUR(x2,y2,£2,30,jf,psik,13)
oldcolor=SETCOLORRGB (#808080) !light gray
FORALL (k=1:13) psik (k) =-.01*FLOAT (k)
CALL CONTOUR(x2,y2,£2,30,3f,psik,13)
oldcolor=SETCOLORRGB (#606060) lgray
CALL LINE(18.0,-1.0,42.0,-1.0); CALL LINE(18.0,3.0,42.0,3.0)
! Color-vorticity relatiomn
xs=39.0; xt=39.3
DO k=1,13
0ldcolor=SETCOLORRGB (colors(k))
ys=-0.95+0.3*FLOAT (k) ; yt=-0.95+0.3*FLOAT (k-1)
status=RECTANGLE_W ($GFILLINTERIOR,xs,ys,xt,yt)
ENDDO
oldcolor=SETCOLORRGB (#000000)
ys=2.95; yt=-.95; status = RECTANGLE_W($GBORDER,xs,ys,xt,yt)
numfonts=INITIALIZEFONTS ()
fontnum =SETFONT(’t’’Arial’’h14w6’)
DATA z1/’-2.4 ’,’-1.6 ’,’-0.8 >,” 0.0 ’>,”> 0.8 *,”> 1.6 ’,” 2.4’/
DO k=1,7; xt=39.4; yt=-0.55+0.6*%FLOAT (k-1)
CALL MOVETO_W(xt,yt,wxy); CALL OUTGTEXT(z1(k))
ENDDO
CALL CHARAC(24.0,-2.3,’VORTICITY DISTRIBUTION AND STREAMLINES’)
ENDSUBROUTINE StepDF_CG

! sekkkkkkkkk character
SUBROUTINE CHARAC(x,y,A)

USE DFLIB

TYPE (windowconfig) myscreen

TYPE (wxycoord) WXy
INTEGER (2) numfonts,fontnum
REAL (8) xt,yt

CHARACTER*100 A
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numfonts=INITIALIZEFONTS ()

fontnum=SETFONT ("t’Arial’’hi6w6’")

xt=x; yt=y+0.33; CALL MOVETO_W(xt,yt,wxy); CALL OUTGTEXT(A)
ENDSUBROUTINE CHARAC

! skokkokkokkokk Values of colors
SUBROUTINE COLORVAL(x1,y1,x2,y2,colors,kf,kkk,Dpk,imin)
USE DFLIB
TYPE (wxycoord) wxy
INTEGER*2 status,numfonts,fontnum,intv(13)
INTEGER*4 oldcolor,colors (kf)
REAL*8 Xs,ys,xt,yt
CHARACTER*5 z1(-20:50)
dy=(y2-y1) /FLOAT (kf)
xs=x1; xt=x2
DO k=1,kf
0ldcolor=SETCOLORRGB (colors(k))
ys=y1l+dy*FLOAT (k) ; yt=y1l+dy*FLOAT (k-1)
status = RECTANGLE_W($GFILLINTERIOR,xs,ys,xt,yt)
ENDDO
0ldcolor=SETCOLORRGB (#000000)
ys=y2; yt=yl; status = RECTANGLE_W($GBORDER,xs,ys,xt,yt)
numfonts=INITIALIZEFONTS ()
fontnum =SETFONT(’t’’Arial’’h14w6’)

DATA z1/’-0.20’,’-0.19’,°-0.18’,’-0.17’,°’-0.167,°-0.15?,°-0.14?,°-0.13’,7-0.12’,’-0.11", &
’-0.10’,’-0.09’,’-0.08’,’-0.07’,’-0.06’,’-0.05’,’-0.04’,’-0.03’,’-0.02",’-0.01", &

>’ 0.00’,” 0.01”,” 0.02”,” 0.03”,” 0.04’,” 0.05’,” 0.06’,” 0.07’,” 0.08’,” 0.09’, &

>’ 0.10’,” 0.11,” 0.12”,” 0.13’,’ 0.14’,” 0.15’,” 0.16’,’ 0.17’,” 0.18’,” 0.19’, &

’0.20’,” 0.217,” 0.22°,” 0.23’,” 0.24’,” 0.25’,’ 0.26°,’ 0.27’,” 0.28’,’ 0.29’, &

’ 0.30’,” 0.317,” 0.32”,” 0.33’,” 0.34’,” 0.35’,” 0.36’,” 0.37’,” 0.38’,’ 0.39’, &

’ 0.40’,’ 0.41’,” 0.42’,’ 0.43’,’ 0.44’,” 0.45’,’ 0.46°,’ 0.47’,’ 0.48’,’ 0.49’, &

> 0.507/ !pressure value of each color band

DATA intv/2, 3, 4, 2, 4, 2, 3, 3*2, 3, 2%2/ 'text intervals

intvk=intv (kkk)

IF(imin>=0) THEN; itextmin=((imin+intvk-1)/intvk)*intvk

ELSE ; itextmin=( imin /intvk) *intvk; ENDIF 'No of bottom text

1=0; 12 1=1+1

xt=x2+0.1; yt=yl+dy*(itextmin-imin+intvk*(1-1))+0.4 !coordinates of character

itext=INT((itextmin+intvk*(1-1))* (Dpk+.0001)*100.) !No of press character

CALL MOVETO_W(xt,yt,wxy); CALL OUTGTEXT(zl1(itext))

IF (itextmin-imin+intvk*1<=12) GOTO 12

ENDSUBROUTINE COLORVAL

! #xxxkkkkxx Draw contours of f with oldcolor
SUBROUTINE CONTOUR(x,y,f0,if,jf,fk,kf)

USE DFLIB

DIMENSION x(0:if,0:jf),y(0:if,0:jf),f0(0:if,0:jf),fk(kf)
TYPE (wxycoord) wxy

INTEGER(2) status
REAL (4) £(0:if,0: j£)
REAL (8) Xs,ys

e=.00001
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DO k=1,kf

DO i=0,if; DO j=0,jf
£(i,j)=£f0(1,j)-fk(k)
IF(ABS(£f(i,j))<e) £f(i,j)=SIGN(e,f(i,j))

ENDDO; ENDDO

DO 10 i=0,if-1; DO 10 j=0,jf-1; imoveto=0 !for all elements
il=i; j1=j; x1=x(i1,j1); yil=y(i1,j1); f1=£(i1,j1)
i2=i+1; j2=j; x2=x(i2,j2); y2=y(i2,j2); £2=£f(i2,j2)
i3=i; j3=j+1; x3=x(i3,j3); y3=y(i3,j3); £3=£(i3,j3)
id=i+1; j4=j+1; x4=x(i4,j4); y4=y(i4,j4); f4=£(i4,j4)

IF (£1+£2<0) THEN
xs=(f1*x2-£2*x1) /(£1-£2) ; ys=(f1*xy2-f2xy1)/(£f1-£2) !starting point
CALL MOVETO_W(xs,ys,wxy); imoveto=1

ENDIF

IF (£3*x£4<0) THEN

xs=(f3*x4-f4*x3)/(£3-f4); ys=(£3*y4-fa*y3)/(£3-f4)
IF (imoveto==1) THEN

status = LINETO_W(xs,ys); imoveto=0
ELSE; CALL MOVETO_W(xs,ys,wxy); imoveto=1
ENDIF
ENDIF
IF (f1*£3<0) THEN

xs=(f1*x3-£3*x1)/(£f1-£3); ys=(f1*y3-£3*y1)/(£f1-£3)
IF (imoveto==1) THEN

status = LINETO_W(xs,ys); imoveto=0; GOTO 10
ELSE; CALL MOVETO_W(xs,ys,wxy); imoveto=1
ENDIF
ENDIF

IF (imoveto==1) THEN
xs=(£2*x4-f4*x2) / (£2-£4) ; ys=(f2*y4-f4xy2)/(£2-f4)
status = LINETO_W(xs,ys)
ENDIF
10 CONTINUE
ENDDO
ENDSUBROUTINE CONTOUR

! kxkkkkkx**% Draw distribution of f with colors
SUBROUTINE DISTRIB(x,y,f,if,jf,ak,colors,kb,kf)

USE DFLIB
DIMENSION x(0:if,0:jf),y(0:if,0:jf),£(0:1if,0:jf) ,ak(kb:kf),colors(kb:kf)
TYPE (wxycoord) wxy, poly(6)

INTEGER(2) status,m(4)

INTEGER (4) oldcolor,colors

REAL (4) fe(4)

REAL (8) Xs,ys,xt,yt,xs0,ys0,xt0,yt0,xsl,ysl,xtl,ytl,wx,wy
jp=jf+1; ak(kf)=1.E10

DO i=0,if-1; DO j=0,jf-1; ml=ixjp+j+1 !for all quadrilateral elements
m(1)=ml; fe(1)=£(1,j)
m(2)=mi+jp; fe(2)=f(i+1,j)
m(3)=mil+1; fe(3)=£f(i,j+1)

m(4)=ml+jp+1; fe(4)=f(i+1,j+1)

m() and fe() are four node numbers and function values of each element, respectively.

29
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! 11 12 13 or 14 is one of four element node numbers 1 2 3 4, and the fe-values increase in
! order. First locate max and min fe-value nodes 11 and 14, then determine middle fe-value
! nodes 12 and 13.
11=MINLOC(fe,DIM=1); 14=MAXLOC(fe,DIM=1)
sum=FLOAT (10-11-14) ; prd=FLOAT(24/11/14); sqr=SQRT (sum*sum-4.*prd)
12=INT((sum-sqr)/2.+.1); 13=INT((sumtsqr)/2.+.1)
IF(fe(12)>fe(13))THEN; 1=12; 12=13; 13=1; ENDIF
! al<=a2<=a3<=a4 are nodal values of function f.
i1=(m(11)-1)/jp; j1=MOD(m(11)-1,jp); x1=x(il,j1); yil=y(il,jl1); al=f(il,j1)
i2=(m(12)-1)/jp; j2=MOD(m(12)-1,jp); x2=x(i2,j2); y2=y(i2,j2); a2=f(i2,j2)
i3=(m(13)-1)/jp; j3=MOD(m(13)-1,jp); x3=x(i3,j3); y3=y(i3,j3); a3=£(i3,j3)
i4=(m(14)-1)/jp; j4=MOD(m(14)-1,jp); x4=x(i4,j4); yd=y(i4,j4); ad=f(i4,j4)

k1=kb-1; 11 ki1=ki1+1; IF(ak(k1l)<al) GOTO 11
k2=kb-1; 12 k2=k2+1; IF(ak(k2)<a2) GOTOD 12
k3=kb-1; 13 k3=k3+1; IF(ak(k3)<a3) GOTOD 13
k4=kb-1; 14 k4=k4+1; IF(ak(k4)<ad) GOTO 14

! ak(k1)<=ak(k2)<=ak(k3)<=ak(k4) Small range ak(k-1)-ak(k) is painted by colors(k).
! i.e. -infty-ak(kb) by colors(kb), ak(kf-1)-ak(kf):infty by colors(kf).
! k1<=k2<=k3<=k4. ntype shows arrangement of k1 k2 k3 k4,
! ntype=1: kl-k2-k4-k3-kl
! ntype=2: kl1-k2-k3-k4-kli,
! ntype=3: k1-k3-k2-k4-kl(saddle point).
ntype=1
LA = i3==i1.0R.j3==j1; IF(LA==.FALSE.)ntype=2
LB = i2==i1.0R.j2==j1; IF(LB==.FALSE.)ntype=3
! xs ys and xt yt are coordinates of points on edge of quadrilateral element, whose function
! value is a. The coordinates are determined by linear interpolation.
DO 20 k=k1,k4; a=ak(k)
IF (ntype==3)THEN; nvertx=4 ! temporary
poly (1) %wx=x1; poly(1)jwy=y1
poly(2)%wx=x3; poly(2)%wy=y3
poly (3) %wx=x2; poly(3)%wy=y2

poly (4) %wx=x4; poly(4)’wy=y4; GOTO 21
ENDIF
IF (k==k4) GOTO 22
IF (ntype==1) THEN Intype=1

IF (k<k3)THEN; xs=(al-a)/(al-a3)*x3+(a-a3)/(al-a3)#*x1 !'k1<=k<k3
ys=(al-a)/(al-a3)*y3+(a-a3)/(al-a3) *yl

ELSE; xs=(a3-a)/(a3-a4) *x4+(a-ad)/(a3-ad) *x3 'k3<=k<k4
ys=(a3-a)/(a3-a4) *y4+(a-ad)/(a3-ad) xy3

ENDIF

IF (k<k2)THEN; xt=(al-a)/(al-a2)*x2+(a-a2)/(al-a2)#*x1 !ki1<=k<k2
yt=(al-a)/(al-a2) *y2+(a-a2)/(al-a2) *xyl

ELSE; xt=(a2-a)/(a2-a4) *x4+(a-ad)/(a2-ad) *x2 'k2<=k<k4
yt=(a2-a)/(a2-a4) xy4+(a-a4)/(a2-ad) *y2

ENDIF

ELSEIF (ntype==2) THEN Intype=2

xs=(al-a)/(al-a4)*x4+(a-ad)/(al-ad) *x1 !'ki1<=k<k4
ys=(al-a)/(al-ad) *y4+(a-a4)/(al-ad) *yl

IF (k<k2)THEN; xt=(al-a)/(al-a2)*x2+(a-a2)/(al-a2)#*x1 !'ki1<=k<k2
yt=(al-a)/(al-a2)*y2+(a-a2)/(al-a2) *xyl

ELSEIF (k<k3) THEN
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xt=(a2-a)/(a2-a3) *x3+(a-a3)/(a2-a3) *x2 'k2<=k<k3
yt=(a2-a)/(a2-a3) *y3+(a-a3)/(a2-a3) *y2
ELSE; xt=(a3-a)/(a3-a4) *x4+(a-ad)/(a3-ad) *x3 'k3<=k<k4
yt=(a3-a)/(a3-a4) *y4+(a-a4d)/(a3-ad) *y3
ENDIF
ELSE; xs=(al-a)/(al-ad)*x4+(a-ad)/(al-a4) *x1l !ntype=3
ys=(al-a)/(al-ad)*y4+(a-a4)/(al-ad) *yl
IF (k2<k3.AND.k2<=k.AND.k<=k3) THEN
xsl1=(a2-a)/(a2-a3) *x3+(a-a3)/(a2-a3) *x2
ysl=(a2-a)/(a2-a3)*y3+(a-a3)/(a2-a3) *y2
ENDIF
IF (k<k3)THEN; xt=(al-a)/(al-a3)*x3+(a-a3)/(al-a3)*x1
yt=(al-a)/(a1l-a3)*y3+(a-a3)/(al-a3) *yl
ENDIF
IF (k2<=k)THEN; xtl=(a2-a)/(a2-a4)*x4+(a-ad)/(a2-a4)*x2
yt1=(a2-a)/(a2-a4) *y4+(a-ad)/(a2-a4) *y2
ENDIF
ENDIF
22 CONTINUE

! Divide into some polygons quadrilateral element in accordance with stepped function a(k).

poly() are coordinates of vertices of polygon, and nvertx is number of the vertices.
Coloring is performed in order kl...k4 in each element, but the following program written
in order k1l k4 ki<k<k4.
IF (k==k1) THEN 'k==k1
poly (1) %wx=x1; poly(1)jwy=y1
poly(2)%wx=xs; poly(2)iwy=ys

poly (3) %wx=xt; poly(3)/wy=yt; nvertx=3 'k==k1<k2
IF (k==k2) THEN
poly(4)%wx=x2; poly(4)%wy=y2; nvertx=4 1k==k1==k2<k3
ENDIF
IF (k==k4) THEN 'k==k1==k2==k3==k4

IF (ntype==1) THEN
poly(2) %wx=x3; poly(2)%wy=y3
poly (3)%wx=x4; poly(3)lwy=y4
ENDIF
IF (ntype==2) THEN
poly (2) %wx=x4; poly(2)’%wy=y4
poly (3)%wx=x3; poly(3)%wy=y3
ENDIF
ELSEIF (k==k3) THEN 'k==k1==k2==k3<k4
poly(5) %wx=x2; poly(5)%wy=y2; nvertx=5
IF (ntype==1) THEN
poly(2)%wx=x3; poly(2)%wy=y3
poly (3)%wx=xs; poly(3)wy=ys
poly (4)%wx=xt; poly(4)%wy=yt
ENDIF
IF (ntype==2) THEN
poly(4)%wx=x3; poly(4)’jwy=y3
ENDIF; ENDIF
ELSEIF (k==k4) THEN 1k 1<k==kd
poly (1) %wx=xt0; poly(1)4wy=ytO
poly(2)%wx=xs0; poly(2)%wy=ysO



32 gmoooogooo—MACOOO OO

poly(3)%wx=x4; poly(3)%wy=y4; nvertx=3
IF (k==k3) THEN; nvertx=4
IF (ntype==1) THEN
poly (3) %wx=x3; poly(3)%wy=y3
poly (4) %wx=x4; poly(4)%wy=y4
ENDIF
IF (ntype==2) THEN
poly (4)%wx=x3; poly(4)’jwy=y3
ENDIF; ENDIF
IF (k==k2) THEN
poly(5) %wx=x2; poly(5)%wy=y2; nvertx=5
ENDIF
ELSE
poly (1) %wx=xt0; poly (1) 4wy=ytO
poly (2) %wx=xs0; poly(2)hwy=ysO
poly(3)%wx=xs; poly(3)iwy=ys
poly(4)/wx=xt; poly(4)%wy=yt; nvertx=4
IF (k==k2.AND.k<k3) THEN
poly(5) %wx=x2; poly(5)%wy=y2; nvertx=5
ENDIF
IF (k==k3) THEN; nvertx=5
IF (ntype==1) THEN
poly (3) %wx=x3; poly(3)%wy=y3
poly (4)%wx=xs; poly(4)%wy=ys
poly (5)%wx=xt; poly(5)wy=yt
ENDIF
IF (ntype==2) THEN
poly (5) %wx=x3; poly(5)%wy=y3
ENDIF
IF (k==k2) THEN
poly(6)%wx=x2; poly(6)wy=y2; nvertx=6
ENDIF; ENDIF
ENDIF
IF (k<k4) THEN
xs0=xs; ysO=ys; xtO=xt; ytO=yt
ENDIF
21 oldcolor=SETCOLORRGB(colors(k))
status=POLYGON_W ($GFILLINTERIOR,poly,nvertx)
20 CONTINUE
ENDDO; ENDDO
ENDSUBROUTINE DISTRIB

! xkkxkkkxk* Interpolate values at U from values at P
SUBROUTINE INTPX(u,ul,if,n)

DIMENSION u(0:if),ul(0:if)

FORALL (i=2:n-2)ul(i)=(-u(i-2)+9.*(u(i-1)+u(i))-u(i+1))/16.
i=0 ; ul(i)=(3.%u(i)-u(i+1))/2.

i=1 ; ul(i)=(3.*u(i-1)+6.*u(i)-u(i+1))/8.

i=n-1; ul(i)=(3.*%u(i)+6.*u(i-1)-u(i-2))/8.

i=n ; ul(i)=(3.*u(i-1)-u(i-2))/2.

ENDSUBROUTINE INTPX

'k3<k==k4
'k2<k==k3==k4

'k1<k==k2==k3==k4

'k1<k<k4

'k/=k2,k3

'k1<k==k2<k3

'k2<k==k3<k4

'k1<k==k2==k3<k4
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| kxkkx***x**% Draw line
SUBROUTINE LINE(Xl,yl,X2,y2)

USE DFLIB

TYPE (wxycoord) wxy

INTEGER (2) status

REAL (8) Xs,ys,xt,yt

xs=xl; ys=yl; xt=x2; yt=y2; CALL MOVETO_W(xs,ys,wxy); status = LINETO_W(xt,yt)
ENDSUBROUTINE LINE

O0o0oooOO0o0ooooOooO0oOoOoO0oooOoOoooOoO0O00oOOoO0 erIDOOOOOOOOOOOOO
000000000000 00000000000000 (analytical grid generation) 00000000
oo0o0ooOo0oo0o0ooooOo0O0000oO0oO0oOooO0oO0ooOoooooo0oooboooooooooon
O00<¢E<140,0<n<2500000000000 AA=Ap=100000 (z=-100000000
0:=000000 (z=70)0 4 =14000000 (x=0)000 ¢, =35000 4, =400000000
000 (y=0(zx<0), z2=0(-1<y<0),y=-1(x>0)0000000 j=000000 (y=3)0
Jr=250000

0000000000000 Poisson DO0000O0O0O0O0O0COOOOOOODODOOOOODO

en +€yy =P, Nez +Nyy = Q (1424)

000 p,QOOO0OCOOOOCOOOOO0OOOCOOOOOOOOOOOOOOODOODOOOCODOOO
cyOD &OOOO0OO00OODOOOO0ODOOO0OO0OO0ODOOOOCOODO0OOO0O0OOO0O0OO

L(z) = —J (¢ P+3,Q) (14.25a)
L(y) = =J (ye P+y,Q) (14.25b)

000 Looooooo
0? 0? 0?
L=go=—-2010——+J115—
g22 ez g12 o€ +9118n2
gij=¢;;/J000000 JOOODOODODO ¢, 0000000000000070
0 (1425 000000000000 0C00O00ODO00OOO0O0O0OOOOOOOOOOOOOODOO
000000000000 y=30000000 «z=-100000000 z=700000000000
000 000000000000 200000000 245 =(1-aj)z0+asz;;, 0000000000
000 a(f) = —+1.672+0447, j=n/n COOODOOO00 300000 a(0) =0, a(l) =1, o/'(0)
=04, ¢/(1)=06000000000000000000

"D0000 z = «(&(z, y), n(z, y)) 0 0 20000000 y0 2000000
E2mee +262 M0 Ten H1 Ty +Eoa e +Nzaty = 0,
§y2$§§+2§y77y$§n+71y2$nn+§yy$£+71yyxn =0

0oo0oo (14.6)0 (14.24) 0000000000000
gllx§5 +2912x§"+922x7m+x5P+x"Q =0

000000000 JOOOOJg! = goo, Jg'2 = —G12, J¢?? =g 00000000000 (14.252) 00000000000
y=y(&(x,y),n(z,y) 0000000 (14.25b) 0000000
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o000 pPOOOODOOOODDOOOOOOOOODOODOOOOOODODOOODDOODOOOODLO
oboooooooon

Pjj =Py or =nt_an’0
Tt

Py = (&xx)io = 2 ( L - L )

LTi+1,0 = Li—1,0 “\Li4+1,0 —Li0 Li0 —Li—1,0
goooooUO0y;000000000000ODO0DODO0OO0ODODOO0OOODOODOODODODODOO
ggooogogo

_ ey (Y o dn

@5 = )iy =" )is = () 7@
dj\* d 25 o e
(d_z)z]d_z = Wi, —v0)? () =85 -5
00000000100 4=mn/25 9= Hy—y)/(y;;-y)00000000000000000 200
300 7(g) = 8¢°—155°+137)/6, (0<§<1)02000000000000000 7(0)=0, 7(1) =
1, 7'(0)=13/6, #/(1) =7/60 000000000 00000000OOO0OOOOOOOOOOOOO
goodoodobbboboobobobobobUooooboobD bbb ULDOobDbooo
gogooobooooooooobood
0 (14250000000 2y000000 «; 000 ;000 1000000SOROOOOOOONO
goooooboooobboboobooobbobobbooob gy oo oooobbbboooog g
gooo sorROODOOOOoODOOODOODOn

014300000000

METRICO 000 00000000000000000000000000000000 X,P,U, VOO
00 (2i;+1)x(2j;+1) 000000000 «,y000 ¢, ye, Ty, y,0 00000 J = zey,—x,ye00 0
Eo =yl & = —x0)J, ne = ye/J, my =2¢/JO0000000000000UO000VOOOOOOOOOO
00 gu = (@2+y2) /], Gr2 = (wexy+yeyy) /), oo = (x2+y2)// 000000000000 gu0O0 gvO
D00000§" =g, §'2=—f12, §? = gu. 0000 UODDDD D00 9 /0€, 9 /0n, 0¢, /€, 0€,/dn
00 VO dn, /¢, dn./dn, On,/0E, dn,/On 0 0000000 dxix0000000

PREDCTU 00000 U, VOO0 p0 0000000000000 0O0O00O0O0OO0O0O0O00O 10
00000 uo,; = 6ys,;(1-yo,), Yo; = Yoj/yoj» vo; =00000000000000000000 Uy; =
(J&u)oju, Vo; =0000000000 é00000000000000000000 Uy = Uy, Vij = Voj
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000000000000000000000000000000000000 Ap = v(8%u/dy?) Az O
00000000000000000 8%/dy? = —4/3000000 6%w/dy? = —9/160000000
000 (00)00000 Ap=1/2-.75%2=17/3200000000000000000 000000
000000000000 py = {—(4/3)z0+(9/16)z;, }/Re—7/32000000000000p0000
0;0000000000(0<i<3500 pi; = po+(4/3)(wo; —aij)/Re00D 0D (35 < i < ig)
00 pij = (9/16)(zi,; —=;)/Re00 000000000 (35 <i < 100) 00 pss; 0 pioo; 00000
D0000000000000000000000 /2000000 (1/2Y)/)[u(y)?dy000000 0
Ap=.6—.6x.752 = 26250000

coMPUZO O XOOO »,v000 ¢00000000D000000000000000000 (14.8)0
0 (1412)0000000000

u = nyﬁ—fyf/, v=—n,U+&V (14.26)

0 ~ . 0 ~ -
¢= %{6—£(§21U+§22V) - a_n(§11U+§12V)} (14.27)

00 INTPOOO0 X0OODOOO00O000 U000 VOOOD0000000000000000U00
00 VOOOO0OD POD0OOODO0O0000INITVPOD VO VOODOO PO V0000000
Vio = (8V/8n)s =00 00000000000000000 W00 VO VOOOOO X0 Vx OO
DOINTUXOO U0 000000 X0 0x0000000000000000000000000000
70000 ui=u(e)000000000000 254, 00000000000 u)y, = (uis1—us) [Az
00000000 ¢, 000000000000000 u',, = (~2uo+3u—ux)/Ac 0000000
000 w1, =000000 u’, s = (Bup—ur/3)/Az 0000
Vou= 1(§€U+3V)

COMPUL O COMPU2 D 0 Navier-Stokes 0 0 00 200000000 SMACOODOOO00000000
0" =JU*0000U=JU000000000000000000 coMPui0000000A000O0
0 (14.212)002000000000000000

{J+At9(U§f+V 0 ) @1)}AU1* = rhs,
{J+At9(U§f+V > ) 92)}AU1* = rhs?

OO0 »,00000000000000rhsO0O00D0ODOOOO

rhs; = —At{30U+3VU—u(Ua£’+V‘9§’)—v( %y f"’) + 5" P+ Dy Gy |

ac” o o¢ o¢
rhes = —At{ aanV+ 9y (U%"g +V6"’) (Uaa"g +V6ny)+§21pg+§22pn—ugg}

OO0000D00OO00OCOO0O010000000000000 Chakravarthy-Osher TVD OO OOOOOO
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JAU*+At9{(U+ i;z)(AU* AU,.*_L].)+(~ —%)(A - AUT)
+(~++%)(AU5_AU;J._1)+(N——% (AUf 41— AU;;.)} = rhs (14.28a)

JAV* + At ( ++%)(AVZJ Av;:“)+(~——%)mv;“ AV)
+(~++%)(AVZ}—AV;*J,1) + (7 *—%)(AV”H AV )} —rhsy  (14.28b)

rhs; = —At{UUijP—UUi_LjP + VUi7j+1x—f/Uin

- . 1 1
+ (§22)iju (Pij —Pi—1,5) — (912)ijU§(pi,j+1U_pz}jflU) + E(Ci,jJrl —Cij)} (14.28c¢)

rhsy = —At{ﬁvi+17jx—ﬁvi,jx + VVijp—VVi,j,lp

— uijy (U 867? + Vaan;)”v — Vijv (0%_’75; + V%_%)ijv

~ 1 . 1
_ (g12)ijV§(pi+1,jV —pi—1,jv) — (911)i5v (Pi,j —Pij—1) — Re = (Git1,5— Cij)} (14.28d)
oo0oo0oo0o 4;,"0000000000T 0000000000000 000oO000o0ooO0o0o

000 Chakravarthy-Osher TVD OO OO0O0OOOOOOODOOOOOOODOOOO

= ~ ~ AUl ;i 1 .
UU;jp =UUijp + |UijP|{_%"‘gmland(AUiil-i-l/lj; 4AU 1 1)2,5)

1 .
+§mlnm0d(AUi+1/27]-, 4AUiil+l/2,j)} (].4:29)

AUi_ ; UZ ip>0
AUit1/2,5 = Uit1,j=Usj,  AUitig1/25 = { g (G :
AUiysfa;  (Uigp <0)

0oooooo

oobooooo0oo0oooooooooboooooooooboooobooooooboboboooboooooo
goboooobooo

ﬁﬁojp = Uojpw, (14.30a)
VUix = VUi x =0, VUinx = Vix =~ (3Uzo+2Ul UL;) ) (ax>0) (14.30b)
5‘\/le = ﬁlew, 5‘\/1'on = UinXé(_‘/io—lj'i'G‘/io_Lj+3‘/Z’0), (14.30c¢)
VViop = Viop 31 (12V1 — Vin) (Viop > 0) (14.30d)

0000000000000000 8V/op=000000000000008%

y=000000000 w,v00000 u~y, v~y2000000000000000000000000000000O0
obo0o0oooOo0oOoOoO0ooboOobOoOoooooo
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O00000 U*0000000 V*000000000000000000 100000000000
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Cr = JVE-(u-Vu) = (&), (U +v‘9“) + (&), (U +v8”) I=1,2) (14.31a)

23

[ =1000 (du/d€),; 01 =2000 (u/d€),; D00O0DD00000D000 0D (Av/d€),,0
(8v/0¢);,; 00000000000

23

ou 1 ou 1
(8_§)ifj = E(Uifj—’uzioj +Uif,j+1_ui0,j+1)7 (8_€)in = 5(uifj—uz'o—Lj) (14.31b)

000000000000 000000000000000000000 METRICOOODO dxix=
8¢, /0¢, ... 0 gU,gV =Gy, -- 0000000

SMAC ADDDOOOO (14.28)0 13.50000000000000000000000000013.50
ooo0o0O00O000O0O0O0

couoo—cfu_17o+cfu10—c2+u07_1 +cy upr =rhs
00000 (1428 0000000000000 ¢, ¢, ¢, cy,c000 (14282) 0000

;L: —At0(0++922/R6), c :Atg(U_—ggz/Re),
cf = —At0(VT+g11/Re), ¢ = AtO(V™—gi1/Re), co=J—cf —c; —cf—cy

0000000D0000000000000000000 c00000000000000000001
00000000000 GAUSSZO OO0 D0D0GAUSSZO O OO0 13.50000000

00O coMPU20 0 (14.21b)00 U™ ' 0OOOODDODODOOOODOODD (14.21)000000
000000000

Uit =055 - At{@ZZ)ijU((lsij —¢i-1,5) — (912)ijU ¢i7j+w;¢i’j7w} (14.32a)

Vit =V - At{_(glz)ijV @Hw;d)i*l’jv + (G11)i5v (i —d)m—l)} (14.32b)

D0000000000000 (14.230)00 0°™o0 423000 0™ 0oooooooooooo
0Ooooooo

COEF, COMPPO ¢0 000000000000 00000 100000 SOROOOO Chebyshev SLOR
00000 ¢00000000p000000000000000000000 ¢000000 (14.21c¢)
000 (14.23c) 0

26 96
ge At an)

0
3

9¢
29

a¢) _ oU*  ov*

(At 922 5¢ an) = oc

+—( At Gro—

At g
o + At g11

(14.33)

uboboooooooboboooooooooooooooooooboooo

1 1

o > cijuibira g = rhsy (14.34)

ir=—1j'=—1
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(91)i+1,50 (Div1,j = bij) + (92)i41,50 (Dit1, i1+ i i1 — Pigr,j—1 — Pij—1)

—(91)iju(@ij—di-1,5) = (92)iju(Pijr1+Pim1,j+1— Pij—1 — Pim1,j-1)

(94)i,5+1v (@i g1 — Bij) + (98)i,5+1v (Pit1 i1 +Pig1, — Pim1,j+1— Pim1,5)

—(94)ijv (Pij—dij—1)  — (93)ijv (Pit1,j+Piv1,j—1 — Pim1,j— Pi—1,j-1)
T, = U + Vit = Vi

000 (q1)iju = (At g2)iju, (92)iu = —(At Gi2)iju /4, (93)ijv = — (At Gi2)ijv /4, (94)ijv = (At gu1)ijv
doooobodob gwOOobOOOO0OO0ODOODODOODODODOO AA000000000

3rd step
—gs g4 g3
—gs | =g | 93 g 92
g3, ga
2nd step 1st step
—g2 —g2 j+1| —11 01 11 g2 g2
g1 —9g1 J | -10 00 10 —g1 g1
n | o 1[0, o | o
i—1 i i+1
4th step
g3 —ga | —g3
O 0ooooo g3 ga —gs3
3rd step
ga—3g3| 493 | —gs3
—ga—3gs| 493 | —gs
1st step
j+1| o1 11 —11 g2 g2
Jj| oo 10 —-10 —g1 g1
j=1%s 11 1 —g2 | —g2
i=1 2 3
4th step
—ga+3g3| —4g3 | 93
000000000 ga+3gs| —4gs | 93

0144 00000000000DOO

o000 ¢ 00000 144000000000000000O0 colODOOOOOO0OOOOOOOOOO
oooooO0ooOooooooooooOoOObO0O0OoOoOoOooooOoDOoDDODbOgO1DOOOOOOOO
0000 (¢e)ij = (Pix1,;—i—1,;)/2000000000000000000 (d¢)oj = (—3¢oj+4d1,—02;)/
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000000000 gy 00000000 ¢0(0,j,1,jp)00000000000000000000
000000D00000000000000000000000000000000000000000
000 p;,; =0000000000000000000000000000000000000000
¢0001000000000000000 SOROOOD Chebyshey SLOROOOODOO0O OO OSOR
0000000000004 =0000 ijo 0000000000000 ip—1,job—100 1100000
00000000000000000000000000000000000000000000004¢0
00000 (143400000

1 1
Resij= ) Y Cijujbivi gy —rhsi

i=—1j5'=—1

gbobooboooooboobooboobooboooogoon

¢Z(-]T-L+1) = ¢E;L) —aRes;j/cijoo

a=150000000000
oooobOooo0oo0oboo0oooooooobeoooobobOODOOoOOOOODOOOODOODDO
000000000000 00000000000000Chebyshey SLOROOOOOOOOOOOOO
0ooooooo (i=1,35,...)0000 (i=0,24,... )0000000000OO0OOOOOOOOOOO
00000000000 GaussOOOOOOOOOOOOOODOOOOOOOO

n+1 n+1 n+1
aci000¢go+ )+Ci001¢£’1+ )+Ci002¢z(-2+ )
2

=ri — Z(Cio 71j’¢£ﬁ)1’jl +cio1j ¢gi)1,j1) - (1—0‘)01'000‘?@('3)
i=0
1 1 1
Cz’j071¢z(-3-t1)+040ij 00¢§?+ )+Cij01¢z('3'11)
1

=rij = 3 (e B oy 6 ) — (1=)ciodl)) (G=1,2,...,jo)
=1
+1 +1 +1
Cij00—2¢§3'0,)2+0ij0 0—1¢§3’071+0¢Cij000¢§30 )
0

=Tijo = D (Cijomtjt O o +Ciio 1t Bt joigt) — (L= )cijo 004
jl=—2
0000000000 «000000000000000000000000000000000000000
000000000 ¢y, 0000000000 co(d,j,ip,jp) 0000000 OeiieD coli,0,ip,-1)
00¢ij,#—0 co(i,jo,ip,1) 0000000
000000000000000000 GAUSSPO 000000000 GAUSSPOOOOOOOOOO0O
000 10000000000000000000000000000000000000000000
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G2 (3 (i1 0 Zi0 bio

@11 Gi12 @13 Ti1 bi1

Q21 Q22 Q23 T2 biz
Gin-11 Ain-12 Ain-13 Lin-1 bina

0 in3 Ainl Ain2 Tin bzn

Uoobod:0:00000000000000000000000000000000 a1 0 a0 0
000000000 GawssODODOOOOODOOODDOOODODODOOOODOOOODOOODOODOODOODO
oo0o0ooO0ooooooooooooOoOooU0ooOoO0O0oOoooooooOoOooDoOOn SsorROOO
OO0O0D0O0DD Chebyshey SLOROOOOODOOOOODOODOOOOOOOOOOOODOODODOO
resNSO resP0 0000 000000000000 O0O0O0O0O00O0OOO Chebyshev SLOROOOOODO
oboooooooooooooooobon

uoboobobooooobobobooooooodn 100,500,1000000000000000000A0
At =1.00mede=200000000000000000000 coMPUuLO0O Chakravarthy-Osher OO
TVvDOOOOOoOoOe=1004=05000000000000 covpPO0O SOROOOOOOOOO
a=150p4=050000000 SLORODODOOODODOOODOOD 10000 a=p=100000000
5000 100000 a=1.25, 4=0.750000000 145014.6014.70 SOROOOOOODOOOCOCOO
oobobobooooooooboobooooboobobooboOobOoooooobooobooooboobooobon
oooooboooob0D z=-10~709100000000000000000000 z2=-6~180
z=18~420000000000000000000 Re=10000000000000000 0.01500
p=021000 p=0.2025~021750000000000000000000000yy=00000 30
O0Ay=020000000000000000000000D0 AYy=00l0000000000

OO00000000 resys <0.000100 resp < 0.00010000000Re=1000000000000
oooooooo

014.1:00000000000000000O0 (Re = 1000)

x107°
SOR Chebyshev SLOR
n resns resp Aflow | resns resp Aflow

100 736 436 25693 481 189 29678

1000 41 50 5095 157 79 —6564
2000 12 16 3435 31 25 4669
2340 9 10 2608

2460 9 10 4402

000000000000 n00AQOO0OODOODODOOODOOOCOOOOODOOOO0O000O0 AtDOO
oobooobd 00OO0obO0oobooooboboooooboobbooooboooobobooooboooboon
gooSorROOOOO0OO0O0O0O0O0O0OO0O0O0O0OO0O0O0OOOOOOOOCODODODDO
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0 142: 0000 At0D00000 n
Re At n Trap Pmax Pmin

0.1 2580 7.2 0.245 0.064
0.25 | 1180 7.2 0.240 0.058
0.63 900 7.1 0.242 0.064
1.0 1366 7.2 0.242 0.062
2.5 3562 7.2 0.242 0.062
4.0 * 7.2 0.243 0.062

0.25 ok
0.4 3100 | 21.8 —0.017 —0.159
0.63 | 1580 | 21.7 —0.018 —0.159
500 1.0 1744 | 23.5 —0.016 —0.155
1.6 2713 | 23.5 —0.016 —0.155
2.5 4156 | 23.3 —0.016 —0.155
4.0 * 23.7 —0.015 —0.151

0.63 ok
1.0 2348 | 30.7 —0.038 —0.130
1000 1.6 2917 | 383 —0.033 —0.129
2.5 3951 | 388 —0.033 —0.130
4.0 * 411 —-0.034 —0.125

100

O00*I0O»=5000000000000000000000000000000O00O0OOOUOOOO0O
obooooboobobooooooobboooobooooooooobooobooooooboobooboo
oo000 AqA0000000OC0O00OO00O000O00O0O00O0oOOoOooODODOOUObOOOODOo
O00000000A:=1.00000000 Chebyshev SLOROOOODODOOOOO (RG)ODODODOOO
obooooooobooon

0143 0000000000000D0O0O0O0DODOOOODODOOO

RG SOR Chebyshev SLOR

Re Trap Trap Pmax Pmin Trap Pmax Pmin

100 7.3 7.2 0.242 0.062 7.1 0.242 0.064
500 | 20.8 | 23.5 —0.016 —0.155 | 22.5 —0.013 —0.143
1000 30.7 —-0.038 -—0.130 | 31.4 —0.033 —0.124

obobooboooooobooboooooooboobooboooooooobooboboooooboooobobooboon
ggoobodobooooboboooooobooobooooooobobobooobooobooboooooa
obooooboobObOoboOooooooobooOoOoboboboOobOo0obOOooooboOobOoooobooboooo
gobbOboooobooooboboboooboooboooooobooboobooooboooboooboooag
gobooOoboobooooooboooobooooooobooboooooooooobooboobobobOoooon
DDDDDDDDDDDDDDDDDDDDDDDD[%DDDDDDDDDDDDDDDDDDDDDD
odb0134000000000000000O00O0O0O0O0OO0OCOOOOOOOOOODOOOOO00
DDDDDDDDDDDDDDDDDDDDDDDDDDDDD(&pDDDDD2DDTVDDDDDD
ooooobooooooooboOobOobooooOobobooobooooboobobobOooOobooooooOooon
uooooogobooo
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0000000000000000000000000000000 »wW2000OO00OOOO000000
0JVg-0000000000 (14.10)-(14.14)000000000000°0

o0 . =
Dy = JVE&-vVPu = —vIVE-V X = —veij o (—() = —veis e (B34 7e) (14.35)

000D00000000000D00000 Z,00 (14.12)000000000O00O0O

3 o .
Zy = kanf(gm’Ui)

ooooogd ZzyOODOODOO ¢ OO0O000DODODOODOODOOODODODODOOOOOOOODO
ooooooo¢ooboooooobooooboon

S _ 9%
D _ 2 D2"’ag (14.36)
1yo o = o0 0 o
C = j{8_5(921U+922V)_6_T](g11U+912V)}

ocoooooboo0oooobooooooOoDOooooDOobOooOoOoOobDOoOooooObOoooDoo oToo
00000000000 oooto

Dy =JV§-(V-II) _Jaxn e OE, (Jarcm aanmn) Jame’""agi .
_ 9 il l ij
= og T i (14.37)
ood r,,0 IOODOO7TY00000000000000000O0O
0&; 9¢;

0xrm o0x,

obb0obobo0ooooooooOoobOoobobooOooooooooboooooobooOoooon

ou, Oun, 2
e ) s

oo0d veg=v+y,O0y, 0000000k O000O0O0O0O0OO0O0DOOOOOOOOOOOOOOOOOO0O
OJry0000o0o0ooon

06 1 0 0¢; D%¢;
Vett 0T, { 0T, (unﬁ) —Un 0%, 0T m }

85]’ 9 0&i 82§i 2 ij
+Veﬁaxn{8$n (“’"axm) “’"axmaxn} 3g K
06 (DU, 0 06\ 06 OV 0 06y 2,
(axm Uk 3e, axm)”"“']amn(axn U 3¢, 8$n) 59k

g 9
= ver (47 + A7) 2 Gk (i,j=1,2,3) (14.39)

Tmn = Veff(

JTY = J

:eJ
Vet Oz,

°0 20000 3000 Vx(Vxa)=V(Vae)-V2eO0O0OO0O00 3000040000 (14.5)0 (14.11)0000 40000
50000 (14.13)0 (14.14) 0000000
100 (14.4)0(14.5)0 (14.18) 00D OO
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ij YYi g, Y Y55
A axn (chn U'Bfk chn)
0&; (afm 8UJ’ afm{ }) 862 bi
Oz, \ Oz, agm mk Oz, b
~im oU; j ~zm
=37 (ag—;+{n§k}vk) =7

00000000000000000 (14.37)00 (1439 0000000000

_ 0 il iy 2.a 1 ij ji 2~ij
Dl = a_fl{l/eﬁ'(A +A )—gg k}'f‘{l]}{yeff(A +A )_gg k}
_ 9 il pli Oett | 4it liy _ 2 ~zi% _
= Vet 5 (A% — AY) 4 B (A%+A%) - 23 9, (1=1,2,3) (14.40)
ooo
Al = Gimgi = gibﬁ; G,j=1,2,3) (14.41)
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oU; 0 ~ 0
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T T LT afk(aa:n 7 aa:nU)
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