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$�� &uRGLJR GR 3URJUDPD HP )RUWUDQ

6HJXH DEDL[R D OLVWDJHP GR SURJUDPD SRU QuRV GHVHQYROYLGR HP

OLQJXDJHP )RUWUDQ� 'HFLGLPRV OLVWuD�OR SRUTXH HOH VHUuD R SURJUDPD EDVH

SDUD QRYDV LPSOHPHQWDzFaRHV XWLOL]DQGR R PRGHOR &'6� $V VXEURWLQDV FRQWLGDV

SRGHP RX QaDR VHUHP XWLOL]DGDV� GHSHQGHQGR GDV FRQGLzFaRHV GH FRQWRUQR

XWLOL]DGDV�

$ VXEURWLQD UDQ� uH QRVVR JHUDGRU GH QuXPHURV DOHDWuRULRV H IRL H[WUDurGD

GR 1XPHULFDO 5HFLSHV���

C     ***************************************************

C     ESTE PROGRAMA SIMULA A DINAMICA DE UM GAS GRANULAR
      VIA MODELO CDS

C     ***************************************************

C     inicio do programa principal

      PROGRAM GRAINS 
      IMPLICIT NONE 
      INTEGER L,TIME,ISEED,I,J,L1,Lx,Ly
      INTEGER IT,CONT,CONT1,STEP_FOTO,CONTORNO,START_FOTO
      PARAMETER(L=32)
      DOUBLE PRECISION  T(-1:L+2,-1:L+2)
      DOUBLE PRECISION To(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uyo(-1:L+2,-1:L+2)
      DOUBLE PRECISION Ux(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uy(-1:L+2,-1:L+2)
      DOUBLE PRECISION N(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2)
      DOUBLE PRECISION Lbda,EXP,A,D,B,Nmo,St
      DOUBLE PRECISION Eta,Nmedio,Tal,Gama,A_0,v_0
      DOUBLE PRECISION Lambda_max,h_e,h_l,k,g,Eta0,Lbda0,Lr
      CHARACTER*50 Arquivo

C     ***************************************************

C     DEFINICAO DOS PRARAMETROS DE ORDEM

C     Uxo : Componente x da velocidade no instante t
C     Ux  : Componente x da velocidade no instante t+1
C     Uyo : Componente y da velocidade no instante t
C     Uy  : Componente y da velocidade no instante t+1
C     To  : Temperatura granular no instante t
C     T   : Temperatura granular no instante t+1
C     No  : Densidade no instante t
C     N   : Densidade no instante t+1

C     PARAMETROS COMPUTACIONAIS

C     Lambda : Coeficiente de condutividade termica
C     Eta    : Coeficiente de viscosidade
C     L      : Tamanho do sistema
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C     Exp    : expoente que caracteriza o coeficiente de restituicao
C              Exp=8/5 --> dependente da velocidade relativa
c              Exp=3/2 --> constante

c     SELECIONA AS CONDICOES DE CONTORNO

c                  _
c                 |  1- caixa fechada;
c     CONTORNO = <   2- tubo continuo;
c                 |  3- periodico.
c                  -
      CONTORNO=3

C     *****************************************************************

      Eta0=0.005
      Lbda0=0.002
 5    Lx=16
      L1=16
      Ly=16
      Lr=L
      START_FOTO=10 000
      STEP_FOTO=1 000
      CONT=START_FOTO
      CONT1=0
      iseed = -432765834
      Gama =1.0d-2
      A = 0.0023d0      
      D = .5d0
      EXP = 8.0d0/5.0d0
      B =1.0d0
      A_0=1.6d-2
      v_0=1.0d0
      tal=(A_0/v_0)*Gama
      TIME = 99 000
      g= 0.0d0
      St=1.0d0
      DO I=1,L
         DO J=1,L
            Uxo(I,J)=0.0
            Uyo(I,J)=0.0
            To(I,J)=0.0
            No(I,J)=0.0
            Ux(I,J)=0.0
            Uy(I,J)=0.0
            T(I,J)=0.0
            N(I,J)=0.0
         ENDDO
      ENDDO
      CALL RANDOM_IC(Nmedio,To,Uxo,Uyo,No,L,ISEED,Nmo)

C     *****  impoe condicao de contorno *****

      IF(CONTORNO.EQ.1) THEN
         CALL COND1(To,Uxo,Uyo,No,L)
      ELSE
         IF(CONTORNO.EQ.2) THEN
            CALL COND2(To,Uxo,Uyo,No,L,L1,Lx,Ly)
         ELSE
            CALL COND3(To,Uxo,Uyo,No,L)
         END IF
      END IF
      WRITE(Arquivo,'(''tempMedia&'',f5.3,''&'',f5.3''.dat''
     *     )') ETA0,LBDA0
      OPEN(UNIT=20,FILE=Arquivo,STATUS='UNKNOWN')

DBD
PUC-Rio - Certificação Digital Nº 0116451/CA



$SAHQGLFH $� $SAHQGLFHV ��

C     *****  inicio da itualizacao dos parametros  *****

      DO  IT = 0,TIME
         Eta=Eta0*sqrt(St)
         Lbda=Lbda0*sqrt(St)

         CALL ATUALIZACAO(T,Ux,Uy,N,To,Uxo,Uyo,No,L,1,L,1,L,g,
     *        Gama,Eta,Lbda,Exp,B,Eta0,Lbda0)

         St=0.0d0
         Nmedio=0.0d0
         DO  I = 1,L
            DO J = 1,L
               Uxo(I,J)=Ux(I,J)
               Uyo(I,J)=Uy(I,J)
               To(I,J)=T(I,J)
               No(I,J)=N(I,J)
               Nmedio=Nmedio+No(I,J)
               St=St+To(I,J)
            ENDDO
         ENDDO
         St=St/Lr**2.0d0
         Nmedio=Nmedio/(Lr**2.0d0)
         CALL INJECTENERGY(To,No,L,A,Nmo)

C     *****  impoe condicao de contorno  *****

         IF(CONTORNO.EQ.1) THEN
            CALL COND1(To,Uxo,Uyo,No,L)
         ELSE
            IF(CONTORNO.EQ.2) THEN
               CALL COND2(To,Uxo,Uyo,No,L,L1,Lx,Ly)
            ELSE
               CALL COND3(To,Uxo,Uyo,No,L)
            END IF
         END IF

C     ***** imprime configuracao do sistema nas arquivos de saida  *****

         IF (IT.GT.(START_FOTO-1)) THEN
 4          IF (IT.EQ.CONT) THEN
               IF(CONTORNO.EQ.1.OR.CONTORNO.EQ.3) THEN
                  CALL SAIDA1(To,No,Nmedio,Uxo,Uyo,St,IT,L,ETA0,LBDA0,
     *                 L1,Lx,Ly)
                  A=0.0d0
               ELSE
                  CALL SAIDA(To,No,Nmedio,Uxo,Uyo,St,IT,L,ETA0,LBDA0,
     *                 L1,Lx,Ly)
               END IF
               CONT=CONT+STEP_FOTO
               PRINT*,'<  Eta=',Eta0,'  Lambda=',Lbda0,'  Iteracao='
     *              ,IT,'>  Concluida'
            END IF
         END IF
         IF (IT.EQ.CONT1) THEN
            WRITE(20,*) IT,'     ',St
            CONT1=CONT1+1000
         END IF

C     ***** fim da atualizacao dos parametros  *****

      ENDDO
      CLOSE(20)
      STOP
      END
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C     *****  Fim do programa principal *****

C     **************** INICIO DAS SUBROTINAS  *************************

C     *****************************************************************
C
C     Esta subrotina efetua a atualizacao dos parametros de ordem no
C     instante  t+1 a partir de seus valores no instante t
C
C     *****************************************************************

      SUBROUTINE ATUALIZACAO(T,Ux,Uy,N,To,Uxo,Uyo,No,L,
     *     Qxo,Qxf,Qyo,Qyf,g,Gama,Eta,Lbda,Exp,B,Eta0,Lbda0)
      IMPLICIT NONE
      Integer I,J,L,Qxo,Qxf,Qyo,Qyf
      DOUBLE PRECISION  T(-1:L+2,-1:L+2)
      DOUBLE PRECISION To(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uyo(-1:L+2,-1:L+2)
      DOUBLE PRECISION Ux(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uy(-1:L+2,-1:L+2)
      DOUBLE PRECISION N(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2)
      DOUBLE PRECISION Lbda,EXP,N1,N2,B
      DOUBLE PRECISION Uxdx,Uydy,Uydxx,Uxdxx,Uxdyy,Uydyy,Tdx,Tdy,Tdyy
      DOUBLE PRECISION Eta,Ndx,Ndy,Uydx,Uxdy,Uxdxy,Uydxy,Gama,Tdxx
      DOUBLE PRECISION Ndyy,Ndxx,g,Eta0,Lbda0

 10   DO  I = Qxo,Qxf
         DO J = Qyo,Qyf

C     *****  calcula derivadas *****

            CALL DERIVADAS(To,Uxo,Uyo,No,Uxdx,Uydy,Uxdxx,Uydxx,
     *           Uxdyy,Uydyy,Tdx,Tdy,Ndx,Ndy,Uydx,Uxdy,Uxdxy,
     *           Uydxy,N1,N2,Tdxx,Tdyy,Ndxx,Ndyy,I,J,L)

c     *****  atualiza a  temperatura granular *****

            T(I,J) = To(I,J)+Gama*( -(Uxo(I,J)*Tdx+Uyo(I,J)*Tdy)
     *           -To(I,J)*(Uxdx+Uydy)+(3.0d0*Lbda/(No(I,J)))
     *           *(2.0d0*N1+N2-12.0d0*To(I,J))/12.0d0
     *           +(Eta/No(I,J))*(2.0d0*Uxdx**2.0d0+2.0d0*Uydy**2.0d0
     *           +Uxdy**2.0d0+Uydx**2.0d0+2.0d0*Uydx*Uxdy)
     *           -Eta/No(I,J)*(Uxdx+Uydy)**2.0d0
     *           -B*No(I,J)*(To(I,J)**(EXP)))

C     *****  atualiza a  componente Ux  *****

            Ux(I,J)=Uxo(I,J)+Gama*(-(1.0d0/(No(I,J)))*(No(I,J)*Tdx
     *           +To(I,J)*Ndx)+(Eta/No(I,J))*(Uxdxx+Uxdyy)
     *           -(Ux(I,J)*Uxdx+Uy(I,J)*Uxdy))

C     *****  atualiza a componente Uy  *****

            Uy(I,J)=Uyo(I,J)+Gama*(-(1.0d0/(No(I,J)))*(No(I,J)*Tdy
     *           +To(I,J)*Ndy)+(Eta/No(I,J))*(Uydyy+Uydxx)
     *           -(Uy(I,J)*Uydy+Ux(I,J)*Uydx)) -Gama*g

C     *****  atualiza a densidade  *****

            N(I,J) = No(I,J)+Gama*(-(No(I,J)*(Uxdx+Uydy)+Uxo(I,J)
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     *           *Ndx+Uyo(I,J)*Ndy))

         ENDDO
      ENDDO
      RETURN
      END

C     *****************************************************************
C
C     Esta subrotina inicializa randomicamente todos os
C     valores das variaveis
C
C     *****************************************************************

      SUBROUTINE RANDOM_IC(Nmedio,To,Uxo,Uyo,No,L,ISEED,Nmo)
      IMPLICIT NONE
      Integer L,ISEED,I,J
      REAL AMP,RAN1
      DOUBLE PRECISION To(-1:L+2,-1:L+2),Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION  Uyo(-1:L+2,-1:L+2),No(-1:L+2,-1:L+2)
      DOUBLE PRECISION  Nmedio,T_O,SUM,Nmo,Lr
      SUM=0.0d0
      Nmo=0.0d0
      T_O=10.0d0
      AMP = T_O/10.0d0
      Nmedio=0.0d0
      Lr=L
      DO  J = 1,L
         DO I = 1,L
            To(I,J) =0.0d0
            Uxo(I,J)=0.0d0
            Uyo(I,J)=0.0d0
            No(I,J)=0.0d0
         ENDDO
      ENDDO
      DO  J = 1,L
         DO I = 1,L
            To(I,J) = T_O + AMP*(RAN1(ISEED))
            No(I,J)= 0.1d0+0.01d0*(-1.0d0+2.0d0*RAN1(ISEED))
            SUM = SUM + To(I,J)
            Nmo=Nmo+No(I,J)/(L**2)
            Nmedio=Nmedio+No(I,J)
         END DO
      ENDDO
      Nmedio=Nmedio/L**2.0d0
      SUM = SUM/(Lr**2.0d0)
      RETURN
      END

C     ****************************************************************
C
C     Esta subrotina impoe condicao de contorno tipo 'caixa fechada
C
C     ****************************************************************

      SUBROUTINE COND1(To,Uxo,Uyo,No,L)
      IMPLICIT NONE
      Integer I,J,L
      DOUBLE PRECISION To(-1:L+2,-1:L+2),Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2),Uyo(-1:L+2,-1:L+2)
      DO J =1,L
         To(0,J) = To(1,J)
         To(-1,J) = To(2,J)
         To(L+1,J) = To(L,J)
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         To(L+2,J)= To(L-1,J)
         Uxo(0,J)=-Uxo(1,J)
         Uxo(-1,J)=-Uxo(2,J)
         Uxo(L+1,J)=-Uxo(L,J)
         Uxo(L+2,J)=-Uxo(L-1,J)
         Uyo(0,J)=Uyo(1,J)
         Uyo(-1,J)=Uyo(2,J)
         Uyo(L+1,J)=Uyo(L,J)
         Uyo(L+2,J)=Uyo(L-1,J)
         No(0,J) = No(1,J)
         No(-1,J) = No(2,J)
         No(L+1,J) = No(L,J)
         No(L+2,J)= No(L-1,J)
      ENDDO
      DO I = 1,L
         To(I,0) = To(I,1)
         To(I,-1) = To(I,2)
         To(I,L+1)=To(I,L)
         To(I,L+2)=To(I,L-1)
         Uyo(I,0)=-Uyo(I,1)
         Uyo(I,-1)=-Uyo(I,2)
         Uyo(I,L+1)=-Uyo(I,L)
         Uyo(I,L+2)=-Uyo(I,L-1)
         Uxo(I,0)=Uxo(I,1)
         Uxo(I,-1)=Uxo(I,2)
         Uxo(I,L+1)=Uxo(I,L)
         Uxo(I,L+2)=Uxo(I,L-1)
         No(I,0) = No(I,1)
         No(I,-1) = No(I,2)
         No(I,L+1)=No(I,L)
         No(I,L+2)=No(I,L-1)
      ENDDO
      DO I = -1,0
         To(I,0) = To(I,1)
         To(I,-1) = To(I,2)
         To(I,L+1)=To(I,L)
         To(I,L+2)=To(I,L-1)
         Uyo(I,0)=-Uyo(I,1)
         Uyo(I,-1)=-Uyo(I,2)
         Uyo(I,L+1)=-Uyo(I,L)
         Uyo(I,L+2)=-Uyo(I,L-1)
         Uxo(I,0)=Uxo(I,1)
         Uxo(I,-1)=Uxo(I,2)
         Uxo(I,L+1)=Uxo(I,L)
         Uxo(I,L+2)=Uxo(I,L-1)
         No(I,0) = No(I,1)
         No(I,-1) = No(I,2)
         No(I,L+1)=No(I,L)
         No(I,L+2)=No(I,L-1)
      ENDDO
      DO I = L+1,L+2
         To(I,0) = To(I,1)
         To(I,-1) = To(I,2)
         To(I,L+1)=To(I,L)
         To(I,L+2)=To(I,L-1)
         Uyo(I,0)=-Uyo(I,1)
         Uyo(I,-1)=-Uyo(I,2)
         Uyo(I,L+1)=-Uyo(I,L)
         Uyo(I,L+2)=-Uyo(I,L-1)
         Uxo(I,0)=Uxo(I,1)
         Uxo(I,-1)=Uxo(I,2)
         Uxo(I,L+1)=Uxo(I,L)
         Uxo(I,L+2)=Uxo(I,L-1)
         No(I,0) = No(I,1)
         No(I,-1) = No(I,2)
         No(I,L+1)=No(I,L)
         No(I,L+2)=No(I,L-1)
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      ENDDO
      RETURN
      END

C     *************************************************
C
C     Esta subrotina impoe condicao de contorno tipo
C     'tobo continuo'
C
C     *************************************************

      SUBROUTINE COND2(To,Uxo,Uyo,No,L,L1,Lx,Ly)
      IMPLICIT NONE
      Integer I,J,L,L1,Lx,Ly
      DOUBLE PRECISION To(-1:L+2,-1:L+2),Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2),Uyo(-1:L+2,-1:L+2)
      DO I=L1,L1+Lx
         DO J=1,Ly
            Uxo(I,J)=0.0
            Uyo(I,J)=0.0
            To(I,J)=0.0
            No(I,J)=0.0
         ENDDO
      ENDDO
      DO I=1,L
         DO J=1,L
            To(I,J)=To(I,J)
         ENDDO
      ENDDO
      DO J =-1,L+2
         To(0,J) = To(L,J)
         To(-1,J) = To(L-1,J)
         To(L+1,J) = To(-1,J)
         To(L+2,J)= To(0,J)
         Uxo(0,J)=Uxo(L,J)
         Uxo(-1,J)=Uxo(L-1,J)
         Uxo(L+1,J)=Uxo(-1,J)
         Uxo(L+2,J)=Uxo(0,J)
         Uyo(0,J)=Uyo(L,J)
         Uyo(-1,J)=Uyo(L-1,J)
         Uyo(L+1,J)=Uyo(-1,J)
         Uyo(L+2,J)=Uyo(0,J)
         No(0,J) = No(L,J)
         No(-1,J) = No(L-1,J)
         No(L+1,J) = No(-1,J)
         No(L+2,J)= No(0,J)
      END DO
      DO I = -1,L+2
         To(I,0) = To(I,1)
         To(I,-1) = To(I,2)
         To(I,L+1)=To(I,L)
         To(I,L+2)=To(I,L-1)
         Uyo(I,0)=-Uyo(I,1)
         Uyo(I,-1)=-Uyo(I,2)
         Uyo(I,L+1)=-Uyo(I,L)
         Uyo(I,L+2)=-Uyo(I,L-1)
         Uxo(I,0)=Uxo(I,1)
         Uxo(I,-1)=Uxo(I,2)
         Uxo(I,L+1)=Uxo(I,L)
         Uxo(I,L+2)=Uxo(I,L-1)
         No(I,0) = No(I,1)
         No(I,-1) = No(I,2)
         No(I,L+1)=No(I,L)
         No(I,L+2)=No(I,L-1)
      END DO
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C     ***** impoe condicoes especiais de contorno ****
      CALL SETCURVE(To,Uxo,Uyo,No,L,L1,Lx,Ly)
c     ************************************************
      RETURN
      END

c     ******************************************************
c
c     Esta subrotina impoe condicoes de contorno
c     periodico
c
c     ******************************************************

      SUBROUTINE COND3(To,Uxo,Uyo,No,L)
      IMPLICIT NONE
      Integer I,J,L
      DOUBLE PRECISION To(-1:L+2,-1:L+2),Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2),Uyo(-1:L+2,-1:L+2)
      DO I=1,L
         DO J=1,L
            To(I,J)=To(I,J)
         ENDDO
      ENDDO
      DO J =-1,L+2
         To(0,J) = To(L,J)
         To(-1,J) = To(L-1,J)
         To(L+1,J) = To(1,J)
         To(L+2,J)= To(2,J)
         Uxo(0,J)=Uxo(L,J)
         Uxo(-1,J)=Uxo(L-1,J)
         Uxo(L+1,J)=Uxo(1,J)
         Uxo(L+2,J)=Uxo(2,J)
         Uyo(0,J)=Uyo(L,J)
         Uyo(-1,J)=Uyo(L-1,J)
         Uyo(L+1,J)=Uyo(1,J)
         Uyo(L+2,J)=Uyo(2,J)
         No(0,J) = No(L,J)
         No(-1,J) = No(L-1,J)
         No(L+1,J) = No(1,J)
         No(L+2,J)= No(2,J)
      ENDDO
      DO I = -1,L+2
         To(I,0) = To(I,L)
         To(I,-1) = To(I,L-1)
         To(I,L+1)=To(I,1)
         To(I,L+2)=To(I,2)
         Uyo(I,0)=Uyo(I,L)
         Uyo(I,-1)=Uyo(I,L-1)
         Uyo(I,L+1)=Uyo(I,1)
         Uyo(I,L+2)=Uyo(I,2)
         Uxo(I,0)=Uxo(I,L)
         Uxo(I,-1)=Uxo(I,L-1)
         Uxo(I,L+1)=Uxo(I,1)
         Uxo(I,L+2)=Uxo(I,2)
         No(I,0) = No(I,L)
         No(I,-1) = No(I,L-1)
         No(I,L+1)=No(I,1)
         No(I,L+2)=No(I,2)
      ENDDO
      RETURN
      END

C     *****************************************************************
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C     Esta subrotina simula uma barreira quadrada  dentro do tubo

C     *****************************************************************

      SUBROUTINE SETCURVE(To,Uxo,Uyo,No,L,L1,Lx,Ly)
      IMPLICIT NONE
      INTEGER I,J,L,L1,Ly,Lx
      DOUBLE PRECISION To(-1:L+2,-1:L+2),Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2),Uyo(-1:L+2,-1:L+2)
      DO J=-1,Ly
         To(L1,J) = To(L1-1,J)
         To(L1+1,J) = To(L1-2,J)
         To(L1+Lx,J) = To(L1+Lx+1,J)
         To(L1+Lx-1,J) = To(L1+Lx+2,J)
         Uxo(L1,J) = -Uxo(L1-1,J)
         Uxo(L1+1,J) = -Uxo(L1-2,J)
         Uxo(L1+Lx,J) = -Uxo(L1+Lx+1,J)
         Uxo(L1+Lx-1,J) = -Uxo(L1+Lx+2,J)
         Uyo(L1,J) = Uyo(L1-1,J)
         Uyo(L1+1,J) = Uyo(L1-2,J)
         Uyo(L1+Lx,J) = Uyo(L1+Lx+1,J)
         Uyo(L1+Lx-1,J) = Uyo(L1+Lx+2,J)
         No(L1,J) = No(L1-1,J)
         No(L1+1,J) = No(L1-2,J)
         No(L1+Lx,J) = No(L1+Lx+1,J)
         No(L1+Lx-1,J) = No(L1+Lx+2,J)
      END DO
      DO I=L1,L1+Lx
         To(I,Ly) = To(I,Ly+1)
         To(I,Ly-1) = To(I,Ly+2)
         Uxo(I,Ly) = Uxo(I,Ly+1)
         Uxo(I,Ly-1) = Uxo(I,Ly+2)
         Uyo(I,Ly) = -Uyo(I,Ly+1)
         Uyo(I,Ly-1) = -Uyo(I,Ly+2)
         No(I,Ly) = No(I,Ly+1)
         No(I,Ly-1) = No(I,Ly+2)
      END DO
      RETURN
      END

C     *****************************************************************

C     Esta subrotina imprime os valores das variaveis nos arquivos
C     de saida para analise. Esses valores saem a intervalos de tempo
C     iguais, dados pelo parametro STEP_FOTO.

C     *****************************************************************

      SUBROUTINE SAIDA(To,No,Nmedio,Uxo,Uyo,St,IT,L,ETA0,LBDA0,L1,Lx,Ly)
      IMPLICIT NONE
      INTEGER I,J,L,IT,L1,Lx,Ly
      DOUBLE PRECISION To(-1:L+2,-1:L+2),No(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uxo(-1:L+2,-1:L+2), Uyo(-1:L+2,-1:L+2)
      DOUBLE PRECISION St,Nmedio,ETA0,LBDA0
      CHARACTER*50 arquivo
      WRITE(Arquivo,'(''temp&'',f4.3,''&'',f4.3,''&'',I6.0''.dat''
     *     )') ETA0,LBDA0,IT
      OPEN(UNIT=10,FILE=Arquivo,STATUS='UNKNOWN')
      WRITE(Arquivo,'(''dens&'',f4.3,''&'',f4.3,''&'',I6.0''.dat''
     *     )') ETA0,LBDA0,IT
      OPEN(UNIT=11,FILE=Arquivo,STATUS='UNKNOWN')
      WRITE(Arquivo,'(''vel&'',f4.3,''&'',f4.3,''&'',I6.0''.dat''
     *     )') ETA0,LBDA0,IT
      OPEN(UNIT=12,FILE=Arquivo,STATUS='UNKNOWN')
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      DO I=1,L1-1
         DO  J =1,Ly
            WRITE(10,*)I,'  ',J,          '  ',To(I,J)/St
            WRITE(11,*)I,'  ',J,'  ',No(I,J)/Nmedio
            WRITE(12,*)I,' ',J,' ',Uxo(I,J)/sqrt(St),
     *           ' ',Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO
      DO I=L1+Lx+1,L
         DO  J =1,Ly
            WRITE(10,*)I,'  ',J,          '  ',To(I,J)/St
            WRITE(11,*)I,'  ',J,'  ',No(I,J)/Nmedio
            WRITE(12,*)I,' ',J,' ',Uxo(I,J)/sqrt(St),
     *           ' ',Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO
      DO I=1,L
         DO  J =Ly+1,L
            WRITE(10,*)I,'  ',J,          '  ',To(I,J)/St
            WRITE(11,*)I,'  ',J,'  ',No(I,J)/Nmedio
            WRITE(12,*)I,' ',J,' ',Uxo(I,J)/sqrt(St),
     *           ' ',Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO
      CLOSE(10)
      CLOSE(11)
      CLOSE(12)
      RETURN
      END

C     *****************************************************************

C     Esta subrotina imprime os valores das variaveis nos arquivos
C     de saida para analise. Esses valores saem a intervalos de tempo
C     iguais, dados pelo parametro STEP_FOTO,  para uma suimulacao com
c     condicao de contoeno tipo 'caixa fechada'

C     *****************************************************************

      SUBROUTINE SAIDA1(To,No,Nmedio,Uxo,Uyo,St,IT,L,ETA0,
     *     LBDA0,L1,Lx,Ly)
      IMPLICIT NONE
      INTEGER I,J,L,IT,L1,Lx,Ly,sc
      DOUBLE PRECISION To(-1:L+2,-1:L+2),No(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uxo(-1:L+2,-1:L+2), Uyo(-1:L+2,-1:L+2)
      DOUBLE PRECISION St,Nmedio,ETA0,LBDA0,Uxmax,Uymax
      CHARACTER*50 arquivo
      Real ITr
      ITr=IT
      Uxmax=0.0
      Uymax=0.0
      DO I=1,L
         DO J=1,L
            IF (ABS(Uxo(I,J)).gt.Uxmax) then
               Uxmax=abs(Uxo(I,J))
            END IF
            IF (ABS(Uyo(I,J)).gt.Uymax) then
               Uymax=ABS(Uyo(I,J))
            END IF
         END DO
      END DO

      WRITE(Arquivo,'(''temp&'',f5.3,''&'',f5.3,''&'',I5''.dat''
     *     )') ETA0,LBDA0,IT
      OPEN(UNIT=10,FILE=Arquivo,STATUS='UNKNOWN')
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      WRITE(Arquivo,'(''dens&'',f5.3,''&'',f5.3,''&'',I5''.dat''
     *     )') ETA0,LBDA0,IT
      OPEN(UNIT=11,FILE=Arquivo,STATUS='UNKNOWN')
      WRITE(Arquivo,'(''vel&'',f5.3,''&'',f5.3,''&'',I5''.dat''
     *     )') ETA0,LBDA0,IT
      OPEN(UNIT=12,FILE=Arquivo,STATUS='UNKNOWN')
      sc=1
      DO I=1,L
         DO  J =1,L
            WRITE(10,*)I,'  ',J,          '  ',To(I,J)/St
            WRITE(11,*)I,'  ',J,'  ',No(I,J)/Nmedio
         ENDDO
      ENDDO
      DO I=1,L,sc
         DO  J =1,L,sc
            WRITE(12,*)I,' ',J,' ',I+1.0d0*Uxo(I,J)/sqrt(St)
     *           ,J+1.0d0*Uyo(I,J)/sqrt(St),
     *           Uxo(I,J)/sqrt(St),Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO

      DO I=-1,2,sc
         DO  J = -1,2,sc
            WRITE(13,*)I,' ',J,' ',I+1.0d0*Uxo(I,J)/sqrt(St)
     *           ,J+1.0d0*Uyo(I,J)/sqrt(St),
     *           Uxo(I,J)/sqrt(St),Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO
      DO I=l-1,l+2,sc
         DO  J = l-1,l+2,sc
            WRITE(13,*)I,' ',J,' ',I+1.0d0*Uxo(I,J)/sqrt(St)
     *           ,J+1.0d0*Uyo(I,J)/sqrt(St),
     *           Uxo(I,J)/sqrt(St),Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO

      DO I=-1,2,sc
         DO  J = l-1,l+2,sc
            WRITE(13,*)I,' ',J,' ',I+1.0d0*Uxo(I,J)/sqrt(St)
     *           ,J+1.0d0*Uyo(I,J)/sqrt(St),
     *           Uxo(I,J)/sqrt(St),Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO
      DO I=l-1,l+2
         DO  J = -1,2
            WRITE(13,*)I,' ',J,' ',I+1.0d0*Uxo(I,J)/sqrt(St)
     *           ,J+1.0d0*Uyo(I,J)/sqrt(St),
     *           Uxo(I,J)/sqrt(St),Uyo(I,J)/sqrt(St)
         ENDDO
      ENDDO
      CLOSE(10)
      CLOSE(11)
      CLOSE(12)
      RETURN
      END

C     *****************************************************************

C     Esta subrotina injeta energia no sistema
c     via temperatura granular

C     *****************************************************************

      SUBROUTINE INJECTENERGY(To,No,L,A,Nmo)
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      IMPLICIT NONE
      INTEGER I,J,L,ISEED
      DOUBLE PRECISION To(-1:L+2,-1:L+2),No(-1:L+2,-1:L+2),A,Nmo
      REAL RAN1
      DO I=1,L
         DO J=1,L
            To(I,J)=To(I,J)+A*(No(I,J)/Nmo)*RAN1(ISEED)
         ENDDO
      END DO
      RETURN
      END

C     *****************************************************************

C     Esta subrotina e um gerador de numeros aleatorios
C     extraidos do Num.Rec.
C     ISEED deve ser negativo.

C     *****************************************************************

      FUNCTION ran1(idum)
      IMPLICIT DOUBLE PRECISION (A-H,O-Z)
      INTEGER idum
      REAL RAN1
      INTEGER IA,IM,IQ,IR,NTAB,NDIV
      PARAMETER (IA=16807,IM=2147483647,AM=1./IM,IQ=127773,IR=2836,
     *     NTAB=32,NDIV=1+(IM-1)/NTAB,EPS=1.2e-9,RNMX=1.-EPS)
      INTEGER j,k,iv(NTAB),iy
      SAVE iv,iy
      DATA iv /NTAB*0/, iy /0/
      if (idum.le.0.or.iy.eq.0) then
         idum=max(-idum,1)
         do 11 j=NTAB+8,1,-1
            k=idum/IQ
            idum=IA*(idum-k*IQ)-IR*k
            if (idum.lt.0) idum=idum+IM
            if (j.le.NTAB) iv(j)=idum
 11      continue
         iy=iv(1)
      endif
      k=idum/IQ
      idum=IA*(idum-k*IQ)-IR*k
      if (idum.lt.0) idum=idum+IM
      j=1+iy/NDIV
      iy=iv(j)
      iv(j)=idum
      ran1=min(AM*iy,RNMX)
      return
      END

C     **************************************************************
C
C     Esta subrotina calcula todas as derivadas em cada posso
C     temporal
C
C     **************************************************************

      SUBROUTINE DERIVADAS(To,Uxo,Uyo,No,Uxdx,Uydy,Uxdxx,Uydxx,Uxdyy,
     *     Uydyy,Tdx,Tdy,Ndx,Ndy,Uydx,Uxdy,Uxdxy,Uydxy,N1,N2,Tdxx,
     *     Tdyy,Ndxx,Ndyy,I,J,L)
      IMPLICIT NONE
      INTEGER L,I,J
      DOUBLE PRECISION To(-1:L+2,-1:L+2)
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      DOUBLE PRECISION Uxo(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uyo(-1:L+2,-1:L+2)
      DOUBLE PRECISION No(-1:L+2,-1:L+2)
      DOUBLE PRECISION Uxdx,Uydy,Uxdxx,Uydxx,Uxdyy,Uydyy,Tdx,Tdy
      DOUBLE PRECISION Ndx,Ndy,Uydx,Uxdy,Uxdxy,Uydxy,N1,N2,Tdxx,Tdyy
      DOUBLE PRECISION Ndxx,Ndyy
      Uxdx = (8.0d0*(Uxo(I+1,J)-Uxo(I-1,J))-(Uxo(I+2,J)-
     *     Uxo(I-2,J)))/12.0d0
      Uydy = (8.0d0*(Uyo(I,J+1)-Uyo(I,J-1))-(Uyo(I,J+2)-
     *     Uyo(I,J-2)))/12.0d0
      Uydx = (8.0d0*(Uyo(I+1,J)-Uyo(I-1,J))-(Uyo(I+2,J)-
     *     Uyo(I-2,J)))/12.0d0
      Uxdy = (8.0d0*(Uxo(I,J+1)-Uxo(I,J-1))-(Uxo(I,J+2)-
     *     Uxo(I,J-2)))/12.0d0
      Uxdxx = (Uxo(I+1,J)+Uxo(I-1,J)-2.0d0*Uxo(I,J))
      Uydyy = (Uyo(I,J+1)+Uyo(I,J-1)-2.0d0*Uyo(I,J))
      Uydxx = (Uyo(I+1,J)+Uyo(I-1,J)-2.0d0*Uyo(I,J))
      Uxdyy = (Uxo(I,J+1)+Uxo(I,J-1)-2.0d0*Uxo(I,J))
      Uxdxy = (Uxo(I+1,J+1)+Uxo(I-1,J-1)-Uxo(I-1,J+1)
     *     -Uxo(I+1,J-1))/4.0d0
      Uydxy = (Uyo(I+1,J+1)+Uyo(I-1,J-1)-Uyo(I-1,J+1)
     *     -Uyo(I+1,J-1))/4.0d0
      Tdx  = (8.0d0*(To(I+1,J)-To(I-1,J))-(To(I+2,J)-
     *     To(I-2,J)))/12.0d0
      Tdy  = (8.0d0*(To(I,J+1)-To(I,J-1))-(To(I,J+2)-
     *     To(I,J-2)))/12.0d0
      Ndx = (8.0d0*(No(I+1,J)-No(I-1,J))-(No(I+2,J)-
     *     No(I-2,J)))/12.0d0
      Ndy = (8.0d0*(No(I,J+1)-No(I,J-1))-(No(I,J+2)-
     *     No(I,J-2)))/12.0d0
      Tdxx = (To(I+1,J)+To(I-1,J)-2.0d0*To(I,J))
      Tdyy = (To(I,J+1)+To(I,J-1)-2.0d0*To(I,J))
      Ndxx = (No(I+1,J)+No(I-1,J)-2.0d0*No(I,J))
      Ndyy = (No(I,J+1)+No(I,J-1)-2.0d0*No(I,J))
      N1 = To(I-1,J)+To(I+1,J)+To(I,J-1)+To(I,J+1)
      N2 = To(I-1,J-1)+To(I-1,J+1)+To(I+1,J-1)+To(I+1,J+1)
      RETURN
      END

C     *****************************************************************

C     Fim do programa

C     *****************************************************************
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>�@ +� 0� -DHJHU� 6� 5� 1DJHO DQG 5� 3� %HKULQJHU� 3K\V� 7RGD\ �� ������

���

>�@ -� 6FKRnHOG DQG ,� 2SSHQKHLP� 3K\VLFD $ ��� ������ ��������
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>�@ +� -� +HUPPDQQ� 3K\VLFD $ ��� ����� ������ ��������
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����������
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�������
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3�RVFKHO� 3K\V� 5HY� ( �� ������ �����

>��@ 5RVD 5DPuLUH]� 7KRUWHQ 3�RVFKHO� 1LNRODL 9� %ULOOLDQWRY DQG 7KRPDV

6FKZDJHU� 3K\V� 5HY� ( �� ������ �����

>��@ 7� 6FKZDJHU DQG 7� 3�RVFKHO� 3K\V� 5HY� ( �� ������ ����

>��@ '� *XJDQ� $P� -� 3K\V� �� ������ ��������

>��@ :� $� 0� 0RUJDGR DQG ,� 2SSHQKHLP� 3K\V� 5HY� ( �� ������ �����

>��@ *� .XZDEDUD DQG .� .RQR� 3SQ� -� $SSO� 3K\V� �� ������ �����
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