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Lampiran 1. Program MATLAB penyebaran polutan yang diinjeksikan 
sesaat pada danau dengan 2 inlet  dan 2 outlet 
clear all; clc;             %Pseudocode MATLAB 
  
%KONSTANTA DAN GRID 
panjang=1;                  %Panjang Danau 
lebar=panjang;              %Lebar Danau 
waktu=600;                  %Perhitungan Waktu Maksimal 
  
Dx=0.0004;                  %Koefisien difusi arah x 
Dy=Dx;                      %Koefisien difusi arah y 
  
dx=0.05;                    %Lebar Grid dalam sumbu x 
dy=dx;                      %Lebar Grid dalam sumbu y 
dt=0.025;                   %Lebar Grid dalam ruang waktu t 
  
x=0:dx:panjang;             %Grid sumbu x 
y=0:dy:lebar;               %Grid sumbu y 
t=0:dt:waktu;               %Grid waktu t 
  
L=(panjang/dx)+1;           %Jumlah Grid sumbu x 
M=(lebar/dy)+1;             %Jumlah Grid sumbu y 
N=(waktu/dt)+1;             %Jumlah Grid waktu t 
%=================================================================
============================= 
%                  TITIK KOORDINAT ARUS MASUK DAN KELUAR DANAU 
PERSEGI 
%=================================================================
============================= 
x1=8;                       %9,1  (Bawah) 
x2=11;                      %1,12 (Kiri) 
x3=10;                      %11,41(Atas) 
x4=9;                       %41,10(Kanan) 
  
error=1e-20;                %Error Konvergensi Metode Gauss_Seidel 
T=2000;                     %Jumlah Maksimal Iterasi Gauss Seidel 
  
k1=0.0025;                  %Konstanta Nilai Batas 
k2=0;                       %Konstanta Nilai Batas 
%=================================================================
============================= 
%                                      NILAI BATAS ALIRAN 
%=================================================================
============================= 
%NILAI BATAS BAWAH 
for j=1; 
    for k=1:T; 
        for i=1:x1-1; 
            X(i,j,k)=k1; 
        end 
        for i=x1+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%NILAI BATAS KIRI 
for i=1; 
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    for k=1:T; 
        for j=1:x2-1; 
            X(i,j,k)=k1; 
        end 
        for j=x2+1:M; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%NILAI BATAS ATAS 
for j=M; 
    for k=1:T; 
        for i=1:x3-1; 
            X(i,j,k)=k2; 
        end 
        for i=x3+1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS KANAN 
for i=L; 
    for k=1:T; 
        for j=1:x4-1; 
            X(i,j,k)=k2; 
        end 
        for j=x4+1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%=================================================================
============================= 
%                                       METODE GAUSS SEIDEL 
%=================================================================
============================= 
%NILAI AWAL ITERASI GAUSS SEIDEL 
for i=2:L-1 
    for j=2:M-1 
        for k=1 
            X(i,j,k)=0.1; 
        end 
    end 
end 
X(x1,1,1)=0.1; 
X(1,x2,1)=0.1; 
X(x3,M,1)=0.1; 
X(L,x4,1)=0.1; 
  
%PERHITUNGAN ITERASI 
  
for k=2:T 
    X(x1,1,k)=(1/4)*(X(x1-1,1,k-1)+X(x1+1,1,k-1)+2*X(x1,2,k-1)); 
    X(1,x2,k)=(1/4)*(X(1,x2-1,k-1)+X(1,x2+1,k-1)+2*X(2,x2,k-1)); 
    X(x3,M,k)=(1/4)*(X(x3+1,M,k-1)+X(x3-1,M,k-1)+2*X(x3,M-1,k-1)); 
    X(L,x4,k)=(1/4)*(X(L,x4+1,k-1)+X(L,x4-1,k-1)+2*X(L-1,x4,k-1)); 
        
    for j=2:L-1 
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        for i=2:L-1 
                 
            X(i,j,k)=(1/4)*(X(i+1,j,k-1)+X(i-1,j,k)+X(i,j+1,k-
1)+X(i,j-1,k)); 
             
            a(i,j)=X(i,j,k)-X(i,j,k-1); 
            b(i,j)=abs(a(i,j)); 
        end 
    end 
            c=max(max(b)); 
            if c < error; 
                X(:,:,k); 
                r=k; 
                break 
            else 
                r=k; 
                continue 
            end 
end 
  
%TRANSFORMASI X KE NILAI PSI(Aliran) 
for i=1:L 
    for j=1:M 
        Psi(i,j)=X(i,j,r); 
    end 
end 
%=================================================================
============================= 
%                            PENENTUAN NILAI KECEPATAN ARUS DI 
TIAP TITIK 
%=================================================================
============================= 
for i=1:L 
    for j=1; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=1 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=1:L 
    for j=M; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
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            vy(i,j)=0; 
        end 
    end 
end 
for i=L 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=2:L-1 
    for j=2:M-1 
        ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
    end 
end 
%=================================================================
============================= 
%                                    METODE DuFort-Frankel 
%=================================================================
============================= 
%NILAI KONSTANTA SKEMA DuFort-Frankel 
Bx=Dx*dt/dx^2; 
By=Dy*dt/dy^2; 
  
for i=2:1:L-1 
    for j=2:1:M-1 
        Ax(i,j) =ux(i,j)*(dt/dx); 
        Ay(i,j) =vy(i,j)*(dt/dy); 
    end 
end 
  
%TITIK KOORDINAT DAN NILAI KONSENTRASI AWAL 
c11=8;                     %titik sumbu x 
c22=2;                     %titik sumbu y 
  
c1=10;                      %Nilai Konsentrasi awal di titik 
spesifik (c11,c22) 
c0=1;                       %Nilai Konsentrasi awal di titik lain 
  
%NILAI KONSENTRASI PADA BATAS BATAS DANAU  
for n=1:1:N; 
    for j=1; 
        for i=1:L; 
            C(i,j,n)=c0;    %Bawah 
        end 
    end 
end 
for n=1:1:N; 
    for j=M; 
        for i=1:1:L; 
            C(i,j,n)=c0;     %Atas 
        end 
    end 
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end 
for n=1:1:N; 
    for j=2:1:M; 
        for i=1; 
            C(i,j,n)=c0;    %Kiri 
        end 
    end 
end 
for n=1:1:N; 
    for j=1:1:M-1; 
        for i=L; 
            C(i,j,n)=c0;    %Kanan 
        end 
    end 
end 
  
%NILAI KONSENTRASI AWAL 
for n=1:1:N; 
    for j=2:1:M-1; 
        for i=2:1:L-1; 
            C(i,j,n)=c0; 
        end 
    end 
end 
  
C(c11,c22,1)=c1;            %Nilai Konsentrasi di Titik Spesifik  
%=================================================================
============================= 
%   Perhitungan skema FTCS untuk menentukan nilai konsentrasi pada 
grid langkah waktu kedua 
%=================================================================
============================= 
for n=1; 
    for j=2:1:M-1 
        for i=2:1:L-1 
            C(i,j,n+1)=((-
Ax(i,j)+2*Bx)/(2))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(2))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(2))*C(i,j+1,n)+((Ay(i,j)+2*By)/(2))*C(i,j-1,n)+(1-
2*Bx-2*By)*C(i,j,n); 
        end 
    end 
end 
%=================================================================
============================= 
%                          Perhitungan dengan skema DuFort-Frankel 
%=================================================================
============================= 
for n=2:1:N 
    for j=2:1:M-1 
        for i=2:1:L-1 
            C(i,j,n+1)=((1-2*Bx-2*By)/(1+2*Bx+2*By))*C(i,j,n-
1)+((-
Ax(i,j)+2*Bx)/(1+2*Bx+2*By))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(1+2*Bx+2*
By))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(1+2*Bx+2*By))*C(i,j+1,n)+((Ay(i,j)+2*By)/(1+2*Bx+2*
By))*C(i,j-1,n); 
        end 
    end 



67 
 

end 
%=================================================================
============================= 
%                                            PLOTING 
%=================================================================
============================= 
disp('Pilih Jenis Ploting') 
disp('1. Ploting Waktu Sesaat ') 
disp('2. Ploting Animasi Perubahan Terhadap Waktu ') 
z1=input('Pilih= '); 
disp('============================================================
===='); 
if z1==1 
%PLOTING 
ts=input('          Input Time Step (ex:60)= '); 
subplot(1,3,1); 
surf(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
cb = colorbar; 
  
subplot(1,3,2); 
for i=1:L 
    for j=1:M 
        Ux(i,j)=ux(i,j); 
        Uy(i,j)=vy(i,j); 
    end 
end 
quiver(x,y,transpose(Ux),transpose(Uy)); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
  
subplot(1,3,3); 
[D,h]=contour(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
  
else 
    if z1==2 
%OUTPUT GRAFIS ANIMASI 
disp('          Pilih Jenis Animasi') 
disp('          1. Animasi Contour Konsentrasi ') 
disp('          2. Animasi Hamburan Warna Konsentrasi Spesifik ') 
z11=input('          Pilih= '); 
disp('          
======================================================'); 
if z11==1 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
% surf(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
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% ylabel('Panjang Danau'); 
% zlabel('Consentration'); 
  
[D,h]=contour(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
else 
    if z11==2 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
surf(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
  
% [D,h]=contour(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
    else 
        disp('Tidak Ada Tampilan!') 
    end 
end 
    else 
    disp('Tidak Ada Tampilan!'); 
    end 
end 
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Lampiran 2. Program MATLAB penyebaran polutan yang diinjeksikan 
sesaat pada danau dengan inlet di bagian bawah dan outlet di bagian atas 
domain 
clear all; clc;             %Pseudocode MATLAB 
  
%KONSTANTA DAN GRID 
panjang=1;                  %Panjang Danau 
lebar=panjang;              %Lebar Danau 
waktu=600;                  %Perhitungan Waktu Maksimal 
  
Dx=0.0004;                  %Koefisien difusi arah x 
Dy=Dx;                      %Koefisien difusi arah y 
  
dx=0.05;                    %Lebar Grid dalam sumbu x 
dy=dx;                      %Lebar Grid dalam sumbu y 
dt=0.025;                   %Lebar Grid dalam ruang waktu t 
  
x=0:dx:panjang;             %Grid sumbu x 
y=0:dy:lebar;               %Grid sumbu y 
t=0:dt:waktu;               %Grid waktu t 
  
L=(panjang/dx)+1;           %Jumlah Grid sumbu x 
M=(lebar/dy)+1;             %Jumlah Grid sumbu y 
N=(waktu/dt)+1;             %Jumlah Grid waktu t 
%=================================================================
============================= 
%                  TITIK KOORDINAT ARUS MASUK DAN KELUAR DANAU 
PERSEGI 
%=================================================================
============================= 
x1=8;                       %9,1  (Bawah) 
x3=10;                      %11,41(Atas) 
  
error=1e-20;                %Error Toleransi Konvergensi Metode 
Gauss_Seidel 
T=2000;                     %Jumlah Maksimal Iterasi Gauss Seidel 
  
k1=0.0025;                  %Konstanta Nilai Batas 
k2=0;                       %Konstanta Nilai Batas 
  
%=================================================================
============================= 
%                                      NILAI BATAS ALIRAN 
%=================================================================
============================= 
%NILAI BATAS BAWAH 
for j=1; 
    for k=1:T; 
        for i=1:x1-1; 
            X(i,j,k)=k1; 
        end 
        for i=x1+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
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%NILAI BATAS KIRI 
for i=1; 
    for k=1:T; 
        for j=1:M; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS ATAS 
for j=M; 
    for k=1:T; 
        for i=1:x3-1; 
            X(i,j,k)=k1; 
        end 
        for i=x3+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%NILAI BATAS KANAN 
for i=L; 
    for k=1:T; 
        for j=1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%=================================================================
============================= 
%                                       METODE GAUSS SEIDEL 
%=================================================================
============================= 
%NILAI AWAL GAUSS POINT ITERATION 
for i=2:L-1 
    for j=2:M-1 
        for k=1 
            X(i,j,k)=0.1; 
        end 
    end 
end 
X(x1,1,1)=0.1; 
X(x3,M,1)=0.1; 
  
%PERHITUNGAN ITERASI 
  
for k=2:T 
    X(x1,1,k)=(1/4)*(X(x1-1,1,k-1)+X(x1+1,1,k-1)+2*X(x1,2,k-1)); 
    X(x3,M,k)=(1/4)*(X(x3+1,M,k-1)+X(x3-1,M,k-1)+2*X(x3,M-1,k-1)); 
    for j=2:L-1 
        for i=2:L-1 
                 
            X(i,j,k)=(1/4)*(X(i+1,j,k-1)+X(i-1,j,k)+X(i,j+1,k-
1)+X(i,j-1,k)); 
             
            a(i,j)=X(i,j,k)-X(i,j,k-1); 
            b(i,j)=abs(a(i,j)); 
        end 
    end 
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            c=max(max(b)); 
            if c < error; 
                X(:,:,k); 
                r=k; 
                break 
            else 
                r=k; 
                continue 
            end 
end 
  
%TRANSFORMASI X KE NILAI PSI(Aliran) 
for i=1:L 
    for j=1:M 
        Psi(i,j)=X(i,j,r); 
    end 
end 
Psi1(:,:)=transpose(Psi); 
  
%=================================================================
============================= 
%                            PENENTUAN NILAI KECEPATAN ARUS DI 
TIAP TITIK 
%=================================================================
============================= 
for i=1:L 
    for j=1; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=1 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=1:L 
    for j=M; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=L 
    for j=1:M; 
        if j>1 && j<M 
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            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=2:L-1 
    for j=2:M-1 
        ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dx); 
        vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
    end 
end 
%=================================================================
============================= 
%                                    METODE DuFort-Frankel 
%=================================================================
============================= 
%NILAI KONSTANTA SKEMA DuFort-Frankel 
Bx=Dx*dt/dx^2; 
By=Dy*dt/dy^2; 
  
for i=2:1:L-1 
    for j=2:1:M-1 
        Ax(i,j) =ux(i,j)*(dt/dx); 
        Ay(i,j) =vy(i,j)*(dt/dy); 
    end 
end 
  
%TITIK KOORDINAT DAN NILAI KONSENTRASI AWAL 
c11=8;                     %titik sumbu x 
c22=2;                     %titik sumbu y 
  
c1=10;                      %Nilai Konsentrasi awal di titik 
spesifik (c11,c22) 
c0=1;                       %Nilai Konsentrasi awal di titik lain 
  
%NILAI KONSENTRASI PADA BATAS BATAS DANAU 
for n=1:1:N; 
    for j=1; 
        for i=1:L; 
            C(i,j,n)=c0; %Bawah 
        end 
    end 
end 
for n=1:1:N; 
    for j=M; 
        for i=1:1:L; 
            C(i,j,n)=1; %Atas 
        end 
    end 
end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=1; 
            C(i,j,n)=c0; %Kiri 
        end 
    end 
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end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=L; 
            C(i,j,n)=c0; %Kanan 
        end 
    end 
end 
  
%NILAI KONSENTRASI AWAL 
for n=1:1:N; 
    for j=2:1:M; 
        for i=2:1:L; 
            C(i,j,n)=c0; 
        end 
    end 
end 
  
C(c11,c22,1)=c1;            %Nilai Konsentrasi Awal di Titik 
Spesifik 
%=================================================================
============================= 
%   Perhitungan skema FTCS untuk menentukan nilai konsentrasi pada 
grid langkah waktu kedua 
%=================================================================
============================= 
for n=1; 
    for j=2:1:M-1 
        for i=2:1:L-1 
            C(i,j,n+1)=((-
Ax(i,j)+2*Bx)/(2))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(2))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(2))*C(i,j+1,n)+((Ay(i,j)+2*By)/(2))*C(i,j-1,n)+(1-
2*Bx-2*By)*C(i,j,n); 
        end 
    end 
end 
%=================================================================
============================= 
%                          Perhitungan dengan skema DuFort-Frankel 
%=================================================================
============================= 
for n=2:1:N 
    for j=2:1:M-1 
        for i=2:1:L-2 
            C(i,j,n+1)=((1-2*Bx-2*By)/(1+2*Bx+2*By))*C(i,j,n-
1)+((-
Ax(i,j)+2*Bx)/(1+2*Bx+2*By))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(1+2*Bx+2*
By))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(1+2*Bx+2*By))*C(i,j+1,n)+((Ay(i,j)+2*By)/(1+2*Bx+2*
By))*C(i,j-1,n); 
        end 
    end 
end 
%=================================================================
============================= 
%                                            PLOTING 
%=================================================================
============================= 
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disp('Pilih Jenis Ploting') 
disp('1. Ploting Waktu Sesaat ') 
disp('2. Ploting Animasi Perubahan Terhadap Waktu ') 
z1=input('Pilih= '); 
disp('============================================================
===='); 
if z1==1 
%PLOTING 
ts=input('          Input Time Step (ex:60)= '); 
subplot(1,3,1); 
surf(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
cb = colorbar; 
  
subplot(1,3,2); 
for i=1:L 
    for j=1:M 
        Ux(i,j)=ux(i,j); 
        Uy(i,j)=vy(i,j); 
    end 
end 
quiver(x,y,transpose(Ux),transpose(Uy)); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
  
subplot(1,3,3); 
[D,h]=contour(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
  
else 
    if z1==2 
%OUTPUT GRAFIS ANIMASI 
disp('          Pilih Jenis Animasi') 
disp('          1. Animasi Contour Konsentrasi ') 
disp('          2. Animasi Hamburan Warna Konsentrasi Spesifik ') 
z11=input('          Pilih= '); 
disp('          
======================================================'); 
if z11==1 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
% surf(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% zlabel('Consentration'); 
  
[D,h]=contour(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
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ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
else 
    if z11==2 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
surf(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
  
% [D,h]=contour(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
    else 
        disp('Tidak Ada Tampilan!') 
    end 
end 
    else 
    disp('Tidak Ada Tampilan!'); 
    end 
end 
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Lampiran 3. Program MATLAB penyebaran polutan yang diinjeksikan 
sesaat pada danau dengan inlet di bagian bawah dan outlet di bagian kanan 
domain 
clear all; clc;             %Pseudocode MATLAB 
  
%KONSTANTA DAN GRID 
panjang=1;                  %Panjang Danau 
lebar=panjang;              %Lebar Danau 
waktu=600;                  %Perhitungan Waktu Maksimal 
  
Dx=0.0004;                  %Koefisien difusi arah x 
Dy=Dx;                      %Koefisien difusi arah y 
  
dx=0.05;                    %Lebar Grid dalam sumbu x 
dy=dx;                      %Lebar Grid dalam sumbu y 
dt=0.025;                   %Lebar Grid dalam ruang waktu t 
  
x=0:dx:panjang;             %Grid sumbu x 
y=0:dy:lebar;               %Grid sumbu y 
t=0:dt:waktu;               %Grid waktu t 
  
L=(panjang/dx)+1;           %Jumlah Grid sumbu x 
M=(lebar/dy)+1;             %Jumlah Grid sumbu y 
N=(waktu/dt)+1;             %Jumlah Grid waktu t 
%=================================================================
============================= 
%                  TITIK KOORDINAT ARUS MASUK DAN KELUAR DANAU 
PERSEGI 
%=================================================================
============================= 
x1=8;                       %9,1  (Bawah) 
x3=10;                      %11,41(Atas) 
  
error=1e-20;                %Error Toleransi Konvergensi Metode 
Gauss_Seidel 
T=2000;                     %Jumlah Maksimal Iterasi Gauss Seidel 
  
k1=0.0025;                  %Konstanta Nilai Batas 
k2=0;                       %Konstanta Nilai Batas 
  
%=================================================================
============================= 
%                                      NILAI BATAS ALIRAN 
%=================================================================
============================= 
%NILAI BATAS BAWAH 
for j=1; 
    for k=1:T; 
        for i=1:x1-1; 
            X(i,j,k)=k1; 
        end 
        for i=x1+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
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%NILAI BATAS KIRI 
for i=1; 
    for k=1:T; 
        for j=1:M; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS ATAS 
for j=M; 
    for k=1:T; 
        for i=1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS KANAN 
for i=L; 
    for k=1:T; 
        for j=1:x3-1; 
            X(i,j,k)=k2; 
        end 
        for j=x3+1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%=================================================================
============================= 
%                                       METODE GAUSS SEIDEL 
%=================================================================
============================= 
%NILAI AWAL GAUSS POINT ITERATION 
for i=2:L-1 
    for j=2:M-1 
        for k=1 
            X(i,j,k)=0.1; 
        end 
    end 
end 
X(x1,1,1)=0.1; 
X(x3,M,1)=0.1; 
  
%PERHITUNGAN ITERASI 
  
for k=2:T 
    X(x1,1,k)=(1/4)*(X(x1-1,1,k-1)+X(x1+1,1,k-1)+2*X(x1,2,k-1)); 
    X(x3,M,k)=(1/4)*(X(x3+1,M,k-1)+X(x3-1,M,k-1)+2*X(x3,M-1,k-1)); 
    for j=2:L-1 
        for i=2:L-1 
                 
            X(i,j,k)=(1/4)*(X(i+1,j,k-1)+X(i-1,j,k)+X(i,j+1,k-
1)+X(i,j-1,k)); 
             
            a(i,j)=X(i,j,k)-X(i,j,k-1); 
            b(i,j)=abs(a(i,j)); 
        end 
    end 
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            c=max(max(b)); 
            if c < error; 
                X(:,:,k); 
                r=k; 
                break 
            else 
                r=k; 
                continue 
            end 
end 
  
%TRANSFORMASI X KE NILAI PSI(Aliran) 
for i=1:L 
    for j=1:M 
        Psi(i,j)=X(i,j,r); 
    end 
end 
Psi1(:,:)=transpose(Psi); 
  
%=================================================================
============================= 
%                            PENENTUAN NILAI KECEPATAN ARUS DI 
TIAP TITIK 
%=================================================================
============================= 
for i=1:L 
    for j=1; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=1 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=1:L 
    for j=M; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=L 
    for j=1:M; 
        if j>1 && j<M 
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            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=2:L-1 
    for j=2:M-1 
        ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dx); 
        vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
    end 
end 
%=================================================================
============================= 
%                                    METODE DuFort-Frankel 
%=================================================================
============================= 
%NILAI KONSTANTA SKEMA DuFort-Frankel 
Bx=Dx*dt/dx^2; 
By=Dy*dt/dy^2; 
  
for i=2:1:L-1 
    for j=2:1:M-1 
        Ax(i,j) =ux(i,j)*(dt/dx); 
        Ay(i,j) =vy(i,j)*(dt/dy); 
    end 
end 
  
%TITIK KOORDINAT DAN NILAI KONSENTRASI AWAL 
c11=8;                     %titik sumbu x 
c22=2;                     %titik sumbu y 
  
c1=10;                      %Nilai Konsentrasi awal di titik 
spesifik (c11,c22) 
c0=1;                       %Nilai Konsentrasi awal di titik lain 
  
%NILAI KONSENTRASI PADA BATAS BATAS DANAU 
for n=1:1:N; 
    for j=1; 
        for i=1:L; 
            C(i,j,n)=c0; %Bawah 
        end 
    end 
end 
for n=1:1:N; 
    for j=M; 
        for i=1:1:L; 
            C(i,j,n)=1; %Atas 
        end 
    end 
end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=1; 
            C(i,j,n)=c0; %Kiri 
        end 
    end 
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end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=L; 
            C(i,j,n)=c0; %Kanan 
        end 
    end 
end 
  
%NILAI KONSENTRASI AWAL 
for n=1:1:N; 
    for j=2:1:M; 
        for i=2:1:L; 
            C(i,j,n)=c0; 
        end 
    end 
end 
  
C(c11,c22,1)=c1;            %Nilai Konsentrasi Awal di Titik 
Spesifik 
%=================================================================
============================= 
%   Perhitungan skema FTCS untuk menentukan nilai konsentrasi pada 
grid langkah waktu kedua 
%=================================================================
============================= 
for n=1; 
    for j=2:1:M-1 
        for i=2:1:L-1 
            C(i,j,n+1)=((-
Ax(i,j)+2*Bx)/(2))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(2))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(2))*C(i,j+1,n)+((Ay(i,j)+2*By)/(2))*C(i,j-1,n)+(1-
2*Bx-2*By)*C(i,j,n); 
        end 
    end 
end 
%=================================================================
============================= 
%                          Perhitungan dengan skema DuFort-Frankel 
%=================================================================
============================= 
for n=2:1:N 
    for j=2:1:M-1 
        for i=2:1:L-2 
            C(i,j,n+1)=((1-2*Bx-2*By)/(1+2*Bx+2*By))*C(i,j,n-
1)+((-
Ax(i,j)+2*Bx)/(1+2*Bx+2*By))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(1+2*Bx+2*
By))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(1+2*Bx+2*By))*C(i,j+1,n)+((Ay(i,j)+2*By)/(1+2*Bx+2*
By))*C(i,j-1,n); 
        end 
    end 
end 
%=================================================================
============================= 
%                                            PLOTING 
%=================================================================
============================= 
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disp('Pilih Jenis Ploting') 
disp('1. Ploting Waktu Sesaat ') 
disp('2. Ploting Animasi Perubahan Terhadap Waktu ') 
z1=input('Pilih= '); 
disp('============================================================
===='); 
if z1==1 
%PLOTING 
ts=input('          Input Time Step (ex:60)= '); 
subplot(1,3,1); 
surf(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
cb = colorbar; 
  
subplot(1,3,2); 
for i=1:L 
    for j=1:M 
        Ux(i,j)=ux(i,j); 
        Uy(i,j)=vy(i,j); 
    end 
end 
quiver(x,y,transpose(Ux),transpose(Uy)); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
  
subplot(1,3,3); 
[D,h]=contour(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
  
else 
    if z1==2 
%OUTPUT GRAFIS ANIMASI 
disp('          Pilih Jenis Animasi') 
disp('          1. Animasi Contour Konsentrasi ') 
disp('          2. Animasi Hamburan Warna Konsentrasi Spesifik ') 
z11=input('          Pilih= '); 
disp('          
======================================================'); 
if z11==1 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
% surf(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% zlabel('Consentration'); 
  
[D,h]=contour(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
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ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
else 
    if z11==2 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
surf(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
  
% [D,h]=contour(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
    else 
        disp('Tidak Ada Tampilan!') 
    end 
end 
    else 
    disp('Tidak Ada Tampilan!'); 
    end 
end 
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Lampiran 4. Program MATLAB penyebaran polutan yang diinjeksikan 
terus menerus pada danau dengan 2 inlet  dan 2 outlet 
clear all; clc;             %Pseudocode MATLAB 
  
%KONSTANTA DAN GRID 
panjang=1;                  %Panjang Danau 
lebar=panjang;              %Lebar Danau 
waktu=600;                  %Perhitungan Waktu Maksimal 
  
Dx=0.0004;                  %Koefisien difusi arah x 
Dy=Dx;                      %Koefisien difusi arah y 
  
dx=0.05;                    %Lebar Grid dalam sumbu x 
dy=dx;                      %Lebar Grid dalam sumbu y 
dt=0.025;                   %Lebar Grid dalam ruang waktu t 
  
x=0:dx:panjang;             %Grid sumbu x 
y=0:dy:lebar;               %Grid sumbu y 
t=0:dt:waktu;               %Grid waktu t 
  
L=(panjang/dx)+1;           %Jumlah Grid sumbu x 
M=(lebar/dy)+1;             %Jumlah Grid sumbu y 
N=(waktu/dt)+1;             %Jumlah Grid waktu t 
%=================================================================
============================= 
%                  TITIK KOORDINAT ARUS MASUK DAN KELUAR DANAU 
PERSEGI 
%=================================================================
============================= 
x1=8;                       %9,1  (Bawah) 
x2=11;                      %1,12 (Kiri) 
x3=10;                      %11,41(Atas) 
x4=9;                       %41,10(Kanan) 
  
error=1e-20;                %Error Konvergensi Metode Gauss_Seidel 
T=2000;                     %Jumlah Maksimal Iterasi Gauss Seidel 
  
k1=0.0025;                  %Konstanta Nilai Batas 
k2=0;                       %Konstanta Nilai Batas 
%=================================================================
============================= 
%                                      NILAI BATAS ALIRAN 
%=================================================================
============================= 
%NILAI BATAS BAWAH 
for j=1; 
    for k=1:T; 
        for i=1:x1-1; 
            X(i,j,k)=k1; 
        end 
        for i=x1+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%NILAI BATAS KIRI 
for i=1; 
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    for k=1:T; 
        for j=1:x2-1; 
            X(i,j,k)=k1; 
        end 
        for j=x2+1:M; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%NILAI BATAS ATAS 
for j=M; 
    for k=1:T; 
        for i=1:x3-1; 
            X(i,j,k)=k2; 
        end 
        for i=x3+1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS KANAN 
for i=L; 
    for k=1:T; 
        for j=1:x4-1; 
            X(i,j,k)=k2; 
        end 
        for j=x4+1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%=================================================================
============================= 
%                                       METODE GAUSS SEIDEL 
%=================================================================
============================= 
%NILAI AWAL ITERASI GAUSS SEIDEL 
for i=2:L-1 
    for j=2:M-1 
        for k=1 
            X(i,j,k)=0.1; 
        end 
    end 
end 
X(x1,1,1)=0.1; 
X(1,x2,1)=0.1; 
X(x3,M,1)=0.1; 
X(L,x4,1)=0.1; 
  
%PERHITUNGAN ITERASI 
  
for k=2:T 
    X(x1,1,k)=(1/4)*(X(x1-1,1,k-1)+X(x1+1,1,k-1)+2*X(x1,2,k-1)); 
    X(1,x2,k)=(1/4)*(X(1,x2-1,k-1)+X(1,x2+1,k-1)+2*X(2,x2,k-1)); 
    X(x3,M,k)=(1/4)*(X(x3+1,M,k-1)+X(x3-1,M,k-1)+2*X(x3,M-1,k-1)); 
    X(L,x4,k)=(1/4)*(X(L,x4+1,k-1)+X(L,x4-1,k-1)+2*X(L-1,x4,k-1)); 
        
    for j=2:L-1 
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        for i=2:L-1 
                 
            X(i,j,k)=(1/4)*(X(i+1,j,k-1)+X(i-1,j,k)+X(i,j+1,k-
1)+X(i,j-1,k)); 
             
            a(i,j)=X(i,j,k)-X(i,j,k-1); 
            b(i,j)=abs(a(i,j)); 
        end 
    end 
            c=max(max(b)); 
            if c < error; 
                X(:,:,k); 
                r=k; 
                break 
            else 
                r=k; 
                continue 
            end 
end 
  
%TRANSFORMASI X KE NILAI PSI(Aliran) 
for i=1:L 
    for j=1:M 
        Psi(i,j)=X(i,j,r); 
    end 
end 
%=================================================================
============================= 
%                            PENENTUAN NILAI KECEPATAN ARUS DI 
TIAP TITIK 
%=================================================================
============================= 
for i=1:L 
    for j=1; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=1 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=1:L 
    for j=M; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
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            vy(i,j)=0; 
        end 
    end 
end 
for i=L 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=2:L-1 
    for j=2:M-1 
        ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
    end 
end 
%=================================================================
============================= 
%                                    METODE DuFort-Frankel 
%=================================================================
============================= 
%NILAI KONSTANTA SKEMA DuFort-Frankel 
Bx=Dx*dt/dx^2; 
By=Dy*dt/dy^2; 
  
for i=2:1:L-1 
    for j=2:1:M-1 
        Ax(i,j) =ux(i,j)*(dt/dx); 
        Ay(i,j) =vy(i,j)*(dt/dy); 
    end 
end 
  
%TITIK KOORDINAT DAN NILAI KONSENTRASI AWAL 
c11=8;                     %titik sumbu x 
c22=2;                     %titik sumbu y 
  
c1=10;                      %Nilai Konsentrasi awal di titik 
spesifik (c11,c22) 
c0=1;                       %Nilai Konsentrasi awal di titik lain 
  
%NILAI KONSENTRASI PADA BATAS BATAS DANAU  
for n=1:1:N; 
    for j=1; 
        for i=1:L; 
            C(i,j,n)=c0;    %Bawah 
        end 
    end 
end 
for n=1:1:N; 
    for j=M; 
        for i=1:1:L; 
            C(i,j,n)=c0;     %Atas 
        end 
    end 
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end 
for n=1:1:N; 
    for j=2:1:M; 
        for i=1; 
            C(i,j,n)=c0;    %Kiri 
        end 
    end 
end 
for n=1:1:N; 
    for j=1:1:M-1; 
        for i=L; 
            C(i,j,n)=c0;    %Kanan 
        end 
    end 
end 
  
%NILAI KONSENTRASI AWAL 
for n=1:1:N; 
    for j=2:1:M-1; 
        for i=2:1:L-1; 
            C(i,j,n)=c0; 
        end 
    end 
end 
  
C(c11,c22,1)=c1;            %Nilai Konsentrasi di Titik Spesifik  
%=================================================================
============================= 
%   Perhitungan skema FTCS untuk menentukan nilai konsentrasi pada 
grid langkah waktu kedua 
%=================================================================
============================= 
for n=1; 
    for j=2:1:M-1 
        for i=2:1:L-1 
            if i==c11 && j==c22 
                C(c11,c22,n)=c1; 
            else 
            C(i,j,n+1)=((-
Ax(i,j)+2*Bx)/(2))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(2))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(2))*C(i,j+1,n)+((Ay(i,j)+2*By)/(2))*C(i,j-1,n)+(1-
2*Bx-2*By)*C(i,j,n); 
            end 
        end 
    end 
end 
%=================================================================
============================= 
%                          Perhitungan dengan skema DuFort-Frankel 
%=================================================================
============================= 
for n=2:1:N 
    for j=2:1:M-1 
        for i=2:1:L-2 
            if i==c11 && j==c22 
                C(c11,c22,n)=c1; 
            else 
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            C(i,j,n+1)=((1-2*Bx-2*By)/(1+2*Bx+2*By))*C(i,j,n-
1)+((-
Ax(i,j)+2*Bx)/(1+2*Bx+2*By))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(1+2*Bx+2*
By))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(1+2*Bx+2*By))*C(i,j+1,n)+((Ay(i,j)+2*By)/(1+2*Bx+2*
By))*C(i,j-1,n); 
            end 
        end 
    end 
end 
%=================================================================
============================= 
%                                            PLOTING 
%=================================================================
============================= 
disp('Pilih Jenis Ploting') 
disp('1. Ploting Waktu Sesaat ') 
disp('2. Ploting Animasi Perubahan Terhadap Waktu ') 
z1=input('Pilih= '); 
disp('============================================================
===='); 
if z1==1 
%PLOTING 
ts=input('          Input Time Step (ex:60)= '); 
subplot(1,3,1); 
surf(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
cb = colorbar; 
  
subplot(1,3,2); 
for i=1:L 
    for j=1:M 
        Ux(i,j)=ux(i,j); 
        Uy(i,j)=vy(i,j); 
    end 
end 
quiver(x,y,transpose(Ux),transpose(Uy)); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
  
subplot(1,3,3); 
[D,h]=contour(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
  
else 
    if z1==2 
%OUTPUT GRAFIS ANIMASI 
disp('          Pilih Jenis Animasi') 
disp('          1. Animasi Contour Konsentrasi ') 
disp('          2. Animasi Hamburan Warna Konsentrasi Spesifik ') 
z11=input('          Pilih= '); 
disp('          
======================================================'); 
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if z11==1 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
% surf(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% zlabel('Consentration'); 
  
[D,h]=contour(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
else 
    if z11==2 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
surf(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
  
% [D,h]=contour(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
 colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
    else 
        disp('Tidak Ada Tampilan!') 
    end 
end 
    else 
    disp('Tidak Ada Tampilan!'); 
    end 
end 
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Lampiran 5. Program MATLAB penyebaran polutan yang diinjeksikan 
terus menerus pada danau dengan inlet di bagian bawah dan outlet di bagian 
atas domain 
clear all; clc;             %Pseudocode MATLAB 
  
%KONSTANTA DAN GRID 
panjang=1;                  %Panjang Danau 
lebar=panjang;              %Lebar Danau 
waktu=600;                  %Perhitungan Waktu Maksimal 
  
Dx=0.0004;                  %Koefisien difusi arah x 
Dy=Dx;                      %Koefisien difusi arah y 
  
dx=0.05;                    %Lebar Grid dalam sumbu x 
dy=dx;                      %Lebar Grid dalam sumbu y 
dt=0.025;                   %Lebar Grid dalam ruang waktu t 
  
x=0:dx:panjang;             %Grid sumbu x 
y=0:dy:lebar;               %Grid sumbu y 
t=0:dt:waktu;               %Grid waktu t 
  
L=(panjang/dx)+1;           %Jumlah Grid sumbu x 
M=(lebar/dy)+1;             %Jumlah Grid sumbu y 
N=(waktu/dt)+1;             %Jumlah Grid waktu t 
%=================================================================
============================= 
%                  TITIK KOORDINAT ARUS MASUK DAN KELUAR DANAU 
PERSEGI 
%=================================================================
============================= 
x1=8;                       %9,1  (Bawah) 
x3=10;                      %11,41(Atas) 
  
error=1e-20;                %Error Toleransi Konvergensi Metode 
Gauss_Seidel 
T=2000;                     %Jumlah Maksimal Iterasi Gauss Seidel 
  
k1=0.0025;                  %Konstanta Nilai Batas 
k2=0;                       %Konstanta Nilai Batas 
  
%=================================================================
============================= 
%                                      NILAI BATAS ALIRAN 
%=================================================================
============================= 
%NILAI BATAS BAWAH 
for j=1; 
    for k=1:T; 
        for i=1:x1-1; 
            X(i,j,k)=k1; 
        end 
        for i=x1+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
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%NILAI BATAS KIRI 
for i=1; 
    for k=1:T; 
        for j=1:M; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS ATAS 
for j=M; 
    for k=1:T; 
        for i=1:x3-1; 
            X(i,j,k)=k1; 
        end 
        for i=x3+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%NILAI BATAS KANAN 
for i=L; 
    for k=1:T; 
        for j=1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
%=================================================================
============================= 
%                                       METODE GAUSS SEIDEL 
%=================================================================
============================= 
%NILAI AWAL GAUSS POINT ITERATION 
for i=2:L-1 
    for j=2:M-1 
        for k=1 
            X(i,j,k)=0.1; 
        end 
    end 
end 
X(x1,1,1)=0.1; 
X(x3,M,1)=0.1; 
  
%PERHITUNGAN ITERASI 
  
for k=2:T 
    X(x1,1,k)=(1/4)*(X(x1-1,1,k-1)+X(x1+1,1,k-1)+2*X(x1,2,k-1)); 
    X(x3,M,k)=(1/4)*(X(x3+1,M,k-1)+X(x3-1,M,k-1)+2*X(x3,M-1,k-1)); 
    for j=2:L-1 
        for i=2:L-1 
                 
            X(i,j,k)=(1/4)*(X(i+1,j,k-1)+X(i-1,j,k)+X(i,j+1,k-
1)+X(i,j-1,k)); 
             
            a(i,j)=X(i,j,k)-X(i,j,k-1); 
            b(i,j)=abs(a(i,j)); 
        end 
    end 
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            c=max(max(b)); 
            if c < error; 
                X(:,:,k); 
                r=k; 
                break 
            else 
                r=k; 
                continue 
            end 
end 
  
%TRANSFORMASI X KE NILAI PSI(Aliran) 
for i=1:L 
    for j=1:M 
        Psi(i,j)=X(i,j,r); 
    end 
end 
Psi1(:,:)=transpose(Psi); 
  
%=================================================================
============================= 
%                            PENENTUAN NILAI KECEPATAN ARUS DI 
TIAP TITIK 
%=================================================================
============================= 
for i=1:L 
    for j=1; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=1 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=1:L 
    for j=M; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=L 
    for j=1:M; 
        if j>1 && j<M 
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            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=2:L-1 
    for j=2:M-1 
        ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dx); 
        vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
    end 
end 
%=================================================================
============================= 
%                                    METODE DuFort-Frankel 
%=================================================================
============================= 
%NILAI KONSTANTA SKEMA DuFort-Frankel 
Bx=Dx*dt/dx^2; 
By=Dy*dt/dy^2; 
  
for i=2:1:L-1 
    for j=2:1:M-1 
        Ax(i,j) =ux(i,j)*(dt/dx); 
        Ay(i,j) =vy(i,j)*(dt/dy); 
    end 
end 
  
%TITIK KOORDINAT DAN NILAI KONSENTRASI AWAL 
c11=8;                     %titik sumbu x 
c22=2;                     %titik sumbu y 
  
c1=10;                      %Nilai Konsentrasi awal di titik 
spesifik (c11,c22) 
c0=1;                       %Nilai Konsentrasi awal di titik lain 
  
%NILAI KONSENTRASI PADA BATAS BATAS DANAU 
for n=1:1:N; 
    for j=1; 
        for i=1:L; 
            C(i,j,n)=c0; %Bawah 
        end 
    end 
end 
for n=1:1:N; 
    for j=M; 
        for i=1:1:L; 
            C(i,j,n)=1; %Atas 
        end 
    end 
end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=1; 
            C(i,j,n)=c0; %Kiri 
        end 
    end 
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end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=L; 
            C(i,j,n)=c0; %Kanan 
        end 
    end 
end 
  
%NILAI KONSENTRASI AWAL 
for n=1:1:N; 
    for j=2:1:M; 
        for i=2:1:L; 
            C(i,j,n)=c0; 
        end 
    end 
end 
  
C(c11,c22,1)=c1;            %Nilai Konsentrasi Awal di Titik 
Spesifik 
%=================================================================
============================= 
%   Perhitungan skema FTCS untuk menentukan nilai konsentrasi pada 
grid langkah waktu kedua 
%=================================================================
============================= 
for n=1; 
    for j=2:1:M-1 
        for i=2:1:L-1 
            if i==c11 && j==c22 
                C(c11,c22,n)=c1; 
            else 
            C(i,j,n+1)=((-
Ax(i,j)+2*Bx)/(2))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(2))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(2))*C(i,j+1,n)+((Ay(i,j)+2*By)/(2))*C(i,j-1,n)+(1-
2*Bx-2*By)*C(i,j,n); 
            end 
        end 
    end 
end 
%=================================================================
============================= 
%                          Perhitungan dengan skema DuFort-Frankel 
%=================================================================
============================= 
for n=2:1:N 
    for j=2:1:M-1 
        for i=2:1:L-2 
            if i==c11 && j==c22 
                C(c11,c22,n)=c1; 
            else 
            C(i,j,n+1)=((1-2*Bx-2*By)/(1+2*Bx+2*By))*C(i,j,n-
1)+((-
Ax(i,j)+2*Bx)/(1+2*Bx+2*By))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(1+2*Bx+2*
By))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(1+2*Bx+2*By))*C(i,j+1,n)+((Ay(i,j)+2*By)/(1+2*Bx+2*
By))*C(i,j-1,n); 
            end 
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        end 
    end 
end 
%=================================================================
============================= 
%                                            PLOTING 
%=================================================================
============================= 
disp('Pilih Jenis Ploting') 
disp('1. Ploting Waktu Sesaat ') 
disp('2. Ploting Animasi Perubahan Terhadap Waktu ') 
z1=input('Pilih= '); 
disp('============================================================
===='); 
if z1==1 
%PLOTING 
ts=input('          Input Time Step (ex:60)= '); 
subplot(1,3,1); 
surf(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
cb = colorbar; 
  
subplot(1,3,2); 
for i=1:L 
    for j=1:M 
        Ux(i,j)=ux(i,j); 
        Uy(i,j)=vy(i,j); 
    end 
end 
quiver(x,y,transpose(Ux),transpose(Uy)); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
  
subplot(1,3,3); 
[D,h]=contour(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
  
else 
    if z1==2 
%OUTPUT GRAFIS ANIMASI 
disp('          Pilih Jenis Animasi') 
disp('          1. Animasi Contour Konsentrasi ') 
disp('          2. Animasi Hamburan Warna Konsentrasi Spesifik ') 
z11=input('          Pilih= '); 
disp('          
======================================================'); 
if z11==1 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
% surf(x,y,transpose(C(:,:,am))); 
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% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% zlabel('Consentration'); 
  
[D,h]=contour(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
else 
    if z11==2 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
surf(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
  
% [D,h]=contour(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
    else 
        disp('Tidak Ada Tampilan!') 
    end 
end 
    else 
    disp('Tidak Ada Tampilan!'); 
    end 
end 
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Lampiran 6. Program MATLAB penyebaran polutan yang diinjeksikan 
terus menerus pada danau dengan inlet di bagian bawah dan outlet di bagian 
kanan domain 
clear all; clc;             %Pseudocode MATLAB 
  
%KONSTANTA DAN GRID 
panjang=1;                  %Panjang Danau 
lebar=panjang;              %Lebar Danau 
waktu=600;                  %Perhitungan Waktu Maksimal 
  
Dx=0.0004;                  %Koefisien difusi arah x 
Dy=Dx;                      %Koefisien difusi arah y 
  
dx=0.05;                    %Lebar Grid dalam sumbu x 
dy=dx;                      %Lebar Grid dalam sumbu y 
dt=0.025;                   %Lebar Grid dalam ruang waktu t 
  
x=0:dx:panjang;             %Grid sumbu x 
y=0:dy:lebar;               %Grid sumbu y 
t=0:dt:waktu;               %Grid waktu t 
  
L=(panjang/dx)+1;           %Jumlah Grid sumbu x 
M=(lebar/dy)+1;             %Jumlah Grid sumbu y 
N=(waktu/dt)+1;             %Jumlah Grid waktu t 
%=================================================================
============================= 
%                  TITIK KOORDINAT ARUS MASUK DAN KELUAR DANAU 
PERSEGI 
%=================================================================
============================= 
x1=8;                       %9,1  (Bawah) 
x3=10;                      %11,41(Atas) 
  
error=1e-20;                %Error Toleransi Konvergensi Metode 
Gauss_Seidel 
T=2000;                     %Jumlah Maksimal Iterasi Gauss Seidel 
  
k1=0.0025;                  %Konstanta Nilai Batas 
k2=0;                       %Konstanta Nilai Batas 
  
%=================================================================
============================= 
%                                      NILAI BATAS ALIRAN 
%=================================================================
============================= 
%NILAI BATAS BAWAH 
for j=1; 
    for k=1:T; 
        for i=1:x1-1; 
            X(i,j,k)=k1; 
        end 
        for i=x1+1:L; 
            X(i,j,k)=k2; 
        end 
    end 
end 
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%NILAI BATAS KIRI 
for i=1; 
    for k=1:T; 
        for j=1:M; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS ATAS 
for j=M; 
    for k=1:T; 
        for i=1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%NILAI BATAS KANAN 
for i=L; 
    for k=1:T; 
        for j=1:x3-1; 
            X(i,j,k)=k2; 
        end 
        for j=x3+1:L; 
            X(i,j,k)=k1; 
        end 
    end 
end 
%=================================================================
============================= 
%                                       METODE GAUSS SEIDEL 
%=================================================================
============================= 
%NILAI AWAL GAUSS POINT ITERATION 
for i=2:L-1 
    for j=2:M-1 
        for k=1 
            X(i,j,k)=0.1; 
        end 
    end 
end 
X(x1,1,1)=0.1; 
X(x3,M,1)=0.1; 
  
%PERHITUNGAN ITERASI 
  
for k=2:T 
    X(x1,1,k)=(1/4)*(X(x1-1,1,k-1)+X(x1+1,1,k-1)+2*X(x1,2,k-1)); 
    X(x3,M,k)=(1/4)*(X(x3+1,M,k-1)+X(x3-1,M,k-1)+2*X(x3,M-1,k-1)); 
    for j=2:L-1 
        for i=2:L-1 
                 
            X(i,j,k)=(1/4)*(X(i+1,j,k-1)+X(i-1,j,k)+X(i,j+1,k-
1)+X(i,j-1,k)); 
             
            a(i,j)=X(i,j,k)-X(i,j,k-1); 
            b(i,j)=abs(a(i,j)); 
        end 
    end 
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            c=max(max(b)); 
            if c < error; 
                X(:,:,k); 
                r=k; 
                break 
            else 
                r=k; 
                continue 
            end 
end 
  
%TRANSFORMASI X KE NILAI PSI(Aliran) 
for i=1:L 
    for j=1:M 
        Psi(i,j)=X(i,j,r); 
    end 
end 
Psi1(:,:)=transpose(Psi); 
  
%=================================================================
============================= 
%                            PENENTUAN NILAI KECEPATAN ARUS DI 
TIAP TITIK 
%=================================================================
============================= 
for i=1:L 
    for j=1; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=1 
    for j=1:M; 
        if j>1 && j<M 
            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=1:L 
    for j=M; 
        ux(i,j)=0; 
        if i>1 && i<L 
            vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
        else 
            vy(i,j)=0; 
        end 
    end 
end 
for i=L 
    for j=1:M; 
        if j>1 && j<M 
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            ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dy); 
        else 
            ux(i,j)=0; 
        end 
        vy(i,j)=0; 
    end 
end 
for i=2:L-1 
    for j=2:M-1 
        ux(i,j)=(Psi(i,j+1)-Psi(i,j-1))/(2*dx); 
        vy(i,j)=(Psi(i-1,j)-Psi(i+1,j))/(2*dx); 
    end 
end 
%=================================================================
============================= 
%                                    METODE DuFort-Frankel 
%=================================================================
============================= 
%NILAI KONSTANTA SKEMA DuFort-Frankel 
Bx=Dx*dt/dx^2; 
By=Dy*dt/dy^2; 
  
for i=2:1:L-1 
    for j=2:1:M-1 
        Ax(i,j) =ux(i,j)*(dt/dx); 
        Ay(i,j) =vy(i,j)*(dt/dy); 
    end 
end 
  
%TITIK KOORDINAT DAN NILAI KONSENTRASI AWAL 
c11=8;                     %titik sumbu x 
c22=2;                     %titik sumbu y 
  
c1=10;                      %Nilai Konsentrasi awal di titik 
spesifik (c11,c22) 
c0=1;                       %Nilai Konsentrasi awal di titik lain 
  
%NILAI KONSENTRASI PADA BATAS BATAS DANAU 
for n=1:1:N; 
    for j=1; 
        for i=1:L; 
            C(i,j,n)=c0; %Bawah 
        end 
    end 
end 
for n=1:1:N; 
    for j=M; 
        for i=1:1:L; 
            C(i,j,n)=1; %Atas 
        end 
    end 
end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=1; 
            C(i,j,n)=c0; %Kiri 
        end 
    end 
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end 
for n=1:1:N; 
    for j=1:1:M; 
        for i=L; 
            C(i,j,n)=c0; %Kanan 
        end 
    end 
end 
  
%NILAI KONSENTRASI AWAL 
for n=1:1:N; 
    for j=2:1:M; 
        for i=2:1:L; 
            C(i,j,n)=c0; 
        end 
    end 
end 
  
C(c11,c22,1)=c1;            %Nilai Konsentrasi Awal di Titik 
Spesifik 
%=================================================================
============================= 
%   Perhitungan skema FTCS untuk menentukan nilai konsentrasi pada 
grid langkah waktu kedua 
%=================================================================
============================= 
for n=1; 
    for j=2:1:M-1 
        for i=2:1:L-1 
            if i==c11 && j==c22 
                C(c11,c22,n)=c1; 
            else 
            C(i,j,n+1)=((-
Ax(i,j)+2*Bx)/(2))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(2))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(2))*C(i,j+1,n)+((Ay(i,j)+2*By)/(2))*C(i,j-1,n)+(1-
2*Bx-2*By)*C(i,j,n); 
            end 
        end 
    end 
end 
%=================================================================
============================= 
%                          Perhitungan dengan skema DuFort-Frankel 
%=================================================================
============================= 
for n=2:1:N 
    for j=2:1:M-1 
        for i=2:1:L-2 
            if i==c11 && j==c22 
                C(c11,c22,n)=c1; 
            else 
            C(i,j,n+1)=((1-2*Bx-2*By)/(1+2*Bx+2*By))*C(i,j,n-
1)+((-
Ax(i,j)+2*Bx)/(1+2*Bx+2*By))*C(i+1,j,n)+((Ax(i,j)+2*Bx)/(1+2*Bx+2*
By))*C(i-1,j,n)+((-
Ay(i,j)+2*By)/(1+2*Bx+2*By))*C(i,j+1,n)+((Ay(i,j)+2*By)/(1+2*Bx+2*
By))*C(i,j-1,n); 
            end 
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        end 
    end 
end 
%=================================================================
============================= 
%                                            PLOTING 
%=================================================================
============================= 
disp('Pilih Jenis Ploting') 
disp('1. Ploting Waktu Sesaat ') 
disp('2. Ploting Animasi Perubahan Terhadap Waktu ') 
z1=input('Pilih= '); 
disp('============================================================
===='); 
if z1==1 
%PLOTING 
ts=input('          Input Time Step (ex:60)= '); 
subplot(1,3,1); 
surf(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
cb = colorbar; 
  
subplot(1,3,2); 
for i=1:L 
    for j=1:M 
        Ux(i,j)=ux(i,j); 
        Uy(i,j)=vy(i,j); 
    end 
end 
quiver(x,y,transpose(Ux),transpose(Uy)); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
  
subplot(1,3,3); 
[D,h]=contour(x,y,transpose(C(:,:,ts))); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
colormap jet 
  
else 
    if z1==2 
%OUTPUT GRAFIS ANIMASI 
disp('          Pilih Jenis Animasi') 
disp('          1. Animasi Contour Konsentrasi ') 
disp('          2. Animasi Hamburan Warna Konsentrasi Spesifik ') 
z11=input('          Pilih= '); 
disp('          
======================================================'); 
if z11==1 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
% surf(x,y,transpose(C(:,:,am))); 
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% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% zlabel('Consentration'); 
  
[D,h]=contour(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
else 
    if z11==2 
Tmax=input('                    Input grid waktu maksimal(ex:100)= 
'); 
for am=1:(1/dt):Tmax+1 
clf 
  
surf(x,y,transpose(C(:,:,am))); 
view([0 90]); 
xlabel('Lebar Danau'); 
ylabel('Panjang Danau'); 
zlabel('Consentration'); 
  
% [D,h]=contour(x,y,transpose(C(:,:,am))); 
% view([0 90]); 
% xlabel('Lebar Danau'); 
% ylabel('Panjang Danau'); 
% set(h,'ShowText','on','TextStep',get(h,'LevelStep')); 
  
colormap jet 
cb = colorbar; 
time=sprintf('Waktu : %0.1f || Langkah Waktu : %g',(am-1)*dt,(am-
1)); 
title(time) 
drawnow 
end 
    else 
        disp('Tidak Ada Tampilan!') 
    end 
end 
    else 
    disp('Tidak Ada Tampilan!'); 
    end 
end 
 

 


