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MATLAB Codes for explicit solution of Saint-Venant equations (Unsteady Flow)
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dX /dt=V+C (v)

d(V +2C)/dr=g(S, —S,) (%)
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MATLAB Codes for explicit solution of Saint-Venant equations
Date

Advanced Hydraulics Programming Project

%}

[

% clear memory
clear all
clc

L=input('Length of the Channel or River=')
b=input ('Width of the Channel or River=')
sO=input('Slope (s0)=")

yO=input('y Normal (y0)=")

n=input(' n Manning=')

time=input('Total Time of Computation (min)=")
N=input ('how many sections *?')

s adadl> 5 isled abo (0,5 S| g 4l p Sleade

by 550l 5l p3Y slo (59,9 35

D RTINS bl aubuw IS by Sae g (U Jobo

time=time*60

g=32.172;

AO0=b*y0; $Initial Area

RO=b*y0/ (b+2*y0); %$Initial hydraulic radius
Q0=1.486/n*sqrt (s0) *R0” (2/3) *b*y0;

vV0=Q0/A0; % Initial Velocity

a=sqgrt (g*y0) +V0;

T=L/a;

Dx=L/ (N-1) %Delta x

Dt=floor ((Dx/a)/10)*10-20 $Delta t

FT=ceil (time/Dt); %Calculate cycles of loop

%$Define Variable Matrix for Q,Y,R,V

Q=zeros (FT) ;Y=zeros (N, FT) ;V=zeros (N, FT) ;R=zeros (N, FT) ;courant=zeros (FT) ;
%Calculate initial Courant number

courant (1) =Dx/a;
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X=linspace (0,L,N) ;
$Y,R,Q,V at time=0
Y(1:N,1)=y0;
R(1:N,1)=R0O;
Q(1)=Q0;
V(1:N,1)=V0;

$Define y as variable of saint venant equation
syms y

t=0;
$Loop for times of calculations
for j=2:FT

t=t+Dt;

$Check and calculate the amount of Q for any time
if t<=1200
Q(3)=00+(Q0/1200) *t;
elseif t==1200:1800
Q(3)=-Q0/400* (£t-1200)+2*Q0;
else
Q(3)=00/2;
end

%Calculate amount of Y,V,R at Upstream condition
ys=Y(2,3-1);
A= (b*ys) ;
P=(b+2*ys) ;
Vs=V(2,3-1);
$Define the saint venant equation and solve it
M=solve (Q(j)/ (b*y) -Vs-sgrt (g/ys) * (y-
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ys) +g* ((Q(J))"2*n"2/ (A"2* (A/P) " (4/3))-s0) *Dt) ;
if double (M(1,1))>0

Y(1,3)=M(1,1);
else

Y(1,3)=M(2,1);
end

R(1,3)=(*Y(1,3)/ (b+2*Y(1,3))); %Calculate R according ro Y
V(1,3)=0Q(J)/ (b*Y(1l,3)); %$Calculate R according ro Y

$Loop for calculating data at points between Upstram and Downstream

conditions
for i=2:N-1

Y(i,3)=Y(i,3-1)-(Dt/(2*Dx))*(V(i,3-1)* (Y (i+1,3-1)-Y(i-1,3-
1)) +Y(1,3-1) *(V(i+1,J-1)-V(i-1,3-1)))
R(i,])=(b*Y (i, )/(b+2*Y(l,j)))
sf=V(i,j-1)"2*n"2/ (R )~ (4/3)
V(i,3)=V(i,]J-1)-V(i ,j 1) ((V(l+l,J 1)-v(i-1,j-1))*Dt/ (2*Dx)) -
g*Dt* (Y (i+1,j-1)-Y(i-1,3-1))/ (2*Dx)+g*Dt* (s0-sf) ;
end

%$Calculate amount of Y,V,R at Downstream condition
Y (N,3)=(V(N-1,3) *Y (N-1,3) *b/264) ~ (2/3) +2.32;
V(N,J)=(264*(Y(N,J)-2.32)"(1.5))/ (b*Y(N,J));
R(N,J)=(b*Y(N,J)/ (b+2*Y(N,J)));

$Calculate Courant number for any time
courant ()= max (Dx/ (sqrt (g*Y (:,3))+V(:,3)));
]

disp ('courant')

courant (j)

end
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xmax=18

for i=1:3:20

plot (X (:),Y¥(:,1),'-b', 'LineWidth',1)

title (' X-Y Graph for special times of computations ')
xlabel (' X = 0 ~ 12000 (ft)"')

ylabel (" Y (ft)")

box on

axis ([0 L 0 xmax])

hold on

end

ff=floor (FT/2);
ee=floor (FT/2+30) ;
for i=ff:3:ee
plot (X (:),¥(:,1),"':k', 'LineWidth',1)
title (' X-Y Graph for special times of computations ')
xlabel (' X = 0 ~ 12000 (ft)")
Y

ylabel (' (ft) ")
box on

axis ([0 L 0 xmax])
hold on

end

ff=floor (FT-30) ;

ee=floor (FT) ;

for i=ff:3:ee

plot (X(:),¥(:,1),'--r','LineWidth',1)
title (' X-Y Graph for special times of computations ')
xlabel (' X = 0 ~ 12000 (ft)"')
ylabel (" Y (ft)")

box on

axis ([0 L 0 xmax])

hold on

end
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4. Open channel hydraulics , Ven Te Chow, 1959

5. Numerical Modelling and Hydraulics, Nils Reidar B. Olsen, Department of Hydraulic and Environmental Engineering The Norwegian
University of Science and Technology, 2007
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