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FOR THE 2D DAM-BREAK FLOW AND SOME ITS 

APPLICATIONS 
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Abstract . In this paper the numerical method for the shallow water equations is stud­
ied. The paper consists of 3 sections. In t he section 1 t he t heoretical basis and software 
IMECI-L2DBREAK for simulation of the 2D dam-break or dyke-break flows is outlined. 
In the section 2 some results in verification of the IMECH_2DBREAK by the test cases 
proposed in the big European Hydraulics Laboratories are shown. In the last section 
some appli cations of IMECH_2DBREAK for the inundation problem in t he Red river 
delta in the Northern of Vietnam are presented. 

1. INTR ODUCTION 

Analyses of the dam-break or t he dyke-break flows play an essential role when consider­
ing reservoir and dyke safeties for developing emergency plans. The rapid and continuing 
development of computing power a ... 1d techniques during the last years has allowed sig­
nificant advances in the numerical modelling techniques in that difficult and important 
problem. 

The shallow water equations (SWE) are accepted for many practical applications as 
properly modelling the unsteady flow of water in general, modelling the dam-break and 
the dyke-break flows in particular. Many computational methods have been reported 
successful for SvVE. In the last few years a lot of effort has been devoted to the development 
of the finite volume method (FVM) in modelling the dam-break and the dyke-break flows 
and many papers have been published (see, for instance, [1] - [6]). · 

In this paper we concentrate on the Roe technique in FVM for SWE, especially in the 
case of the flow with shock waves . 

The paper is organized as follows. After introduction in the section 1 the main formu­
las of the FVM for SvVE are outlined, the boundary conditions for FVM are described. 
Applying those formulas and condit ions, a software IMECH_2DBREAK for simulation of 
the 2D dam-break or dyke-break flows has been constructed. In the section 2 the results in 
verification of IMECH_2DBREAK for the well known test cases are presented. In section 
3 some applications of IMECH_2DBREAK software for studying the inundation problem 
in the Red River Delta are demonstrated. 

2. THEORETICAL BASIS AND SOFTWARE CONSTRUCTION. 

The two-dimensional shallow-water equations: The 2D SWE in a conservative form 
are written as follows (see /3]) : 

au aE ac _ H 
at + ax+ ay - ' (2.1) 
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with H = H( 1) + H(2) 
' 

qx qy 

U= U:)' 
qxqy q; gh2 

G = h E = I - + - - ' 
q2 gh2 J 

(2.2) 

h 2 

y + - -qxqy 
h 2 h 

H(l) = ( ~h So ,x ) , H(
2

) = ( ~(qx ) ) 
gh So ,y F(qy) 

where h , qx, qy, are unknown funct ions, h = h(x, y, t) is the flow depth, qx = qx(x , y , t) 
and qy = qy(x, y, t) are the unit -width discharge components (qx = uh and qy = vh with 
u, v are the depth-averaged velocit ies) in x and y directions , respectively, g is the gravity 
acceleration, So ,x, So ,x are the bed slopes 

8zb 8 zb 
So ,x = - ax ; So,y = - ay 

Zb is bottom elevation and F( qx), F( qy) are the bed shear stresses in x and y directions, 
respectively: 

Ju2+v2 . Ju2+v2 
F( qx) = - F( qx) = - gqx El2 ; F( qy) = - gqy 02 , (2 .3) 

h,x h,y 

Ch,x = Ks ,x h213
, Ch,y = K s,y h213

, where Ch,x, Ch,y and Ks ,x, K s,y are Chezy and Strickler 
coefficients. 

The Finite Volume Method: Given a computational (for example t riangle) mesh 
(see Fig. 1). This mesh divide the domain into small cells (triangles) Vi, Vi, .... The 
integrated form of equation (2 .1) for a fixed area Vi is: 

J au j [aE ac] j atdV + Bx+ By dV = HdV. 

Vi Vi Vi 

The application of the Green t heorem to (2.4) for Vi , yields: 

j ~~ dV + f (E, G).iidc = J H dV. 

Vi c Vi 

The contour integral in (2.5) can be approximated as follows: 

3 f (E , G).iidC = L (E , G) kiikdCk, 

c k 

(2.4) 

(2.5) 

(2.6) 

where k represents the index of the edge k of the volume Vi, nk = ( nx , ny) is the uni t 
outward normal, dC k is the length of the edge k. 

The evaluation of t he numerical flux for the normal flux (E, G)k.nk = Fk+1; 2 in (2.6) 
used in t his paper is based on the Riemann problem defined by t he· conditions on the left 
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Fig. 1. Unstructured mesh 

(UL) and right (UR) sides of the edges . For this purpose, the system (2.1) is rewritten in 
the following form: 

where 

au + aE au + ac au = H 
at au ax au ay ' 

aE [ o_(cu2v_ u2) ~u Ouo ] ac = [ ~uv ~ ~l ] 

au v au ( c2 - v2) 0 2v 

The J acobian matrix An of the normal flux in (2. 7) is evaluated as (see [3]) : 

[ 

0 nx ny ] 
An = ( c2 - u 2 ) nx - uvny 2unx + vny uny 

-uvnx + ( c2 
- v 2

) ny vnx unx + 2vny 

The eigenvalues of An are 

where c = vf9Fi, 
The eigenvectors of An are 

.\1 = u nx + v ny + c, 

.\2 = u nx + v ny, 
,\3 = u nx + v ny - c, 

f 1 ,3 = [ ~ ± cnx l ; 
v ±cny 

(2.7) 

Main computational formulas: In solving of that Riemann problem, as suggested 
by Roe (see [7]), instead of An, we consider the matrix An, where An has the same shape 
as An but is evaluated at an average state given by the following quantities u, v and c, 

VhRvR+ VhLvL 
v= 

v1hR + ./hi_, 
and 

and the normal flux (E, G)k.nk = Fk+i ; 2 in (2.6) is evaluated as (see [1]): 

Fk+1 ; 2 = ~ [!(UL)+ f (UR) - L :=l l.\kl(Jh - ak)fk J , (2 .8) 
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hk - hL 1 ~ ~ 
f31,3 - n1,3 = ? ± -

2 
[(qx,R - qx, L)nx + ( qy,R - qy,L)ny - ('llnx + vny)(hR - hL)] 

,_, T 

1 
f32 - CX2 = -; [((qy ,R - qy,L)v( hk - hL))nx - ((qx,R - qx ,L) - u(hk - hL)ny] 

Finally, we get the following computational formula: 

Un+l un L N ) _, d - H · 
i - i v; + (E, G k·nk. Ck - i· 

6.t i k= l 
(2.9) 

In the formula (2.9): ut+1 is unknown numerical solution at time tn+l = tn + 6.t , 
Ut is known numerical solution at time tn, (E, G)k.nk = Fk+i ; 2 are the normal fluxes 
computed by the formula (2.8), Hi is an approximation of the integral J H dS for source 

Si 
terms. 

Boundary conditions. For calculation of Uin+l in (2 .9) for the volume Vi we need 
the value Ut of the volume Vi and the values U'f: of all surrounding volumes Vi . So, we 
can use (2.9) only for the case when Vi is the inside volume. 

In the case, when Vi is a boundary volume, we do not know the value U for some edge 
k and we need to use boundary conditions . 

It is well known that (see, for example, [3], [4]) , depending on both the value of the 
normal velocity through the boundary ( u · n) = unx + vny and the local Froude number 
Fr = (u · n) /c, (c = sqrt(gh)), there are four possibilities: 

(i) Supercritical inflow: ( u·n) :S - c: all the variables must be imposed. 
(ii) Subcritical inflow: -c < (u · n) :S 0: two v'ariables must be imposed . 
(iii) Supercritical outflow: (u · n) > c: none of the variables must be imposed. 
(iv) Subcritical outflow: 0 < ( u · n) :S c: one variable must be imposed. 
Using now these boundary conditions and computational formulas for boundary vol-

umes in [1] we can compute the flux (E, G)k.nk in (2.9) for the boundary volumes . 
Software description. 
Software name: IMECH_2DBREAK 
Software purpose: Simulation of 2D complicated water flow (supercritical flow , flow 

with shock waves, flows on dry beds , ... ) in the case of the instant of dam or dyke failures. 
Software programming language: FORTRAN 90 
Software organization: IMECH_2DBREAK consists of a computational program and 

a data directory SL2D. 
The main part of the computational program is the MODULE: MH2D_HMD.FOR, in 

which the water depth h and the unit-width discharge components qx, qy are computed 
by the formula (10). 

The input data of the IMECH_2DBREAK store in the directory SL2D and consist of 
4 FILES: 

- FVUNMESH.DAT describes the unstructured mesh for the computational region. 
- FVCODATA.TXT defines common use parameters (computational precision, depths 

for definition of wet/dry front, ... ) 
- INIVHQ.TXT defines the initial values in the volumes. 
- FVBOU3.TXT describes the boundary condition in the case of subcri t ical outflow 

(the boundary condition of the type (iv)). 
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The information for the other boundary conditions gives in the main program. Namely, 
no any information is needed for the boundary condition of the type (iii). In the case of in-
flow boundaries the discharge and water level at the boundaries will be given. IMECH_2DBREAK 
will compute qx, qy for the boundary condition of the type (ii) and all variables for the 
boundary condition of the type (i) . 

The output data of the IMECH_2DBREAK also are stored in the directory SL2D . The 
output data consist of 2 FILES: 

- KTRHUV.TXT consists of the values h, qx, qy in the all volumes at the end of the 
computational t ime. 

- RESOl.DAT store the values of the water levels , the velocities, the wet/dry front at 
the nodes of the mesh in the TECPLOT format. With t his FILE it is easy to get different 
presentations of the computational results 

3. SOFTWARE VERIFICATION 

The developed IMECH_2DBREAK software has been verified by the test cases pro­
posed in the big European Hydraulics Laboratories (see [14]) . 

3.1. Case 1: Total dam-break problem (see [12)) 

The computational domain is a rectangular basin of 16 m x 0.1 m. Initially, the free 
surface elevation presents a discontinuity at abscissa x= 0. m, where a dam is located. The 
left side of the basin is covered with water at rest, the water depth being 6 m, whereas the 
right side is dry (Fig. 2). At the start of the simulation the dam is totally and instantly 
broken and the dam location becomes a critical flow section where the velocity and the 
depth are constant in time (see (13]). The flow is subcritical to the left of the dam location 
(upstream part), and supercritical to the right (downstream part). 

Fig. 4 and 5 present some results of the IMECH_2DBREAK. 

"( 

Fig. 2. (Case 1) Water surface at the start of the simulation 

3.2. Case 2: Partial dam-break problem (see [2]): 

The geometry of the problem consists of a 200x200 m2 basin with a non-symmetrical 
breach. The initial water level of the dam is 10 m and the tail water is 5 m high (Fig. 6). 
At the instant of dam failure, water is released into the downstream side through a breach 
75 m wide. Fig. 8 presents the computed water surface at 7 .3 sec. Fig. 9 shows the water 
surface obtained in [2) at the same time. 
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Fig. 3. Computational mesh 
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Fig. 4. Water surface at 5 sec. after dam-break 

3.3. Case 3: Dam-break in a channel with a local construction (see [14]) 

The channel configuration is presented in Fig. 10. The entire channel, wi t h a zero 
longitudinal slope, is 19.30 m long and his rectangular section is 0.50 m wide. Dam removal 
time is approximately 0.2 s. The gate is locat ed at a section 6.10 m from t he upstream 
section of the channel. The variation of the water-dept h wit h t ime were obtained wit h 
four capacit ance probes. Fig. 11 presents the measured and computed water levels in the 
prober N2 

3.4. Case 4 : Dam-break in a channel w it h a n on symmetrica l flood pla in (see 
[14]) 

The ent ire channel, wit h a zero longit udinal slope, is 19.30 m long and his rectangular 
section is 0. 50 m 

wide. Dam removal time is approximately 0.2 s . The gate is located at a section 6.10 
m from t he upstream section of t he channel. The upstream channel is also 0. 50 m wide . 
The sudden enlargement for the "flood plain" is located 6.45 m downstream of the gate. 



Construction, verification of a software for the 2D dam-break fiow and some its applications 545 

r ::= :=:~: ~: 1 · ---- -- -·- - , 
l \> -1 

~ ~ j 
i \ 

I 3 ~ 
l \ 
j 2 I \ 

l I ~ 

1 ___ ~- ·· --~----------- ·~---------< 
-2 bo -1 oo o 1 oo 200 300 40o 

: .... ...... ... ....... .............. ... _·1- ····'. .. ... .. .... ... ... ........... ...... .................. ..... ...... .. ... .... ..... ............ ... : 

Fig . 5. Exact and computational water levels 

--h tt 

I ·-------· h ex 
L - - - _ __ =:_ - - ~ 

Fig. 6. (Case 2) Water surface at the start of 
the simulation 

Fig. 1. Computational mesh 

Fig. 8. Water surface at 7.3 sec. after dam­
break (computed by IMECH_2DBREAK) 

Fig. 9. \i\Tater surface at 5 sec. after dam­
break (obtained in [2]) 

The "flood plain" is 2.3 m wide and 6. 75 m long (Fig. 12) .The variation of the water-depth 
with time were obtained with four capacitance probes. Fig. 13 presents the measured and 
computed water levels in the prober N2. 
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Fig. 13. The measured and computed vvater levels in the prober N2 
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4. SOFTWARE APPLICATION 

4 .1. Simulation of dyke break flows in Thanh-Ha region 

Fig. 14. The Thanh Ha region 

Fig. 15. Inundation in Thanh Ha region at 10 hours after the dyke breach 

The geometry of t he problem consists of a cell N240 in the Thai Binh river basin (Fig. 
14) . The area of that region is about 3100 ha . The region is relatively flat (the elevation 
of the land: 0. 9 - 1. 2 m) , except some roads (the elevation of roads: 1. 5 - 1. 8 m .). 

In t he 1996 year flood 2 places (near the cross-sections STBINH_32 and STBINH_34) 
of t he Thai Binh river dyke were broken. Fig. 15. presents the computational result 
of the inundation at 10 hours after the dyke breach. This result is agreed wit h the real 
inundation process in this region in t he 1996 year flood. 

4.2. Simulation of flow caused by an operation of the emergency spillway in 
Dong-Anh region 

For the flood control in the Red and Thai Binh river system some emergency spillways 
are studied . One of them is the emergency spillway in Dong Anh region. This region 
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consists of 3 cells (N136 , N137 and N154) in the Red river basin (Fig. 16). When extreme 

Fig. 16. The Dong Anh region 

floods occur , emergency spillways should be operated to avoid passive responses to dyke 
breakings and severe disasters. It means that the dyke elevation in spillway places will 
be suddenly decreased and flood water in the river system will overflow temporary dykes 
in riverbanks. So, operating emergency spillways in the extreme flood will accept certain 
damage levels but avoiding catastrophe. 

The software IMECH_2DBREAK can be used in simulation of an operation of the 
emergency spillway. Fig. 17. presents the computational result of the inundation at 5 
hours after the operation of the emergency spillway in Dong Anh region . 
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Fig. 17. Inundation in Dong Anh region at 5 hours after the operation of the emergency spillway 
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5. CONCLUSION 

The results in the verification and in t he application of IMECH_2DBREAK show that 
the software is ready for simulations of the dam-break or the dyke-break flows in the cases 
when the regions are relatively fiat. 

In the cases of varying bottom the simulations of the dam-break or the dyke-break 
flows are difficult problems and we shall study those problems in the future. 
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A ,, '.,.... 'A ' - A , ,.... 

XA y DVNG, KIEM D!NH PHAN MEM CHO DONG va D~P 2 CHIEU 
v .A M QT s6 AP D1JNG 

Bai bao nay nghien cuu vi¢c ap d\lng phuang phap the tfch huu h~m trong giai so h¢ 
plmang trlnh nu&c nong 2 tri~u . Bai bao gom 3 phan. Phan 1 mo ta t6m tat ca sa ly 
thuyet ve ky thu~t cua Roe cho phuang phap the tich huu h0n trong phan mem va d~p 2 
chieu IMECH_2DBREAK. Phan 2 gi&i thi¢u ket qua kiem dinh IMECH_2DBREAK qua 
m<)t so bai toam mau do cac phong thuy h,rc l&n cua chau Au ae xuat. Phan 3 trlnh bay 
m<)t so ket qua ap dvng IMECH_2DBREAK de mo ph6ng ng~p l\lt tren dong bang song 
Hong song Thai Blnh khi xay ra S\f co va de. 


