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ABSTRACT

In the paper we propose to use the FLUENT progranex@erimental stand.
Why do we do this? It is often difficult and expemsto achieve a model. It is also
difficult to calculate the phenomena in the natsicale using the FLUENT. So we
calculated the physical parameters, using FLUENTtl@ model and we passed
them, using the similitude criteria, in the natuvée illustrated the method with a
spectacular example: the flow through a brokenaogr

First, we established the model law, taking intocamt the physical magnitudes
which influence the analyzed phenomena. Afterwavescalculated the scales of
these physical magnitudes for normal similitudesi(@le geometrical scale). Using
FLUENT we determined the values of the velocity &mates acting on the barrage
(the unbroken part). Finally, we passed the “expental” data in the nature by
application of scale for physical magnitudes.

Keywords similitude, FLUENT, flow through a broken barrage.

1. INTRODUCTION

In many cases, it is very difficult (and expensit@)yepresent the phenomena in
the scale, to achieve a model.

Taking into account the physical magnitudes whiofuence the analyzed
phenomena we can establish the model law.

We use the FLUENT program to calculate the physmoalgnitudes for the
model. Afterwards we pass the data in the natwieguhe scales.

FLUENT program acts as experimental stand.

2. THEMODEL LAW

To establish the model law, first we determineghgsical magnitudes which
influence in the phenomena of flow through brokarrdége: h — initial level of water,
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| — length, Ap - pressure difference, v — fluid velocity, - cinematic viscosity of
fluid, o - fluid density:

f(h,1,Ap,v,0,p,)=0 (1.1)

By applying N theorem, we obtain the similitude criteria:

vV 1 I
=—; = =—: =—: 1.2
[ pvzl'lz vd Rerl3 H (1.2)
and criterial equation:
(NN Ms)=0 (1.3)
which can be explicitated:
M. =F(0..M.). (1.4)
3. THE SCALESOF PHYSICAL MAGNITUDES
Normal similitude
We consider the scale of length k
p = pgh
k, =1
K, =5 (2.2)
k, =k,.
kK, =k K.k, =k
2
We apply the similitude criteriofr = V_I
g
2 2
nFrFim = Yo~ Ym (2.2)
Jaln Gulm
Or:
v: oV
|_n=|_m:>k"=\/k_| (2.3)
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The scale of the forces can be established usmdotimulaF = )V , where y is

the specific gravity of the fluid. Having the safhed — water — in the nature and on
the model, we can write:

k. =k?. (2.4)

4. FLUENT MODEL CALCULATION

FLUENT program allow us to simulate an laboratoxperiment. Using the
similitude theory, we can pass from the model ®rihature.

Theflow through a broken barrage

The problem of the action of the current is notyv@mple, especially if we
discuss about high velocities (i.e river in tharsptime).

Let's presume an experment on the scale 1:25 2&) of the flow through a
broken barrage:

- symmetrical brakewaters left L = 25 m; | = 2,5hm 12,5 m;

- length of the breach d = 250 m;

- water velocity v = 10 m/s.

By applying Froude similitude, it results:

V2 12

a = g_l (we noted with * the model magnitudes).

Knowing that g = @', it results th scale of velgcik, = \/k_l =5.

So V' = 2 m/s. The dimensions of symmetrical brekiers on the model: L’
=1m;I'=0,1m; h’=0,5m. Length of the breasth= 10 m.

In Fig. 4.1 we have the construction in GAMBIT gram of the model:
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Fig. 4.1 The modé of the broken barrage
The discretized model is sent to the FLUENT. FRwstestablish the solving

conditions: (Fig. 4.2):

T Solver.
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" 2nd-Order Implicit
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Fig. 4.2 General solving conditions
The solving of the problem is based on pressur@moimplicit formulation.

We can notice that we work in 3D, symmetry condisi@o not allow to use 2D. We
consider the general case of unsteady moven@enfz(?,t).

Very important: we consider the biphasic flow,witee surface.
The calculation begins from entrance velocity, pakavith Ox axis, positive
sense (Fig.4.3):
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& Solution Initialization

Compute From Reference Frame

j * Relative to Cell Zone
" Absolute

Initial Values

Gauge Pressure [pascal] lg—
X Velocity [mfs] |2—
YVelocity (misl [
Z Velocity [m{s] lg—

=]

Fig. 4.3 Initialization of solution

Init ‘ Fleset‘ Apply| C Help|

Boundary conditions:
- inlet — pressure inlet (velocity: 2sn

- outlet — pressure outlet;

- brakewater — wall;

- symmetry axis — symmetry;

- lateral wall — wall;

- bottom of the water — wall.

After 500 iterations the solution is stabilized amd can see it in different
formes:

- grid contour without (Fig. 4.4) and with walls (Fi§5):

[ FLuEnT (0] Fer

4

FLUENT 6.3 (3d, p

Fig. 4.4 Grid contour without walls
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JE FLUENT [0] Fiuent Inc

Grid (Time=1.0000e+03)

Ap
FLUENT 6.3 (3d, pbns, vof, sstkw, unsteady)

Fig. 4.5 Grid contour with wallsand symmetry axis

- contour of velocities (Fig. 4.6) and contour ofgmeare (Fig. 4.7):

FLUENT [0] Fluent Inc.

Apr 12, 2009
FLUENT 6.3 (3d, pbns, vof, sstkw, unsteady)

FLUENT [0] Fluent Inc.

6.7e+03
6.4e+03
6e+03

Contours of Static Pressure (mixture) (pascal) (Time=1.0000e+03)

Al
bns, vof, sstkw, un:

Fig. 4.7 Contour of pressure

We can represent the vectors of velocity in varieetions (Fig. 4.8):
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Velocity Vectors Colored By Velocity Magnitude (mixture) (m/s) (Time=1.0000e+03)

FLUENT 6.3 (3d, pbns, vof,

Fig. 4.8 Velocitiesin various sections of thefield
The force acting on model brakewater is shown afetd.1:

Force vector: (1 0 0)
pressure  CuOI$S total pressure viscous total

zone name force force force coefficient coefficient
coefficient
n n n
barrage 1714.27 0.013 1714.283 1.1428 8.719774e-0614285
net 1714.27 0.0131714.283 1.1428 8.719774e-06 1.14285
Table4.1

The entrance masic flow calculate in FLUENT ie preated in the table 4.2:

Mass Flow Rate (kg/s)
entrance 3620.84
Net 3620.84

Tabelul 4.2

5. THE BARRAGE IN THE NATURE
According to (2.4) the scale of the forcekis = k.

So the force acting on the remaining brakewater is:
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F=1714 x 28= 26 781 250 N = 2 678*f@aN.
After establishing the scale of time:
k _

ko koo
k=4 W—\/k_l—S (.1

\

the scale of masic flow can be computed with thentda(k, =1, the same

fluid on model and in the nature):

Qn=pV/t=ky =k*/\Jk = k,g =3125 (5.2)
So the entrance mass flow will be:
m = 3620 x 3125 =11 312 500 kg/s. (5.3)
We are discussing about great velocity - 10 mésipg through a big section
-250x 12,5 m.

6. CONCLUSIONS

As | specified before, it is difficult to achieveodel for experimenting.
Also it is difficult to calculate the phenomenatie nature scale using the FLUENT.
So we calculated the physical parameters, usinggN'lUon the model and we pass
them, using the similitude criteria, in the nature.

The results obtained using the single scale suniéitmethod are very close to
the nature. The main idea is that FLUENT can bel asean experimental stand.

As regards distortional similitude — two scale $itodle, we will approach it
in a future paper. Some problems, especially rél&vethe long objects (conduit,
brake waters, etc.) can be solved using two gedrakscales (one for length and
one, smaller, for diameter). By applying the forasufor distortional similitude, we
can pass from the model to the nature.
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