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Temper- Density Vapor  Kinematic

ature pressure viscosity

°C kg/m® kPa m*/s X 10°
0 999.868 0.61 1.787
5 999.992 0.87 1.519
10 999.726 1.23 1.307
15 999.125 1.70 1.140
20 998.228 2.33 1.004
25 997.069 3.16 0.893
30 995.671 4.23 .801
35 994.055 5.62 724
40 992.238 7.38 .658
45 990.233 9.58 .602
50 988.052 12.3 .053
60 983.20 19.9 475
70 971.717 31.1 413
80 971.80 47.3 365
90 965.31 70.1 .326
100 958.36 101.3 .294
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Abstract

Flow pattern recognition by the use of the numerical simulation may help designers to
propose optimal shape for hydraulics structures to increase their performance. In this
study, the shape of guide walls and forward facing step was optimized by optimality
criteria method to reduce energy loss and removing the cross waves and non-uniformity
of the flow. The optimization criteria was streamlining and the optimization variables
defined as solid boundaries coordinates. To optimize the shape of guide walls and steps
by optimality criteria method a programming code was developed to streamline the cross

sections of transitional sections and called Streamlining Programming Code (SPC) .

SPC used C++ programming language and is able to solve the potential flows in order to
obtain the streamlines coordinates and to map a selected streamline to the solid
boundaries. At the first step, the initial shape is solved by the mean of potential flow using
SPC. At repeating the process by mapping the streamline of interest onto the boundary,
the energy loss was evaluated using OpenFOAM. Then to evaluate the effect of new

geometries of guide walls on the flow pattern and rating curve of Balaroud dam spillway’s

(Iran), several plans for the guide walls were simulated .

After validating the results of OpenFOAM by a same experimental models in both step
and guide wall, those were validated. Those results illustrated that the step's shape
obtained from SPC, decreases the energy loss as much as 30% in comparison with
rectangular (experimental) model and eliminate vortex over the forward facing step. Also,

optimum SPC plan in guide walls had very good performance for removing cross waves

and smoothly passing the flow through the approach channel and over the spillway .

Keywords: Optimization, OpenFOAM, Guide Wall, Forward Facing Step, Optimality

Criteria, Cross Waves.
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