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Table 1. Information of dams and physical models.

Comments
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Bottom .outlc.:t Of.thlS dam includes two emergency Babol, located on the
valYes with dimensions of 2m x 1.5 mand 1.8 mx 1.5 m river of Babol
designed and implemented. In order to prevent
cavitation, aerators with diameter of 0.49 m considered
at the downstream of these valves. After the emergency
valve, an aerator with diameter of 50 mm and after
service gate, two aerators with diameter of 50 mm have
been installed.
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The model includes the inlet pipe conduit, transitions,
grooves and emergency service valve chamber, central
duct, aerators between two valves and the downstream
channel service gate.

35 km from the city of
Sanandaj, located on the
river of Zhavh
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Continue Table 1.

Comments

S e el
Scale of physical model
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Geographical location Name of dam
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1:17 25 km from the city of Lot
Bottom outlet includes channel length of 119 m Shushtar
which formed of two parts of 72.8 m and 46.2 m.
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Bottom outlet includes two service gates (1.85m x
1.5m) and emergency gates (1.5m x 1.75m) is the type
of gate valve. Diameter of aerator after an emergency
valve is 50 mm.
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Table 2. Sensitive analysis of input variables to the Gene Expression Programming.
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Root of Mean Square Error (RMSE) b
o,»ﬂ \_;:“))”’I o,»ﬂ \_;:“))”’I Parameter
Test Train Test Train
0.127 0.105 0.60 0.76 1
L5 sldas
0.123 0.104 0.61 0.76 2
Number of genes
0.125 0.096 0.639 0.803 3
0.123 0.104 0.62 0.76 20
lap g5 (KPS}
0.127 0.109 0.60 0.74 25 P30 2
Number of chromosomes
0.125 0.096 0.639 0.803 30
0.170 0.161 0.35 0.42 1
0.120 0.114 0.63 0.71 2
0.142 0.129 0.52 0.64 3
0.137 0.103 0.56 0.77 4 PURSIRY
0.140 0.108 0.59 0.75 5 Lengths of head
0.144 0.109 0.50 0.74 6
0.125 0.096 0.639 0.803 7
0.127 0.102 0.61 0.77 8
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Table 3. Comparison between the results of regression equation and GEP model.
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Figure 1. Relation between experimental and predicted data of aeration coefficient (#) at training and testing
stages using GEP and regression models.
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Abstract

Background and Objectives: The use of storage dams plays a key role in the development of
industry, agriculture and employment communities Bottom outlet tunnels are one of the most
significant components of the reservoir dams which are used in flood evacuation and control.
They consist of inlet duct, main conveyance tunnel and flow regulator structures including gates
and valves. A major problem with bottom outlet gate of dams is cavitation which happens in the
high flow discharge. This phenomenon would destroy the surface of structure. It has been
demonstrated that flow aeration is an effective way to reduce the cavitation damages. In this
regard, the flow aeration rate is an important discussion that must be noted. Since, in this paper
aeration coefficient evaluation is assessed.

Materials and Methods: This study, is to estimate the aeration coefficient of bottom outlet gate
of four dams (Alborz, Zhaveh, Gotvand Olia, Jareh) using Gene Expression Programming
(GEP) approach. To achieve this aim, experimental data were used collecting from hydraulic
structures laboratory of Tehran Water Research Institute to train and test the model. The
aeration coefficient was influenced by compressed Froude number (Fr.) and aerator area to gate
area ratio (As/A,). 30 chromosomes and 3 genes were chosen to GEP performance. The model
ability was assessed by two statistical parameters of correlation coefficient (R”) and root of
mean square error (RMSE).

Results: The results show that GEP predicted the aeration coefficient of bottom outlet gates
of dams with R* of 0.803 and 0.639 and RMSE of 0.096 and 0.125 for training and testing
stages, respectively. This model gave better results compared by regression equation with R* of
0.718 and 0.402 and RMSE of 0.114 and 0.171 for training and testing parts, respectively.
In the other words, the error of aeration coefficient prediction was decreased about 28% using
GEP approach.

Conclusion: The results show that GEP intelligence approach is an adequate model to predict
aeration coefficient of bottom outlet gates of dams. Also, the results of traditional regression
equations were improved using this method. In the other words, these results indicated that GEP
is reliable to evaluate the aeration coefficient of bottom outlet gates of dams by more accurate
estimation to prevent cavitation phenomenon. So, use of this way is suggested in future studies
related to this topic.

Keywords: Acration coefficient, Gene expression programming, Cavitation, Bottom outlet gate
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