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Abstract

With developing of entropy theory and genetic programming based on maximum entropy and
natural evolution, respectively, these methods have been applied extensively to the variety of
engineering sciences such as fluid mechanics and hydraulics. In this study, entropy, genetic
programming and conventional methods such as logarithmic, power law and Vanoni relations were
used for estimation water flow velocity distribution in open channels. For comparing the mentioned
methods, experiments were carried out in an experimental flume with a smooth bed in the hydraulic
laboratory of the University of Tabriz. The flow discharges ranged from 4.8 to 32.89 L.it/s. For each
flow discharge, the vertical velocity profiles were prepared with aprecision of 0.1 cm/sand at 1 cm
intervals from the channel bottom. Results showed that entropy and genetic programming methods
were more accurate than the other methods for estimating the velocity distribution. Moreover the
entropy method in comparison with the genetic programming showed higher accuracy and therefore

it could be used for estimating the velocity profiles with agood accuracy in open channel flows.

Keywords. Entropy theory, Genetic programming, Open channels, Ve ocity distribution
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4/9022 2152234 0/918237 1/84696 1/54802 20/4 22/00 20/4 1021 8
5/7728 4104363 1/3089 3/12664 0/891106 2412 2017 19/8 11/91 9
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9/1789 9/317 10/209 9/39107 10/7433 10/21 8
11/9202 10/1803 11/5348 10/0424 12/1164 11/91 9
12/6404 8/92548 10/0177 10/5294 11/0192 10/73 10
13/3741 10/0075 11/3968 10/895 12/2269 12/02 11
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11/9202 12/9403 13/5952 1414227 14/8352 14/48 15
12/029 7/8575 10/4991 12/7635 11/0244 10/93 16
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14/8805 18/2925 19/0919 19/5577 20/6777 20/36 24
16/8539 19/113 20/0625 21/7718 21/0534 21/67 26
29/5452 32/7288 33/5516 34/0655 35/8295 32/89 30

3 Bl By L ocesw g oVl S S dauis

L oL sladUS sl Gdas fpl 5o S35 a4l
dose oo Badal Sl o sud A1) Ul i
o sas aladl BB 50 55 e L SL sladlls
Ol oo b LJBIS ol oo ce sy i85 oYalas

WSS (e

gob LB Luls Gadas ol Jbe Slaidy oS 558
WBOS g SIS g 5aul (i gad JaS o 55

9 @JJI\T L):'JJ 45 J‘J QLA.:Z\; bJ—AT s:..\-l-uéf @t\l

lhslas gl G 58 il b SB35 655406
Sb ladUS Lo cie s w558 Ghs oo Olsie ©
Jud 553 10 5 suliical U (iman it Gls i U
lf g\f).‘; & ‘)f.ﬂ:u ‘tﬁl.'.u:.a_..a d.;)do 09 &L yu
w&aﬁGJ;aJ\&‘xJGALJmL;AUZJJ@
5 el by € ws WS oS
St dbd G GRal b S5 sl

b o Ol (@9 slae sl LB

ouldicl v,y 90 &&a

Aytek A and Kisi O, 2008. A genetic programming approach to suspended sediment modeling.

Journal of Hydrology 351: 288-298.

Aytek A, Asce M and Alp M, 2008. An application of artificia intelligence for rainfall-runoff
modeling. Journal of Earth System Science 117: 145-155.



1390 Jlo/ 3 ojless 21 ale /S5 g T iy 4y s v g 0315y 00l (g0l 74

Chen YC, 1998. An efficient method of discharge measurement. Doctora dissertation, Dept. of
Civil Engineering, University of Pittsburgh, PA.

Chiu CL, Hsiung DE and Lin HC, 1978. Three-dimensiona open channel flow. Journa of
Hydraulic Division, ASCE 104(8) :1119-1136.

Chiu CL and Lin GF, 1983. Computation of 3-D flow and shear in open channels. Journal of
Hydraulic Engineering, ASCE 109(11): 1424-1440.

Chiu CL and Chiou JD, 1983. Structure of 3-D flow in rectangular open channels. Journal of
Hydraulic Engineering, ASCE 121(11): 1050-1068.

Chiu CL, 1987. Entropy and probability concepts in hydraulics. Journal of Hydraulic Engineering,
ASCE 113(5): 583-600.

Chiu CL, 1988. Entropy and 2-D velocity distribution in open channels. Journal of Hydraulic
Engineering, ASCE 114(7): 738-756.

Chiu CL, 1989. Velocity distribution in open-channel flow. Journa of Hydraulic Engineering,
ASCE 115(5): 576-594.

Chiu CL and Said CAA, 1995. Maximum and mean velocities and entropy in open-channel flow.
Journal of Hydraulic Engineering, ASCE 121(1): 26-35.

Chiu CL, 1996. A natural law of open-channel flows. Proceeding of 7" International Symposium on
Stochastic Hydraulics, 29-31 July, Mackay, Australia

Chiu CL and Tung NC, 2000. Maximum velocity and regularities in open-channel flow. Journal of
Hydraulic Engineering, ASCE 128(4): 390-398.

Chow VT, 1959. Open Channel Hydraulics. McGraw-Hill Book Company, New Y ork.

Koza JR, 1992. Genetic programming: on the programming of computers by means of natural
selection. Cambridge, MIT Press, MA.

Ustoorikar K and Deo MC, 2008. Filling up gaps in wave data with genetic programming. Marine
Structures 21: 177-195.

Vanoni VA, 1941. Vel ocity distribution in open channels. Civil Engineering 11: 356-357.

Xia R, 1997. Relation between mean and maximum velocities in a natural river. Journa of
Hydraulic Engineering, ASCE 123(8): 720-723.



