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Irrigation canals are complex hydraulic systems difficult to control. Design methods have been developed using linear control theory. To use this tool, a linear model of the dynamic IS needed.This paper presents a simple model for canal reach dynamics. A reach transfer matrix is obtained by linearisation of Samt Venant equations near a steady flow regime.The accuracy of this transfer matrix is evaluated, in frequency and time domam.



Q = cd L @g W (Z,-Z,)“* with cd the discharge coefficient and L the gate width. The fluctuations in discharges and depths in a reach depend on many parameters such as reach length, bed slope, cross section, roughness, initial water profile. In order to characterise reach behaviour without studying the influence of each variable, the flow is characterised using dimensionless numbers. To transform Saint-Venant’s equations in dimensionless form each variable is divided by a constant reference with the same dimension [2]. After simplifications, continuity and dynamic equations become: aA’ aQ’ x+-g=0



1. INTRODUCTION The hydraulic behaviour of irrigation canals shows that these systems are complex, with a dynamic characterised by Important time lags, strong nonlinearity and numerous Interactions between different consecutive sub-systems. A good knowledge of system dynamics is needed to design an automatic controller for an irrigation canal. It is possible to split a canal into sub-systems composed of a reach with a cross regulator at is downstream end. Cross structure dynamic, for example a gate, is simple to model. On the other hand reach dynamics is modelled by a set of partial derivative hyperbolic equations: Saint-Venant’s equations. Lmearlsation of Saint-Venant’s equations near a steady flow, allows to obtain a reach transfer matrix that has the advantage to keep the distributed parameter system characteristics and therefore the infinite state space dimension. The accuracy of this transfer matrix is evaluated for two kinds of reach behaviour : a short reach with waves propagation, a long reach with delay and damped wave motion. This evaluation is made by using a model based on a finite difference approximation of Saint-Venant’s equations by Preissmann’s scheme.



with A the cross section area, Q the discharge, Z the water elevation, S,the friction slope, t the time, x the distance along the canal, g the gravity acceleration and * for dimensionless values. If the reference condition is defined by the normal flow in a uniform reach with a bed slope S, and a length X, then
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so Fr can be



interpreted as a Froude number. s,. IS a dimensionless length characteristic of the reach. X= Y, So the flow in a reach depends on two dimensionless numbers Fr and x. The study done in [3] shows that x characterises



Fluctuations in discharge and water depth in a canal pool are due to two physical phenomena occurring in the flow: wave propagation (perturbation), mass transport (long waves). If gate movements are slow, water depth and discharge change
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slowly and the flow is unsteady gradually varied. Assume that the flow is one-dimensional, streamline curvature is small and velocity is uniform over the cross section, the flow can be modelled very accurately by Saint Venant equations [I]. These equations are not valid to model cross structure behaviour. Cross structure equations are very numerous and are not valid for all kinds of flow (submerged, free flow...). The general form is: Q = f(Z,, Z, ,W) with Q the discharge, Z, the upstream elevation, Z, the downstream elevation and W the gate opening. For example for a submerged flow gate the equation is:
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downstream level



perturbations. For each dimensionless number, values are determined that characterise different kinds of behaviour. The study of upstream to downstream discharge transfer function, for a wide rectangular channel, shows that 3 classes can be built. If x < 315 a first order is able to model the discharge dynamic. For 315 < x < 27120 a second order is needed and for x > 27120 a second order with delay. The study of downstream level to upstream level transfer function shows that if n > 3 there is no influence of the downstream perturbation on the upstream part of the reach, the wave IS completely damped. If the criteria for x and TJ are crossed five kinds of behaviour can be found for a reach dynamic as x and n are linked. Principal characteristics are shown below:
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