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ABSTRACT 

Korniichuk V. I. Sharp-crested weir hydraulic calculating methods improve-

ment based on energy and momentum conservation principles. – Manuscript. 

Thesis is for competition of a scientific degree of candidate of technical sciences in 

specialty 05.23.16 – hydraulics and engineering hydrology. – National University of Water 

and Environmental Engineering. – Rivne, 2019. 

At present, in spite of large amount of performed theoretical and experimental studies, 

the task of the weir calculating in most cases is reduced only to the determination of its dis-

charge capacity, by introducing into its equation empirical discharge constants. These con-

stants are obtained while investigating small-scaled sharp-crested weirs models in short 

range of operative factors. Herewith, scale effect of the transition from the models of the 

weirs, for which discharge constants were obtained, to the real structures is not taken into 

account. Discharges calculated by different dependencies, for the same conditions, can vary 

considerably among themselves. 

Studies conducted by various scientists have shown that existing theories do not reflect 

with sufficient completeness and accuracy all phenomena typical for sharp-crested weirs, 

and to obtain more accurate and concrete solutions, it is necessary to obtain a mathematical 

model that would allow to connect all the operating factors for weir flow task computation. 

The thesis is dedicated to the improvement of methods for hydraulic calculation of the 

sharp-crested weirs by developing a mathematical model of the flow, which is based on the 

energy and momentum flow conservation principles. To receive these laws, the simplest 

form of the weir, consisting of a plate set perpendicular to the flow in a rectangular horizon-

tal channel with vertical upper edge running the full width of the channel is considered, and 

two calculated sections are set. First section is located in the channel upstream at a suffi-

cient distance from the weir, where dropping curve doesn’t influence the stream line sur-
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face and the flow can be suggested as uniform. The pressure in this section is distributed 

according to the hydrostatic law, and the specific energy of the stream corresponds to an 

open uniform flow. 

The second section is located in the section of the weir. The distribution and the force 

of the piezometric pressure in this section, which is the boundary condition of the momen-

tum conservation principles, according to our research, consists of two component parts: 

the upper edge of the weir (in the jet stream) and within the weir plate. We have considered 

the motion scheme of the flow particles within the stream and within the vertical weir plate 

and determined the main forces acting on them. 

It is determined that the distribution of the piezometric pressure along the nappe de-

pends on the curvilinear character of the flow upwards the weir plate. Each part of the cur-

rent line forces gravity and the centrifugal forces, which is due to the curvature of the flow. 

The distribution of piezometric pressure within the weir plate is defined by the accelerated 

vertical movement of the flow along the vertical plate. Each part of the flow forces gravity 

and the head action of the flow, which gives it an accelerated upwards movement. 

We have accepted a hypothesis about the influence of main operating factors on the 

change of the vertical component of the centrifugal acceleration of the flow particles within 

the nappe and the vertical acceleration of the flow particles along the height of the weir 

plate. These hypotheses were proved on the basis of the experimental researches. On the 

basis of accepted hypotheses dependences for determining the distribution of the piezomet-

ric pressure in the section of the sharp-crested weir were obtained. These dependences sat-

isfy limit values of the piezometric pressure and take into consideration the centrifugal 

forces within the nappe due to the curvature of the flow and the inertial forces caused by the 

acceleration of the flow along the vertical current line within the weir plate. The equation 

for determining the horizontal forces of the piezometric pressure in the nappe and within 

the weir plate are obtained. They constitute the boundary conditions of the flow in the sec-

ond section. 

The flow moving over sharp-crested weir suffers sudden vertical contraction (com-

pression) and transforms from the uniform flow to the nappe. As the pressure above and 

under the nappe is atmospheric, we consider it, with some assumptions, as jet stream flow. 

Hence, flow energy in second section is determined for the jet stream flow. 

Within the sharp-crested weir due to sudden vertical contraction of the flow develop 

weir head losses and a force that counteracts the compression of the flow and resists its 

movement – flow contraction resistance force, which is the part of flow momentum conser-

vation principle. To determine head losses, we accepted a hypothesis that they can be eval-

uated with Hind’s formula, which describes similar head losses caused by sudden flow con-

traction in the channel. Also, we accepted a hypothesis that flow contraction resistance 

force is proportional to head losses. Boss these hypotheses were confirmed by experimental 

studies. 

Obtained unknown components of the energy and momentum flow conservation prin-

ciples allowed us to introduce a novel mathematical flow model over sharp-crested weir 

that determines its hydraulic parameters. This mathematical model was attained and used to 

improve sharp-crested weir hydraulic calculating methods and methodology in whole. 

Keywords: sharp-crested weir, specific energy of flow, momentum conservation 

principle, head losses, distribution and force of piezometric pressure, energy and momen-

tum conservation principles. 
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