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Introduction

Vertical spillways are among the most common types of spillways emergency spillways used in reservoir
dams. One of the key factors influencing the hydraulics performance of these spillways is the crest shape,
which must ensure favorable hydraulic conditions, particularly adequate discharge capacity. Over the years,
numerous studies have been carried out on modifying the inlet geometry of vertical spillways, and various
solutions have been proposed. Among these, the use of piano key, polygonal, and zigzag inlet shapes has
been introduced as an effective approach. These inlet configurations not only mitigate vortex formation but
also increase the discharge capacity and reduce the water height over the spillway. A review of previous
research indicates that the primary objectives in studying vertical spillways are to convey flood flows with
maximum possible discharge and minimum water level rise, while minimizing the adverse effects of eddy
currents. Despite extensive investigations on these aspects, the present study focuses specifically on the
effect of the number of sides of polygonal inlet sections (with an even number of sides) on the flow
discharge coefficient, using a physical laboratory model.

Materials and Methods

The experiments were carried out in the Hydraulic Laboratory of the Department of Water Science and
Engineering, Faculty of Agriculture, University of Zanjan, using various physical models of vertical
spillway with modified inlet sections. The experimental setup consisted of a cubic metal reservoir (tank)
with internal dimensions of 1.5 m in length, 1 m in width, and 1 m in height, along with a downstream
storage tank. In this study, spillways with square, hexagonal, and octagonal inlet section were investigated,
in addition to Morning Glory and Daisy spillways. The total crest length (L) was kept constant at 60 cm
(L/ € =2.5, € is circumference of the vertical shaft). The crest height measured from the shaft base (P) was
also fixed at 7.6 cm (P/D=1). A total of 76 experiments were conducted to evaluate the effect of geometric
parameters namely, the number of sides (V) and internal angles (0), as well as the hydraulic condition (H/D),
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on the discharge coefficient. The results were subsequently compared and analyzed to assess the influence
of varying spillway geometry on hydraulic performance under different water levels.

Results and Discussion

The results indicated that, for all models, the discharge coefficient decreased with increasing H/D, following
a generally similar downward trend. Among the octagonal configurations, the star-shaped models O(S)1
and O(S)2 exhibited poor hydraulic performance. This was attributed to their small internal internal angles,
which led to noticeable flow interference, particularly at high discharge rates. Within the octagonal group,
the O2 model (with internal angles of 120° and 150°) was identified as the best-performing configuration
and was therefore selected for further for comparison with other models. This model also provided a 7%
reduction in internal area relative to the Moring Glory spillway. In the hexagonal group, the H2 and H5
models yielded highest the discharge coefficient. Although the hydraulic performance of these two models
differed by only about 3%, the H5 model offered a substantially greater area reduction (38.3%) compared
to the H2 model (20%) Consequently, the H5S model was chosen or comparison with other spillway types.
A comparative assessment of the octagonal, hexagonal, and square spillway revealed that the square model
exhibited the highest discharge coefficient (Cu). In fact, within the range of hydraulic conditions tested, a
decrease in the number of sides (or concourses), was consistently associated with an increase in the
discharge coefficient, with the square (quadrilateral) outperforming the others in this regard. Furthermore,
the Morning Glory, Square and Daisy spillways demonstrated nearly identical discharge coefficient values.
However, the Daisy and Square spillway achieved internal area reduction of approximately 36.1% and 21%,
respectively, compared to the Morning Glory spillway.

Conclusions

In this research, the effect of the number of sides of vertical spillway with a polygonal inlet section on the
flow discharge coefficient was investigated experimentally. Five hexagonal and five octagonal spillway
models, including two star-shaped configurations (with identical total crest length), were constructed and
their discharge coefficients were compared with those of square, Morning Glory and Daisy spillways of the
same length. Comparing of the results for octagonal, hexagonal, and square spillways revealed that reducing
the number of crest cycles (concourses) leads to an increase in the discharge coefficient. Accordingly, the
square spillway exhibited a higher discharge coefficient than the best-performing hexagonal and octagonal
models. Overall, the Square, Daisy and hexagonal HS spillways demonstrated nearly similar hydraulic
performance, while offering a significant reduction in internal area (ranging from 21% to 38%) compared
to the Morning Glory model. The final selection among them, however, should be made based on other
technical and site-specific considerations, such as spatial constraints, topographic conditions, and
construction feasibility.

Keywords: Discharge coefficient, free flow, morning glory spillway, crest length, polygonal spillway.
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Table 2. Percentage of area changes and average percentage of discharge coefficient changes of the studied models compared

to the Morning Glory (Circle) spillway
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