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Investigation of Optimal Hydraulic Cross Section in Two-Section Parabolic
Channels

Hojjat allah Yonesi', Elaheh Hosseininan™, Hassan Torabipoudeh”

Abstract

Among all of the sections that can transport a discharge, the best hydraulic section is to provide the least
wetted perimeter. In this study, attempted to find the optimal hydraulic cross section of two stage channel
with parabolic cross section and flat width parabolic. Therefore, by constant considering the amount of area
and wetted perimeter as the objective function, optimal hydraulic geometrical parameters for two types of
channel were obtained and the equations of best hydraulic cross section of each type were extracted. The
results show that: Optimal Type 1 model, for the certain discharge, roughness coefficient and bed slope, the
least wetted perimeter and as a result, it creates the lowest cost among other sections such as regular
hexagonal half, and other types also it's much closer to the wetted perimeter of the semicircular section. Both
types of proposed cross-sections also cost much less than optimal cross-sections of previous researches.

Key Words: Best hydraulic cross section .two stage channels .parabolic channel with smooth floor
width.
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Introduction
There are an infinite number of possible cross sections that could convey the flow for a given value of
discharge, roughness, and slope. Among them, there is only one cross section that has the least perimeter,
and such a cross section is hydraulically the most efficient.

Nowadays, many researchers have investigated compound sections. Abdulrahman [25] presented a
compound section which was a half-octagon based, and proved that the best hydraulic section of this
section is more efficient than that of trapezoidal channels. Vatankhah [26] presented a type of semi-
regular polygon sections such as semi-square, semi-hexagon and semi-octagon sections, and a general
solution for the best hydraulic section. A horizontal -bottomed parabolic channel section was studied by
Das [11]. He proved that a horizontal -bottomed parabolic section is more economical than the
trapezoidal section. Furthermore, Easa [27] presented an improved section with Two-segment parabolic
sides and horizontal bottom and proved the proposed section is more economical and more flexible than
the section proposed by Das [11]. Mao & Chen [28] presented the best hydraulic section for a compound
channel based on classical and hydraulic optimization.

In this paper, the best hydraulic section of two types: (1) Type I, linear sides-parabolic bottom (2) Type II,
Linear sides-horizontal bottom with parabolic corners are determined to be used directly to calculate the
best geometric dimensions of this two-segment sections. Then, optimum sections are compared to that
of the other proposed sections of previous studies and semi-circle, which is the best hydraulic section.
Finally, application examples are presented, followed by the conclusions.

Methodology
Geometric properties of Two-segment sections
Figure 1 shows geometric parameters and schematic representation of these sections.

Figl: Schematic representation and geometric parameters of two-segment sections

-+ o

A. (Type l), B. (Type II)

Where, H=Depth flow; h = depth of parabola section; y= depth of upper segment; b =bed width of
horizontal-bottomed parabolic section; Z =side slope; S= side slope at H=h
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Nonlinear Programming
The optimization model for each type can be defined by
Minimize  P=P (Z, h/H, b, y:/H, S) Q)

The constraints are as below:
Keep A=Constant;
H=h+ys Yy;,hS,b,ZH>0 2)

Geometric properties of best hydraulic section -Type I:

The optimization results shows that there is a constant relationship between geometric parameters and

flow areas.

Relative depth for the best hydraulic section is gained as

v, =L = 04263 A3)
Also, S and Z are gained respectively as:

S =0.7832 (4)
Z = 0.2252 (®)

These equations describe the best combination form of Type I .

Geometric properties of best hydraulic section -Type II:
The relationships gained from flow area and other geometric parameters in nonlinear optimization, Type
Il are as follows.

Z and S are respectively:

7 =0.1985 (6)

S = 0.6666 (7)

B

= =0.256 (8)
s

Y, ==L =0389 9)

These equations describe the best combination form of Type II.

Discussion and conclusion
Table 1 provides a summary of relationship gained between geometric parameters of optimized channel
extracted from optimization of two types of compound channel.
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Table 1:The best hydraulic cross sections

Two-segment S 4 Yr b R P A
sections
Type | 0.225 0.783 043 - 0.49H 3.08H 1.49H2
Type Il 0.667 0.199 0.39 0.26H 0.5H 3.17H 1.58H?

Type | has the least wetted perimeter P and flow area A among other types. Then it can be concluded
while a designer is considering composite sections, the best option could be a compound channel, which
is composed of a lower parabolic section and an upper trapezoidal section without platform between the
lower and upper side slopes, which is the most efficient.

Assuming & = Qn/+/i, the properties of the best hydraulic section for the proposed composite
parabolic section to those of other researchers is listed in table2.

Table 2- comparison of presented optimized types 1 and 2 with other best compound channel sections

researchers Channel shape Normal Cross- wetted
depth (H) sectional area  perimeter (P
i id 3 ) 3 ) 3
Typit'u(g;)ese”t ) a';&'lgg?ir CSE) Oitst;m 102798 1.57965 ¢4 3.166 ¢8
Type Il (present Linear sides- 3 3 3
study) horizontal bottom 1.0010 €& 1.5863 &4 3.1692 €8
with
parabolic corners
1 _ 3 3 3
han 2015 1 o?t%“mzeod”tsae'mi_ 09868618 1.6011459&f  3.24556¢8
cubic parabolic
section
i 1- 1 3 3 3
han 2015 CF:Z‘:’ZE’O??C”;LEEE:]C 1.156977 €8 1.621260 €&  3.346817 ¢8
Horizontal-bottomed 3 3 3
han 2017 srabolicsection 099378 15941gF 320848
H 3 3 3
Mag & Chen 2019 a 'gg:firot;Z‘?]e;z;da' 1.0587 €8 1.619 e1 3.335¢8
upper rectangular
section
1-C1 3 3 3
Semi-circular 1.00414¢8  1.58323¢f  3.15401¢8

The result of optimization of Type I and 11 are composite sections of parabola and HBP. The comparison
shows that proposed optimized sections (types I and 1), have the smallest flow area and wetted perimeter
among all other types of sections listed in Table 2 for the same discharge. In addition these two types
are the most similar to semi-circular section as it is indicated in table 2. The construction cost of the
channel is mainly related with the earthwork excavation, lining and land requisition expenses. In general,
the land requisition accounts for a small proportion. Therefore, a compound channel, which is composed
of a lower parabolic section and an upper trapezoidal section is the most economical section.
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