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Introduction

Due to problems with on-site irrigation channels, such as occupying a high level of the land, a
lack of suitable loan materials, and the possibility of dealing with multiple complications, the use of
prefabricated channels is one of the most competitive options available for the existing channels.
From the theoretical point of view, the most effective hydraulic cross-section for the coated channels
in which smooth water flows is the semicircular section. Nevertheless, in terms of implementation,
the use of the semicircular cross-section is generally limited to the reinforced concrete channel. One
of the important issues in outdoor hydraulic engineering is having sufficient knowledge about the
amount of hydraulic resistance against the flow. The estimation of hydraulic resistance of the flow in
open channels has always faced a serious challenge because of the presence of secondary currents
and the vortex viscosity. The determination of the contribution of flow pipes in the bed and wall is
faced with errors due to the effects of the walls on the maximum velocity position. Accurate
prediction of boundary shear stress distributions in the open-channel flow is crucial in many
engineering problems, such as channel design, the balance of energy, and sedimentation.
Determining the exact bed and wall shear stress is important from a theoretic and applied point of
view, for example, its role in scour and sedimentation studies and designing shield conservations.

Methodology

According to the U.S Bureau of Reclamation, when water flows through a channel, a force of
energy affects the channel bed in the water direction which is called tractive force. Basically, shear
stress is divided into two groups: laminar and turbulent. The wall shear stress is very important.
Outside of the laminar layer is the turbulent shear stress, and there is also a transition layer that both
of them are thousands of times larger than the laminar shear stress. Prandtl (1904) made a revolution
in the field of fluid mechanics with his boundary layer theory in the Third International Conference
of Mathematics in Heidelberg, Germany. This theory explains the existence of the resistance force in
ideal fluids. Prandtl states that for the low viscosity fluid, the internal friction of fluid flow is
effective in a narrow region of the fluid that surrounds the border. However, in open channels, this
area develops in order to cover all of the depth of flow and despite its narrowness compared to the
ideal fluid, it has a considerable effect on laminar and turbulent shear stress. It has been mentioned
in some texts that the turbulent shear stress is in tens, and on flow conditions, it is also complicated.
In this area, the boundary layer and subsequently the shear stress are formed. Einstein (1942) stated
that the flow zone which is surrounded by a solid wall is divided into three sections that are related to
bed and walls, and the force on the bed is different from the force on the wall. He assumed that the
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average velocity of each section is the same, and the average shear stress can be calculated using
70 = pgRS, where 70 is the river bed shear stress, p is the water density, g is the gravity
acceleration, R is the hydraulic radius, and S is the slope of energy line. This study investigated the
boundary shear stress distributions by energy and momentum method in semi-parabolic channels. In
order to determine the variation of the local shear stress, a Preston tube with the inner diameter of 4
mm equipped with dynamic pressure-sensitive cells were used. The Patel calibration curve was used
to convert the pressure reading to boundary shear stresses. Finally, based on the dimensional
analysis, dimensionless parameters were identified, and the relationship was presented for the
prediction of the shear stress in semi-parabolic channels with both smooth and rough walls. The
experiments were carried out at the hydraulic-model laboratory of the Faculty of Water Science and
Engineering of Shahid Chamran University of Ahvaz, Iran in a rectangular channel with 8.3m length
and 1 m height. The general slope of the channel was considered as 0.002. A knife-edge flume
(frictionless flume which is located on knife-shaped columns) was used in the experimental section.
Data have been taken using a Preston tube (the energy method), and Preston equations were used for
converting the pressure into stress. In order to avoid waves in the experiments, a mesh screen was
used at the beginning of the channel, and a gate was located at the end of the channel. The semi-
parabolic section was made using a 2 mm metal plate. In order to minimize the roughness and
simulate the smooth wall, several turns were stained and placed in a rectangular flume. With 20% of
laboratory data, the verification of the proposed equations was studied.

Results and Discussion

The results show consistent relationships with the experimental data presented. The results
indicate that the shear stress of the wall channel in smooth and rough conditions is, on average, 3.7%
and 4.6% higher than the bed shear stress. The measurement of shear stresses of the wall and the bed
by the momentum method in conditions of a smooth and rough wall showed a mean of shear stress
values of 2.7% and 5.85%, respectively, in comparison to the energy method.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
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Table 1- Summary of results in this study for smooth wall and bed

Momentum method

Energy method

depth Dischar
corre_ct_ion Total shear Shear Wall ge
Bed shear ~ Wall shear  coefficient bed shear
0.548 0.561 0.99 0.2604 0.5533 0.5662 0.2251 0.0546
0.472 0.492 1.020 0.2827 0.4631 0.4824 0.2119 0.0493
0.429 0.446 1.020 0.3320 0.4201 0.4370 0.1980 0.0459
0.387 0.439 1.025 0.2310 0.3777 0.4271 0.2000 0.0401
0.364 0.375 1.027 0.2694 0.3549 0.3650 0.1811 0.0346
0.340 0.357 1.031 0.3140 0.3300 0.3462 0.1670 0.0309
0.335 0.344 1.029 0.3414 0.3257 0.3342 0.1538 0.0270
0.319 0.334 1.025 0.3166 0.3113 0.3260 0.1350 0.0201
0.245 0.246 1.029 0.2397 0.2383 0.2390 0.120 0.0164
0.173 0.176 1.036 0.1613 0.1672 0.1697 0.1026 0.0086
0.130 0.134 1.049 0.1335 0.1244 0.1282 0.1849 0.0041
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Table 1-Summary of results in this study bur rough wall and bed

PIoloz g yuw 3O yol> a3l Lol @lﬁw%—f Jou=>

Momentum method Energy method
Relative
; roughness
Bed Wall correction Total shear Shear Wall
coefficient bed shear
shear shear
0.235 0.188 1.004 0.2096 0.2341 0.1876 0.0137
0.302 0.308 1.024 0.3265 0.2951 0.3006 0.0108
0.351 0.371 1.028 0.3679 0.3418 0.3611 0.0081
0.406 0.410 1.071 0.4097 0.3788 0.3825 0.0075
0.395 0.415 1.037 0.4085 0.3806 0.3999 0.0065
0.397 0.415 1.037 0.4099 0.3825 0.4005 0.0061
0.472 0.492 1.063 0.4865 0.4456 0.4635 0.0060
0.475 0.506 1.044 0.2708 0.4552 0.4846 0.0050
0.523 0.537 1.074 0.3262 0.4874 0.4998 0.0048
0.550 0.559 1.081 0.3347 0.5086 0.5176 0.0046
0.559 0.594 1.085 0.2592 0.5150 0.5474 0.0042
0.600 0.620 1.079 0.3312 0.5557 0.5747 0.0041
0.311 0.327 1.014 0.1356 0.3071 0.3224 0.0190
0.368 0.392 1.034 0.1918 0.3563 0.3793 0.0143
0.401 0.410 1.071 0.3044 0.3747 0.3831 0.0114
0.439 0.449 1.068 0.4471 0.4114 0.4205 0.0111
0.459 0.489 1.094 0.4799 0.4198 0.4472 0.0097
0.484 0.513 1.085 0.5046 0.4457 0.4729 0.0092
0.535 0.562 1.087 0.5544 0.4926 0.5169 0.0089
0.561 0.589 1.095 0.3302 0.5122 0.5378 0.0075
Sl W 518l p g 295 9 Gl Judxi -t Jous
Table 3- Statistical results and out put of data fit
explanation Standard Total residual Average Total square
deviatior residual of regression R?
Equation8  0.0255075 -5.61*10™ -1.6*10"° 0.02016 0.9304
Equation9  0.0269345  -3.52*10™* -1.00*10™"° 0.02248 0.9206
Equation 10  0.031245 -0.0017599 -2.9%10° 0.055648 0.9477
Equation 11 0.030478 -0.0003453 -5.7*10° 0.052925 0.9468
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Fig. 3- Verifying dimensionless wall shear (A) and bed shear (B) for smooth surface
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Fig. 4- Verifying local dimensionless shear of rough wall (A) and rough bed (B)
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Table 4- Result of error for comparison of energy and momentum method for smooth bed

CRM SD R2 RMSE Skew Parameter
-0.01 0.002 0.998 1.2734 -0.147 7, | WS
-0.01 0.0018 0.998 1.2391 -0.203 Ty | S

23 Sy 35 8551 Jlao 53 piage (99 4 @B dwlie 3 Jol> Slas wlgi -0 Jgue
Table 5- Results error for comparison of energy and momentum method for rough bed

CRM SD R2 RMSE Skew Parameter
-0.0104 0.011 0.935 1.2393 0.048 T, | WS
-0.0102 0.002 0.993 1.2651 0.164 T I WS,

0.60
0.50 .

B o040 g
o T
O.Ooo.so 0.35 0.40 0.50 0.55 0.60

Froude number

Fig. 5- Varition of dimensionless bed shear with Froude number for smooth and rough bed with
energy and momentum methods
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Fig. 6- Varition of dimensionless wall shear with Froude number for smooth and rough wall with
energy and momentum methods
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