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Extended Abstract
Introduction

Historically, the determination of Manning's roughness coefficient, n, has relied on two approaches:
(1) field measurements, and (2) laboratory experiments in flumes where quasi-uniform flow is
artificially established. While field data are most realistic, they suffer from uncontrolled variables and
high costs. Laboratory studies offer controlled conditions but face a fundamental challenge: establishing
truly uniform flow in a flume requires a long channel length, precise slope adjustment, and a downstream
control that balances friction losses—a condition that is rarely achieved in practice
Studies by Tracy and Lester (1961) and Kazemipour and Apelt (1979, 1982, 1999) demonstrated that
even in relatively long flumes, achieving true uniform flow is difficult and time-consuming. Moreover,
in natural rivers, uniform flow is the exception rather than the rule; gradually varied flow dominates due
to changes in cross-section, slope, and roughness along the channel.
This study proposes a paradigm shift: instead of forcing uniform flow in the laboratory—which
introduces uncertainty and limits repeatability— the GVF was used as the basis for estimating Manning's
coefficient. The M2 profile provides a well-defined water-surface profile that can be accurately
measured and compared with theoretical GVF solutions. By optimizing n to minimize the discrepancy
between observed and computed profiles, we obtain a robust estimate of the roughness coefficient that
is both physically meaningful and practically reproducible.
The primary objectives of this research were: To develop and validate a GVF-based methodology for
estimating Manning's n in a laboratory flume; To investigate the effects of three different bed roughness
types on n; to quantify the influence of longitudinal slope and discharge on n; to compare the
experimental results with theoretical resistance laws and assess the flow regime (hydraulically smooth,
transitional, or rough); to perform a sensitivity analysis regarding the choice of reference depth for
roughness-height estimation.

Methodology
Experimental Setup

Experiments were conducted in a rectangular flume located at the Central Water Research
Laboratory of the University of Tehran. The flume has a length of 12 m, a width of 0.8 m, and a depth
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of 0.6 m. The flume is mounted on an adjustable platform capable of setting longitudinal slopes. Water-
surface profiles were measured using data-acquisition system designed for the current research. Three
bed materials, 9 longitudinal slopes, and 9 discharges were tested.

Experimental Procedure and Data Analysis

For each bed roughness the desired slope was set, and the flow was established. The downstream
gate was fully opened to create a free overfall, generating an M2 gradually varied profile. After steady-
state conditions were reached, the water surface elevations along the flume were recorded.
Manning's n was determined by solving the standard GVF equation for a prismatic channel. For each
experimental profile, the value of n was optimized to find the best match between the observed and the
computed profiles. The equivalent roughness height, ks, was then calculated.

Results and Discussion

The optimized Manning's n values for all 81 runs are summarized in Tables 1-3 of the main
Contrary to some previous studies (e.g., Merry, 2017; Yilmaz et al., 2023), which reported a decreasing
trend of n with increasing discharge, the results did not show a systematic or monotonic relationship.
For most roughness—slope combinations, n remained approximately consistent across the discharge
range. Small fluctuations (typically +0.002) were observed but did not follow a consistent pattern. This
suggests that within the tested range of relative submergence, the effect of discharge on bulk resistance
is secondary to the geometric roughness characteristics. Similarly, slope variations produced only minor
changes in n.

Computed shear Reynolds numbers (Re*) revealed that both bed materials of C2 and C3 operated

in the fully rough turbulent regime (Re* > 100), confirming that viscous effects were negligible. In
contrast, the galvanized bed (C1) fell within the transitional regime.
Because the piezometers were connected to the flume floor (i.e., below the installed mesh covers),
measured depths included the physical thickness of the roughness elements. To assess whether this
introduced systematic bias, the reference depth was artificially reduced by 0.5 cm, 1.0 cm, and 1.5 cm,
and the entire optimization was repeated. The resulting changes in ks were consistently less than 1%,
and the flow regime classification remained unchanged. This demonstrates that the methodology is
robust and insensitive to minor uncertainties in vertical datum selection.

Conclusions

This study validates a novel experimental approach for estimating Manning's n using gradually
varied flow (M2 profiles), which offers a practical, repeatable, and lower-uncertainty alternative to
conventional uniform-flow methods in laboratory flumes. By leveraging gradually varied flow—which
prevails in natural channels—this approach bridges the gap between laboratory studies and field
applications, offering a physically relevant framework for river engineering and flood modeling.
Keywords: Equivalent roughness, Longitudinal slope, Manning's roughness coefficient, Open
Channels, Shear Reynolds number
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Table 1-Manning’s roughness coefficients for the Galvanized surface (C1) different slopes and flow discharges

(a5 52 3d) (2 Silo (525 & Silo (525 Silo (525 o
Discharge (L/s) n (S1=0.00081) n (S2=0.00036) n (S3=0.00127)

10 0.010 0.008 0.009

20 0.011 0.009 0.010

30 0.011 0.009 0.009

40 0.011 0.010 0.010

50 0.010 0.010 0.010

60 0.011 0.009 0.010

70 0.011 0.010 0.009

80 0.011 0.009 0.009

90 0.010 0.009 0.010

e 5l 25 9 Wi C2 > Gl Suibo (iwdgy b JUE gl Kislo (6325 2 =T g
Table 2- Manning’s roughness coefficients for the Short height mesh (C) different slopes and flow discharges

(4 2 ) (2 Ssilo ) o o Siile 5 52) o pd Ssilo ) o o
Discharge (L/s) n (S1=-0.00026) n (S2=0.00018) n (S5=0.00062)

10 0.014 0.015 0.014

20 0.017 0.015 0.016

30 0.016 0.014 0.014

40 0.016 0.014 0.014

50 0.015 0.015 0.015

60 0.016 0.015 0.014

70 0.016 0.016 0.015

80 0.015 0.015 0.015

90 0.015 0.014 0.015

Aliso 5By 25 9 Wi (Ca 051 o St (yienigy b JUB (510 Sisile (625 gy —Y Jgu>
Table 3- Manning’s roughness coefficients for the High-dense mesh (Cz) different slopes and flow discharges

(a8 52 ) (2 Sislo (62 o Sislo (5 52) o Silo (6 2j o o
Discharge (L/s) n (S1=0.00073) n (S2=0.00073) n (S3=0.00129)

10 0.022 0.024 0.022

20 0.025 0.024 0.023

30 0.022 0.023 0.021

40 0.021 0.022 0.020

50 0.022 0.023 0.019

60 0.021 0.023 0.020

70 0.022 0.022 0.021

80 0.021 0.021 0.021

90 0.020 0.022 0.020
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