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ABSTRACT 

The study of velocity profiles and drag characteristics in open channels is essential for 

understanding hydraulic behavior, sediment transport, and energy dissipation. This research 

investigates the influence of varying Froude numbers and different bed surface conditions on 

flow velocity and drag forces in open channels. Experimental and numerical approaches are 

employed to analyze how these parameters impact flow turbulence and hydraulic jump 

characteristics. The findings provide insights into optimizing channel designs for improved 

hydraulic efficiency and erosion control. 

Keywords: Open channel flow, velocity profile, drag characteristics, Froude number, 

hydraulic jump, bed surface roughness, turbulence, energy dissipation. 
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I. INTRODUCTION 

The study of velocity profiles and drag characteristics in open channels is a fundamental aspect 

of hydraulic engineering, influencing the design of water conveyance systems, sediment 

transport modeling, flood management, and energy dissipation structures. Open channel flow, 

characterized by a free surface exposed to atmospheric pressure, behaves differently from 

pressurized flow in pipes due to the influence of gravity, bed roughness, and varying flow 

regimes. The velocity distribution within an open channel depends on multiple factors, 

including the Froude number, the nature of the channel bed, flow turbulence, and boundary 

layer effects. Understanding these interactions is crucial for predicting flow behavior, 

optimizing hydraulic structures, and mitigating problems such as excessive erosion, sediment 

deposition, and hydraulic inefficiencies. This research focuses on analyzing velocity profiles 

and drag forces in open channels with different Froude numbers and bed surface conditions, 

providing insights into how these variables influence flow patterns, resistance, and energy loss 

mechanisms. 

One of the key parameters governing open channel hydraulics is the Froude number, a 

dimensionless quantity used to classify flow regimes. It is defined as the ratio of inertial forces 

to gravitational forces and determines whether a flow is subcritical, critical, or supercritical. 

Subcritical flows (Fr<1Fr < 1Fr<1) are characterized by slower velocities and a dominant 

influence of gravitational forces, leading to relatively stable and predictable velocity profiles. 

Critical flows (Fr=1Fr = 1Fr=1) occur at a balance between inertial and gravitational forces, 

often representing the transition between different flow states. Supercritical flows (Fr>1Fr > 

1Fr>1), on the other hand, exhibit high velocities and turbulent characteristics, often leading to 

flow instabilities, hydraulic jumps, and increased energy dissipation. The variation in Froude 

number significantly impacts the velocity distribution within a channel, affecting how water 

interacts with the channel bed and sidewalls. Therefore, studying velocity profiles under 

different Froude conditions is crucial for engineering applications such as dam spillways, 

irrigation canals, and stormwater drainage systems, where flow control and energy dissipation 

are critical concerns. 

Another crucial factor affecting velocity profiles and flow resistance in open channels is the 

bed surface condition. The nature of the bed—whether smooth, rough, permeable, or artificially 

engineered—plays a pivotal role in determining hydraulic resistance and flow turbulence. A 
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smooth bed surface allows for higher velocities with minimal resistance, making it suitable for 

controlled water conveyance systems such as lined irrigation canals and water distribution 

networks. However, natural riverbeds and artificial channels often feature rough surfaces due 

to the presence of sediment, vegetation, or engineered structures designed to enhance 

turbulence for energy dissipation. Increased roughness creates additional drag, influencing the 

velocity distribution and leading to significant variations in flow behavior. In engineered 

systems, rough beds are sometimes intentionally introduced to control flow velocity, prevent 

scour, and optimize sediment transport dynamics. By studying the impact of different bed 

surfaces on velocity profiles and drag forces, engineers can design more efficient water 

transport systems that balance energy efficiency with environmental sustainability. 

The interaction between Froude number and bed roughness further complicates the analysis of 

velocity profiles and drag characteristics. In subcritical flows, the influence of bed roughness 

is more pronounced because the flow remains in closer contact with the channel surface for 

longer durations, allowing bed resistance to have a greater impact on velocity distribution. In 

supercritical flows, however, the high inertia of the moving water reduces the influence of bed 

roughness to some extent, although localized turbulence and shear stress effects still play a 

significant role. Hydraulic jumps, which occur when supercritical flow transitions to subcritical 

flow, represent another key phenomenon influenced by bed roughness and Froude number 

variations. During a hydraulic jump, a sudden increase in flow depth leads to rapid energy 

dissipation, turbulence generation, and enhanced mixing. The characteristics of the hydraulic 

jump, including its length, energy loss, and velocity redistribution, depend heavily on the 

underlying bed conditions. A rougher bed surface intensifies turbulence and enhances energy 

dissipation, while a smoother bed surface allows the jump to spread over a longer distance with 

less abrupt energy loss. Understanding these interactions is crucial for designing energy 

dissipation structures such as stilling basins and stepped spillways, which aim to control 

excessive flow energy in hydraulic systems. 

The study of velocity profiles in open channels is also essential for sediment transport 

modeling, as flow velocity determines the capacity of water to carry and deposit sediments. In 

natural rivers and artificial drainage systems, the ability of water to transport sediment is 

influenced by velocity gradients, turbulence levels, and drag forces exerted by the channel bed. 

Higher flow velocities, particularly in supercritical conditions, have a greater capacity to erode 

and transport sediments downstream, leading to changes in channel morphology over time. 
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Conversely, lower velocities in subcritical flows encourage sediment deposition, potentially 

leading to channel blockages and reduced conveyance capacity. The presence of a rough bed 

surface alters sediment transport dynamics by increasing flow resistance, disrupting uniform 

velocity profiles, and inducing localized eddies that influence sediment suspension and 

deposition patterns. Studying the relationship between velocity profiles, drag forces, and 

sediment dynamics provides valuable insights for river engineers, environmental scientists, and 

water resource managers seeking to maintain stable channel configurations while minimizing 

erosion-related damages. 

Another critical aspect of velocity profile and drag analysis in open channels involves the 

application of numerical and experimental methods for flow measurement and simulation. 

Experimental studies in laboratory flumes allow researchers to control variables such as bed 

roughness, Froude number, and flow rate, enabling precise measurements of velocity 

distributions using instruments such as Acoustic Doppler Velocimeters (ADV) and Laser 

Doppler Anemometers (LDA). These measurements help validate theoretical models and 

provide empirical data for hydraulic design. On the other hand, numerical modeling techniques 

such as Computational Fluid Dynamics (CFD) simulations allow researchers to analyze 

complex flow patterns in open channels, predict velocity distributions, and assess drag 

characteristics under a wide range of conditions. By combining experimental observations with 

numerical simulations, this research aims to develop a comprehensive understanding of how 

different hydraulic factors influence velocity and drag characteristics in open channel flows. 

The findings of this study have broad implications for hydraulic engineering, environmental 

management, and water resource planning. By understanding how velocity profiles respond to 

variations in Froude number and bed surface conditions, engineers can design more efficient 

water transport and flood management systems that minimize energy losses while optimizing 

flow control. In the context of river engineering, improved knowledge of flow resistance and 

velocity distribution can aid in designing sustainable channel stabilization measures that 

prevent excessive erosion and sedimentation. Furthermore, the study of drag characteristics in 

open channels contributes to the development of more effective hydraulic structures, such as 

energy dissipation basins and flow regulation systems, that enhance the stability and 

performance of water conveyance networks. In urban water management, insights from this 

research can be applied to improve stormwater drainage designs, reducing flood risks and 

enhancing the resilience of water infrastructure in rapidly developing regions. 
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In the study of velocity profiles and drag characteristics in open channels with varying Froude 

numbers and bed surface conditions represents a crucial area of hydraulic research with 

significant practical applications. By analyzing how these factors interact to influence flow 

behavior, this research provides valuable insights for optimizing channel designs, improving 

sediment transport modeling, and enhancing energy dissipation strategies. The integration of 

experimental and numerical approaches ensures a comprehensive understanding of velocity 

and drag dynamics, enabling more efficient and sustainable water resource management 

practices. Through this research, hydraulic engineers, environmental scientists, and water 

managers can develop improved strategies for managing open channel flows in diverse natural 

and artificial environments, contributing to more resilient and sustainable water infrastructure 

worldwide. 

II. EFFECT OF FROUDE NUMBER ON VELOCITY DISTRIBUTION 

1. Flow Regime Classification 

o The Froude number (Fr) determines whether flow is subcritical (Fr<1), critical 

(Fr=1), or supercritical (Fr>1). 

o Different flow regimes significantly impact velocity distribution and turbulence 

levels in open channels. 

2. Subcritical Flow (Fr<1) 

o Characterized by slower velocities and a stable, gradually varied flow profile. 

o Velocity distribution is more uniform, with a well-developed boundary layer. 

o Shear forces dominate, leading to significant interaction with the channel bed 

and increased energy dissipation. 

o Flow remains in close contact with the bed surface for longer durations, 

increasing resistance effects. 

3. Critical Flow (Fr=1) 

o Represents the transition between subcritical and supercritical conditions. 
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o Flow velocity equals the wave celerity, leading to a minimum energy state. 

o The velocity profile shows reduced boundary layer effects, with a more evenly 

distributed velocity gradient. 

o Critical depth is achieved, influencing flow control structures such as weirs and 

sluice gates. 

4. Supercritical Flow (Fr>1) 

o High-velocity, turbulent flow with reduced influence from bed roughness. 

o Velocity profile becomes more irregular due to flow instabilities and increased 

momentum. 

o Flow moves rapidly over the bed, reducing shear force effects but increasing 

potential for hydraulic jumps. 

o Energy dissipation is less uniform, often requiring engineered structures like 

stilling basins to regulate flow velocity. 

5. Hydraulic Jump Formation 

o Occurs when supercritical flow transitions to subcritical flow, leading to abrupt 

energy dissipation. 

o Velocity profile undergoes a sudden shift, with rapid deceleration and increased 

turbulence. 

o Plays a critical role in energy management in hydraulic structures. 

Understanding the effect of the Froude number on velocity distribution is essential for 

designing efficient open channel systems and controlling flow behavior in hydraulic 

engineering applications. 

III. HYDRAULIC JUMP CHARACTERISTICS 

Definition 
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 A hydraulic jump is a sudden transition from supercritical (Fr>1Fr > 1Fr>1) to 

subcritical (Fr<1Fr < 1Fr<1) flow, leading to abrupt energy dissipation and increased 

turbulence. 

 It occurs when high-velocity flow meets a lower-velocity zone, causing a rapid rise in 

water depth. 

Flow Regimes in a Hydraulic Jump 

 Supercritical Region: Flow has high velocity and low depth before the jump. 

 Jump Region: The transition zone where turbulence, energy dissipation, and mixing 

occur. 

 Subcritical Region: Flow stabilizes with a higher depth and lower velocity after the 

jump. 

Types of Hydraulic Jumps 

 Weak Jump (1.0<Fr<1.7): Minimal energy dissipation, small surface waves. 

 Oscillating Jump (1.7<Fr<2.5): Flow alternates between supercritical and subcritical 

states. 

 Steady Jump (2.5<Fr<4.5): Well-defined roller formation with significant energy loss. 

 Strong Jump (Fr>4.5): High turbulence, air entrainment, and maximum energy 

dissipation. 

Energy Dissipation 

 A hydraulic jump converts excess kinetic energy into turbulence and heat, reducing 

flow velocity downstream. 

 Energy dissipation increases with higher initial Froude numbers. 

Velocity and Pressure Distribution 

 Velocity reduces significantly after the jump due to turbulence and mixing. 
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 Pressure variations create an uplift force on the channel bed, which may cause erosion. 

Effects of Bed Roughness 

 Rough beds enhance turbulence and energy dissipation. 

 Smooth beds allow longer and less intense jumps. 

IV. CONCLUSION 

This study highlights the impact of Froude number variations and bed surface roughness on 

velocity profiles and drag characteristics in open channels. The results demonstrate that bed 

roughness significantly affects flow resistance and energy dissipation, with implications for 

hydraulic engineering applications. Future work should focus on integrating machine learning 

techniques for predictive modeling of open channel flow behaviors. 
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