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ABSTRACT 

Hydraulic engineering plays a vital role in water resources development, irrigation systems, hydropower 

generation, flood control, and environmental management. This review paper presents a comprehensive 

discussion on fundamental principles of fluid mechanics, pipe flow analysis, open channel hydraulics, 

dimensional analysis, hydraulic turbines and pumps, and modern computational approaches. Literature and 

developments up to 2016 are reviewed with emphasis on theoretical foundations, practical applications, and 

research advancements. 
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I. INTRODUCTION 

Hydraulics is a branch of engineering dealing with the mechanical properties of liquids and their 

applications.  

It forms the backbone of water supply systems, irrigation networks, stormwater drainage, dams, canals, 

and hydroelectric projects.  

The discipline integrates principles of fluid mechanics, experimental studies, and computational 

modeling.  

Recent advancements focus on improved efficiency of hydraulic machines, flood prediction models, 

and sustainable water management. 

 

II. PROPERTIES OF FLUIDS 

Understanding fluid properties is fundamental in hydraulics. Important properties include density, 

viscosity, surface tension,  capillarity, compressibility, and vapor pressure. Viscosity influences flow resistance, 

while density affects hydrostatic pressure distribution.  

Surface tension plays a role in capillary rise and small-scale hydraulic phenomena. 

 

III. FLUID STATICS 

Fluid statics deals with fluids at rest. Hydrostatic pressure variation with depth follows the relation p = ρgh.  

Applications include pressure measurement devices, manometers, and hydrostatic forces on submerged surfaces.  

The concept of center of pressure is critical in dam and gate design. 

 

IV. FLUID KINEMATICS AND DYNAMICS 

Fluid motion is described using continuity equation, Bernoulli’s equation, and momentum principles.  

Bernoulli’s equation expresses conservation of energy along a streamline.  

Navier-Stokes equations govern viscous flow behavior. Dimensional analysis using Buckingham’s π 

theorem is  widely used in hydraulic model studies. 

Fluid Kinematics 

Fluid kinematics describes how fluids move — velocity, acceleration, and deformation — without considering 

forces. 
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Types of Fluid Motion 

(a) Steady and Unsteady Flow 

• Steady flow: velocity at a point does not change with time 

• Unsteady flow: velocity changes with time 

(b) Uniform and Non-Uniform Flow 

• Uniform flow: velocity same at all points along flow 

• Non-uniform flow: velocity varies with position 

(c) Laminar and Turbulent Flow 

• Laminar: smooth layers, low velocity 

• Turbulent: random motion, eddies 

Criterion: Reynolds number 

• Laminar: Re < 2000 

• Turbulent: Re > 4000 

(d) Rotational and Irrotational Flow 

• Rotational: fluid elements rotate 

• Irrotational: no rotation 

Rotation measured by vorticity. 

Description of Fluid Motion 

(1) Velocity Field 

Velocity components: 

 

(2) Acceleration of Fluid Particle 

Total acceleration: 
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Continuity Equation (Kinematics) 

 
 

V. FLOW THROUGH PIPES 

Pipe flow analysis includes laminar and turbulent regimes characterized by Reynolds number.  

Head losses due to friction are estimated using Darcy-Weisbach equation.  

Minor losses occur due to bends, valves, and fittings. Pipe network analysis  is essential in water distribution 

systems. 

 

VI. OPEN CHANNEL FLOW 

Open channel flow occurs with a free surface exposed to atmosphere.  

Flow classification includes uniform and non-uniform flow. Manning’s equation  is widely used for 

discharge estimation. Hydraulic jump is an important phenomenon  in energy dissipation and spillway design. 

 

VII. HYDRAULIC MACHINES 

Hydraulic turbines convert water energy into mechanical energy, while pumps convert mechanical 

energy into hydraulic energy.  

Turbines are classified as impulse and reaction types. Centrifugal pumps are widely used in water supply 

systems.  

Performance curves help determine efficiency and operating conditions. 

1. Hydraulic Turbines (Power-Producing Machines) 

Convert water energy → mechanical energy (shaft rotation). 

Used in hydropower plants. 

Types of Turbines 

(a) Impulse Turbines 

• Operate using kinetic energy of water jet. 

• No pressure change across runner. 

• Suitable for high head, low discharge. 

Examples: 

• Pelton turbine 

• Turgo turbine 

• Crossflow turbine 

(b) Reaction Turbines 

• Operate using pressure + kinetic energy. 

• Pressure changes across runner. 
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• Runner fully submerged. 

• Suitable for low/medium head. 

Examples: 

• Francis turbine 

• Kaplan turbine 

• Propeller turbine 

2. Pumps (Power-Consuming Machines) 

Convert mechanical energy → hydraulic energy (increase water pressure/head). 

Used in water supply, irrigation, industry. 

Types of Pumps 

(a) Centrifugal Pumps 

• Most common. 

• Water gains energy by centrifugal force. 

• Continuous flow. 

Applications: 

• municipal water supply 

• irrigation 

• cooling systems 

(b) Reciprocating Pumps 

• Positive displacement. 

• Piston/plunger motion. 

• High head, low discharge. 

Types: 

• single-acting 

• double-acting 

Energy Conversion Summary 

• Turbine: Hydraulic → Mechanical 

• Pump: Mechanical → Hydraulic 

Main Components 

Turbine Components 

• Runner 



Advances in Hydraulic Engineering: Fluid Mechanics, Open Channel Flow, Hydraulic .. 

International Conference on Emerging Trends in Engineering & Management                                        125 Page 

(ICETEM-2016) 

• Blades/buckets 

• Shaft 

• Casing 

• Guide vanes 

• Draft tube (reaction turbines) 

Pump Components 

• Impeller 

• Casing 

• Shaft 

• Suction pipe 

• Delivery pipe 

• Bearings 

Applications of Hydraulic Machines 

• Hydroelectric power plants 

• Irrigation systems 

• Water supply schemes 

• Flood control 

• Industrial fluid transport 

• Cooling water circulation 

Key Hydraulic Terms 

• Head 

• Discharge 

• Efficiency 

• Specific speed 

• Cavitation 

• Power 

 

VIII.COMPUTATIONAL HYDRAULICS 

Computational Fluid Dynamics (CFD) has revolutionized hydraulic analysis.  

Numerical methods allow simulation of complex flow fields in rivers, spillways, and pipe systems.  

Finite volume and finite element methods are commonly applied. 

Computational hydraulics is the application of numerical methods and computer models to analyze and 

simulate fluid flow in hydraulic systems such as rivers, channels, pipes, reservoirs, and hydraulic structures. 

It combines: 

• fluid mechanics 

• hydraulics 

• numerical methods 

• computer simulation 
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Purpose of Computational Hydraulics 

• Predict water flow behavior 

• Design hydraulic structures 

• Flood forecasting 

• River engineering 

• Sediment transport analysis 

• Urban drainage modeling 

Governing Equations in Computational Hydraulics 

Flow in hydraulic systems is described by conservation laws: 

1. Continuity Equation (Mass Conservation) 

 
Types of Flow Modeled 

• Steady flow 

• Unsteady flow 

• Uniform flow 

• Non-uniform flow 

• Gradually varied flow 

• Rapidly varied flow 

• Open channel flow 

• Pipe flow 

• Free surface flow 
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Numerical Methods Used 

1. Finite Difference Method (FDM) 

• Derivatives → differences 

• Grid-based solution 

• Simple implementation 

 

2. Finite Volume Method (FVM) 

• Conservation over control volumes 

• Good for shocks and discontinuities 

• Widely used in hydraulics 

3. Finite Element Method (FEM) 

• Domain divided into elements 

• Flexible geometry handling 

• Complex boundaries 

Types of Computational Hydraulic Models 

1D Models 

Flow varies along one direction only (rivers, canals). 

Examples: 

• HEC-RAS 

• MIKE 11 

2D Models 

Flow varies in horizontal plane (floodplains, estuaries). 

Examples: 

• MIKE 21 

• TELEMAC-2D 

3D Models 

Full spatial variation (complex hydraulics). 

Examples: 

• FLOW-3D 

• OpenFOAM 
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Applications 

• Flood inundation mapping 

• Dam break analysis 

• River morphology 

• Sediment transport 

• Urban stormwater drainage 

• Coastal hydraulics 

• Hydraulic structure design 

• Environmental flow studies 

Advantages 

• Simulates complex flow 

• Reduces physical model cost 

• Predicts extreme events 

• Visualizes flow fields 

• Supports decision-making 

Limitations 

• Requires accurate data 

• Computational cost 

• Numerical instability possible 

• Model calibration needed 

• User expertise required 

Workflow in Computational Hydraulics 

1. Problem definition 

2. Geometry creation 

3. Mesh/grid generation 

4. Boundary conditions 

5. Numerical solution 

6. Calibration & validation 

7. Results visualization 

 

IX. ENVIRONMENTAL AND SUSTAINABLE HYDRAULICS 

Sustainable water resource management integrates hydraulic engineering with environmental considerations.  

Flood risk management, sediment transport modeling, and eco-hydraulics are emerging research areas. 

 

X. CONCLUSION 

Hydraulic engineering continues to evolve with advancements in computational tools and sustainable practices.  

Future research will emphasize climate resilience, smart water systems, and energy-efficient hydraulic 

machines. 
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Chart 1: Transition from Laminar to Turbulent Flow 

 
Chart 2: Typical Turbine Efficiency Curve 
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