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Session Winter
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Exam Written
Workload 60h
Weeks 14
Hours 2 weekly
Courses 1 weekly
Exercises 1 weekly
Number of
positions
Summary

The course addresses basic measurement principles applied in flow measurement and monitoring technologies in the
context of water and hydraulic engineering, environmental and industrial fluid mechanics.

Content

Significant progress in flow measurement science, flow monitoring and flow survey technologies has been made over the
past 20 years due to emergent flow sensor technologies, high-speed acquisition electronics and digital signal processing
methods. These flow diagnostic tools are implemented in embedded systems with increasingly powerful, miniaturized,
low-power and low-cost micro-processors, offering enhanced measurement performances for experimental laboratory
and field experiments.

Many practical hydraulic and fluid engineering problems are facing unsolved scientific bottlenecks such as turbulence
controlled transport, mixing or gas transfer processes for which Computational Fluid Dynamics fail to provide reliable
simulations and solutions. For such complex flow cases, advanced experimental flow modelling remain essential and the
use of sets of complementary flow measurements technologies become crucial.

This course aims to explain basic physical principles of flow measurement science, and advanced measurement
methods, tools and instrumentation for water and hydraulic engineering, environmental and industrial fluid mechanics.
Flow measurement technologies applied to laboratory (for process oriented studies) and in natural river or oceanic flows
(for both process or flow monitoring purposes) will be described in terms of principle, capability, performance (resolution,
accuracy, uncertainty) and limitations. The course consists of a first introduction chapter covering the context, historical
path, societal needs and objectives of flow measurement and monitoring technologies. Chapter 2 is devoted the required
theoretical notions in fluid mechanics, hydraulics, turbulence, boundary layer flows, signal theory and signal processing.
Chapter 3 presents flow measurement principle and monitoring systems used for flow current, flow velocity, flow
discharge, SPM (Suspended Particle Matter) and sediment transport rate. Chapter 4 is a practical flow case study of an
Open-channel flow case divided into 4 separate modules:

* Module FMT1: Fluvial Hydraulics Module

* Module FMT2: Flow Simulation Module (under available CFD code),

* Module FMT3: Laboratory Experiment Module (at EPFL hydraulic platform PI-LCH)
* Module FMT4: Data Processing Module (Matlab or Python code).

An oral presentation by each group (2 to 5 students) of the obtained results will be evaluated at the end of the flow case
study. This part will count for 50% of final mark. A theoretical exam (1H30) will take place at the end of the semester,
counting for the remaining 50% of the final mark.

Keywords

Flow measurement science and technology, Fluvial hydraulics, fluid mechanics,Flow instrumentation, ADCP, ADV,
ADVP, UVP, ABS, transit-time systems, Flow monitoring,
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Learning Prerequisites

Required courses
Fluid mechanics, basic notions of signal theory and processing

Important concepts to start the course

« basic knowledge in fluid mechanics / hydraulics
* basic knowledge in mathematics

Learning Outcomes

By the end of the course, the student must be able to:
 Explain the principle, performances and limitations of covered flow measurement & monitoring technologies.
» Design an experimental laboratory campaign of a fluvial or lake flow study using contemporary flow instrumentation.

* Analyze , process and interpret experimental and numerical datasets of flow depth, velocity, discharge, sediment
transport monitoring.

Transversal skills

» Respect relevant legal guidelines and ethical codes for the profession.
« Take responsibility for environmental impacts of her/ his actions and decisions.
» Access and evaluate appropriate sources of information.

Teaching methods

Knowledge transfer via lectures & exercise series (50%)
Competence transfer via Flow Case Study

Expected student activities

Lecture notes comprehension trough reading

Exercise preparation for discussion and correction in exercise sessions

Research paper reading & oral exchanges with teachers

Practical session with home preparation (lab experiments and flow simulation at lab)
Matlab / Python data analysis, processing & interpretation

Oral presentation of Flow Case Study results obtained by each student group

Assessment methods

50 % Case study (oral examination) + 50% theoretical exam (during exam semester session)

Resources
Bibliography
Notes de cours par D. Hurther, G. De Cesare, P. Perona
Polycopiés:
Flow Measurement Science & Technology, D. Hurther

Moodle Link
« https://go.epfl.ch/CIVIL-485

Prerequisite for
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Master thesis, projets de semestre
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