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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided primarily by the Internal Flow Panel. This Panel
first met in 1979 and, at its last meeting in 2017, had the following membership:

Acting Chairman

Dr J.T. Turner — University of Manchester, UK

Vice-Chairman

Mr D.A. Campbell — Independent, UK

Members

Dr N.C. Baines — Independent, UK

Prof. P.R. Bullen — Independent, UK

Prof. P.R.N. Childs — Imperial College London, UK

Dr I. Cowan — ATKINS, UK

Mr S.C. Curzons — Rolls-Royce plc, Derby, UK

Dr V. Fester’ — Cape Peninsula University of Technology, South Africa

Mr B.C. Freeman

Independent, UK

Dr B. Haller Alstom Power, UK

Mr G. Hassall Dantec Dynamics Ltd, UK

Mr A.J. Green Independent, UK

Dr A. Johnson Schlumberger Cambridge Research, UK

Dr P.J.G. Long Cambridge University, UK

Prof. L. Lu” Beijing University of Aeronautics & Astronautics, P.R. China
Mr M. Moorcroft National Nuclear Laboratory, UK

Dr Y. Sinai HeatAndFlow Consultancy Ltd, UK

Dr K.M. Tham’ Siemens Energy Inc., USA.

Corresponding Members

The construction and subsequent development of the Data Item were undertaken by

Mr G. Hassall

Approval for issue of this Data ltem as part of the Transonic Aerodynamics Series was granted by the Transonic
Aerodynamics Committee. This committee first met in 1960 and now has the following membership:

Chairman

Mr G.R. Richards — Independent
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1. INTRODUCTION

The determination of flow conditions in terms of velocity and turbulence plays an important role in many
experimental investigations. These parameters can be measured and evaluated by many different
techniques. In this Data Item the widely-available methods of hot wire/constant-temperature anemometry
(CTA), laser-Doppler anemometry (LDA) and particle-image velocimetry (PIV) are considered; techniques
which allow measurement of unsteady flow features and provide reasonable or good spatial resolution.

A brief description of the physical principles, main advantages and disadvantages of each of these
techniques is given. In Appendix A, a flow chart is presented to guide the selection of the most appropriate
technique for a particular experimental investigation.

This Data Item should be used in conjunction with its accompanying Data Items (References 1, 2 and 3)
which give more detailed guidance on the use, practical limitations and pitfalls associated with each of
these three measurement techniques.

It should be emphasized that measurement techniques other than those discussed here should also be
considered. For example ultrasonic anemometers are particularly applicable to the frequency range and
spatial resolution required for typical measurements in the atmospheric boundary layer and, where only
relatively low-frequency fluctuations are to be measured, a simple pitot-static tube may also provide a cheap
and simple solution. Where the particular features offered by CTA, LDA or PIV are needed, the choice
will also be influenced by availability, cost, ease-of-use and likely requirements for future investigations.

This Data Item and References 1, 2 and 3 deal with a wide range of flow-measurement applications but are
also appropriate to specialised applications, such as wind-tunnel testing.
2. PRINCIPAL FEATURES OF MEASUREMENT TECHNIQUES

This Section gives a very brief overview of the physical principles of operation of each of the three
measurement techniques and their requirements, advantages and disadvantages.

2.1 Hot-Wire/Constant Temperature Anemometry (CTA)1

2.1.1 Physical principles
The CTA anemometer works on the principle of convective heat transfer from an electrically heated sensor
to the surrounding fluid. At a given sensor temperature the transfer of heat from the sensor is principally

a function of the fluid flow over the sensor. The sensors are varied, however the most commonly used are
fine wires (typically 5 microns in diameter), Figure 2.1, or thin nickel films on quartz substrates.
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