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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.

ESDU CFD GUIDES

ESDU CFD Guides provide guidance on the Computational Fluid Dynamics (CFD) modelling of pressure loss and
flow characteristics in internal flow components. They are based on extensive CFD validation studies by ESDU.

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 CFD GUIDE

The Work on this particular CFD Guide was monitored and guided by the Internal Flow Panel. This Panel first met
in 1979 and now has the following membership:

Chairman
Dr J.A. Eaton — National University of Ireland, Galway

Vice-Chairman
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Mr D.A. Campbell — Independent, UK

Members

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

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

Dr W.R. Geddes — National Nuclear Laboratory, UK

Dr S. Gilham — Atkins, UK

Mr A.J. Green — Independent, UK

Dr A. Johnson — Schlumberger Cambridge Research, UK
Dr I. Jones — ANSYS UK Ltd, UK

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

Prof. L. Lu — Beijing University of Aeronautics & Astronautics, P.R. China
Prof. M. Oldfield — University of Oxford, UK

Dr Y. Sinai — HeatandFlow Consultancy Ltd, UK

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

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

The construction and subsequent development of this CFD Guide was undertaken by

Dr F. ludicello — Head of Fluid Mechanics, Internal Flow,

who also has overall responsibility for the work in this subject area.

The ESDU Fluid Mechanics, Internal Flow Series is recognised as a valuable source of validated data and methods
by the Institution of Mechanical Engineers and its Thermofluids Group is involved in continually reassessing the
scope and focus of the content of this Series.
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1. NOTATION AND UNITS
A pipe cross-sectional area
D pipe internal diameter, see Sketch 2.1
d orifice plate bore internal diameter, see Sketch 2.1
m mass flow rate
Rep pipe Reynolds number, defined as Re = V,D/v
Reg momentum-thickness Reynolds number, defined as Rey = 6u_ /v
TI turbulence intensity, defined at pipe inletas Tl = u’/V,
t orifice plate bore thickness, see Sketch 2.1
t orifice plate thickness, see Sketch 2.1(b)
u’ RMS value of the fluctuating component of local velocity in turbulent flow
u_ local free stream velocity
u, friction velocity, defined as u, = /1, /p
2 pipe bulk-mean velocity, defined as V, = m/(A;p)
Yplus wall y+, defined as Yplus =y, u_p/u
Yw height of wall mesh element for the pipe and orifice plate, see Sketches 3.1
to 3.4
B orifice to pipe diameter ratio, § = d/D, see Sketch 2.1
Y intermittency factor
€ turbulent eddy dissipation
0} back bevel angle, see Sketch 2.1
K turbulence kinetic energy
u fluid dynamic viscosity
v fluid kinematic viscosity
0 boundary layer momentum thickness
p fluid density
T wall shear stress
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