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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.
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PART |: DEFINITIONSAND GENERAL INFORMATION

1 NOTATION AND UNITS

Cii(7) autocovariance function, i(t). i(t+1t) (Section 6.1)

Cij(r.,r1) general cross-covariance function,
i(r;tj(r ;t+1) (Section 6.2)

i(r;t general valueof u, v or w gust component at point _r
andtimet wherei = u, v orw

j(r';t+t) genera valueof u, v or w gust component at point _r’
andtimet+t wherej = u, v orw

L length scales of turbulence of i = u, v or w components
v measured along x, y and z axes respectively
|
4
Li
n frequency
P; p(i) probability and probability density (see Section 4)

P,(r 15 n) co-spectral function, in-phase component of S;(r ,r'; n)

Qij( r,r';n) quad-spectral function, out-of-phase component of S“( r.,r';n)

ESDU Copyright material. For current status contact ESDU.

ror’ position vectors denoting points (x, y, z) and
(X', ¥y, Z) respectively
S;(n) power spectral density function (Equation (7.3), Section 7.1)

S;(r,r';n general cross-spectral density function (Section 7.2)

T averaging time
T, time scales of u, v or w components
t time
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u(t)
v(t)
w(t)

Aprime (')

Abar ()

fluctuating components of wind speed m/s
along x, y and z axes respectively

mean wind speed at height z m/s

system of rectangular cartesian co-ordinates with x-axis
defined in direction of mean wind

effective height above ground m
general coherence function (Equation (7.15))

phase shift angle (Equation (7.14)) rad
autocorrelation function, Cii(r)/csi2

general cross-correlation function, Cij(_r I r)/(cicsj'

Y
standard deviation of u, v or w component, [i(t)2] m/s

alternative spectral density functions (see Section 7.3)
incremental time lag s

circular frequency, 2n rad/s

refersto u, v or w component
denotesavalue at the point (X', y', Z').

denotes avalue averaged over time T.

The vaues in parentheses ( ) after a functional symbol denote the dependent variables;, e.g.
S J-(_r 1’y n) = §,,(z,2;n) isthefrequency (n) dependent cross-spectral density of the u component of
turbulence measured at points separated vertically.

INTRODUCTION

The purpose of this Item isto provide background information concerning a series of Items giving dataon
the properties of turbulence in the atmospheric boundary layer. Because atmospheric turbulence is
continually changing in time and space it is necessary to describe its properties in statistical terms. This
Item provides a definition of the parameters used and, where possible, an explanation of their physical
significance. Further, more detailed, information on the mathematical aspects of statistical analysis can be
found in standard text books on the subject such as References 2 and 5.

No attempt is made in this Item to explain in detail how the data are applied in practice since this will
depend on the nature of the problem, of which there are many types. Reference 3 providesinformation on

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU

No reproduction or networking permitted without license from IHS

Full document details: ESDU 74030 B 2010

This page Amendment B Documents
2 Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/esdu-74030-b-2010
http://www.avadocuments.com/doc/esdu-74030-b-2010

ESDU 74030

how the datacan be applied to particular cases of wind loading on ground-based structures and References 4
and 6 discuss appropriate means of applying the data to the study of aircraft response to atmospheric
turbulence.

3. BACKGROUND
3.1 Origin of Turbulencein the Earth’s Boundary Layer

At a considerable distance above the earth’s surface wind is created, in the first instance, by differential
heating of the atmosphere producing pressure gradients which are subsequently modified by the rotation
of the earth.

Aswith the flow of any fluid over asurface, aboundary layer isformed over the earth’s surface, called the
atmospheric boundary layer, in which the wind speed decreases from a maximum value at the top of the
layer to zero at the earth’ ssurface. Thisreductioninvelocity isdueto both thefrictional drag of the surfaces
and the drag of all bodies protruding into the air flow (such as trees, mountains and buildings). These
retarding forces are transmitted through the layer by shear forces (Reynolds stresses) and by the exchange
of momentum due to the vertical movement of air. The process of momentum exchange between layersis
the mechanism leading to the generation, and decay, of eddiestermed turbulence. The resulting mixing of
theair produces, along all three orthogonal axes, fluctuationsinwind speed, commonly called gusts, which
vary in sizein both time and space.

3.2 Significance of Turbulence
The necessity to consider the turbulent nature of the atmosphere arises for two separate reasons.

0] The points of separation and reattachment of the flow on bluff bodies are affected to alarge extent
by the turbulence in the approaching air stream and consequently the pressure in the wake of the
body is aso affected. Thus even the quasi-static forces and moments acting on a body can be
appreciably influenced by the turbulence in the approaching air stream.

(i) Because of the variations of velocity in turbulence, dynamic forces, in addition to the quasi-static
ones, are exerted on abody immersed in aturbulent flow. These fluctuating forces gain additional
importance if the body is able to respond dynamicaly to the excitation. In the case of large
structuresin the atmosphere, it isnot enough to know how thefluctuating velocitiesvary with time;
the way they vary in space is also important. This meansthat a complete statistical description of
the atmospheric wind is required.
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3.3 The Turbulence Field

Consider the turbulence field as defined by Sketch 3.1. The flow is moving with amean velocity V aong
the x-axis and u(t), v(t) and w(t) are the instantaneous longitudinal, lateral and vertical components of
fluctuating velocities.
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Sketch 3.1

The mean of any gust component is zero since there is only mean motion in the x-direction. The flow
velocity at any point in space is thus a vector quantity which has a magnitude and direction which both
change rapidly with time. Thisvector quantity has a magnitude

_ Y,
[V u)) 2+ Vi) + wi(h)] (3.1)

_ 1 T
where Vo= —J‘ V(t)dt. (3.2)
Tlo

Theinterval T isdefined as the averaging time and the value of V defined by Equation (3.2) is called the
value of wind speed averaged over time T. Ideally, T should be chosen large enough so that the same
value of V would be calculated for any value of T larger than that chosen. In measurements in the
atmosphere, dueto the devel opment or decay of weather systemsor the passage of fronts, thisideal situation
israrely achieved. Many calculations of a quasi-static nature are performed using wind speeds averaged
over short periods of the order of seconds.

The three gust components u(t) , v(t) and w(t) at agiven point are random functions of time (t) and also
vary in space as illustrated in Sketch 3.1. However, there is usually some interrelation between
measurements of a gust component at a point taken at different time intervals and also between gust
components measured at two pointsin space. Theinterrelation, or correlation, decreases asthetimelag or
separation distance between measurements increases.

It is for these reasons that in calculating, for example, the response of large structures in the wind it is
necessary to takeinto account the correlation between gust components at difference points on the structure
to allow for the non-uniform action of gustsin both atime and spatial sense. For ground-based structures
the properties of the longitudina component are the most important but the lateral component does
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