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SUMMARY:

Basing on similarity principles of mechanic phenomena, authorial models of buffeting phenomenon have been
formulated and analysed. The following four issues have been considered: 1. Model of buffeting where angle of wind
attack is not taken into account explicitly; 2. Model of buffeting in which angle of wind attack and static component
of wind action are explicitly taken into account; 3. Quasi-steady theory and quasi-steady analogy of the issue of
buffeting. 4. Problem of validation of model parameters in model tests in the wind tunnel. In the buffeting wind action
models, filtered turbulent components of wind velocity appeared using time averaging, spatial averaging and classic
filtration of convolution type. Using time averaging in measurements is much easier than using spatial averaging. The
first of them seems to be more rational with respect to structures whose cross-sections are prolonged in direction of
wind. The latter seems to be more suitable in the case of compact cross-sections of the structure. Classical filtration is
very convenient from mathematical point of view, especially when measurements and calculations are made in
frequency domain.
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1. SETS OF QUANTITIES CHARACTERISING PHENOMENON OF BUFFETING
FROM DIMENSIONAL ANALYSIS AND THEORY OF MODEL SIMILARITY POINT
OF VIEW

Basing on current experiences and observations of buffeting, the following sets of dimensional
and dimensionless quantities (independent variables, dependent variables, parameters), which are
important for this phenomenon, can be adopted (comp. e. g. Flaga (1994, 1995a, 1995b, 1996) and
see Fig. 1):

1. (X,Y,Z; x.,¥0,2.; x,¥,Z; n,b,s; t} — set of spatial-temporal coordinates, other
dependent quantities can be dependent on them;

2. {W} — set of quantities which are independent on time t, characterising onflowing air in
vertical plane, perpendicular to planes yz and bs, situated in length x, = n, in front of
the structure, adopting that x, = n, = D,, = ¥D, where D — transverse dimension of
cross-section in direction of binormal b; D,, — width of aerodynamic wake; » —number
of order 3;



3.

{G} — set of geometrical quantities which are independent on time t, characterising
geometry of the object (longitudinal axis, contour curve of cross-section, roughness of
external surface of the object, etc.);

{v,’f, vy, vZ’} or {v,, vp} - sets of turbulent components of wind velocity in the surface as
above, dependent on time t;

Wi, wit, wta} — set of components of wind action caused by atmospheric turbulence,

wherein:
=wil(s, t; (P k =nbm (1)

where {P[%} — set of parameters of this action.
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Figure 1. Graphical relationships of different geometrical quantities.

When defining more accurate functional relationships for wind action wi?®, the following
phenomena, which are crucial for analysed issue, should be taken into account:

1.

Wind action wi® is shifted in time by certain time period T,,, Top, T,m With respect to

~ ~ ~ n
turbulent components vy, vy, where: Ty = Top = Tom =T, = 17(n—005) )
—Ito,Y,

Each integration of wind pressure over contour curve of object cross-section is similar to
filter operation (in this case spatial filter) resulting in reduction or elimination of amplitude-
frequency components of higher and higher frequencies in the resultant processes
(i.e. components of wi®). Thus, components of wi® should rather be related to quantities
vy and vy, which are also filtered using different filters. Postulating the following two
types of averaging and filtration in practical applications seems to be rational Flaga (1995a,
1995b, 1996):

Time averaging:

T
t —_

Ver(—1,,0,5; t) = %ftjf v (—n,,0,5; t)dt; k=n,b 2)
2



It is recommended to adopt: T = T,;
e Spatial averaging:
1

Vra(—1y,0,5; ) = i [ v (—ny, b,s; t)dd;k =n,b 3)

It is recommended to adopt: 4 = n, = D,, = #D (i.e. equal to the width of acrodynamic wake);
e C(lassic filtration of convolution type:

Vn(—1,,0,5; t) = [ v, (—n,,0,s; T)hv,r((t —1)dt; k=nb 4)
where: hV;'c (t) —impulse response of the system (filter) F y, On Dirac impulse 6(t).

Each of described integration operations defining quantities vyr, Vg4 and vy, has its
advantages and disadvantages. Using time averaging in measurements is much easier than using
spatial averaging. The first of them seems to be more rational with respect to structures whose
cross-sections are prolonged in direction of wind. The latter seems to be more suitable in the case
of compact cross-sections of the structure. Classical filtration is very convenient from
mathematical point of view, especially when measurements and calculations are made in frequency
domain. In this situation algebraic relationships for respective complex functions of real
variable f are considered. To simplify designations — if it is not necessary to distinguish which
quantity is considered — one symbol v will be used to denote quantities Vir, Via, Vkp.

2. POSTULATED FORM  OF FUNCTIONAL RELATIONSHIPS IN
PHYSICAL/MATHEMATICAL MODEL OF BUFFETING WHERE ANGLE OF WIND
ATTACK IS NOT TAKEN INTO ACCOUNT EXPLICITLY

Taking into account considerations from section 1 it is postulated to adopt the following functional
relationships for components of wind action wi%, wi®, wié:

wie = wit({W},{G}; s ; viy, vhs )ik = n,b,m )

v,’lf = v,’lf(—nO,O,s; t—T,); v{,f = v,’,f(—nO,O,s; t—T,) (6)

Dimensional base of the issue was adopted as: {p,, D,,v,}, where: p, = p — atmospheric air
density; D, = D(s,) — characteristic transverse dimension of object cross-section; v, =
v(—ny,s,) — reference velocity in front of the object. Using generalised theorem m of
dimensional analysis and theory of model similarity of analysed issue (Flaga, 2015), it must be
possible to present above mathematical model of buffeting in dimensionless form, as below:

Wi = W (7). (6): 55 oy, Bty )ik = m b )

3. LINEARIZATION OF THE ISSUE
Since quantities ¥nr and ¥,y are small, function (7) can be expanded into Taylor series,

keeping only linear elements (of first degree) as it follows:



Jw ta d - ta
Wit = ——— 3% ﬁrllfzo Un avbf vnf_ = Ckno " Uns + Ckpo " Uiy )

where:
kno - kno({W} {G} S) Ckbo = kbo({W} {G} S) (10)

are aerodynamic coefficients at buffeting. Dimensionless quantities appearing in above functional
relationships constitute similarity criteria of the analysed issue. The dimensional components of
linearised turbulent (buffeting) wind action wi® can then be written as:

1 o7 1 ~ T ~ 1k
Wﬁa = 2 png (Cﬁtrllovnf + Cnbovbf) - ,07-75 D (Cﬁglvnf C"%vbf (an
wi = zpvo Do(Clgﬁo Uns + C;goﬁ;,f > pvs 2D (Clgg v7,l*f + Cbbvbf (12)
1 , 1 ~ 1k MES
er;l = _vaD ( novnf + Cmbovbf) - _pUS Dz( anvnf + Cmbvbf (13)

2
where: U, = v(—n,,0,s); Dy = D(s).
Dimensional components of mean wind action at buffeting conditions will take the following form:

=P0DChs Wy =3pTDCos W = p DG (14)

Summing up, there are 9 aerodynamic coefficients which are the most commonly determined in
model tests in wind tunnels.

4. FINAL REMARKS

Basing on dimensional analysis and similarity principles of mechanical phenomena, authorial
models of buffeting wind action were formulated and analysed. In this abstract, only basic issues
of the problem were presented.

In the full paper, three additional important problems will be presented and analysed:

e The postulated form of functional relationships in physical/mathematical model of
buffeting in which angle of wind attack and static components of wind action are explicitly
taken into account;

e Quasi - steady theory and quasi - steady analogy of the issue of buffeting;

e Problem of validation of model parameters in model tests in wind tunnel.
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