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Abstract. The simulation of the air flow over models in atmospheric boundary layer
tunnels is a research domain based on advanced scientific technologies imposed by the
necessity of studying the turbulent fluid movements in the proximity of the Earth’s
surface. The experiment presented herein is developed in the wind tunnel from the
Laboratory of Structural Aerodynamics of the Faculty of Civil Engineering and Building
Services in lassy. Measurements necessary for the determination of the turbulence scales
of the wind action in urban environment were conducted. The data obtained were
processed and analyzed and interpreted with specific software. The results are used for a
synthesis regarding the scales of turbulence of the model of flow and the actual accuracy
of measurements. The paper presents some of the important elements of this synthesis.
Key words: wind tunnels, atmospheric boundary layer.

1. Introduction

Due to the extension of the world wide programs of testing on models
in atmospheric boundary layer tunnels, the modern codes for designing to wind
actions, among them Eurocode 1 being a good example, are able to asses in a
highly accurate degree the various effects of these actions. Some different
models of turbulent flow are now used in numerical simulations, but during the
research studies these simulation are validated by tunnel testing measurements
of the parameters integrated in the computation. High standards of the quality of
the flow inside the tunnel are of capital importance in the pursuit of reliable data
obtained via measurements. The simulation of a good flow is mainly
characterized by spatial uniformity of velocity and pressure along with
temperature steadiness and for this reason some quality indicators of the flow
are essential/l/. Insuring the flow quality in an existing wind tunnel not only
asses the impact of the design modifications but also sets optimum conditions
for further numerical simulations of the air flow in atmospheric boundary layer
tunnels. The spatial symmetry of the blow is put in evidence by velocity vectors
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parallel to the testing section line having a horizontal direction and constant
magnitude and in the same time, lateral uniformity of the flow in the empty test
section [2]. Reliable simulations in atmospheric boundary layer tunnels must
respect laws consisting in a correct growth of the boundary layer and a good
matching scale of modeling. Mean velocity profiles, turbulence profiles, power
spectra and finally integral scales of turbulence give essential information on
the fidelity of the model.

2. Experimental Conditions

2.1.Laboratory tests

The simulation of the growth of the boundary layer depends on the
geometric characteristics of the wind tunnel, and many discussions were
dedicated to when and how part-depth or full-depth simulations are sufficiently
accurate to model the wind action for different terrain roughness levels and for
different geometric and time scales [3]. It is then most important that during the
modeling stage a way of estimating the scale factors independently of the
simulated layer thickness must be found. Checking the fluctuating parameters of
the simulation to be linearly scaled to the atmospheric data is a valid technique
for both part-depth and full-depth simulations.

Test section centre plane

Test section centre line

Fig. 1. — Flow inside an ABL tunnel: a- symmetry of the flow in the cross
section of the tunnel/1/, /2/; b- inside view along the wind tunnel with a
model of the building immersed in the boundary layer

In the Laboratory of Building Aerodynamics from the Faculty of
Construction and Building Services a great number of tests had been run during
the last decade, all of them in the wind tunnel SECO 2, an open circuit tunnel
with a testing section of 1.4x1.4 m and 10 m length, able to reproduce the wind
action in atmospheric boundary layer conditions.
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2.2.Basics of Theoretical Analysis

The turbulence of the air flow is described by instantaneous wind speed
as a function of space and time; three-dimensional expression of this function
discarding the mean and the fluctuating component will look like

u(x,y,z,t)=U(x,y,z)+u'(x,y,z)
(D) v(x,y,z,t)=V(x,y,z)+Vv'(x,y,z)
w(x,y,z,t)=W(x,y,z)+w'(x,y,z)

where the mean values of the projections U, V, W are the result of
averaging on a certain interval of time the wind speed, respectively the
fluctuating components (velocities) which describe the turbulence of the speed.

The turbulence scales of the instantaneous wind speed are the measure
of the representative dimensions of vortices induced by the turbulence inside the
mean stream of the flow. Their importance lies in the fact that they describe
most clearly the dimensions of the turbulent eddies which “wrap” the obstacle-
in our case the building at a certain time.

The determination of the turbulence spatial scales starts with the
computation of the correlation functions of the fluctuating components, so they
may be longitudinal, transversal and vertical. In general the characteristics of
the flow are well defined if the inter correlation functions are determined for the
mean stream wise components longitudinally and transversally. The correlation
in time is determined with the known relationships

po (1) =t (0
@) T O ) ()

T
R, (v)=u,(t)-u,(1+7) =zimm%jui (t)u, (¢+7)dt
0

where the second expression represents the covariance function of the process
u(t) determined by measuring it in two different points in space at the difference
of time 7. According to Taylor’s hypotheses [7], inter-correlation between any
of the fluctuating parts discarding wind instantaneous speed measured in two
points and separated by the distance Ax in the direction of the flow is equal with
the auto-covariance determined for the period 7 = Ax/ U. , that is in the plane

situated at the same altitude from the ground level, the following relationship
defining this:

3) u(x)u;(x+Ax)=u;(t)-u,(t+7)ie. U.<<u
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If the hypotheses of homogeneity and isotropy of the flow are taken into
account, then the inter correlation functions as described above are independent
in space and in the orientation of axes (directions). The inter-correlation
functions give information concerning the dimensions of the wind gust in the
direction of wind action.

The existence of mean values of the wind speed inside the turbulent
flow has the following explanations: in a certain point, 7, the turbulence has a
certain periodicity in time and after a certain period the phenomenon repeats
itself in space.

These two conclusions are those on which we rely on for the
determination of the turbulence scales in time and space. The turbulence scales
define more or less a frequency of the gusts of wind dynamic action.

The integral length scales correspond to the spatial nature of the wind
action, longitudinal, lateral and vertical scales

L = Ipu,_u{. (Ax,0,0)d (Ax),
4) ; .,
L, = J-pu;u:- (0,Ay,0)d (Ay); L. = [ p,., (0,0,Az)d (Az).
0 0

u;u;

The most important of these three is the longitudinal scale, the other two being
practically its derivatives and as the integral time scale of the turbulence may be
analytically defined with the following formulae:

5) A=, (o).
0

According to Taylor’s hypothesis previously announced the longitudinal scale
of turbulence may be expressed with the help of the integral time scale and the
mean wind speed value in the stream wise direction, namely:

(6) L =U-A;

Studies developed for the determination of the turbulence scale both at
natural scale (these ones not so numerous) and in laboratory by modeling the
wind flow in the atmospheric layer, produced some so called empirical
relationships, one of the best acknowledged being Davenport’s one:

(7) A, =0.084.2 [s]
Mo

where: L is the longitudinal scale of the in-wind speed, according to Davenport
equal with 120 m and to Harris equal with 180 m; U, 10 18 the mean wind speed.

The integral longitudinal length scale is determined with the relationship:
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(2)

10

®) L. =151 [m],

Between this scale and the lateral and vertical scales of the in-wind
component of the speed, respectively there the following approximate
relationships were set:

9) L' ~0.3L ;7 ~0.5L

Until now the influence of the terrain roughness on the length scales is
proved only for the longitudinal scale, the other two seem to increase with the
height inside the boundary layer.

This paper focuses on the scale of turbulence or the length scales,
because more than other data, they may provide indirect information concerning
the real scale of the flow in the tunnel, regardless of the simulated depth of the
boundary layer.

2.3.Data Acquisition

The instantaneous speeds in two points simultaneously was made both
longitudinally and transversally in order to use the data for the analysis
(sampling rate of the wind speed data is 0,02 sec). Computer aided programs
have been developed under MATLAB and graphs have been plotted for mean
speed profile and turbulence intensity. A constant power law coefficient of o =
0.3...04 and a maximum turbulence intensity 20...22 % were obtained,
matching the model of typical urban exposure.

The data obtained from the measurements with two probes were
processed for the determination of the real scale of the flow in the tunnel,
regardless of the simulated depth of the boundary layer. Inter-correlations and
auto-correlations were determined in a horizontal plane placed at 15 cm above
the floor of the tunnel. One set of graphs was plotted for the longitudinal
direction starting from the test area and finishing at 55 cm along the tunnel. The
other set was plotted for the transversal direction, both sides the center of the
test area covering a 70 cm span.

3. Results and Discussions

After the determination of At from autocorrelations at 15 cm height
above the floor level, a very constant value of 28...29x10~ s was obtained from
both longitudinal and transversal measurements. In conclusion:

a) comparing the length scale in nature (rel. (5),...,(7)) with the scale
obtained in tunnel a 1:200 modeling scale was considered to match;

b) from the data extracted at 15 cm the length scale of the vortices
was determined to be 5 cm, confirmed by the perfect correlation in the graphs
from Figs. 3. (a), (b);
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Fig. 2. — Inter-correlation of instantaneous wind speed values in
laboratory at 15 cm above the level: a — longitudinally; b — transversally.
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Fig. 3. — Inter-correlation functions described by the relevant interval of
time: a, b — in the longitudinal direction; ¢, d — in the transversal direction.
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c) inter-correlations coefficients stream-wise show a delay of time of
about 0,15 s sequentially observed from 5 cm to 55 cm, which would produce
an integral length scale of 0,33 m; this result compared with the length scales
observed at 25 m height, for the urban terrain exposure presented in literature,
matches again with a modeling scale of 1:200.

d) transversally it was observed that the time of delay is about 0.05 s
producing a lateral length scale of 0,11 m which is in accordance with the
relationship (8).

4. Conclusions

Controlling the flow characteristics of atmospheric boundary layer
during the simulations in wind tunnels is essential for the quality of the
acquisition of data and hence, for the reliability of the results. The experiments
presented in this paper along with the refinement of the measurements
technique through experimental research show coherent results towards insuring
and controlling the accuracy of the model of wind speeds inside the tunnel. A
scale of about 1:200 of time and dimensions is found to be rather well defined
in the test area suggesting that a scale under this value for larger models of
buildings is not advisable.
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VALIDAREA MASURATORILOR DE VITEZE OBTINUTE PRIN MODELAREA
ACTIUNII VANTULUI IN TUNEL AERODINAMIC CU STRAT LIMITA
ATMOSFERIC

(Rezumat)

Lucrarea prezinta aspecte ale unui studiu in tunel aerodinamic cu strat limita atmosferic
destinate obtinerii datelor cat mai complete privind campul de viteze instantanee al
curgerii aerului peste o expunere de tip urban.

In paralel cu analiza mai amanuntitid a simetriei curgerii in tunel SECO 2 din cadrul
Laboratorului de Aerodinamica a Constructiilor de la Facultatea de Constructii si
Instalatii Iasi, studiul s-a concentrat pe determinarea scarilor de lungime si temporale
ale miscarii turbionare spatiale a vantului. Analizele si sinteza rezultatelor sunt trepte ce
conditioneazd determinarea unor scdri corecte de modelare a interactiunii vant-anturaj
construit cat si a unor valori realiste ale coeficientilor aerodinamici de presiune pe
suprafata machetelor unor diverse constructii.



