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ABSTRACT: Nunerical and physical nodelling techniques are
applied jointly to deduce the velocity wind field up to the
net eorogi cal mcroscale in Southern Uruguay. The cal cul at ed
wind velocities in sone points are verified against
neasurenents taken with cup anenoneters.

1. Introduction.

Wnd climte determnation is the comon problem in w nd
power eval uation prograns. The wi nd velocity long tinme series
are known in stations of the weather net. The weather
stations are usually located in sites with [ittle interest
for installation of wind power conversion systems (VWECS). In
Uruguay as in other places, the sites of principal interest
for wind power exploitation are over conplex terrain zones
where nmeasurenents of wind velocity do not exist. Druyan, L.

1985 suggest a sunmary of net hods to deduce the wi nd vel ocity
field. Such methods can be classified in subjective and
obj ective methods. The first one, justified where very scarce
data are avail able, use the observation of tree deformation
or other forest indicators to deduce the wind velocity.
Bet ween the objective nmethods on site direct measuring for
short periods (Barros et.al.,1983), physical nodelling when

some data are known near to the place of interest
(Neal ,D., 1979) and extrapolation of routine mneteorol ogica
data by mass consistent nodels (Endlich, et.al., 1982), cab
be nentioned as well as another method nentioned in

Tonmbrou, M ,et.al., 1990.

The net hodol ogy applied to estimate the hourly wind field in
Sout hern Uruguay up to the neteorol ogical mcroscale uses a
conmbi nation of numerical and physical nodelling. As will be
expl ai ned | ater the nunerical nodel is a mass consi stent code
to solve the mean wind velocity field at 5 to 30 kmsi de nmesh
and the physical nodel allows determining the nean velocity
and the turbulence characteristics of the flow over the
conplex terrain at neteorol ogical mcroscal e.

The field nmeasurenments with which wind nean velocity and
direction used for conparision with nodel results were
obt ai ned, will be descri bed.

2. Nunerical nodel.Method description.

The nunerical nodel used is a nass consistent code. This
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vectors). The results obtained applying the nethodology to
the three or four eigenvectors with higher eigenval ues shows
little difference with the results obtained for all the
ei genvectors. Table 1 shows the nmean velocity values
calculated wusing the three eigenvectors wth higher
ei genval ues and all eigenvectors at different sites.

Fig. 2 shows the nmean velocity field obtained at 30mover the
terrain in the grid nodes with 15km nmesh si ze.

3. Physical nodel.

The physical nodelling was used to solve the wind velocity
field up to the neteorological mcroscale. Thus, it was
necessary to sinulate the Atnospheric Boundary - Layer flow
(ABL) and the terrain.

The ABL was nodelled for "high w nd"

N° of vectors

Site 3 10
C. del Toro 26. 6 27.2
Car acol es 27.5 27.8
Ani mas 24.0 24.6
José |l gnacio 24.0 24.6
Ai gua 23.0 23. 4

Table 1 - Cal cul ated nean vel ocity val ues.

conditions, which nmeant a turbulent, steady, thermcally
neutral and aerodynamically rough flow. The obtained nean
velocity profile was adjusted to a




The characteristic roughness length in the zone to be studied
is 5cm and the heigth of the boundary-layer was initially
estimated in 600m

The nmethod reported first in Counihan, 1969 and later in
Robins, 1979 for ABL sinmulation was used. The physical
nodel i ng was nade in a wind tunnel with a 1.2x1.6x3.6mtest
section. The neasurenents of velocity were nade with a TSI
hot-wi re anenoneter. The nean velocity was calculated from
t he anenonet er indication and the calibration curve. The nean
square root and the power spectral density of the anenoneter
signal was obtained froma spectra anal yzer Hew ett-Packard
3582A. The hot-w re probe was positioned using a four freedom
degrees robot. Fig. 3, 4 and 5 show the nean velocity
profile, intensity of turbul ence profile and the | ongitudi nal
scale length of the turbulence profile. It is wortwhile to
poi nts out that the turbul ence characteristics did not vary
after eight heights of sinulated ABL, as is reported in
Robi ns, 1979, but the nmean velocity profile changed up to 12
hei ghts of ABL simul ated downstream fromthe ABL sinul ation
system Catal do, 1992 gives nore details about this physical
si mul ati on.

The terrain was nodelled to scale 1/6000 as was deduced
bef ore. The nodel s were
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5. Cal cul ation vs. neasurenents comnpari sons.
Resul ts and di scussi on.

Appl yi ng the speed-up factors deduced fromthe physical nodel
to the wind velocity time series obtained fromthe nunerica
nodel ling the wind velocity tinme series was obtained at the
sites where there are field neasurenents. Thus, several
statistical paraneters of these tine series were obtained at
the different sites, specially for the interval of tine with
field neasurenments. The sane statistical paraneters were
calcul ated for the field neasurenents.

Table 2 shows the calculated and neasured nean velocity
val ues. The first one was obtai ned for one year period while
the neasurenents were taken during three to six nonths.

Site Mean cal. Mean neas. Dif.

vel . vel .
(n's) (n's) (9
C. del Toro 27.2 25.8 5.3
S. de Ani nmas 24.6 24.5 0.4
S. de Caracol es 27.8 29.5 -5.5
José | gnacio 24.6 24.5 0.2

Table 2 - Mean vel ocities.

A maxi mun difference of 5.5% can be observed. The change of
sign in the difference can be assigned to different seasonal
nean vel ocity val ue.

Figs. 6, 7, 8 and 9 show the probability density function
cal cul ated and neasured for the Cerro del Toro, Aninmas, José
I gnaci o and Sierra de Caracoles sites. Inthe two first cases
t he cal cul at ed and neasured probability functions present the
peak at the same velocity value, while in José Ignacio site
the measured peak is lower than the calculated one and in
Sierra de Caracoles site the opposite is founded. In all
cases a cal cul ated function snoot her than the neasured one is
observed, which to the elimnation of experinental errors
fromthe cal cul ati ons can be assi gned.

Table 3 shows the energy calculated with the wind velocity
time series cal culated and nmeasured at the considered points
usi ng the perfomance curve of a real w nd turbine.

Site Cal . Meas.
(kw. h/ year)

C. del Toro 773508 853400

S. de Caracol es 724452 1004772

José | gnacio 572904 551442

Tabla 2 - Cal cul ated energy.
7. Concl usions.

The descri bed nethod provides a relatively fast and | ow cost
tool that provides a good estimation of the wnd nean
velocity in conplex terrain regions of interest in the choice

of locations for WECS. This can be deduced from the
nreli mnarv reciilte nrecented 1 n thice pnaner The ntman
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directions of the nodels, which may inply that the speed-up
factors for those directions nmust be assuned.
This met hod provides a fast and | ow cost tool to nake a first
relatively conservative estimation of the available w nd
power in extensive zones of conplex terrain.

8. References.



dimatol ogy, vol. 5, 95-104, 1985.

Endlich,R M, Ludw g, F.L., Bhunral kar, C. M and Est oque, M A."A
di agnostic nodel for estimating wi nds at potential sites for
wi nd turbines", J. Appl. Meteorol., 21, 1441-1454, 1982.

E.S.D.U "Characteristics of atnospheric turbul ence near the
ground. Part I1: single point data for strong wi nds (neutral
at nrosphere)", Item Nunber 85020, 1985.

Harris,|. "Measurenents of wind structure at heigths up to
598ft above ground level", Synposium on Wnd Effects on
Bui | di ngs and Structures Organi zed by Loughborough Uni versity
of Technol ogy Nati onal Physical Laboratory Royal Aeronauti cal
Soci ety, 1969.

Lopez, C. L. "Estinmaci 6n del canpo de vel oci dades a partir de
un nunero insuficiente de datos", 1% Reunién del Gupo de
Trabaj o sobre Hidronecéanica, Division Latinoanerica de la
| AHR, Salto Grande, Marzo, 1992. (In spanish, with english
abstract)

Neal ,D. Wnd flow and structure over Cebbies Pass, New
Zeal and: a conparision between wi nd tunnel sinulation and
field measurenments”, Ph.D. thesis, University of Canterbury,
Christchurch, New Zeal and, 1979.

Robins, A G "The devel opnent and structure of sinulated
neutrally stable atnospheric boundary-I|ayers”, J. of
I ndustrial Aerodynam cs, vol. 4, 71-100, 1979.

Sherman, C. "A mass-consistent nodel for wind fields over
conplex terrain", J. Appl. Meteorol., 17, 312-319, 1978.

Tonmbrou,M and Lalas, D.P. " A telescoping procedure for
| ocal wind energy potential assessnment”, European Conmunity
W nd Energy Conference, Madrid, 1990.



