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Abstract. This paper aims to highlight the influence of wind turbulence on wind power potential.
In order to achieve this objective the energy flow rate is computed as the ratio of the average flow
to the energy flow based on average speed calculated for averaging time values that correspond
to weeks, months, seasons, semesters and one year. In other words, the energy flow rate is deter-
mined on different turbulence macro-scales. The paper highlights the influence of wind turbulence
on energy potential increase. The originality of this study lies in the fact that simple engineering
calculations do not take into account the influence of turbulence on wind power potential. From the
results we obtained, the following conclusions can be drawn: the maximum average speed depends
on the averaging time, the higher the speed the lower the averaging time which is consistent with
the theory; power flow coefficients C are all > 1 which leads to the conclusion that the average en-
ergy flow is greater than the energy flow computed using the average speed for the averaging times
values used in the study (day, week, month, season, semester, year), i.e. turbulence macro-scales
(with averaging times greater than 12 h according to as Van de Hoven) (@yw, [(Capiay (Coedyear
(Cronyear (Coason)yen (Coomester)year)s the coefficients have values that range between (3.13 ... 1.93)
which is consistent with the theory; it should be noted that the available measurements only allowed
an analysis of the macroturbulences influence has the greatest contribution to the increase in the
annual wind energy potential, much higher than the contribution of the winds microturbulence as
the latter coefficients are considerably smaller.
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AIMS AND BACKGROUND

Natural wind, for a given average time of its local velocity, can be different local
adimensional turbulence intensities, i.e. by different root-mean-square speed pulse
values the RMS speed'. When computing wind energy potential the annual average
energy flow plays a particularly important role. The sampling time is influenced
by the wind speed, and consequently by averaging time>'!.

* For correspondence.
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If T'is the averaging time, the time average local wind speed can be written as:

U=%£U(t)dt, (1

where U is the instant local velocity which is equal to the sum of the average local
speed and the pulsation speed as follows:

U=TU+U @)

It should be noted that the average temporal pulse velocity is 0, i.e.:

U= iT.([U'(t)dt: 0 3)

because speed pulses are either positive or negative around the average U value.
Therefore, in order to determine the average pulse velocity in time interval 7
the root-mean-square is used, i.e. the RMS velocity:

s = (U2 )
which shows the average pulse velocity. Dividing RMS velocity by average speed,
the local turbulence intensity is obtained:

1= U, /U= (U)"T (5)

which expresses the average value of the pulsation speeds in relation to the aver-
age speed both of which are local and computed for the same averaging time 7.

Given that pulse speed is the difference between instantaneous speed and
average speed:

U=U-T (6)
and by substituting the expression (6), in equation (3) of the pulse temporal aver-

age speed U, the following relationship is obtained:

U=Lf(v-O)a=0 ™

0

The average energy flow for the same time period T'is proportional to the U?
and considering equation (2) has the expression:
— T J— — —_— —_— —_— — —_—
U3:lTJ.(U+U')3dt:U3+3U2-U'+3U-U'2+U'3 ®)
0

As U' =0, and because 3U U” # 0 for U”? # 0 and given that U” # 0 only if
the probability distribution of U’ is symmetrical, equation (8) becomes:
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By determining the ratio of the average energy flux P and the power flow
computed using the average speed UP, the following equation is obtained:

v Ut Ut

:3=1+3_—2+ — (10)
U u U
where U/T2 is the turbulent intensity /.
This energy flow ratio can be noted as coefficient C, i.e.:
C=U}F=1+3P+U? (11)

where the last two terms represent the contribution of turbulence to the size of the
average energy flow. The energy flow ratio expressed as the coefficient C strongly
depends on strong integration time 7, i.e. on the averaging time'2.

RESULTS AND DISCUSSION

This paper used complex data that consisted of a large number of wind speed meas-
urements made over one year, every 6 h. For a comprehensive analysis in terms
of climatic characteristics it can be used remote sensing and GIS technologies.

Firstly, the distribution of the velocity U considered to be instantaneous was
plotted in Fig. 1, but computed as a temporal average over a time period equal
to the averaging time of the employed anemometer and with a 6-hour sampling
period. The energy flow U was computed and its distribution throughout the year
was plotted as well (Fig. 2).

1 91 181 271 361 451 541 631 721 811 901 991 1081 1171 1261 1351 1441

hours

Fig. 1. Instantaneous speed distribution throughout the year
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Fig. 2. Distribution of energy flow throughout the year

For the entire data set, we determined the two flows of energy U3 and UP for
different averaging times T, i.e. days (_ 3) (Flg 3), weeks (U, .2 U, .0
(Fig. 4), months( U3 (Fig. 5), seasons( (eason » U_,...°) (Fig. 6) semesters
(Fig. 7) and for the whole year (U vear > Uyear) (Fig. 8).

( semesler s semester )

day (m/s)
=

U

1 31 61 91 121 151 181 211 241 271 301 331 361 1 31 61 91 121151181 211 241 271 301 331 361
days days

3 (33
Uday (m°/s”)
day)year

1 31 61 91 121151181211 241 271 301 331 361 13 61 91 121151181211 241 271 301 331 361
days days
Fig. 3. Distribution of U, , U, 3, U

sy Uiy ® ddy3 throughout the year and the annual average value ( ddy)

year
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C coefficients were determined for each day, week, month, season, semester
and year as the ratio of energy, after which these coefficients average value were
determined for the entire year, as follows:

— for the days: C,, = U, 3/U ;> and (C Coy)
—for weeks: C, , = U, 3/U s and (C

week week eek)year’
_ 3
for months: Cmonth U 3/U

month momh3 and (
—forseasons: C.___=U.__3U._ 3and (C

season season season season)year’

— for semesters: C =U__3/U 3and (

semester semester semester

— for the entire year: C._ =U_3/U__ 3 and (E‘an)

year year year

Based on these calculations distributions over the entlre year plotted, for U,
for UB, for UP and for C whlle also marking the annual average Values of coeffi-

cient, (C)year,le [U day? day, 3 (Cd ] for days (Fig. 3), [U. u. 3

gL)year week? week > “week ?
(€ o)) For weeks (Fig. 4). [ 40 Uy Vo> (Cop), ] for monihs (Fig,
35), [U. eason® U, o Useasmf, Ceason)year] TOT scasons (Fig. 6) and [U cemester® Usememf,
U, esiors Csemester)year] for semesters (Fig.7).

The maximum average speed is a function of averaging time 7, and increases

as the averaging time decreases which is consistent with the theory (Fig. 8).

year?
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Fig. 8. Variation depending maximum average speed (U)__over averaging time T

max
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All energy flow C coefficients are > 1 which leads to the conclusion that the
average energy flow is greater than the energy flow computed using the average
speed (Fig. 9).

35 1 (O,
3.0
2.5
;i 2.0 scales of turbulence
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1.0
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T
Fig. 9. Variation of energy flux coefficients annual average values (E’)year depending on averaging
time T’

CONCLUSION

From the results we obtained, the following conclusions can be drawn:

— the maximum average speed (U)max is a function of averaging time 7, and
increases as the averaging time decreases whuch is consistent with the theory

—all energy flow C coefficients are > 1 which leads to the conclusion that the
average energy flow is greater than the energy flow computed using the average
speed (UF > U; C > 1);

— for the considered averaging times (day, week, month, season, semester,
year), i.e. turbulence macro-scales (with averaging time greater than 12 h, ac-
cording to Van der Hoven), the coefficients (E‘)yw, [(aay) iz (E)yw, (m)yw,
(Coason)year (Coemesier)year] have values that range between (3.13 ... 1.93), which is
consistent with the theory;

— it should be noted that the available measurements only allowed an analysis
of the macroturbulence influence that has the greatest contribution to the increase
of the annual wind energy potential which is much higher than the contribution of

the wind microturbulence, as the latter (E’)y coefficients are considerably smaller.

ear

Acknowledgements. This work was performed as a part of research supported by the project
COSMOMAR No 58/2013, financed by STAR Program of ROSA, and the project ECOMAGIS No
69/2012, financed by UEFISCDI PN-ITPT-PCCA-2011-3.2 1427.

REFERENCES

1. R.B.CAL,J. LEBRON, L. CASTILLO, H. S. KANG, C. MENEVEAU: Experimental Study
of the Horizontally Averaged Flow Structure in a Model Wind-Turbine Array Boundary Layer.
J Rene Sustain Energ, 2, 013106 (2010).

547



2. T. MUCKE, D. KLEINHANS, J. PEINKE: Atmospheric Turbulence and Its Influence on the
Alternating Loads on Wind Turbines. Wind Energy, 14 (2), 301 (2010).

3. I. van der HOVEN: Power Spectrum of Horizontal Wind Speed in the Frequency Range from
0.0007 to 900 Cycles per Hour. ] Meteorology, 14, 160 (1957).

4. M. DEGERATU, A. M .GEORGESCU, N. I. ALBOIU, G. BANDOC, C. I. COSOIU,
M. GOLUMBEANU: Turbulent Structure of the Wind Flow and Wind Tunnel Tests Achieved
for Atmospheric Contamination Modelling. J Environ Prot Ecol, 14 (2), 405 (2013).

5. G. BANDOC, M. DEGERATU, A. M. S. FLORESCU, E. DRAGOMIR: Variance Analysis of
Wind Characteristics for Energy Conversion. J Environ Prot Ecol, 14 (4), 1760 (2013).

6. G. BANDOC: Wind Potential on the Romanian Black Sea Coast. Publ. House MatrixRom,
Bucharest, 2005 (in Romanian).

7. M. DEGERATU: The Atmospheric Boundary Layer. Publ. House, Orizonturi Universitare,
Timisoara, 2002 (in Romanian).

8. I. FYRIPPIS, P. JAXAOPOULOS, G. PANAYIOTOU: Wind Energy Potential Assessment in
Naxos Island, Greece. Appl Energ, 87 (2), 577 (2010).

9. A.M. S. FLORESCU, G. BANDOC, M. DEGERATU: Analysis of Environmental Characteris-
tics and Operational Reports of Small and Medium Turbines. Appl Mech Mater, 178-181, 973
(2012).

10. A. M. S. FLORESCU, G. BANDOC, M. DEGERATU: Energy Efficiency Evaluation of Wind
Energy Based on Energy Reports. Adv Mater Res, 1008—1009, 188 (2014).

11. C.ILIE,M. LUNGU, L. PANAITESCU, M. ILIE, D. LUNGU, S. NITA: Simulating for Predict-
ing the Hourly Dew Pont Temperature Using Artificial Neural Networks. J Environ Prot Ecol,
15 (3), 1101 (2014).

12. M. DEGERATU, A. M. GEORGESCU, G. BANDOC, N. I. ALBOIU, C. I. COSOIU,
M. GOLUMBEANU: Atmospheric Boundary Layer Modeling as Mean Velocity Profile Used
for Wind Tunnel Tests on Contaminant Dispersion in the Atmosphere. J Environ Prot Ecol, 14
(1),22(2013).

Received 21 January 2016
Revised 7 7 March 2016

548



