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Abstract: Towards the analysis of process  uctua-
tion in wind turbine. The basic laws of  uctuation 
and statistical physics propositions are presented. 
The analysis of turbulent wind  ow characteris-
tics is performed. An example of the correlation 
of wind speed horizontal and vertical components 
pulsation is presented. The dependence between 
the  uctuation laws and entropy is determined.
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INTRODUCTION

The  uctuations, i.e. random deviations 
of physical quantities from their average 
values, are one of the main characteris-
tics of the processes occurring in wind 
turbine installations. Quantitative char-
acteristic of  uctuations is based on the 
methods of statistical physics and prob-
ability theory [Ma ahov 1978].

A measure of the  uctuation quan-
tity is its variance 2

x , that is the mean 
square deviation x from the mean x, 

22 2 2
x x x x x , where the 

line on top denotes the statistical aver-
aging. An equivalent measure of  uctua-
tions is averaged deviation x equal to 
the square root of the variance or its rela-
tive value /x x x .

It can be found not only the  uctua-
tions of the quantity xi, but also the cor-
relation between them xi, xk, de  n-

ing the mutual in  uence. Though only 
for statistically independent variables 

0i k i kx x x x . The example 
is correlation of volume and pressure 

V p kT .
Fluctuations are non-equilibrium 

processes. In general, there is a relation-
ship between the  uctuations of physical 
quantities in equilibrium and non-equi-
librium properties of the system under 
external disturbance [Monin 1968].

These propositions can be the basis 
for the study of  uctuations in turbulent 
 ows coming to wind turbine air chan-

nel.

MATERIAL AND METHODS

Existing methods of pulsating measure-
ments make it possible to determine for 
a number of consecutive time points si-
multaneous speed values u  in the hori-
zontal and w  vertical directions.

Figure 1 shows an example of the 
correlation graph, which character-
izes the relationship between the veloc-
ity pulsations u  and w  on the basis of 
measurements at a height of 1.5 m. The 
correlation coef  cient ruw is 0.65. The 
initial speed in a horizontal direction – 
uo = 0.35 m/s.
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RESULTS AND DISCUSSION

Wind  ow characteristics change with 
increasing distance z from the earth 
surface. When z >> z0 turbulence indi-
cators of at the height z will depend on 
 ve variables: z0, 0, 

0

g
T

, u0 and 0

0p

q
c

(where: 0 – density, g – acceleration of 
gravity, T – temperature, u – speed in the 
horizontal direction, q – the speci  c heat 
 ow, cp – heat capacity at constant pres-

sure). The index “0” indicates that the 
value of the above parameters apply to 
the condition z = z0. Since in this case 
there are four independent dimensions: 
length, time, mass, and temperature, for 
the analysis of the phenomenon it can 
be limited (up to a numerical factor) by 

a single parameter, namely the dimen-
sionless complex.

As shown in [Monin and Yaglom 
1965] the dimensionless complex is the 
quantity:

z
L

 (1)

where L – length scale equal:

3
0

0 0p

uL g q
T c

 (2)

comprising parameters 
0

g
T

 and 
0p

q
c .

Dimensionless Kármán constant  is 
introduced in the expression for the pur-
pose of verifying the subsequent calcula-
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FIGURE 1. An example of the correlation graph for the pulsations of wind speed horizontal and vertical 
components
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tions so that L > 0 under stable thermal 
strati  cation, when q < 0.

In the analysis of the processes it 
should be referred to the assessment of 
the entropy production, which can serve 
as a quantitative  uctuation measure.

To do this, we must state the main 
propositions of the thermodynamic the-
ory of  uctuations.

L. Boltzmann having analyzed the re-
lationship between the microscopic en-
vironment behavior and the macroscopic 
thermodynamics laws suggested the re-
lation between entropy and probability 
[Kondepudi and Prigogine 1998]:

lnk W  (3)

where:
k – Boltzmann constant (1.38 · 10–23 J/K);
W – the number of microscopic states 
corresponding to the macroscopic ther-
modynamic state. 
Value W is called the thermodynamic 
probability (proposed by M. Planck) be-
cause, in contrast to the usual probability, 
this number is much greater than unity. 
Thus, Boltzmann introduced the idea of   
probability in thermodynamics – a con-
troversial idea, the true value can only be 
determined with the help of the modern 
theory of unstable dynamical systems.

A. Einstein proposed a formula for 
the  uctuation probability of thermody-
namic variables, applying the idea of   the 
Boltzmann vice versa, while the Boltz-
mann used the “microscopic” probability 
at derivation of thermodynamic entropy, 
Einstein used thermodynamic entropy to 
deduce the  uctuation probability due to 
the following relationship:

/S kP S Ze  (4)

where:
S – the entropy change associated with 

the  uctuation relative to equilibrium;
Z – the normalization constant, which 
provides sum of all probabilities equal 
to one.

To obtain the  uctuation probability 
it is necessary to  nd the associated en-
tropy change. Thus, the main problem 
is reduced to derivation S in terms of 
 uctuations T, p, etc. On the basis of 

the propositions of thermodynamics the 
dependence between the entropy and the 
 uctuations:

2 2

2

,

1
22

2

V

T

i ji

i j j

C T TS
Tk VT

N N
N T

 (5)

where N – number of material moles.
This expression can be rewritten in 

a more explicit form if the derivative if 
the chemical potential is expressed in 
terms of the number of moles. For an 
ideal gas, this can be easily done because 
the chemical potential for component 
k equal:

0 0

0 0

ln /

ln /
k k k

k k

T RT p p

T RT N RT Vp

where p0 – the standard pressure (usually 
1 atm).

After a series of transformations, au-
thors obtain [Kondepudi and Prigogine 
1998]:
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where:
CV – mole heat capacity;
Ni – expressed in moles, when multiplied 
by the Avogadro number we get number 
of molecules Ñi (note that kNA = R).

The calculation of entropy production 
in the given equations is not dif  cult.

Finally, we note that the  uctuations 
are of fundamental importance, limit-
ing the scope of application of thermo-
dynamic concepts of large (containing 
many particles) systems for which  uc-
tuations are much smaller than  uctuat-
ing quantities themselves.

CONCLUSIONS

The analysis of the  uctuations can more 
deeply reveal the physical nature of the 
processes occurring in wind turbine and, 
as a consequence, to clarify the energy 
performance of the installation.

Quantitative evaluation of the main 
system characteristics is determined by 
the value of the entropy production.
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Streszczenie: Kierunki analizy  uktuacji pro-
cesów w silnikach wiatrowych. Przedstawiono 
podstawowe prawa  uktuacji i twierdzenia  zyki 
statystycznej. Wykonano analiz  w a ciwo ci tur-
bulentnego przep ywu wiatrowego. Przedstawio-
no przyk ad korelacji pulsacji poziomych i piono-
wych sk adowych pr dko ci wiatru. Okre lono 
zale no  mi dzy prawem  uktuacji i entropii.
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