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ABSTRACT

The impact of micro scale turbulence wind speed on wind power generation is studied in this paper. The relationship
between turbulence wind components and some key parameters, such as the accumulator effective volume, unit mass
energy storage and state of charge, is analyzed when the micro scale turbulence wind speed is equal to the rated one.
And then, a hydrostatic wind turbine system and its corresponding control method are proposed, which can not only
realize the short-term energy storage, but also keep the wind turbine working under the rated power condition.
Finally, aimed at a 10 kw hydrostatic wind turbine system with an accumulator to implement short-term energy
storage, the simulation analysis is carried out when the micro scale turbulence intensity is 12% of the rated wind
speed. The results showed that the output energy of the hydrostatic wind turbine system with a short-term storage
accumulator is11.3% larger than that of the corresponding system without accumulator.

Keywords: Hydrostatic System, Wind Power Generation, Accutou)éShort-term Storage.

INTRODUCTION

Despite the low efficiency of the hydraulic systefme hydraulic variable speed constant frequencyQWV) wind
turbine system may avoid to use gearbox and poleetrenic devices, and also achieve short-termgyn&torage and
release easily through accumulator, which coulbilita power quality of wind turbined 2. With the continuous
improvement of the hydraulic technology and theleatéon research of its overall competitiveness, lilgdrostatic
wind power technology has attracted wide atteriticthe current world wind power countri&s It is qualified as one
of the hot issues of next generation of wind poteehnology by United State Department of Energjtine 2010
However, recent researches are mainly focusedensyistem controlling and efficiency improvemente Tasearches
about influence of random micro scale turbulentdxépeed on wind power, together with the charasttesiand the
effects of short-term energy storage of accumuadbhydrostatic wind turbine system, are rarelglid. Moreover,
the utilization of accumulator in hydrostatic witutbine system not only improve the quality of wipmlver, but also
is an effective means of expanding the scope oflwimergy, improving the efficiency of wind energydanaking
hydrostatic wind turbine up.

In wind turbine systems, the main purpose of sten energy storage device such as flywheels gmer sapacitor is
to improve the power quality, smooth power flucioias and improve the low-voltage ride-through calitsh> ..
The energy storage of accumulator of wind turbistesm was studied in literature [7], however tharelsteristic and
effect of energy storage of accumulator under remtiobulence wind speed are absent. In additienatttumulator
has been studied on the hybrid vehicles as endoggige device, which mainly recovers the brakingrgyn and
improve the overall efficiency of the engifie

2500



Fuzhu Li et al J. Chem. Pharm. Res., 2014, 6(7): 2500-2507

On the basis of the impact of micro scale turbutewind speed on wind energy output of wind turtsgstem, the
relationship between turbulence wind componentssammde key characteristic parameters is analyzédisrpaper,
when the micro scale turbulence wind speed is eéqubk rated wind speed. In addition, the effét¢tyalrostatic wind
turbine system with short-term energy storage actator is also studied.

EXPERIMENTAL SECTION

1. Impact of micro scale turbulence wind speed on wind power generation

1.1 Model of micro scale turbulence wind speed

Turbulence is a very complex physical phenomenod the wind speed of the spectral gap of wind-vigl@apectrum

is considered to be the micro scale turbulence wgipeked, with the variation period from 30 secorwseaveral
minutes®. Spectral gap may not exist in many cases, bthdémeeds of engineering applications and theaidetic
researches, it is assumed that there is an obgjpestral gap, and that micro scale turbulence wjmekd is the
average wind speed superimposed with a Gaussidomamariable with zero mean, which is expresséed.as

u=u+u (D

where, U is the average wind speed, is the Gaussian random variable with zero meae. standard deviation
could be written agg = Ul , wherel is turbulence intensity.

In order to study the impact of micro scale turbaewind speed on output power and energy storfagind turbine,

the actual or simulated wind speed can be usedac¢tuml wind speed can reflect actual situationenamrcurately,
however it is difficult to measure, and is withautiversality. Therefore, based on the random whitise and the
Kalman Filter theory, a two-dimensional micro sdaidulence wind speed generated by MATLAB is del@as the
research object, the spectrum of which is

— 40—5 I_k /Uhub

1+ 8 )g

hub

(2)

S(f)

where, f is the frequencyl.is the scale of Euler's integral,is wind speedl, ,, is standard deviation, ar§ is
vertical power spectral density.

1.2 Impact of micro scale turbulence wind speeaviord power generation
Assume that the power of micro scale turbulent vépdedP is

1 .3
=— pAu 3
2'0

where is the air density, anél is the rotor swept area.
The expected value of power of micro scale turbuend speedE(P) is

E(P) =% ONT +30E(T2) + 30°E(T) + E(T°)] @

where, E(U) is the expected value of random variables with<si@n distribution. For Gaussian distribution with

zero meanE(0) andE(U°) are both zero, anfE(U*) = g = (T1)?. Then, micro scale turbulent wind speed is
1.12 times the power of the average wind speed heturbulence intensityequals to 20%.

In Figure 1, Figure (a) is the distribution of nccale turbulent wind speed as the average wieddsis 10 m/s and
the turbulence intensity is 12%. Figure (b) isabéput power of wind turbine with the rated powel0 kw, the wind
speed of which is shown in Figure (a).
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(a) Distribution of micro-scalewind speed asthe average wind speed is10 m/s and the turbulence intensity is 12%
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(b) Output power of wind turbine asthe average wind speed is 10 m/s and the turbulenceintensity is 12%
Fig.1 Impact of micro-scale turbulence wind speed on output power of 10 kw wind turbine

When the wind speed exceeds the rated speed, tessewind power is generally removed through véeialich
structure in VSCF wind turbine system to ensuraingnthe wind turbine under rated conditions. khewn in Figure

(a) that there will be some micro scale turbul

entcel speed exceeds the average rated one. Figushdiws that the

theoretical output power of wind turbine shouldliféekw when the rated wind speed is 10 m/s. Howedkheraverage

output power of traditional VSCF wind turbin
10 m/s, that is 11% less than the theoretic

e idpB.9 kw with the action of micro scale turbuleneimd speed of
al vdluean be seen that the micro scale turbulentiias a great

influence on the output power of wind machinetdfig the extra turbulence wind power when turbtigind speed
is more than average value using the accumulatbydnostatic wind turbine systems, while releasivigd power
when it is less, the utilization scope of wind gyecan be effectively expanded and the output pafrerind turbine

can be improved.

The section headings are in boldface capital angicase letters. Second level headings are typedmof the
succeeding paragraph (like the subsection headitigioparagraph). All manuscripts must be in Esiglialso the
table and figure texts, otherwise we cannot publislr paper. Please keep a second copy of your soéptin your
office. When receiving the paper, we assume tletthresponding authors grant us the copyrighséotile paper for
the book or journal in question. When receiving plager, we assume that the corresponding autharg gs the

copyright to use the paper for the book o

r jourimabjuestion. When receiving the paper, we assurat ttre

corresponding authors grant us the copyright to use

2. Short-term ener gy storage scheme of hydrostatic turbine system
2.1 Approaches to acquire the excess energy

The characteristic curve of the torque- rotate dpefeVVSCF wind turbine with different wind speedsshown in

Figure 2.
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Fig.2 Characteristics curve of the torque- rotate speed of wind turbine

Generally, VSCF wind turbine system extract windrgry in the way of maximum power tracking in the s&yment,
and will run with constant torque after reaching tated power of B-point. However, the micro s¢ahbulence in
rated wind speed will affect the output power ofhdviturbine. The hydrostatic wind turbine systemsdnet use
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power- limited hydraulic power electronic converéguipment, thus the wind turbine may run in poliveit mode
which is exceed the B-point when ensuring the gatoein rated power operation.

There are two different ways to increase the outpetrgy of wind turbine, one is to keep torque tamsand increase
rotation speed which is along BD', the other ikdep rotation speed constant and increase torgisd veghalong BD.
2.1.1 Rotation speed increasing while torque istam

The rotation speed of wind turbine is limited bg thlade tip speed ratio which is the main factowiof turbine noise
and generally less than 65 m/s, therefore, the odetitn obtain turbine wind energy through increasitgtion speed
while torque is constant is not considered in f@per.

2.1.2 Torque increasing while rotation speed isstamt
The rated power of rotor is as following,

1 3
P=Taw =§pACp(/1,,8)u (5
where, T, is the rated torquey, is the rated speetlandp are the pitch angle and the blade tip speed rasipectively,
with A = aR/u, andC,(2,8) is the power factor of the wind turbine.

Then the total power output when increasing tonghide rotation speed is constant can be written as
P=Tw+ATw (6)

where,P; is the total power output of the wind turbine, aidis the torque increment.
2.2 Relationship between micro scale turbulencesystem pressure

After ignoring the friction, damping and leakagesdes of the rotor and pump, the following relatvpscan be
obtained according to energy balance,

R=P,+AP=P +ATq S0

where, P,andAP are the rated power of pump and the power incréofemind turbine respectively, witR,=P;. The
hydraulic system pressure will be rose when thguelincreasing while the rotor speed of wind tuekisiconstant.

AP =ApD,@w =(p, - p,)D,@w =ATw (8

where, pandp, are the rated pressure and the system presser¢afjue increasing respectively, dpis the rated
capacity of pump.

By substituting the equations (5) and (6) into eiqui(8), it becomes:
1 _
ApD, @, :E,oACp(,B,/])(u3—u3) (9

By substituting the equation (1) into equation (8§ relationship between system pressure variatiahturbulence
can be expressed as

Ap= 2D1 PAC,{i(T? +30il +307) (10)

pr

3. Relationship between char acteristic parameter s of accumulator and turbulence
3.1 Effective volume
Bohr gas law gives the following equation

p V" = pN, =p.V, =const (1D

where V;. V,andV,, are the volume correspond respectively to the&ipressurp,, the highest pressupg and the
random pressur@, of the accumulaton is the polytropic exponent of gas.
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Effective volumeAV is the amount of volume changed correspondinghéochange of gas pressure within the
accumulator, i.e.,

AV =V, -V, (12)

V,andV, can be obtained from equation (11). By lettisgp,/(p,+Ap) and combining equations (10) and (12),
relationship between the effective volum¥ of accumulator of the hydrostatic wind turbinetsys and the micro
scale turbulence wind speed can be expressed as

1

AV =V,(r-rn) (13)

Figure 3 shows the relationship between the effectolumeAV of accumulator and turbulence comportént
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Fig.3 Relationship between the accumulator effective volume and tur bulence wind components

It can be seen that the effective volume of accamulchanges rapidly when the turbulence compobesit0.2 m/s
with the same initial volume, which is mainly duethat the gas with free state in the accumulaaoimpressed

quickly. Conversely, the volume changes smoothlgmturbulent componend > 1.5m/s. And it also can be seen
that the effective volume decreases as the systtad pressurp, and polytropic exponemtincreases.

3.2 Unit mass energy storage

AssumingE is the total energy stored in the accumulator, thit mass energy storage of accumulator will be
E.=E/(paV,1). After combining equations (10) and (11), it give

+A n
E (p;-_np) (rll _r)
T OV (P )T+ o T

m

(14)

wherepas pors poantpy are the densities of accumulator and its air baggraulic fluid and gas respectively.

The relationship between the accumulator unit neassgy storage and the turbulence componénts shown in
Figure 4.
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Fig.4 Relationship between the accumulator unit mass energy storage and tur bulence wind components

It can be seen that the accumulator unit mass grstogage is essentially independent of multildterdex when the
turbulent componentl <0.1, and only relates to the system rated pres§teegreater the pressure the greater the unit
mass energy storage. It increases as the turbzoemponent increases whénh> 0.1.
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3.3 Charge and discharge of accumulator

Accumulator state of charge (SOC) represents ttie od fluid volume in accumulator and the initiablume of
accumulator. According to equations (10) and (kXan be expressed as

0OC =1-r¥" (15)

The relationship between the accumulator statéafge and turbulence componenbisis shown in Figure 5.

1

T ls ol ncla
gl ) 3\

O _ X=X = = =

0.8

0.6

Nele

0.41-

0.2

0 L L L - L . L . L L
0 0.5 1 1.5 2 2.5~ 3 35 4
Turbulence wind component u (m/s)

Fig.5 Relationship between the accumulator state of charge and turbulence wind components

It can be seen that the accumulator state of chaitbmake up to 40% even when there is small tiebticomponent,

and then increased slowly. Its state of chargeedaes as the initial pressure of accumulator aesysated pressure
increase.

4. Case study

4.1 Short-term energy storage hydrostatic windihgrlsystem

The speed regulating system adopted in currentosyatic wind turbine system is mainly the quariti&atpump-
variable motor systems or variable pump- quantitatnotor systems, the disadvantages of which élexted in large
overflow losses, low system response, limited spaede'**?. Therefore, according to the method to obtain more
energy by torque increasing while rotation speetbisstant, and the requirements to run the gerrevatter rated
conditions, the structure of hydrostatic wind tadsystem with short-term energy storage is showigure 6.
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Fig. 6 Short-term storage ener gy structure of a hydrostatic wind power generation system

When the wind speed is higher than the rated nsicate turbulence wind speed, the valve C is tuomedhile valve
B disconnected, meanwhile, the wind turbine wilkgehe speed constant and increase torque to abtaie wind
energy until the accumulator is full of energy,which the function of reducing valve is to ensune power of
hydraulic motors constant. On the contrary, whenviind speed is lower than the rated wind speedaticumulator
will release energy. When the inlet pressure ofucety valve reaches to the rated pressure, valusilBbe
disconnected while valve C turned on, then theesgstunning normally.

4.2 Control strategy

When the average wind speed equals to the ratedlmeynamics equation of hydraulic pumps and wiracthine
can be expressed as following

T.@ -D,p, =J,& +By (16)
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where T=T,+AT=P/w;, J; is the sum of rotational inertia of wind turbimedgpump, andB is the damping coefficient
of the torque. By substituting the equation (5piatjuation (16), the equation becomes:

o = L[@R
* D, 24

PAC, (A, B) - ) - B ] (1

In order to ensure the rotate spegdonstant, it is only needed to control the hydcasyystem pressum to track the
changes of turbulent wind speed.

4.3 Simulation results

A wind turbine system with the power of 10 kw i®pted in this case study, the main technical patermef which
areR=4m. ©,=200rpm P,=10kw. U =10m/s D,=628cc/rev, length of pipe2m, diameter of pipd=25mm, the
volume of accumulatov;=40L, nominal pressupg=20MPa J=8kg.nf, B= 0.019Nm/(rads™), p=1.25kg/ni.

Figure 7shows the distribution of micro scale wspgked within 600s as the turbulence intensity & ¥hd the
average wind speed is 10 m/s.
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Fig.7 Distribution of wind speed asthe turbulence intensity is 12% and the average wind speed is 10m/s

The Comparison of output power of wind turbinedwahd without accumulator is shown in Figure 8
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Fig. 8 Comparison of output power of wind turbineswith/without accumulator

Thanks to the short-term energy storage of accuowlthe output energy of hydrostatic wind turb&estem is
approximately 4.06x106J with accumulators, whilewth3.6x106J without accumulators. So the energsedtby
accumulator is about 4.6x105 J. The output enefgfyeohydrostatic wind turbine system with accunadas 11.3%
larger than that of the corresponding system witlacaumulator.

CONCLUSION

1) Micro scale turbulent wind speed is 1.12 tinfessgower of the average wind speed when the tunbalmtensity |
equals to 20%, that is to say that the micro sealaulent wind has a great influence on the wintine system.

2) The relationship between turbulence wind comptsmand some key performance parameters of acctonima
hydrostatic wind turbine system, such as the dffectolume, specific energy and state of charggivien when the
micro scale turbulence wind speed is equal todkedrwind speed.

3) A hydrostatic wind turbine system with the shierm energy storage accumulator and its correspgrabntrol
method are proposed. The results showed that ttputoenergy of the hydrostatic wind turbine systetth a
short-term storage accumulator is 11.3% larger thahof the corresponding system without accuroujathen the
initial volume of accumulatoy; equals to 40L and the turbulence intenbigguals to 12%.
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