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Dynamic calculation of an optimum arrangement of rotary
wind turbines on floors of a compact multystoried wind farm

In view of the deterioration of the ecological situation on the planet Earth and decreasing feedstock
for conventional sources of energy it has recently become urgent creation of non-traditional, non-
polluting and renewable energy sources. Many farms of the Republic of Kazakhstan are interested
in use of autonomous sources of electric energy and, first of all, the energy of a stream of wind
which is available much in the most part of our country. It is generated by a variety of reasons —
and remoteness of some farms from system of power supply, and forwarding character of certain
consumers, and, at last, simply deficiency of the electric power in the republic and therefore
desire to leave from tactical and market whims in distribution of fuel and energy resources. In al-
Farabi Kazakh National University we have offered a compact multystoried wind farm (CMWF)
representing a multystoried design on which floors wind turbines of various type of the small
power settle down. For performance of conditions of compactness of CMWF it is necessary to
define minimum possible (optimum) distance between three wind turbines on internal floors of a
wind farm for free passing of a wind stream. For the solution of this task packages of application
programs of Autodesk family have been used.

Key words: multi-storey wind farm, "Baiterek" , wind turbine Darrieus type, optimal location,
CMWFEF, Autodesk.

Kynak6aes T., Hurmeros /1., Typexanosa B.
JAunHaMudyeckuii pacdeT OoNITUMAJIILHOTO PACHOJIOXKEHUsI KapyCeJIbHBIX
BETPOTYPOUH Ha 3Ta’KaX KOMIIAKTHON MHOTO3Ta>KHOM
BETPO3JIEKTPOCTAHIINN

B Bumy yxyjieHus 3K0JIOTMIECKOH 0OCTAHOBKY HA IIJIAHETE 3eMJIsl ¥ MOHUKEHUEM ChIPHEBBIX 3a-
[IACOB JIJIs TPAJUIIMOHHBIX UCTOYHUKOB SHEPIUU B ITOCJEHEE BPEMsT CTAHOBUTCS aKTYAJBHBIM CO-
3/IaHUE HETPAIUIUOHHBIX, SKOJOTUIECKNA YUCTBIX ¥ BO30OHOBJISIEMBIX UCTOYHUKOB dHEprun. MHO-
rue xozsificrBa Pecriybiinku Kasaxcran 3auHTEpecOBaHbI B MCIIOJIb30BAHUN ABTOHOMHBIX UCTOYHI-
KOB 3JIEKTPUYIECKOIl SHEPTUH W, IPEXKJEe BCErO, SHEPIUU IIOTOKA BETPA, MMEIOIIelicss B M30bITKE B
GOJIbITIEH YaCTH HAIEH CTPaHBl. DTO MOPOXKIEHO PSJIOM MPUYUH — U OTJAJEHHOCTHIO HEKOTOPBIX
XOBSIMCTB OT CUCTEMBI JIEKTPOCHAOKEHUSI, U IKCIEIUITHOHHBIM XapAKTEPOM OTJIEIbHBIX TOTpeOU-
TeJieil, M, HAKOHEI, IIPOCTO JEMDUITUTOM JIEKTPOIHEPIUU B PECIYyO/IMKE, U IOTOMY KeJIAHUEeM YHTH
OT KOH'bIOHKTYPHO-PBIHOYHBIX KalIPU30B B PACIpee/leHNH TOILINBHO-9HEPreTUIeCKUX Pecypcos. B
Kazaxckom HalmoHaIbHOM yHUBepcUTeTe UM. ajib-Papabu HaMU IPeJJIoyKeHa OPUTHHAIBHAS KOM-
nakTHas MHOrosraxkuag erpodekrpocranius (KMBYC) npencrasisiomas coboii MHOrosTazK-
HYIO KOHCTPYKITUIO, Ha 3TaXKaX KOTOPOIl pacrosaraioTcst BETpOTYPOUHBI PA3IUTIHOTO TUIA HEOOJIb-
ot momHOCTH. [j1st BeImosTHEHUS yesoBuit Komnaktaoctn KMBYC nHeobxomumMo ompeaesinTs Mu-
HUMAJIbHO BO3MOYKHOE (ONTHMAJILHOE) PACCTOSTHIE MEXK/Ly TPEMsl BETPOTYPOMHAMY HA BHY TDEHHHUX
9TaXkaxX BETPO3JIEKTPOCTAHIUNH JIJIsi CBOOOIHOIO IIPOXOXKJIEHWsSI BETPOBOTO MOTOKa. Jljis1 perneHust
9TOil 3a/1a4u OBLIN UCIIOJIB30BAHBI IAKETHI IPUKJIAIHBIX TporpamMM cemeiictBa Autodesk: Inventor
u CFD Simulation.

KuroueBbie cjioBa: MHOro3TaXKHasi BeTpodjieKTpoctanius, "Baiirepek" , Berporypbuna Japbe,
onruMasbHoe pacrosioxkenne, KMBYC, Autodesk.
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Kynak6aes T., Hurmeros /I., Typexanosa B.
KenkabaTTh! >KeJI13/1eKTPOCTAHIIUSIHBbIH, Ka0aTTapbIHIA KapyceJib TUIITI
JKeJTypOuMHAIAPALI TIMMAI OPHAJIACTBIPY JAUHAMUKAJIBIK, ecebi

DKOJIOTUSLIBIK, YKAFIANIBIH KY/IIbIPAYMEH XKoHe MIIUKbI3aT KOPBIHBIH TYCYIMeH OYKIiJI 9JIeMJie COHFbBI
Ke3Jle 9JIeTTi 9Heprusd Ko3i OPHBbIHA SKOJIOTUSIIBIK Ta3a KoHe KaHAPTHUIATHIH SHEPrUus KO3iHi maii-
Jajiany e3eKTi 6osbin Tabbuiansl. Kazakcran PeciryOmKachIHBIH KOIITETeH APy allaJbIKTAPbIHIA
ABTOHOM/IBIK, SJIEKTPJIIK KO3iH KOJIIAHY 9CEPiHiH MAaHBI3IbLILIFLI OCIT KeJte i, OipiHImiten, o MeM-
JIEKeTIMi3/IiH, KeITeren OOJIiriHe apThIKIIBLILIFE 6ap YKeJl aFbIMBIHBIH dHeprusichl. by 6ipkaTap
cebenTepMeH TYBIHJIAJFAH — OipIiaMa, IapyalllbLIbIKTAPbIHBIH 9JIEKTPMEH Ka0JIbIKTay KyiieciHeH
aJIIAK, OPHAJIACYBIMEH YKOHE Je YKEKeJIeTeH TYTHIHYINBIFa, KapanalbiM 3JIEKTP KYATBIHBIH YKeTic-
[eyIIiIirine, JKary-9HEepPreTUKa PecypPCTapblHAH KOHBIOKTYP-0a3a/IbIK, KyOBLIBICTAPBIHBIH ©3repyine
GaitianpicTel. O-Papadbu arbingarbl Kazak yiITTBIK yHUBEpCcUTeTiH e 613 KOIMKAOATTH KOHCTPYK-
UsiaH KypacThipbuiral »kemasekrpocrannuschin (KKZKIC) yebHapiK, opbip KabaTTa MmarbH
KyaTThl opTypJii Kearypounanapbl opHasackal. KK2KDC-TeIH KUHAKBI MIApTTAPBIH OPBIHJIAY
VIIiH, KeJI3JIEKTPOCTAHIIUSICHIHBIH, IMTKI KabaTTapblH/Ia, YKeJI aFbIMBIHBIH TEriH OTyiHe, VI XKeJ-
TypOUHAIAPBIHBIH APACHIHIAFBI KANIBIKTHIK, HIKTUMAJIBIH [IIAMACKHIH (eH KOJIANIIbI) AaHbIKTAy KAasKeT.
Byt ranceipmansr mrerry yiria, Autodesk: Inventor xkorne CFD Simulation kosman6asibr reoakma-
paTThl H6armapIaMaIapbIHbIH KUBIHTHIKTAPHI KOIJAHBLIFAH.

Tyitin ce3aep: kenkabaTThl kemdekTpoctanius, "Boiirepek" | lapbe kearTypbunachl, TuimM i
oprasiacTeipybl, KK2K9C, Autodesk.

1 Introduction

In view of the deterioration of the ecological situation on the planet Earth and decreasing
feedstock for conventional sources of energy it has recently become urgent creation of non-
traditional, non-polluting and renewable energy sources. Many farms of the Republic of
Kazakhstan are interested in use of autonomous sources of electric energy and, first of all,
the energy of a stream of wind which is available much in the most part of our country. It
is generated by a variety of reasons — and remoteness of some farms from system of power
supply, and forwarding character of certain consumers, and, at last, simply deficiency of the
electric power in the republic and therefore desire to leave from tactical and market whims
in distribution of fuel and energy resources [1].

Figure 1 — Sketch a compact three-story wind farm

Wind — a natural, environmentally friendly power source. In all developed countries of the
world, a significant role in the energy balance, as a source of energy, the wind begins to play.
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Constantly expanding manufacture and installation of efficient wind turbines. In al-Farabi
Kazakh National University we have offered a compact multystoried wind farm (CMWF)
representing a multystoried design on which floors wind turbines of various type of the small
power (fig. 1) settle down [2].

On internal floors CMWF advantageous to use rotary (vertical axis) wind turbine Darrieus
type [2], at which the turbulence occurs around their themselves [3]. While there have
propeller the turbulent trace which is a negative effect on neighboring wind turbine (Fig.2).

Figure 2 — The turbulent wake behind a propeller-type hydraulic turbines

The compact multystoried wind farm has the following advantages in comparison with usual
land wind farms and separate wind turbines of identical power [2]: 1. Economy of the territory:
CMWF occupies the territory several times smaller, than a usual wind farm of the same
power with the wind turbines located to one floor on the ground. 2. A more sustainable
use of wind power because of an arrangement of wind turbines at different heights as the
speed of the wind flow has a different value depending on the height. 3. The space between
floor overlappings forms the air passage promoting effective course of a wind stream as in a
wind tunnel (effect of draft). 4. Simplicity of a design, her assembly and dismantling (as the
Kazakh yurt) in comparison with the separate wind turbine of the same power. At the same
time, the supporting structure of the separate wind turbine of big power will be less steady,
than the multistoried CMWEF supporting framework of the same power. 5. A possibility of
a combination of different types of wind turbines with different speeds of rotation. 6. Than
above the floor wind turbines settle down, subjects efficiency size them wind power increases
as the speed of wind is usually higher at big heights. By us it is shown that installation on
floors of CMWF of wind turbines in number of three is optimum [2]. Separate wind turbines
of big power, occupying the small territory, have the following disadvantages: 1) complexity
of a design; 2) big noise level; 3) the complexity of the installation and repair. CMWF is
created for the first time in the world, there are no analogs [4]. The production technology
of wind turbines of big power is rather difficult and it isn’t in Kazakhstan. Whereas the
production technology of wind turbines of low power is less difficult and is already created
in Kazakhstan including us (a photo 2 and 3) [2]. Therefore in the countries where there is
no production technology of wind turbines of big power (more than 100 kW), it is favorable
to use CMWEF. For performance of conditions of compactness of CMWF it is necessary to
define minimum possible (optimum) distance between three wind turbines on internal floors

Becrank KasHY. Cepust maTemarnka, Mexanuka, nadopmaruka Ne2(89) 2016



106 Kunakbayev T. et al.

of a wind farm for free passing of a wind stream [5]. Existence of the laminar stream passing
between wind turbines will be the main criterion of receiving the required results. For the
solution of this task packages of application programs of Autodesk family have been used: —
Autodesk Inventor Pro(©) [6] for creation of solid-state models; — Autodesk Simulation CEFD(©)
[6] based on base of the equations of Navier-Stokes, for modeling of a flow a wind stream of
the rotating wind turbines in the form of solid-state models.

2 Modeling

Process of research can be divided into the following stages: — to construct solid-state model
of the wind turbine; — to build the internal floor of CMWEF and to arrange on it 3 wind
turbines; — to carry out numerical modeling of a task; — to analyse the received results. The
three-blade wind turbine has been used, and as the cross section of a wing of the wind turbine
the NACA 8416 profile has been chosen. In a software package of Inventor we create sketches
of an axis of the wind turbine and three blades, for receiving three-dimensional model we
squeeze out solid-state models of blades from our sketches we connect them to an axis as it
is shown in figures 3 and 4 respectively:

Figure 3 — Sketch of an blade cross section with a profile of NACA 8416

Figure 4 — The squeezed-out three-dimensional model of the wind turbine with three blades
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By the same way it is received three-dimensional model of the floor of CMWF in the form
of a hexagon with three three-blade wind turbines (fig. 5).

Figure 5 — Three-dimensional model of the floor of CMWF in the form of a hexagon with three three-blade
wind turbines

Further, for modeling of a flow a wind stream of three wind turbines installed on the floor
of CMWF we use the software package of Autodesk Simulation CED(c). For this purpose we
create an environment which flows round wind turbines in the floor of CMWF — air, and
we set boundary conditions: Entrance (inlet): size of speed of a wind stream; Exit (outlet):
pressure — 0 Pas; Slip conditions on all surfaces. The settlement grid for the decision is built
automatically, wind turbines have "free wheeling" and rotate under the influence of a wind
stream, acts as a solver the model of turbulence SST k-omega, quantity of steps of the decision
— 1000, with a temporary step — 1 second (fig. 6 and 7).

Figure 6 — A settlement grid on the example of the wind turbines:
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Solve [ < |
Control Physics Adaptation
Solution Mode Transient
Time Step Size 1
Stop Time -1
Inner Iterations 1 =
] e Inter
Results 10
Based On Steps
Table L
Summary 0
Based On Steps
Table
Solver Computer MyComputer
Continue From t1000 (1000)
Time Steps to Run 1000 =
Solution control Result quantibes
@ Solve

Figure 7 — Decision parameters

3 Conclusion

The received result in the form of animation of a flow are shown in figures 8.

(1) Velocity Magnitude - m/s
20

19

Figure 8 — Animation of a flow. Top view

From this picture it is visible what between wind turbines begins to pass a stream of air which
speed is equal to tentative speed that will indicate emergence of a laminar flow between wind
turbines. And at this moment the necessary minimum size of distance between wind turbines
is defined. Results of calculations are given in a type of schedules (fig. 9).
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Figure 9 — The schedule of dependence of minimum size of distance between wind turbines from flow rates

of air and dimeters of wind turbines

Thus, we have shown a possibility of finding of minimum possible (optimum) distance between
three wind turbines on internal floors of CMWF with Autodesk family of software applications
packages. This work was supported by the grant No 100 of the Committee of Science of
the Ministry of Education and Science of the Republic of Kazakhstan, in affiliated state
enterprise "Research Institute of Mathematics and Mechanics" (IMM) of the Republican
state enterprise "al-Farabi Kazakh National University", under the direction of Candidate
of Physical and Mathematical Science, the senior lecturer of the Department of Mechanics —
Kunakbayev T.O.
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