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Abstract

Over the last decade, wind turbine technology has made remarkable progress and new turbines with great variety has been
proposed every year. Each of these products has its own advantages and can be very practical when operated under suitable
conditions. However, due to their extensive functionalities and wide variety, selecting and operating the appropriate turbine
often becomes a challenging and highly specialized task. The primary objective of this research is to examine and compare the
advantages and disadvantages of wind energy harvesters, with the main focus on miniature wind turbines. The study contributes
to the development of existing technical knowledge in the field of wind energy harvesters by compiling previous research on
small wind turbines based on various physical characteristics such as power, structure, and performance. In addition, the article
evaluates different harvesters based on statistical information and assesses innovative technologies and the combination of
different energy harvesting methods. The comprehensive classification provided for these miniature systems reveals that,
besides conventional wind turbines like vertical and horizontal axis turbines, new harvesters such as vortex-bladeless, EWICON,
Sophonian, and Involex can perform well under suitable conditions, considering their working principles, energy conversion
mechanism, and physical structure.
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6. Galloping

7. Flutter

8. Wake galloping

9. Turbulence-induced vibration (TIVs)
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1. Goddard Institute for Space Studies
2. Wireless sensor networks (WSNs)
3. Micro- and nanogenerators (MNGs)
4. Miniaturized windmills

5. Vortex-induced vibrations (VIVs)
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4. On-shore
5. Off-shore
6. Haliade-x
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1. Cut-in wind speed

2. Cut-out wind speed
3. Bluff body
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1. Vortex-bladeless
2. Electrostatic wind energy convertor (EWICON)
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4. Aircraft
5. Ground-Gen
6. Fly-Gen

180

2 o jledi (11 553 «1403 ¢ 5h5nand glea Sl el 4yl

' SIgia! w98 —4-4
nlodds 4251y 031 545 S0l ozl 51 ey ol Sl adsl oyl
(53308 zp Sl Loy ol CalS 4SS o a5 jsbilen
EVER G QT 50 bysyer a5 adl ojle G 5l g S5l a4 e oL 2506

iloads aslw

oSyl Gy Glilos diges 4 S5

ol Bl bl a5 aldiee 315y 95790 ,Lid M3 s 45 45 & g0
Loy oy o0 Wiy ygi alatons a4y e oo Gial381 51 a5 00l 00 S 1o @
Sl s ol g oad baud e xSl &y oL o> (6550 e ,e8 ol
b lid 4y jienbs Sl jeee b LAS o5 b ol jo 5 d9d o0 sluS
logrmyg nl )9 3k Ghjg S O9d o0 oils S Lazmo & 0)bgs g oo,
J992) a8 (o0 355 B2 pore s97e B (SO 4 S (5505 3L
S5 Jds 4l lglie 20 5 1y 500 51 e LT odes olgs 9 (1
ol sloanyie 5 )l (5t bl SllB ey 4 T 53155 o2
poe bl Geizren W)l (Jgone Slam 9 & S 65565 B2 o5 s
i Ll 1) ool 53 50 LB sla yisy 10 a5 «F 5 sleo, 5l eolaiul

147]

[47] p5myo sl irmy55 5 oSgial (my99 lateinn ammlio 1 Jguzr

oSy 257 G Gy bk
6.25 12.5 (m/s) ol iz ol s pos
600 600 W) b s
1 2 (m/5) ol (mly b2 Zeg s
60 25 (m/s) ok YL by ey
18.3 10 (m) & gls))
1400 1400 (rpm) jlxe H3liS jiSlas
35 35 (A) b b,z Sla

"ysbd g "o plen o yei -5-4
e S londy oS5 Lol e g9 5l Lages S plse ool slacre s
e 350 (B 50) (Sle 50 4 a5 Tlaglsn S oo 5 s
(W5 o0 000l onims Jlasl lgie 4y délas) Clib lawgs (S a5l L

1. Involex
2. Airborne wind energy systems
3. Buoyant air turbine (BAT)
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