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TOM TAT

Nghién ciru nay dwoc thyc hién nhdam so sanh thue nghiém ddc tinh
khéi dong va kha ning phdt dién ciia bon dang turbine gié truc
ditng quy mé nho gom Aeroleaf cdi tién, Savonius xodn, Darrieus
va SH-200R trong diéu kién gié thap. Cdc mé hinh dwoc thiét ké
cung dién tich quét (~0,305 m?) va sir dung chung hé thong mdy
phat dé dam bao tinh khach quan. Thi nghiém duwoc thuc hién ¢ ba
cap dé gio thdp; cdc chi tiéu gom toc do gié khoi dong, toc dé quay
va dién dp dau ra dwoc ldy trung binh tir bon lan do. Két qua cho
thdy Aeroleaf cdi tién cé toc dp gio khoi dong trung binh thap nhat
(2,54 m/s) va dat toc do quay (164,75 vong/phut) va dién dap ra
(16,1 V) cao nhat. Sw khac biét dwoc giai thich boi dac tinh khi
déng lai giita lc can va lyc ndng ciia canh Aeroleaf cdi tién, gitip
ndng cao kha ndng tw khoi dong va phdt dién trong vimg gié thap.

Tir khéa: Aeroleaf, Darrieus, dac tinh khoi dong, Savonius, toc do
gio thap, turbine gio truc dimg

ABSTRACT

This study experimentally compares the starting characteristics
and power generation performance of four small-scale vertical
axis wind turbine configurations, including an improved Aeroleaf
rotor, a twisted Savonius rotor, a Darrieus rotor, and SH-200R
rotor under low wind speed conditions. All models were designed
with an identical swept area (approximately 0.305 m?) and were
coupled to the same generator system to ensure objective
evaluation. Experiments were conducted at three low wind levels,
and the parameters, including cut-in wind speed, rotational speed,
and output voltage, were averaged from four repeated
measurements. The results show that the improved Aeroleaf rotor
exhibits the lowest average cut-in wind speed (2.54 m/s) and
achieves the highest rotational speed (164.75 RPM) and output
voltage (16.1 V). These differences are attributed to the hybrid
aerodynamic characteristics of the Aeroleaf blade, which combine
drag and lift effects, thereby enhancing self-starting capability and
power generation performance in low wind conditions.

Keywords: Aeroleaf, Darrieus, self-starting characteristic,
Savonius, low wind speed, vertical axis wind turbine
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1. GIOI THIEU

Trude xu huéng gia ting nhu cau ning luong
toan cau va ap luc giam phat thai khi nha kinh, ning
lugng tai tao ngay cang dugc xem la giai phap phat
trién bén vimg tai nhiéu quéc gia va khu vuc
(Manwell et al., 2009; Hau, 2013; RENA, 2024).
Ning lwong gid, voi wu diém sach va kha nang van
hanh lau dai, dugc xem 1a mot trong nhimg ngudn
ning luong thay thé tiém nang. Tuy nhién, toc do
gi6 trung binh tai nhiéu ving ndi dia va dong bang
cua Viét Nam & d6 cao twong duong turbine thu
nghiém duogc danh gia 1a thip theo quan tric va dir
liéu tai phan tich, gay kho khan cho viéc khai thac
hiéu qua bang cac turbine truyén théng (Thu tudng
Chinh phu, 2023; Nang & Hai, 2025).

Turbine gié truc dung (Vertical Axis Wind
Turbine — VAWT) ndi bat nho kha ning hoat dong
khong phu thude vao hudng gid, ciu tric nhod gon,
d& 1ap dat va van hanh trong méi truong gi6 thip
nhu d6 thi, khu dan cu (Ibrahim et al., 2022;
Elangovan & Pillai, 2025). Cac dang VAWT phd
bién g@)m turbine Savonius (hoat dong dua trén luc
can), turbine Darrieus (dua trén lyc ning) va cac
dang turbine lai két hop hai co ché nay.

Turbine Savonius thuong c6 kha nang tu khoi
dong tot & toc d6 gio thip do chénh 1éch luc can gitra
hai ntra canh (Roy & Saha, 2013; Afify et al., 2025).
Tuy nhién, hé s6 cong suit thuc té cua dang nay
thudng thap do luc can khi dong cao va ton thit ning
lugng 16n (Roy & Saha, 2013; Singh et al., 2024).
Két qua cac nghién ciru gan day ve thiét ké va toi wu
hoa hinh hoc Savonius cho thay viéc bd sung cac bo
phan huéng dong hodc Gmg dung thuat toan téi wu
c6 thé cai thién ph?m nao hiéu suét, nhung van con
han ché vé tdc d6 quay va cong sudt dau ra (Singh
et al., 2024; Afify et al., 2025).

Nguoc lai, turbine Darrieus c¢6 kha nang dat toc
d6 quay va hé sb cong sudt cao hon nhd hiéu ung
luc nang khi dong, nhung lai thuong gép kho khan
trong giai doan tu khoi dong o toc do gio thap do
mo-men khoi dong nhd (Ghafoorian et al., 2024;
Gallegos-Molina & Chavero-Navarrete, 2025).
Nhidu nghién ctu di thir két hop hai co ché
Savonius — Darrieus nham cai thién dic tinh khoi
dong song van ton tai sy danh ddi giita kha ning
khoi dong va hiéu sut tong thé (Hossein et al.,
2024; Pan et al., 2024).

Trong céac hé théng turbine gidé quy mé nhé phuc
vu cac ung dung doc 1ap nhu chiéu sang, sac pin hay
cép dién cho cac tai nhe, dac tinh khoi dong dong
vai trd quyét dinh thoi gian van hanh hitu ich trong

202

diéu kién gié thap. Dong thoi, kha ning phat dién —
biéu hién thong qua téc d6 quay ciia rotor va dién ap
dau ra ctia may phat — 1a chi tiéu phan anh kha ning
phat dién ma turbine c6 thé cung cap trong diéu kién
thtr nghiém (Toor et al., 2026).

Trong nghién ctu trude ddy clia cac nhom tac
gia, cac bién thé cua turbine gi6 truc dimg dang
Aeroleaf da duoc thiét ké va thir nghiém trong dai
toc do gio thap nham cai thién dic tinh khoi dong.
Két qua cho thay viéc diéu chinh hinh hoc canh ¢
thé 1am giam tdc d6 gi6 khoi dong va ting toc do
quay so voi dang tham chiéu (Hosseinian et al.,
2026). Tuy nhién, cac nghién ciru nay chii yéu tap
trung so sanh giita cac dang Aeroleaf khac nhau.
Trong khi d6, dé dam bao viéc so sanh khach quan
giita cac dang turbine khac nhau, cac thi nghiém can
dugc thuc hién dudi cung didu kién hinh hoc, vat
liéu va diéu kién van hanh (Su et al., 2022). Tuy
nhién, cac nghién ctru thuc nghiém so sanh truc tiép
Aeroleaf vo6i cac dang turbine khac nhu Savonius
x04n va Darrieus duéi cung diéu kién dién tich quét,
vat liéu va hé phat dién van con tuong dbi han ché.

Xuét phat tir khoang trong nay, viéc so sanh dic
tinh khéi dong va kha nang phat dién cua cac dang
turbine gié truc ding da duogc tién hanh nghién ciru,
bao gdm Aeroleaf cai tién (Son va ctv., 2026),
Savonius xodn va Darrieus dudi cung diéu kién dién
tich quét, vat li€u ché tao béng cong nghé in 3D va
hé thong phat dién twong duong. Cac chi tiéu danh
gi4 bao gom tbc do gié khoi dong, toe do quay va
dién ap dau ra tai cac cap téc do gié khac nhau trong
dai gi6 thap. Muc tiéu ctia nghién ctru 1a 1am 1 anh
hudng cia hinh dang canh dén dic tinh khoi dong
va kha nang phat dién, dong thoi cung cip co s6 thuc
nghiém cho viéc lya chon dang turbine phu hgp véi
diéu kién gi6 thap tai Viét Nam.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét ké va ché tao mo hinh turbine

Trong nghién ctru nay, bbn dang turbine gi6 truc
dung quy mé nho6 duoc lya chon dé so sanh gom
dang Darrieus, Aeroleaf cai tién, Savonius xoan va
turbine thuwong mai SH-200R. Cac mé hinh dang
Darrieus, Aeroleaf cai tién va Savonius xodn dugc
thiét ké trén phan mém Inventor va ché tao bang
cong nghé in 3D st dung vét li¢u 1a nhya sinh hoc
(Polylactic Acid — PLA) nham dam bao d¢ chinh xéac
hinh hoc va tinh déng nhét vat liéu.

Dbi véi turbine giod truc dung, dién tich quét clia
rotor dugc xac dinh bdi tich cua duong kinh rotor va
chiéu cao rotor. Do d0, dién tich quét dugc tinh theo
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cong thuc (Rezaeiha et al., 2018; Giri Ajay et al.,
2024):

A=DxH (1)

Trong do: 4 la dién tich quét (m?), D la dudng
kinh rotor (m) va H la chi€u cao rotor (m).

Céu tric hinh hoc tong thé cua turbine gio truc
dung (VAWT) duoc mé phong chi tiét thong qua hai
hinh chiéu dic trung thé hién nhu trong Hinh 1.
Trong d6, hinh chiéu dimg (bén phai) xac dinh chiéu
cao rotor H. Hinh chiéu bang (bén trai) xac dinh ban
kinh rotor R, trong ung véi dudng kinh D =2R dugc
sir dung trong cong thirc (1) va so dd gitip xac lap
mdi lién hé tryc tiép dé xac dinh dién tich quét cua
hé théng.

Hinh 1. CAu tric hinh hoc va kich thwéc dic
trung cia tuabin gio6 truc dirng

Hinh 2 trinh bay ba dang turbine in 3D dugc
khao sat, bao gém: Darrieus, Aeroleaf cai tién,
Savonius xodn. P& so sanh dic tinh van hanh cua
cac dang turbine gidé nay, turbine gié thwong mai
SH-200R dugc sir dung trong nghién ciru dé dbi
sanh. Véi dudng kinh rotor D = 900 mm va chiéu
cao H = 340 mm, turbine gi6 thuong mai SH-200R
duoc mo ta 6 Hinh 3 c6 dién tich tinh theo cong thic
(1) la:

Asnao0r = 0,9 x 0,34 = 0,306 m?

Pé dam bao tinh khach quan trong so sanh, cac
dang turbine dugc khao sat trong nghién ciru dugc
thiét ké vai cung kich thuéc hinh hoc va dién tich
quét. Tur do, cac dang turbine Darrieus, Aeroleaf cai
tién, Savonius xodn la d6i twong khao sat trong
nghién cuu cé dudong kinh rotor D = 368 mm va
chidu cao H = 828,5 mm dé c¢6 dién tich quét 1a

A=0,368 x 0,8285 = 0,305 m?
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Hinh 2. Ba dang turbine gi6 dugc khao sat

Ghi chii: Darrieus (trdi), Aeroleaf cdi tién (giita),
Savonius xoan (phdai).

Hinh 3. Turbine gié thwong mai SH-200R

Nhu vy, dién tich quét cua cac turbine gan nhu
twong duong (0,305 — 0,306 m?), véi sai khac dudi
0,5%, dam bao dugc tinh khach quan trong so sanh
thuc nghiém.

Sé luwong canh va cAu trtic hinh hoc dic trung cla
timg loai dugc giit theo nguyén 1y thiét ké dién hinh
clia ting dang turbine. Truc quay, 6 bi va khung d&
duogc ché tao ddng nhat nhdm giam thiéu anh huong
ctia sai s6 co khi dén két qua do.

2.2. BH tri thi nghiém

Hinh 4 trinh bay so d6 bé tri thi nghiém nhim
danh gia dac tinh hoat dong cia turbine gid truc
dung trong didu kién phong thi nghiém. Ngudn gi6
duoc tao boi mot quat dién cong sut cong nghiép
dit ¢ dinh phia trudc turbine voi khoang cach 3 m
nham dam bao dong khi c6 du khong gian phat trién
trude khi twong tac véi rotor. Dong gidé duge hudng
truc tiép vao dién tich quét cua turbine dé mo phong
diéu kién gi6 tac dong truc dién.
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My do toc 4§ gio
Prma AVM-07

|

May do te dé
déng co Laser

khoéng cich 3 m VICTOR 6234P

Quat tao gio
B Dinghd do
Bl dien van ning

Hinh 4. So db bd tri thi nghiém do téc dd gio,
toc d§ quay va dién ap dau ra cia turbine gié

Turbine gié dwoc lap dit trén bé d& ¢b dinh nham
giam rung dong trong qua trinh van hanh. Rotor
turbine dugc két nbi voi may phat dién ddng bo nam
cham vinh ctu (Permanent Magnet Synchronous
Generator — PMSG) dé chuyén ddi co ning thanh
dién nang.

Céc thong sé van hanh dugc do luong bang hé
thong thiét bi chuyén dung. Téc d6 gio dau vao duoc
do bang may do toc do gidé Prova AVM-07 dit tai vi
tri phia trudc turbine. Téc do quay ciia rotor duge
xéc dinh bang may do téc d6 khong tiép xtic Victor
6234P véi d6 chinh xac +(0,05% gia tri do + 1 digit).
Dién 4p dau ra cua may phat dugc ghi nhan thong
qua ddng hd do dién 4p sd. Sai s6 cua thiét bi duoc
do theo cong bd clia nha san xuét 1an luot 1a £3%
cho toc do gid, £(0,05% gié tri do + 1 digit) cho tbc
do quay va £(1,6% gia tri do £ 5 digits AC) cho dién
ap.

Trong qué trinh thi nghiém, céc gié tri tbc do gio,
téc do quay va dién ap dau ra duoc ghi nhan twong
img v6i timg dang canh turbine khic nhau. Mbi
truong hop do dugc lap lai bon 1an dé dam bao do
tin cay cua dir li€u. Cac 6 liéu thu thap duogc su
dung dé phan tich dic tinh khoi dong va kha ning
phat dién gitta cac loai canh turbine.

2.3. Quy trinh thue nghiém

Qua trinh thyc nghiém dugc tién hanh theo céc
budce sau:

Budc 1: Xac dinh téc d6 gio khai dong

Tbec do gi6 khoi dong dugc xac dinh béng cach
tang dan toc do gio tur thap dén cao. Gia tri toc do
gi6 tai thoi diém rotor bat dau chuyén dong quay
duoc ghi nhan 1a toc d6 gio khoi dong cua turbine.

Budc 2: Do tdc do quay va dién ap dau ra
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Thi nghiém dugc thuc hién tai cac cap toc do gid
khéc nhau trong dai gio thip. Tai mdi cip gid, tbe
d6 quay va dién 4p dau ra dugc ghi nhan sau khi hé
thong dat trang thai 6n dinh. Cac cép téc do gio thi
nghiém duogc trinh bay trong Bang 1.

Bing 1. Cac cip téc dd gi6 trong thi nghiém

Cap db gi6 Téc dé gi6 trung binh (m/s)

Cép d6 gi6 1 2,95-3,16
Cép o gi6 2 3,73 3,88
Cép d6 gi6 3 5,18 — 5,86

Budce 3: Lap lai phép do

Mdi phép do duoc thyc hién bon lan, ldy gia tri
trung binh nham giam sai s6 ngau nhién va tang do
tin cdy cua dir li¢u.

Trong sudt qua trinh thi nghiém, cac diéu kién
moi truong nhu nhiét do phong va bo tri thiét bi
duoc giit 6n dinh dé dam bao tinh 1ap lai cua ket qua.

2.4. Phwong phip xir ly va phan tich so liéu

Dir ligu thue nghiém duoc thu thap thong qua
bdn 1an do doc 1ap cho moi dang turbine tai ting cap
do6 gi6. Cac thong s6 ghi nhan bao gém téc do gid
khoi dong, téc d6 quay (RPM) va dién ap dau ra
khong tai ciia may phat.

Gia tri trung binh ctia mdi dai luong duoc tinh
theo cong thirc:

X==Y" X 2)

Trong do: X;la gié tri do lan thiri van =4 1a sb
lan do lap lai. Do 1éch chuin (Standard Deviation —
SD) cia cac phép do lip lai duoc tinh toan nhdm
danh gia mirc 46 phan tan dir liéu. Két qua cho thiy
d0 1éch chuan cia cic dai lwong do nhé hon 3% gia
tri trung binh, ching t6 do lap lai tot va sai s6 ngau
nhién thap trong qué trinh thyc nghiém.

250 - B2

bé danh gid mirc do chénh l¢ch gilra cac dang
turbine, phan tram chénh 1&ch duoc xac dinh:

SD 3)

A% = A2 100% 4)
Trong do: X, va Xp lan luot 14 gia tri trung binh

cua hai dang can so sanh.

Viéc phan tich tap trung vao ba tiéu chi chinh:
(i) tbc a6 gi6 khoi dong, (ii) téc d6 quay trung binh
tai timg cap do gio, (iii) dién ap dau ra twong ing.
Céc két qua duoc biéu dién dudi dang bang va dd
thi dé so sanh xu hudng bién thién theo cap do gio.
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Do han ché vé thiét bi, nén khéng do dugc mod-men
xodn va cong sut co hoc, nghién ciru khong thuc
hién tinh toan hé sb cong suit (Cp), ma tap trung vao
so sanh thuc nghiém tryc tiép giita cac dang trong
cung diéu kién khao sat.

Viéce so sanh dugc thyc hién dya trén céc chi tiéu
tbc do gid khoi dong thap, tbc d6 quay cao va dién
ap dau ra on dinh trong diéu kién gié thap nham
danh gia tinh phu hop ctia timg dang turbine ddi voi
cac ung dung quy mod nho.

3. KET QUA VA THAO LUAN
3.1. Téc d9 gi6 khéi dong trung binh

Két qua thuc nghiém vé toc d¢ gio khoi dong
trung binh ciia cac mau turbine dugc trinh bay trong
Bang 2. Qua d6, dang Aeroleaf cai tién cho thay vu
thé vuot troi véi toc do gié khoi dong thap nhat, chi
2,54 m/s, thip hon dang ké so véi mau thuong mai
SH-200R (2,98 m/s). Turbine Savonius xo0én co toc
d6 khoi dong twong duwong mau thuong mai.

Biang 2. Toc dd gi6 khéi dong trung binh (m/s)
cua cac turbine

Téc dd gi6 khoi dong trung

Dang turbine binh (m/s)

Aeroleaf cai tién 2,54
Savonius xodn 2,94
SH-200R 2,98
Darrieus 4,32

Déng chii y, mau Darrieus cho thiy kha ning tu
khoi dong kém nhit khi chi bit dau van hanh & toc
do gio tir 4,32 m/s trd 1én. Diéu nay phan anh dac
tinh khi dong hoc dién hinh cua turbine dua trén luc
nang, von yéu cau toc d¢ gié da 16n dé hinh thanh
lyc nang hidu qua. Két qua thyc nghiém chimg minh
rang trong diéu kién gio6 thap (= 2,5-3 m/s), cac dang
¢6 thanh phén luc can hodc lai (Aeroleaf, SH-200R,
Savonius xo0dn) ¢6 wu thé 16 rét vé moé-men khoi
dong so voi dang Darrieus thudn lyc ning.

Su khac biét nay c6 thé dugc giai thich tir co ché
khi ddng hoc cua cac dang turbine: Turbine
Savonius xodn hoat dong chu yéu dua trén luc can
(drag force), trong d6 sy chénh 1éch &p suét giita hai
mit canh tao ra mé-men khéi dong 16n ngay ca & toe
do gio6 thép. Nguoc lai, turbine Darrieus hoat dong
dua trén lyc nang (lift force) sinh ra khi dong khi
chuyen dong qua bién dang canh. Co ché nay yéu
cau toc d¢ gi6 du 16n dé hinh thanh lyc nang hiéu
qua, do d6 turbine thuong gap kho khan trong giai
doan ty khoi dong & viing gi6 thép.
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3.2. Quan hé giira toc dd gié va toc dd quay

Gi4 tri téc do quay trung binh cua cac turbine tai
ba cip do gi6 khao sat dwoc liét ké trong Bang 3 va
dugc trinh bay ¢ Hinh 5. Két qua cho thay xu huéng
tang dan cua toc d6 quay khi toc d6 gio ting, ddng
thoi cho thay su khac biét vé kha niang dap tmg dong
giita cac dang turbine. Két qua cho thy toc do quay
clia cac turbine ting theo toc do gid dau vao. Turbine
dang Aeroleaf cai tién ting 15 rét & cap do gio 2 so
v6i cac dang con lai, c¢6 thé do dic diém khi dong
hoc két hop giira lyc can va lyc nang gitip turbine
khéi dong hi€u qua hon.

Tai cép do gi6 1 va 2, turbine Darrieus khong
hoat dong, trong khi Aeroleaf cai tién dat toc do
quay cao nhat, 1an lugt 1a 81,75 va 133,75 RPM. O
cap do gié 3, tit ca cac turbine déu hoat dong;
Aeroleaf cai tién tiép tuc dan dau véi 164,75 RPM,
tiép theo 1a Darrieus (110,3 RPM), Savonius xo4n
(101,5 RPM) va SH-200R (55,8 RPM).

Két qua nay c6 thé lién quan dén co ché khi dong
lai ctia rotor Aeroleaf cai tién. Trong giai doan dau,
thanh phan Iyc can gitp rotor tao md-men khoi dong
du 16n, trong khi toc do quay ting 1én, thanh phan
luc nang bit dau dong vai tro chi phdi. Su két hop
ndy cho phép rotor vira khoi dong hi€u qua vira duy
tri toc do quay cao khi toc do gi6 ting.

Puong dic tinh ciia Aeroleaf cai tién c6 do dbc
16n va ting déu theo toc do gio, cho thiy kha ning
gia toc tot trong toan bo dai khao sat. Darrieus thé
hién dic trung phi tuyén: khong hoat dong ¢ dai thap
nhung tang nhanh khi vuot qua ngudng khoi dong.
Savonius xoan va SH-200R ting gan tuyén tinh
nhung vé6i hé sb tang nho hon.

Pé lam rd hon murc do khac biét gilta cac dang
turbine, vi¢c phan tich phén tram chénh léch toc do
quay giira cac dang turbine tai timg cép d6 gi6 khao
sat da duoc thyuc hién.

3.2.1. So sanh Aeroleaf cai tién véi Savonius

xodn

bé dinh luong muc d§ vuot trdi cua dang
Aeroleaf cii tién so véi Savonius xodn, phan trim
chénh 1éch tdc d6 quay tai tirng cip do gi6 duoc tinh
todn va trinh bay trong Bang 4.

Aeroleaf cai tién gan nhu dat tbc do quay gap doi
Savonius xodn ¢ cap do gio thap (cap d§ gio 1).
Khoang cach nay c6 xu huéng thu hep khi toc do gié
tang.
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Hinh 5. Quan hé giira toc dd gié va téc dd quay
cia cac turbine

Bing 3. Téc d9 quay trung binh (RPM) ciia cic

turbine
Dang turbine Cﬁ.‘? do Cﬁ.‘? do Cﬁ.l? do
gi6 1 gi6 2 gi6 3
SH-200R 29,5 40,3 55,8
Acroleaf cai tién 81,75 133,75 164,75
Savonius xo4n 41,2 63,4 101,5
Darrieus 0 0 110,3

Bang 4. Phin trim chenh léch toc do quay giira
Aeroleaf cii tién va Savonius xoin

Cép db gi6 Chénh 1éch (%)
Cép do gi6 1 +98,4%
Cép do gi6 2 +110,9%
Cép do gi6 3 +62,3%

3.2.2. So sanh Aeroleaf cdi tién véi SH-200R

Béang 5 téng hop mure d6 chénh léch tde d6 quay
giita Aeroleaf cai tién va dang SH-200R, 1a co s&
giup danh gid muc do cai thién vé dac tinh dong hoc
cia turbine Aeroleaf cai tién. Két qua cho thay
Aeroleaf cai tién c6 hiéu qua van hanh cao hon (tir
177,1 dén 232%) so v&i SH-200R & toan bo dai khao
sat. Dac biét, toc do quay cua turbine Aeroleaf dugc
cai thién dang ké & cap do 2 so véi cac cap do
con lai
Biang 5. Phin trim chénh léch toc d9 quay giira

Aeroleaf cii tién va SH-200R

Cép db gi6 Chénh léch (%)
Cép do gi6 1 +177,1%
Cép 0 gi6 2 +232,0%
Cép d0 gi6 3 +1952%

3.2.3. Anh hudng ciia téc dp gid dén kha nang
gia tang toc do quay

De danh gia muc d¢ gia tang toc do quay theo

dai tbc do gio khao sat, ty 1¢ ting tbc d6 quay tir cAp
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d6 gi6 1 dén cap do gi6 3 cua tung dang turbine dugc

tinh toan va trinh bay trong Bang 6. Thong sb nay

phan anh kha nang dap ung dong va mirc do nhay

cam cuia rotor dbi voi sy thay doi toc do gio trong

diéu kién gi6 thép.

Bang 6. Ty 1¢ ting téc d9 quay tir cAp d gié 1 dén
cap do gi6 3

Turbine Ty 18 ting toc dd quay (%)
Aeroleaf cai tién +101,5%
Savonius xodn +146,3%
SH-200R +89,2%

Savonius xodn c6 ty 1& ting tdc do quay tuong
dbi 16n khi téc do gio ting, tuy nhién gia tri toc do
quay tuyét ddi van thap hon Aeroleaf cai tién. Diéu
nay cho thiy rotor Savonius xodn c6 d nhay twong
db6i cao dbi véi su thay doi cua toc do gio trong dai
gi6 thip. Nguoc lai, Aeroleaf cii tién dat toc do quay
cao hon & ciing diéu kién thi nghiém, cho thiy hiéu
qua chuyén ddi ning lugng gi6 thanh chuyén dong
quay tot hon.

) Két qua nay cho thay Aeroleaf cai tién khong chi
t61 uu ve khoi dong ma con duy tri duge kha nang
chuyén d6i dong nang thanh chuyén dong quay hi¢u
qua trong dai gid thap.

3.3. Quan h¢ giira toc do gi6 va dién ap diu ra

Nhim danh gia kha ning phat dién cta cac dang
turbine trong dléu kién gi6 thap, dién ap dau ra trung
binh tai ting cép do gi6 duoc trinh bay trong Bang
7. Tai cap do gi6 1 va 2, Aeroleaf cai tién thé hién
su vuot troi ro rét véi dién ap lan Iwotla 8 Vva 13,1
V, cao hon dang ké so v&i cac mau con lai.

Dang chu v, tai cip d6 gi6 3, turbine Darrieus dat
dién ap 10,6 V, vuot qua Savonius X04n (9,8 V) va
SH-200R (5,35 V), du van thép hon Aeroleaf cai
tién (16,1 V). Sy khac biét nay c6 thé duogc giai thich
thong qua dit liéu toc d6 quay tai Bang 3. Tai cap do
gi6 3, dang Darrieus dat tdc d6 110,3 RPM, cao hon
Savonius xo0dn (101,5 RPM) va SH-200R (55,8
RPM). Vi dién 4p cdm ting ctia may phat dién nam
cham vinh ctru (PMSG) ty 1€ thuan voi tbc do gbc
cua rotor, murc dién ap 10,6 V ctia Darrieus cho théiy
sau khi vuot ngudng khoi dong, rotor di tién vao
vung khai thac lyc nang (lift-type) hiéu qua, gitp gia
tang nhanh toc do quay. Tuy nhién, Aeroleaf cai tién
van duy tri vi thé dan dau nho téc do quay cao nhat
(164,75 RPM), minh chimg cho kha néng t01 uu hoa
mo-men xo0dn va lyc nang trong sudt dai toc do gid
khao sat. Mdi quan hé giita toc do gio va dién ap dau
ra cia cac dang turbine dugc minh hoa ¢ Hinh 6.
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Pé 1am rd hon mirc d6 khac biét gitta cac dang
turbine, viéc phan tich phan trim chénh 1éch dién ap
dau ra giita cac dang turbine tai timg cép do gi6 khao
sat da duoc tién hanh.

3.3.1. So sanh Aeroleaf cdi tién véi Savonius

Dé dinh lugng mirc cai thién kha nang phat dién
ctia dang Aeroleaf cai tién so véi Savonius, phan
tram chénh 1éch dién 4p dau ra tai timg cip do gio
dugc tinh toan va trinh bay trong Bang 8. Chi s6 nay
cho théy muc d0 vuot trdi cia Aeroleaf cai tién
trong qua trinh chuyén doi ning lugng trong diéu
kién gi6 thap.

Bang 7. Pién 4p diu ra trung binh (Volts) ciia cic
dang turbine tai ciac cAp dd gié khac

nhau
Dang turbine CﬁB do Cﬁp do CﬁB do
gio 1 gio 2 gio 3
SH-200R 2,91 3,94 5,35
Aeroleaf cai tién 8 13,1 16,1
Savonius xo04n 4,06 6,2 9,8
Darrieus 0 0 10,6
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Hinh 6. Quan h¢ giira toc d¢ gi6é va dién ap dau
ra cuia cac turbine
Bing 8. Phin trim chénh léch dién ap diu ra
gitra Aeroleaf cdi tién va Savonius

Cép db gi6 Chénh léch (%)
Cép do gi6 1 +97,0%
Cép do gi6 2 +111,3%
Cép do gi6 3 +64,3%

Bang 8 cho thiy dién ap diu ra cua Aeroleaf cai
tién cao hon Savonius xodn tai tAt ca cac cép do gio.
Miic chénh léch ting dan theo toc do gio, phan 4nh
kha nang khai thac nang lugng hi€u qua hon cua
dang Aeroleaf céi tién. Su khac biét nay cé thé lién
quan dén co ché khi dong dya trén lyc nang, gitip
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rotor dat tdc do quay cao hon VE:l cai thién kha néng
phat dién trong diéu kién gio thap.
3.3.2. So sanh Aeroleaf ci tién véi SH-200R

Tuong tu, phén tram chénh léch dién ap dau ra
giita dang Aeroleaf cai tién va SH-200R tai timg cap
d6 gi6 dugc tinh toan va trinh bay trong Bang 9. Két
qua nay cho phép danh gia mic do cai thién kha
ning phat dién cua thiét ké Aeroleaf cai tién so voi
dang dugc sir dung lam ddi chung.

Bang 9. Phin trim chénh l¢ch dién 4p diu ra
gitra Aeroleaf cai tien va SH-200R

Cap db gi6 Chénh léch (%)
Cép do gi6 1 +175,0%
Cép d gi6 2 +232,5%
Cép d gi6 3 +200,9%

Dién 4p dau ra tang gin tuyen tinh theo tbc do
gi0, phan anh mdi quan hé tryc tiép véi toc d6 quay
rotor. Aeroleaf cai tién thé hién dac tinh 6n dinh va
tang déu trong toan dai do, trong khi Darrieus c¢6 su
gian doan & viing toc do gi6 thap.

Do dién ap dau ra ciia méay phat phu thudc truc
tiép vao téc do quay cua rotor, nén cac turbine c6
kha ning dat téc d6 quay cao hon sé tao ra dién 4p
16n hon. Vi Aeroleaf cai tién duy tri toc d6 quay cao
trong toan bg dai tbc do gio khao sat nén dién ap dau
ra ciing cao hon so véi cac dang turbine con lai.

3.4. Panh gia tong hop

Béng 10 trinh bay téng hop két qua thyc nghiém
trén co s& so sanh cac thong sé van hanh chinh cua
cac dang turbine, bao gém tde do gi6 khoi dong, tbe
d6 quay 16n nhét va dién ap dau ra I6n nhat. Két qua
cho théy turbine Aeroleaf cai tién dat toc do gi6 khai
dong thap nhat (~2,54 m/s) dong thoi dat toc do
quay va dién ap dau ra cao nhat trong toan bo dai te
d6 gié khao sat. Savonius xoan duy tri kha ning tu
khoi dong tot nhung tdc d6 quay va dién ap thap
hon. Turbine Darrieus khong tu khoi dong & ving
gi6 thip va chi dat tc do quay twong ddi cao khi
vuot qua ngudng van hanh. Trong khi d6, SH-200R
hoat dong 6n dinh nhung kha niang phat dién thip
hon so véi cac dang con lai.

Két qua thuyc nghiém cho thay thiét ké canh
Aeroleaf cai tién c6 co ché khi dong lai giita luc can
va lyc nang. Thanh phﬁn Iuc can tao mo-men khai
dong & toe do gio thap, trong khi luc nang gitp rotor
duy tri toc d6 quay cao khi van toc gié ting. Nho do
turbine Aeroleaf cai tién dat hiéu qua van hanh cao
hon so v6i cac dang turbine con lai trong dai gi6 thdp
khao sat.
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Két qua ciing cho thiy thiét ké canh Aeroleaf cai
tién thé hién co ché khi dong lai gitra lyc can va luc
nang. Thanh phan Iyc can gitp rotor tao mo-men
khoi dong & toc do gio thap, trong khi luc nang gop

phan gia ting toc d6 quay khi tdc do gio6 tang. Su két
hop nay gitp turbine Aeroleaf cai tién dat hiéu qua
van hanh cao hon trong dai gi6 thap so véi cac dang
turbine con lai.

Bing 10. Tong hop so sanh dic tinh van hanh ciia cac dang turbine

Téc do gi6 Téc do qua
Dang turbine khéi dong 1 v quay

én nhat (RPM)

Dién ap
lé'n nhat

Pac diém noi bat

(m/s) V)
Acroleaf cdi tién  ~2,54 164,75 16,1  <hoidong som, RPM va dién dp cao nhat, hoat
dong 6n dinh trong dai gi6 thap.
Savonius xoan ~2,94 101,5 9,8 Ty khoi dong t6t, kha nang phat dié€n kha cao.
. ~ Khoéng tu khaoi dong & gid thép, dat RPM tuong
Darrieus 4,32 10,3 10,6 dbi cao khi da khoi dong.
SH-200R 2,98 55.8 5.35 Hoat dong 6n dinh nhqng kha nang phat dién

thap.

Mic du cac két qua thi nghiém di cho thay xu
hudng khac biét twong ddi 16 giita cac dang turbine,
tuy nhién pham vi danh gia trong nghién cuu nay
van con mot so gidi han nhét dinh. Cy thé, cac chi
tiéu dugc phan tich chi yéu bao gom tdc d6 gid khoi
dong, tbc do quay cuia rotor va dién ap dau ra clia hé
théng phat dién. Céc dai lugng co hoc nhu mé-men
X04n va cong suét co hoc cta rotor chua duge do
tryc tiép trong hé thong thi nghiém hién tai. Do do,
viée x4c dinh hé s6 cong suét (Cp) chua dugc thuc
hién trong nghién ctru nay, day 1a mdt chi tiéu
thuong dugc sir dung dé danh gia hiéu qua chuyén
d6i nang lugng cua turbine gio.

Ngoai ra, cic thi nghiém dugc tién hanh trong
moi truong phong thi nghiém voi ngudn gié nhan
tao tur quat tao gio nhdm dam bao tinh én dinh va
kha nang lap lai cta diéu kién thir nghiém. Mic du
cach tiép can nay gitp so sanh tuong db6i giita cac
céu hinh turbine trong cuing diéu kién, cac dic trung
phirc tap cua gi6 tu nhién nhu nhiéu loan, dao dong
theo thoi gian va phan bd khong gian cua truong gid
chua duoc phan anh day du. Trong cac nghién ciru
tiép theo, viéc tich hop hé do md-men xoin can dugc
thuc hién dé xac dinh hé sd cong suét, cung véi cac
thtr nghiém trong diéu kién gi6 tu nhién hoac ham
gi6 chuyén dung, s€ giup danh gia toan dién hon
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toc do quay va dién ap dau ra cao nhat trong toan bo
dai toc do gié khao sat. Savonius xodn va SH-200R
¢6 kha nang tu khoi dong tét nhung toc do quay va
dién ap thap hon. Darrieus khong ty khoi dong ¢
ving gié thip va chi dat hiéu qua khi vuot qua
ngudng van hanh tbi thiéu.
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dién 4p dau ra so voi cac dang con lai. Két qua
nghién ctru cung cip co so tham khao cho viée lua
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trong diéu kién gi6 thap.
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