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TOM TAT

Bai bao nay trinh bay quy trinh phan tich
hiéu suét cda turbine gié truc dirng (VAWT)
mét cach tw dong. Bai bao sé néu chi tiét quy
trinh bao gém viéc thiét ké hinh hoc cho bién
dang canh st dung phwong phap CST, qua
trinh chia lw6i lai két hop gitra Iwéi c6 céu
trdc va khdng co céu tric, qua tanh tinh toan
CFD va qué trinh x& ly két qué dé cho ra
duoc gia tri hiéu suét cia VAWT. Céac qué
trinh nay duoc thiét ké thanh cac module
riéng biét. Phuwong phap CFD st dung trong

bai bao la phuwong phap RANS 2D st dung
mo hinh réi Realizable k —& . Qua trinh chia
lwéi sé duwoc thuc hién trén phdn mém
GAMBIT, qua trinh tinh toan CFD dworc thuc
hién trén phan mém thuong mai ANSYS
FLUENT, cac qua trinh nay duoc diéu khién
b&i phédn mém tinh toan MATLAB. Céc céng
thire duoc st dung dé tinh toéan hé sé cong
suét ciing sé duoc gidi thiéu trong bai bao
nay.

Ter khoa: turbine gié truc dung, phan tich tw dong, CFD, chia Iuwéi, hiéu suat, GAMBIT,

FLUENT

1. GIOI THIEU

Khi ma cac ngudn nang luong héa thach dang
dan tré nén can kiét, viéc nghién ciru va phat trién
c4c ngudn ning luong thay thé dang tré thanh mot
van dé cap thiét. Trong d6, niang lwong gi6 1a mot
ngudn ning lwong rat c6 tiém nang. Hé chuyén tir
nang luong gid thanh dién nang, nguoi ta st dung
cac turbine gié dé chuyén tir nang lwong gié thanh
dong ndng, va tir d6 tao ra dién ning nh& vao may
phat. Turbine gié dugc phan loai dua theo viéc
hudng gié thdi song song hay vudng goc véi truc
quay cua turbine gié. Turbine gi6 dugc cau hinh
dé hoat dong trong truong hop gi6 thdi song song
duoc goi la turbine gio truc ngang (HAWT). Day
1a loai turbine gi6 pho bién nhat. Turbine gi6 dugc
cau hinh dé hoat dong véi huéng gié thoi vudng

goc véi truc quay dugc goi la turbine gié truc
dung (VAWT). Pay 1a turbine gi6 c6 tiém ning
phét trién vi nhimg 1y do sau day: (1) it on hon
turbine gié truc ngang, (2) c6 thé hoat dong véi
gi6 tr moi huéng, (3) ¢ thé xay dung nhiing
VAWT sir dung cho nhu cau ca nhan. Turbine
gio truc dirng ban than n6 lai duoc chia thanh hai
loai: turbine gi6 loai Darrieus va turbine gio loai
Savonius. Turbine gi6 loai Darrieus la turbine
gi6 quay quanh truc nho lyc nang ma gid tao 1én
canh quat. Turbine gi6 loai Savonius thi hoat
déng nho vao luc can. Trong bai nghién ctu nay
s& tap trung vao turbine gid loai Darrieus.

C6 nhiéu phwong phap dé xach dinh hiéu
Suit cia mot turbine gi6 VAWT. Trong do, thuc
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nghiém 1a mét phuong phap kha phd bién. Nhiéu
nghién ctu thyc nghiém vé dac tinh khi dong cua
turbine gi6 da duogc thuc hién. Tuy vay, phuong
phap thuc nghiém c6 mot nhugc diém 1a tén chi
phi va chi cé thé xac dinh dic tinh cia mot sé
luong han ché turbine. Cling vé6i su phét trién cua
may tinh, phuong phap CFD tré thanh mét cong
cu dic lyc dé tinh toan dic tinh khi dong cua
turbine gié n6i chung va VAWT noi riéng. Cac két
qua nghién cau cho thdy phuong phap CFD cho
két qua phu hop rat tét v6i thuc nghiém. Bai bao
nay s& dwa ra quy trinh phan tich dac tinh khi déng
cua turbine gié mot cach tu dong.
2. PHUONG PHAP PHAN TU CANH [1]

Cong thuc tinh thanh phan van tdc tiép tuyén
Ve va thanh phan van téc vudng goc Va:

V, =Rw+V, cosd

1
V, =V,siné @

Trong d6: Va 13 van téc dong tai diém dang
Xét, @ 1a van téc goc cua rotor, R 1a ban kinh cua
turbine gié va 6 la goc phuong vi cua la canh
dang xét.

Khi turbine gié quay, goc phuong vi ciia moi
14 canh s& thay ddi va clng véi d6 1a su thay doi
cua van toc twong ddi cua dong W va géc tan o .
Tir hinh 1, ta c6 cdng thire xac dinh géc tan :

a=tan(V,/V,) 2
=tan"*(sin6/(Rew/V, +cos0))

V6i V, 1a van téc tu do ciia dong.

Cong thire xac dinh van téc tuong ddi:

W= N2 V2 3)

Dién tich quét Ia mot mat cit ma né sé bao
quanh toan bo turbine khi ta cho n6 chuyén dong
cling véi chuyén dong cua turbine. Dién tich quét
cua turbine gid truc ding canh thang s& la dién tich
cua hinh chir nhat va duoc tinh:

S =2RH )

Vi H 1a chiéu cao cua turbine.

Hé s6 day dic 1a mot thong sé hinh hoc vo
thit nguyén dai dién cho ty 1€ cua dién tich cach
trén dién tich quét

o=Nc/d (5)

Trong d6: N 1a s6 canh quat trong turbine
gi6 truc ding, ¢ la chiéu day day cung canh va d
la ban kinh turbine.

VegrPeo

Hinh 1. C4c thanh phan van téc cua dong tai bién
dang canh

Hinh 2. Céc thanh phin lyc trén bién dang canh
Ty s6 tée do dau canh dwoc dinh nghia la ty
sb cua van téc quay cua canh quat va van tbc
dong tu do (van téc thuc cua gid)
A=wRIV.  (6)

Phuwong cua luc nang va luc can va cac
thanh phan van téc vuéng géc va tiép tuyén cua
hai luc trén dd duoc thé hién & hinh 2. Méi quan
hé gitra hé s6 luc tiép va hé sb luc phap tuyén
v6i hé s6 lyc nang va hé sé luc can:
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C,=C,;sina—C, cosa @)
C,=C,cosa+C;sina

Cong thire dé tinh luc tiép tuyén va luc vudng
géc:
1 2
F, == pcHW?C,
2
1 )
F,==pcHW’C,
2
Trong d6: p 1a khdi luong riéng khong khi
va ¢ do dai day cung canh.

Luc tiép tuyén trung binh ciia mot canh quat
trong mot vong quay duoc tinh nhu sau:

1 2r
F. =§£ F.(6)d0 9)
Momen quay tong T cua N cénh quat:
T =NF,R (10)

Hé sb momen quay:

Cong suat cua gié dugc cho bai cong thirc
P =2 pSV? (12)
2
Cong suat ma turbine gi6 c6 thé iy dugc:
P =Tw (13)

Hiéu suit cua turbine gi6 la ty 1¢ cua cong
suit ma turbine tao ra trén cong suat gio:
R To

Nhu vay, ta c6 mdi quan hé giita hé s cong
Suit va hé sé momen quay
C,=C.A (15
3. TINH TOAN SO
3.1. Phwong phap biéu dién bién dang canh:
phuwong phap bién ddi ham lép - ham dang
(class function — shape function metod - CST)

Phuong phap CST dwa trén mot ham sé giai
tich d& mo ta hinh dang bién dang canh. Ham s
nay c6 hai thanh phan 1a ham 16p va ham dang.
Str dung phwong phap CST duoc gigi thiéu trong
[2] [3], céc toa 6 dudng cong duoc cho bai biéu
thurc sau:

(3)ei(3)s (3 (3)F o
(o C C c)C
N1 N2
i (3)-(3) (-3)
N2 -
Vi ¢/ \¢C ¢/ ham lop
N1,N2: s6 mi

S@ =ﬂp‘ Gﬂ : ham dang

X: gia tri vO thir nguyén tir 0 téi 1
¢: chiéu dai cua duong cong

Da thirc Bernstein s& duoc dung lam ham

dang
S (ij =KX (1-x)"
c
(17)
[ .
Trong d6 K =| " |=—™ _ :he sé nhi
i il(n—i)!

thuc

V6i n: bac cua da thic Bernstein

Trong bai nghién ctu nay, cac bién dang
canh dugc dung c6 dang mép trude canh la hinh
tron va mép sau canh la hinh ném. Tur d6, cac hé
s6 N1 va N2 caa ham Iép duoc lya chon lan luot
l1a 0.5 va 1. Bic cua da thirc Bernstein duoc chon
1a n=4, gié tri nay la du dé mo ta cac bién dang
canh nhu d& duoc chi ra trong [2].
3.2. Chia lwéi va diéu kién bién

Trong phan tich CFD, vaéi cac hinh hoc don
gian va huéng caa dong 13 khong thay doi, ludi
c6 cau trdc 1a pht hop nhét vi n6 cho do chinh
X&c cao va viéc tao ludi trong trudng hop nay la
don gian. Tuy nhién, khi hinh hoc tré nén phuc
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tap va huéng cua dong la khéng du doan truée
duoc, sir dung ludi khdng c6 cau trdc s& phu hop
hon vi viéc xay dung ludi dé dang, nhugc diém 14
do chinh xac khong cao.Vi vay, bai nghién cau
nay sé sir dung ludi lai, két hop giira ludi ¢6 cau
tric va lugi khdng c6 cau tric. Phuong phap nay
gilip can bang giira &6 chinh xac, thoi gian tinh va
viéc dé xay dung ludi.

Ludi ¢ cAu trdc s& duoc tao cho mdi bién
dang cénh. Nguyén tic 1a tao cac diém co s& cua
khung ludi ¢6 Ciu tric trén dwong thang vudng
g6c voi duong thang tao tir mi hai diém co so lién
tiép nhau cua bién dang canh. Khoang céch tur
diém co s¢ caa khung téi bé mat bién dang canh
1a 15% cua day cung canh. Tét ca cac diém co sé
cua khung sau do s& dugc ndi lai dé tao thanh mot
khung hoan chinh.

DPé dam bao luéi c6 chat lwong tét, lusi co
cau trGc cua mdi bién dang canh s& dugc chia ra
bang cac duong elipse véi cac diém dé tao céc
duong ellipse cho ¢ hinh 4. Luéi hoan chinh cho
ludi ¢ cAu trde duoc minh hoa ¢ hinh 5. Cac kich
thudc bién va diéu kién bién cua phan ludi khong
c6 cAu tric dugc cho & hinh 6 va 7.

Y] O« T R S S S

-0.05

Hinh 3: Cach xac dinh cac diém co s¢ cua khung luéi
c6 cau truc

Bang 1. Toa d6 cac diém dé tao cac duong ellipse

Ellipse | 1 2 3 4 5
#

Xi 0.15c| 0.2¢c | 0.8c |0.95c|0.995¢c
Vi 0.17¢|0.35¢|0.35c|0.17c| 0.02¢c

Bién dang canh NACA0021 duoc sur dung
dé danh gia chét luong ludi v6i phuong phap
chia ludi trén. Bang 2 téng hop cac dic tinh chat
lugng cua ludi. CAc gi4 tri nay déu trong muc
cho phép dé dat duoc nghiém hoi tu [4].

Bang 2. Chat lwong ludi cho bién dang canh
NACA 0021

Thudc tinh chét lweng | Giatri xdu nhét

Do xién (Skewness) 0.38

Ty 1€ co (Aspect ratio) 14.72/1

Hinh 5. Phan ludi ¢6 cAu tric hoan chinh cua mot
bién dang canh
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14c

Hinh 6. Kich thudc va diéu kién bién cua luéi khong
¢6 cu triic — phan xoay

symmetry

interface

velocity inlet
=
pressure outlet

l"""VVV"VVV

symmetry

46.62¢ 69.93¢

Hinh 7. Kich thudc va diéu kién bién cua luéi khong
c6 cAu tric — phan dirng yén
3.3. Phuong phap s

Md hinh réi duoc lya chon la Realizable k- ¢
. M& hinh phuong trinh déi Iuu trong mé hinh
Realizable k-¢ la:

o 2 2 i) ok
ok - pku. ) = - | K
o (PR 5 (k) ax{[“okjaxj}

]
+G, +G, — ps-Y,, +5,
Va

2 90 N | Rl
(P 5 (Peu) =5, K“o—gjaxj
2

+pC,Se - pC, %cageb +8,

L-{-C
k+Joe ©
. n k

trong do: C, =max|0.43,——| , n=S5S—,
n+5 £

S=./25,5; .

V6i G dai dién cho su tao thanh dong nang
ri do gradient van téc, Gp dai dién cho su tao
thanh dong nang rdi do luc ndi, Ywm: dai dién cho
su dong gop cua cac dao dong gidn no bat
thuong trong cac réi nén duoc tai toc do tiéu hao
tong thé (Y,, =2peM? véi M 1a s Mach cua
rbi), C,=1.9 va C,,=1.44 1a hang sé trong md
hinh k-& Realizable, o, ,o, : s roi Prandtl cho
kva g.

Tinh todn m6 phong dugc thuc hién su
dung chuwong trinh giai RANS thwong mai cua
ANSYS FLUENT. Giai thuat SIMPLEC duoc
sir dung dé giai bai toan lién két giira thanh phan
van toc va &p suit trong phuong trinh dong
luong. Luu chat dugc gia thuyét 1a khéng nén
duogc. Budc thoi gian duoc chon du nhé dam bao
md ta duoc hién tuong chuyén tiép va phai gioi
han s6 lan lap dé giam chi phi tinh toan. Trong
bai nghién ciru nay, budc thoi gian dugc chon
bang thoi gian dé turbine quay mot géc 4°. Biéu
kién hoi tu nhé hon 1075,

Khi phuong trinh Navier-Stokes duoc giai
tGi khi dat trang thai ban hai tu (cac gia tri nhu
cii sau mdi chu ky quay), hé sé momen cua mdi
canh quét riéng biét va ciing nhu hé s6 momen
cuia ca ba canh quat & mdi budc thoi gian sé dugc
ghi lai vao cac tap tin dit liéu. Cac tap tin nay sau
d6 s& dugc xir ly bang phan mém MATLAB dé
tinh hé s momen quay trung binh va hé sb cong
suat nhu d4 trinh bay & phan 2.

3.4. Kiém chitng két qua

Hinh 8 cho thiy phan bé cua hé sb ap suat
tai A =2.33 trong hé truc toa do cuc va so sanh
véi két qua cua Castelli et al. [5] (cung turine gi6
va cung diéu kién kiém tra). Tuy van ton tai vai
khéc biét trong két qua, tuy nhién hé sb cong suat
trung binh caa 2 mé hinh 1a gan nhu bang nhau
v6i 0.432 cta mod hinh trong bai nghién ciu va
0.429 trong két qua cua [5] (sai khéac 0.7%).
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Hinh 9. Thay déi ciia hé sé cong suét trung binh theo
ty sb van téc dau canh

Dé khao xac su chinh xé4c caa mo hinh dugc
dura ra theo céac gia tri ty s6 van tc dau canh khéc
nhau, 8 md phong dugc thuc hién tai 8 gi tri ty s6
téc do dau canh khac nhau . Tinh toan md phong
dugc thuc hién chay song song trén may tinh c6
cau hinh: 4-processor, 2.83 GHz. Thoi gian cho
mot truong hop mé phong 1a 4 gio. Hinh 9 cho
thdy su thay déi cua hé s6 cong suét trung binh
theo ty s6 téc d6 dau canh canh va duoc so sanh
véi két qua tir [5].

Quy trinh tinh todn m6 phong va phén tich
tu ddong duoc mé ta nhu hinh 10.

Tnputting CST
)ACA; digit | parameter
series identification
- (‘-'Wm:f“ Meshing
Inputting 10 L—»  Generation 1 e )
CST (MATLAB) GAMBIT)
parameters l
Graphs and Data Data processing CFD Simulation
Outputting
(MATLAB) (FLUENT)
(MATLAB)

Hinh 10. Quy trinh tinh toan tu dong.

Tw quy trinh phan tich da gigi thiéu, mot
phan mém d4 duoc phét trién dé phan tich hiéu
Suit cua turbine gio truc ding ty dong. Tir giao
dién, nguoi sir dung c6 thé nhap vao céc thdng
s6 thiét ké. Phan mém sé thyc hién quy trinh tinh
todn va hién thi két qua. Giao dién phan mém
duoc minh hoa ¢ hinh 11.

Reset

Power coefficient average: 0.423510

Hinh 11. Hién thi két qua phan tich bién dang canh
co SO

4. KET LUAN

Nghién ctru nay da hoan thanh giai thiéu va
phét trién mot hé théng hoan toan tu dong dé
phan tich hiéu suit caa VAWT két hop Vi
phuong phap biéu dién hinh hoc bién dang canh
CST trong viéc biéu didn mot sb luong 16n céc
loai bién dang canh, phuong phap tu dong tao
luéi lai dam bao tinh chinh xé&c va su hoi tu cua
céc két qua, st dung md hinh Realizable k-¢
model ddi v6i md phong CFD. Bén canh do,
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nghién ciru nay ciing da gidi thiéu va phat trién
mot chuwong trinh tinh toan phan tich tu dong hiéu
suit caa VAWT. Nghién ctru nay khdng xem xét
anh huéng cua cac tru dén hiéu suat khi dong hoc
cua c4c turbine gi6 ciing nhu anh huong cua chiéu
cao cua turbine gi6. Trong tuong lai, cac anh
huéng cua try va chiéu cao (hiéu tng 3D) s& duoc
nghién ctru thém dé ting thém do chinh xéac cua
két qua phan tich. Bén canh do, véi quy trinh phan

tich tu dong da gidi thiéu trong bai bao, maot quy
trinh t&i wu hoa hiéu suat khi dong cua turbine
gi6 truc ding c6 thé duoc dé dang thuc hién.

Loi cam on: Nghién ciu nay dwoc tai tro
bsi Quy Phat Trién Khoa Hoc va Céng Nghé
Quéc Gia Viét Nam (ma so dé tai: 107.04-
2012.25)
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An automated analysis process for
vertical axis wind turbine
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ABSTRACT:

This paper presents an automated
process for analyzing the performance of
vertical axis wind turbine (VAWT). The details
of this process will be demonstrated, which
include the airfoil geometry representation
using CST method, a hybrid meshing process
combining structured grids and unstructured
grids, CFD calculation process and
processing data results to calculate the power
coefficient of VAWT. These processes are
designed as separate modules. CFD

methods used in this research is RANS 2D
using Realizable k—-¢ turbulence model.
Meshing process will be done on the
GAMBIT software, the CFD calculations are
done on commercial ANSYS FLUENT
software and these processes are
controlled by mathematical software
MATLAB. The formulas used to calculate
the power coefficient will be also introduced
in this paper.

Keyword: vertical axis wind turbine, design optimization, computational fluid dynamics.

REFERENCES

[1]. A. M. Biadgo, A. Simonovic, D. Komarov,
and S. Stupar, “Numerical and analytical
investigation of vertical axis wind turbine,”
FME Trans., vol. 41, no. 1, pp. 49-58, 2013.

[2]. B. M. Kulfan and J. E. Bussoletti,

“Fundamental parametric geometry
representations for aircraft component
shapes,” in 11th AIAA/ISSMO

multidisciplinary analysis and optimization
conference, 2006, pp. 1-42.

[3]. N. A. Vu, J. W. Lee, and J. Il Shu,
“Aerodynamic design optimization of

helicopter rotor blades including airfoil
shape for hover performance,” Chinese J.
Aeronaut., vol. 26, no. 1, pp. 1-8, Feb.
2013.

[4]. ANSYS, Inc (2011), "FLUENT 14.0
User’s Guide".

[5]. M. Raciti Castelli, A. Englaro, and E.
Benini, “The Darrieus wind turbine:
Proposal for a new performance prediction
model based on CFD,” Energy, vol. 36, no.
8, pp. 4919-4934, Aug. 2011.

Trang 152



