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Tém tit - MAu canh tuabin gio S1210 s& dugc phan tich trong
khong gian hai chidu bang phuong phap Dong luc hoc chét Iuu tinh
toan (CFD) tai dleu kién s6 Reynolds thip, Re=204100, twong Ung
v6i van tbe gid 1a xdp xi 9, 78 mys. Su thay ddi cua cac thong so khi
dong hoc dic trung ciia mau S1210 theo cic goc tin cong (AoA)
khéc nhau trong khoa.ng tir -4° dén 18° s& dugc khao sat. Dong chay
161 qua b& mit ciia mau canh s& duoc tinh toan theo mé hinh mot
phuong trinh Spalart-Allmaras. Cac két qua thu duoc cho thiy, do
chinh x4c cao khi so sanh v6i sb lidu thuc nghiém trude dé di cong
b boi nhom nghién ciru khac. Ngoai ra, trong nghién clru nay con
dua ra duge goc tin cong cho hé sb lyc nang cao nhit Cimax ma thuc
nghiém trudc do6 da khong chi ra dugc.

Tir khoa - Mﬁu'cénh S1210; ANSYS Fluent; Phuong phap CFD;
S6 Reynolds thap; M6 hinh Spalart-Allmaras.

1. Pat vin dé

Trong nhitng nim gan day, nhan loai di chimg kién
nhiéu hau qua cua bién ddi khi hau trén pham vi toan clu,
dic biét phai ké dén 1a cac hiéu tmg khi nha kinh do su phat
thai CO2 qua murc tir cac hoat dong phat trién cong nghiép.
Trong d6, cac nha mdy san sudt nang luong dong gop mot
phan khong nho trong nguyén nhén giy ra tinh trang toi té
nay, dac biét 1a cac nha may nhiét dién than. bé giam thiéu
va ngin chan céc tham hoa 16n trong tuong lai, nhiéu nuéce
trén thé gidi, trong d6 c6 Viét Nam da dé ra myc tiéu s&
dua phat thai khi CO, vé muc khong cho dén nim 2050.
Do vdy ma nhiéu chinh phu dang diy manh viéc phat trién
céc ngudn nang luong moi, trong d6 néng luong gi6 dang
dugc coi la ngudn nang luong tai tao c6 vai trd quan trong
trong chién lugc phat trién nang lwong quéc gia.

Tai Viét Nam, v6i chii truong khuyén khich phat trién
cac nha may dién gi6 cua Chinh phu, trong nhiing nam
gan day da co nhidu du 4n dién gio trén dat lién dugc xdy
dung va dua vao hoat dong. Cac nha may nay st dung
cong nghé tuabin gid phu hop vai ting gié cao, diéu nay
mang lai khong it nhitng kho khén trong qua trinh xay
dung va van hanh ctia nha may. Thuc té, Viét Nam co
ving lanh thé trai dai v6i nhiéu ving c6 cac dic trung vé
khi hau va gié khac nhau. Trong d6 chi mot s6 ving co
nguén gi6 16n va dang duoc tién hanh khai thac thuong
mai. Con lai phan 16n lanh thé 1a cac ving glo thap va
trung binh chua dugc tinh toan st dung. Phan bd vén tdc
gi6 trung binh cta khu vuc Viét Nam dugc tham khao
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Abstract - The wind turbine airfoil model S1210 will be analyzed
in two-dimensional space by the method of Computational Fluid
Dynamics (CFD) at low Reynolds number condition, Re=204100,
corresponding to the wind speed is approximately 9.78 m/s. The
variation of the typical aerodynamic parameters of the S1210 airfoil
model under different angles of attack (AoA) between -4° and 18°
will be considered. Turbulent flow through the surface of the airfoil
will be calculated according to the one equation Spalart-Allmaras
model. The obtained results show high accuracy when compared
with previous experimental data. In addition, in this study, the angle
of attack for the highest coefficient of lift Cimax Was also given that
the previous experiments did not show.
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trong co s¢ dir liéu gio toan cu duoc tai trg bai Ngan
hang thé glO’l dugc thé h1en nhu: trong Hlnh 1 [1]

Hinh 1. Phén bé vén téc gio trung b{nh tai do cao 50m
s0 v&i myc nudc bién

Tai nhiéu nudc trén thé gidi, cac phong thi nghiém da
tién hanh nhiéu nghién ctru vé cac thiét ke clia mau canh
tuabin gi6 phu hop cho ving gi6 c¢6 van toe trung binh va
thap. Mot s6 nghién ciru thye nghiém va ly thuyét vé cac
loai mau canh trong céc diéu kién hoat dong khac nhau
dugc trinh bay trong cac tai liéu tham khao [2-8].

Bai bao nay s& phan tich cac thong s6 khi dong hoc ciia
mau canh tuabin gi6 S1210 cho hiéu suét hoat dong cao
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trong diéu kién gié trung binh, van tdc gié 1a 9,78 m/s, ph
hop v&i nhiéu khu vyc tai Viét Nam. Phuong phap CFD
trong phan mém ANSYS Fluent s& duogc sir dung dé tién
hanh cac m6 hinh phan tich, day 1a phuong phap hién dai,
dang duoc wu tién st dung tai nhidu phong thi nghiém tién
tién trén thé gidi [9].

2. Phuong phap nghién ctru
2.1. Phwong phap CFD

Phuong phap d6ng luc hoc chét luu tinh toan 14 tén goi
chung cho h¢ thong phan tich da vét 1y vi sy tham gia cua
dong chét luu trong cac bai toan nhu chuyén dong, truyén
nhiét, phan tng hoa hoc, ... dugc dua vao mo hinh hoa va
md phdng, phan tich tren may tinh. Phuong phap CFD
dugc sir dung trong nhiéu phan mém khac nhau, chang han
nhu OpenFoam, ANSYS CFX, va ANSYS Fluent. Trong
do, phﬁn mém ANSYS Fuent duoc st dung rong rai va
duogc kiém chimg thong qua rat nhiéu té chtrc va phong thi
nghiém tién tién khac nhau trén thé gigi. ANSYS Fluent co
cac tinh nang cho phép mé hinh hoa néng cao cho ca dong
chay nén dugc va khong nén dugc, dong chay tang va dong
chay rdi, dong chay 6n dinh va dong chay chuyén tiép. Co
s& toan hoc ctia ANSYS Fluent dua trén cac dinh luat bao
toan co ban cua vat 1y [9, 10].

Dinh luét bao toan khoi lwong hay con dugc cho dudi
dang phuong trinh lién tuc [10]:

j _
PP 1)
Phuong trinh dong lugng [10]:
6(v]-vi) _ _6_p
aX]' - 6xi

- [(u + ur) (avl + 0”’) +3pk8;| ()

0] day: x;, x; lan luot 14 cac toa do (X,y); v;, v lin luot
1a vecto van toc theo céc truc toa do, m/s; p 1a mat do chat
khi, kg/m3; p 13 &p suét chat khi, Pa; u 1a d6 nhét dong hoc
cua chét khi, kg/(m.s); pr 13 d6 nhét dong xody rdi loan
kg/(m.s); k 1a dong ning ciia dong chay rdi loan.

Trong nghién ctru nay, mo hinh réi loan Spalart-
Allmaras s€ dugc sir dung, theo d6 m hinh s€ bo qua s0
hang dong nang cua dong chay r0i k, va chi quan tam t6i

s6 hang d6 nhdt dong xody rdi loan pir. Theo gia thuyét vé
d6 nh6t dong xoay ciia Boussinesq, thi o nhét dong xody
duoc xac dinh nhu sau [11]:

3 *
3;)(:”_ (3)
v1

W la mot bién lam viéc ctiia md hinh Spala(t—AIImaras,
dugc xac dinh dya trén phuong trinh vén chuyén:

PE—P—D+T+2[V.((u+u)Ve) + cra(Vi)?] (4)

Ur =4 fvl! fvl

Dt
P=c,(1-fi)S"uw (5)
2
D= (Cw1fw — ftz) ( ) (6)
T = ftl(Au)z (7)
O day: $* 1a do xody diéu chinh:
s* =S+Kl;7fv2;fv2 = 1_1+))((fu1 (8)

S chinh 1a bién d¢ cua dong Xxody, d 1a khoang cach tu
dong xody dén 16p blen tuong gan nhat.

~ o[
r = min (S*:—mz,r”m()) 9)

Céc sb hang lién quan t6i ving phan tich dong chay
tang va dong chay xoay:

fer = ce19e exp (_Ctz :)th [d* + gt ¢d ])
fr2 = Ce3 exP(_CmXZ)
Véi: g, = min (0 1,

=71+, —1);

(10)
11)
) dt 1a khoang céach tir dong

chay xody dén diém bt dau phan tach; w, 1a do xody tai diém
phan tach; Av 1a @6 léch twong doi cia van toc so véi diem
phén tch; Ax 1a khong gian ludi chia tai diém phéan tach.

Céc hang sb dugc s dung trong md hinh Spalart-
Allmaras la [9]:

2
¢y1 = 0,1355; 0 = §;Cb2 = 0,622; k = 0,41;

w1 = 3,239;¢,, =0,3;¢3 =2;¢,1 = 7,1

€1 = LCr = 25003 = 1,25 ¢4 = 0,5, 1y

Diéu kién bién d01 voi ,u la khi tlro’ng khong trugt thi
=0.

2.2. Méu cdnh tuabin gié S1210

Mﬁq canh tuabin gi6 dugc lya chon 1a_ mau S1210,
théng s6 ky thudt ctia mau canh dugc biéu dién trong Hinh
2 va Bang 1 [12].

Khodng cich lon nhit gita ducmg tim v dutmg ¢, M

Buomg thing noi diém dau va diém cuoi, ¢

Diém daw | ‘ ~. Diém cudi

, 1
Goc tan cong /

Al B diy Iom nhit,T

Hinh 2. Cdu tao ciia mau cdnh S1210
Bing 1. Théng s ky thudt mau canh S1210

STT Thang ) Gia tri

Duong thang nbi diém dau va
diém cudi, ¢

2 |Bé& diy l6n nhit, T

1 0,3048m

0,065m tai 21,4% c

Khoang cach 16n nhit giita duong

3 tdm va duong ¢, M

0,156m tai 51,1% c

Trong qua trinh hoat ddng, canh tuabin gid s€ chiu cac
tac dong cua dong chay theo nhiéu goc tin cong khac nhau.
Vi vay dé khao sat sy thay doi clia cic thong s6 dong hoc
cuia mau canh, cac gbc tan cong s€ dugc lya chon lan luot
tir khoang -4° cho dén 18°.

3. Két qua nghién ctru va ban luin

Mau canh S1210 dugc xiy dung trong md hinh hai
chiéu st dung phan mém d6 hoa SpaceClaim, cac thdng
s0 ky thuét ciia mau canh dugc lay theo Bang 1 va toa d6
chi tiét tai cadc diem dugc chon nhu trong tai liéu tham
khao s6 [12].

Khoang cach tinh tir 16p bién 16i vao t6i diém dau cia
mau canh la 6m va khoang cach tir di€ém cuoi ciia mau canh
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dén 16p bién 1i ra 1a 18m. Cac diéu kién bién bao gom bé
mat 161 vao, bé mat 161 ra, bé mat tuong ran clia mau canh va
bé mit d6i xirng ctia md hinh dugc thé hién trong Hinh 3.

Ansys
AT =
. =
T Mau canh E ‘
Ldi vio — Liin
= =
= =
/
g B B I ,

Hinh 3. M6 hinh phan tich 2 chiéu

Céc mo hinh dugc chia ludi két hop dang luéi tam giac
va ludi tr giac, kich thudce ludi trung binh 1a 0,03 m. Ldp
diéu kién bién bao xung quanh mau canh dugc chia loai
ludi tir giac, kich thude 10p ludi dau tién tiép giap voi bé
mat mau canh 1a 0,005 m. Tong sb 16p diéu kién bién nay
12 5 16p, va mdi 16p s& co kich thude chénh léch nhau 1a 1,1
lan. Tong sb phan tir ludi ciia cac mo hinh duoc xay dung
trong bai bao nay déu khoang xip xi 300000 Iudi, chat
lwong ludi cia mdi md hinh déu dat tir 0,95 trg 1én, gia tri
nay dam bao d¢ hoi tu ctia cac mé hinh.

Cé4c mo hinh duoc phan tich theo cac goc tan cong khac
nhau ctia dong chay tdi theo 16p bién 18i vao tai gia tri sb
Reynolds 1a Re=204100, twong tmg véi van toc gio la

. =9,78m/s. Khéi luong riéng cua dong khi la
p = 1,225 kg/m®, dd nhét dong hoc cua dong khi la
u=1,789 x 1075 kg/(m.s). Toan bo khong gian cia mé
hinh déu c6 4p sut tinh 1a p=101325 Pa va dudi gia tdc
trong truong theo truc oy 1a g=-9,81 m/s?. Cong thirc lién
hé sb Reynolds véi van toe dong chay tai mot vi tri bat ky
trong mo hinh dugc cho nhu sau:

(12)

Sau cac qué trinh tinh toan giai quyét cac phuong trinh
bao toan str dung bo giai SIMPLE két hop véi tiry chon
hiéu chinh gradient d6i v&i bé mat cong trong cua ANSYS
Fluent. T4t ca cic md hinh phén tich déu chay voi s6 vong
1ap 1a 1000 vong va dat dugc d¢ hoi tu can thiét. Cac dai
luong ctia md hinh s& duoc xac dinh nhu 13 phan bd van
tc, phan b ap suit, cac luc twong tac 1én mau canh va cac
dong xoay dugc tao thanh do qué trinh chuyén dong ciia
dong chay nhét. Trong linh vyc thiét ké miu canh cho
tuabin gi6, nguoi ta thuong quan tam dén ba dai lugng dic
trung trong qua trinh hoat d6ng ciia mau canh nhu sau:

L

C = Toua (13)
D
Ca= T (14)
PP
CP = %pvé (15)

O day: Ci, Cq va Cp 1an luot 12 hé sb luc nang, hé s6 lyc
can va hé $6 ap lyc trén bé mait ciia mau canh; L va D 1 luc
nang va lyc can cua mau canh, N; P, Poo lan luot 1a ap suét
tinh tai diém bét ky trong mo hinh va ap suét ctia dong tur

do, Pa; A la tiét dién mit phing ciia mau canh, m2,

2.0 H
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Hinh 4. Hé s6 lyc nang Ci thay déi theo goc tan cong

Bing 2. H¢ $6 luc ndng va hé $6 luc can tir phdn tich va

thuc nghiém [2]
C| Cd
AOA° | Thye | Phan |Pléch,| Thwe | Phan Po
nghiém | tich % nghiém | tich |1éch, %
-4.15 | 0,451 0,515 | 14,100 | 0,0197 | 0,0151 | 23,168
-3,16 | 0,590 0,610 3,361 0,0149 | 0,0164 | 10,034
-2,19 | 0,694 0,746 7,553 0,0148 | 0,0157 | 6,149
-1,16 | 0,792 0,755 4,669 0,0160 | 0,0166 | 4,056
-0,03 | 0,903 0,854 5,426 0,0173 | 0,0176 | 1,827
0,90 0,991 0,994 0,348 0,0182 | 0,0185 | 1,451
1,93 1,092 1,110 1,611 0,0190 | 0,0200 | 5,026
2,91 1,182 1,151 2,631 0,0200 | 0,0202 | 1,180
3,97 1,276 1,260 1,238 0,0210 | 0,0225 | 7,176
5,07 1,362 1,369 0,536 0,0214 | 0,0231 | 7,911
6,13 1,451 1,487 2,495 0,0229 | 0,0261 | 14,149
7,12 1,530 1,514 1,020 0,0242 | 0,0279 | 15,124
8,13 1,602 1,554 2,971 0,0255 | 0,0272 | 6,698
9,33 1,685 1,776 5,371 0,0274 | 0,0326 | 19,095
10,43 | 1,737 1,808 4,093 0,0304 | 0,0382 | 25,536
11,61 1,759 1,895 7,749 0,0370 | 0,0423 | 14,295
13,00 1,904 0,0556
14,00 2,072 0,0564
15,00 2,105 0,0607
16,00 2,130 0,0711
17,00 2,215 0,0795
18,00 2,134 0,0926

Sau khi tién hanh cac mo hinh phén tich véi goc tan
cong khac nhau, cac két qua dugc trinh bay trong Bang 2.
Cac gia tri thyc nghiém dugc léy tir tai liu tham khéo sé
[2] do nhém nha nghién ctru Michael S. Selig tai Truong
Dai hoc Illinois da cong bd trude do.

Tir Bang 2 va Hinh 4, c6 thé thay cac gia tri hé s luc
nang C thu dugc tir phan tich co sy phu hop cao voi céc
gia tri thyc nghiém. D 1€ch trung binh gitra thuc nghiém
va phan tich vao khoang 4%. H¢ s6 luc nang cua mau canh
c6 gia tri ting 1én nhanh chong khi thay doi cac goc tan
cong, thuc nghiém da tién hanh xac dinh duoc gia tri C, tai
goc AoA=11,61° la C=1,759. Tuy nhién, h¢ s6 luc nang C
thue nghiém cho dén gdc 11,61° van chua phai 1a gia tri 16n
nhit. Do viy, cac phan tich ddi v6i cac goc tan cong 16n
hon dugc thuc hién va da xac dinh dugc gia tri Cimax=2,215
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tai goc AoA=17°. Két qua nay gop phan hoan thién hon cac
nghién ctru ve déc trung khi dong hoc clia mau canh S1210
hoat dong tai diéu kién s6 Reynolds Re=204100.

0.045

= EXp. °
. o
0.040 Sim.
[ ]
n
0.035
[ ]
0.030 n
8 Lo
0.025 = "
o o
n n
0.020 e 8
o g ® e
0.015 —-

Hinh 5. Hé 56 luc can thay déi theo goc tan cong

70 4
654 m Exp. " e
60 ® Sim. . . [
P ) * » -
55 v ® -
L
50
e ° o m
45 ° Ad
el
g 40 n
(O] °
35 o
30
25
n
20
15

AoA
Hinh 6. Ty 56 hé $6 luc nang trén hé $6 hee can thay déi theo
géc tin cong

Su thay doi ctia hé s6 luc can theo goc tan cong khac
nhau ciling dugc biéu dién trong Hinh 5, hé s6 luc can Cq
¢6 gia tri nho nhét trong ving tir -4° dén 4°, sau d6 hé sb
luc can ciing c6 xu hudng ting 1én khi ma goc tin cong
tang. Cac két qua ciing cho thiy, sy phi hop cao giita md
hinh phan tich va thuc nghiém. D§ léch trung binh giira
thuc nghiém va mo6 phoéng cua gié tri Cq vao khoang 10%.
Do 1éch ¢co phém tram 16n nhu vay la bdi vi ban than gia tri
ctia hé s6 lyc can rat nho, c¢& phan nghin, do vay chi can
cac gia tri 1éch nhau mot vai don vi phé‘m nghin da dan toi
d6 léch phan trim ting 1én dang ké.

Hinh 6 trinh bay vé su thay dbi cua ty s ctia hé sb luc
nang trén hé s lyc can theo goc tin cong, day la dai lvong
quan trong lién quan dén cong suét hoat dong cua tuabine
gi6. Tir két qua cho thay, c6 do l1éch 16n giira thuc nghiém
va phan tich tai goc tir khoang A0A > 7°, diéu nay 1a hé qua
clia cac d9 léch trong tinh toan gia trj hé sd luc can. Tuy
nhién, ca két qua thyc nghiém va phan tich déu xéc dinh
dugc ring ty sd Ci/Cq dat cuc dai tai goc AoA=5°,

Phan bd cua hé sb ap luc Cptrén bé mat canh tai goc co
hé s6 Ci/Cq 16n nhat va nho nhat dugc thé hién ¢ trong Hinh
7. Tir gi trj ciia hé s6 ap luc Cy, ¢6 thé xéc dinh dugc cac
ving trén bé mat canh xuét hién cac dong xody nguoc chleu
v6i lai hudng cta dong chay dén dua trén cong thirc sb

(15). Tai Hinh 7a, hé s ap luc cia mit trén canh mau canh
c6 diém dong xoay xuét hién tai vi tri khoang 0,1 m va cac
dong xo04y nay c6 dd 16n kha nhd. Nguoc lai, tai Hinh 7b,
diém phéan tach dong xuit hién ngay tir vi tri khoang
0,03 m va do 16n cua dong xody tang 1én nhanh chéng cho
dén hét chiéu dai cia mau canh. Hinh 8 thé hién chi tiét vé
phan bd van tdc dong ciia hai truong hop nay.

1006400 - - H& s6 Ap lire
< trén bé mdt mau canh
5.00e-01 .
hY
1
0.00e+00 — .
-5.00e-01
-1.00e+00 —|
-1.50e400 —
-2.00e+00
-0.05 o 0.05 01 015 02 0.25 0.3
a) Vi tri tryc OX, m
Hé 58 Ap lve
Werdd A
trén b& mat mau canh
0002400 — .
06400 —
4006400 —|
il ¢
-800e+00 —
1.00e+01
005 0 005 01 015 0z 025 03
b) Vi tr tryc OX, m

Hinh 7. Phdn b6 hé s6 dp hre 1én bé mat canh tai géc tan cong
AoA=5° (a) va AcA=18° (b)

Velacif
Cm\hutry1

1 EDOB+01

a)

5
3
+
=1=2

b)
Hinh 8. Phdn bé vin téc dong tai géc tan cong
A0A=5° (a) va AoA=18° (b)
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Viéc cac dong xody xuét hién va co do 16n phat trién
theo chiéu nguoc voi dong dén néu nhu phi hop & mot mire
d6 nhat dinh s& lam cho ty s6 C)/Cq ting 1én. Tuy nhién,
néu nhu dong xody phét trién qua mirc s& khién cho dai
luong nay bi giam di, kéo theo cong suét cia tuabin gio
cling bi giam xudng.

4. Két luan

Phuong phép phén tich dong luc hoc chat luu trong
phan mém ANSYSS Fluent c6 d tin cdy cao va pht hop vai
cac mo hinh phan tich khi ddng luc hoc cho linh vuc nang
lugng gid.

D6i véi mdi ving gia tri cia sé Reynolds thi can c6
thiét ké mau canh tuabin gi6 riéng nham nang cao hi¢u qua
khai thac ngudn nang lugng vo tan nay. Trong truong hop
s6 Reynolds Re=204100 thi mau canh S1210 cho hiéu qua
hoat dong rat cao so v&i cac loai miu canh khac [2].

M0 hinh dong chay réi Spalart-Allmaras 1a mé hinh rat
phu hop va dugc sir dung rong rai trong cac tinh toan lién
quan dén xac dinh d6 nhét dong chay xody tai cc gia tri sb
Reynolds théap trong linh vyc thiét ké hang khong va dién
gi6 ndi chung.

Loi cam on: Nghién ciru nay duge hd trg tir Vién Khoa
hoc Nang luong (IES) thugc Vién Han lam Khoa hoc va
Cong nghé Viét Nam (VAST). VAST cép kinh phi cho
nghién ctru nay, theo ma s VAST07.01/22-23.
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