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TOM TAT

Bai bdo nghién ctu tng dung ly thuyét dong lugng phan bé cénh trén tuabin gié truc ngang dé
tinh todn tuabin gié 2 tang canh déng truc quay doc 1ap, moét loai tuabin gié phat dién cong suat
nho chua tiing dugc nghién cuu trude day. Bai bao cling da dua tén that dau mut canh Prandtl vao
ly thuyét dong lugng phan bé canh dé tinh toan tuabin gié gitp cong sudt va hiéu sudt tinh dugc
s4t v&i cong sudt, hiéu suat thyc té thay vi chi tinh toan & diéu kién Iy tudng. Cac li thuyét tinh toan
nay tuy da xudt hién ti lau, nhung tinh ing dung clia chiing van rét cao bén canh viéc st dung
cac cong cu tinh toan hién dai nhu moé phdng sé cho luu chat (computational fluid dynamic). Két
qua tinh toan trong nghién ctiu dat dugc nha Uing dung cac ly thuyét co ban, sau dé so sanh vdi
két qua mo6 phong ti phan mém Qblade, mét phan mém dang dugc st dung phé bién trong cac
nghién ctu tinh todn tuabin gié truc ngang cdng sudt nhé va Ién véi kha nang cho ra sai s6 dudi
10%. Cach lam nay nham dam bao tinh khach quan va xac thuc dugc cho bai bao. Phuong phap
tinh toan trong nghién cuu nay c6 thé dugc st dung dé tinh toan cho nhiéu loai bién dang canh
tuabin khac nhau. Bai bdo huéng dén st dung cdp gia tri CL/CD tuong Uing véi cac goc tan nhat
dinh nhu mot trudng hop cu thé dé t8i uu qua trinh tinh toan, dua ra bai todn c6 thé tu dong hoa.
Tu khoa: Tuabin gié 2 tang canh, Ly thuyét dong lugng phan bé canh, Tuabin gié truc ngang

coéng sudt nho, Tén that dau mut canh Prandtl

MG PAU

Theo danh gia cua Ngan hang thé gidi, Viét Nam 1a
mot trong nhiing qudc gia c6 tiém nang dién gioé 16n
nhit chau A do cé dia hinh déi ndi va dudng bd bién
dai 3000 km. Véi hon 39% dién tich dat lién c6 tdc
do gi6 trung binh hang ndm trén 6 m/s & do cao 65
m, Viét Nam ¢4 tiém nang phét trién cdc dy an nha
mdy dién gié cong sudt I6n. Cong véi chinh sich
uu dai phét trién dién gié caa Chinh Phg, tinh dén
31/10/2021, Viét Nam da c6 84 nha may dién gié véi
téng cong sudt trén 3980 MW dugc cong nhén véin
hanh thuong mai!.

Tuy nhién, nhiing du an dién gié céng sudt noi
trén déu st dung tuabin gi6 coéng sudt 16n (> 1,5
MW/tuabin). Cac tuabin gi6 nay déu phai nhap 100%
ti nuGce ngoai. Trong khi d6, Viét Nam con c6 thékhai
thac dién gi6 6 quy mo ho gia dinh, cdc trang trai va
cong dong dan cu nho. Nhiing tuabin gi6 phi hgp véi
nhiing tng dung do c6 cong sudt dudi 10 kW dugc
goi chung 1 tuabin gié cong sudt nho hay cyc nho
(small and micro-scale wind turbines), va Viét Nam
hoan toan c6 thé 1am cht cong nghé thiét ké va ché
tao cac tuabin gié & cong sudt nay>>. Nhim ning cao
cong sudt va hiéu sudt cua tuabin gi6 cdng suit nho
(c6 thé hoan toan dugc ché tao véi vat liéu va cong

nghé ctia Viét Nam), tuabin gié 2 tdng canh dong truc
quay doc 1ap da dugc sing ché*. Bai bdo nay sé ting
dung Iy thuyét phan t6 canh d€ tinh todn cong suit va
hiéu sut loai tuabin 2 tdng canh nay.

Pa c6 nhiéu nghién ctiu tai Viét Nam va trén thé gidi
vé tuabin gié truc ngang céng suit nho>>-8. Tuy
nhién nhiing nghién ctu nay chi tdp trung vao tuabin
1 ting cdnh. Hon niia, cac nghién cttu ndi trén thuong
sti dung m6 phong s6 CFD hay duing thuc nghiém dé
tinh todn thiét k€ va t6i vu héa tuabin ma khong st
dung ly thuyét dong lugng phén t6 canh (PLPTC).
Nghién ctiu nay st dung ly thuyét dong lugng phan
t6 canh DLPTC c6 xét dén tén thit ddu mut canh dé
tinh todn cho tuabin 2 tdng canh.

TUABIN GIO 2 TANG CANH DONG
TRUC QUAY DOC LAP

Hinh 1 1a hinh cat ngang thé hién toan by cac bo phan
va cdu tao cua tuabin gié 2 tdng canh dong truc quay
doc lap theo sang ché cua PGS.Tién si Nguyén Thé
Bao*, hinh anh cung cip cho chiing ta ci nhin téng
thé vé tuabin gio6 2 tAng canh.

PHUONG PHAP NGHIEN CUU

Phuong phap nghién ctiu ap dung trong bai bdo nay
la: phén tich - tng hop ly thuyét va mé hinh héa.

Trich dan bai bao nay: Huy L D, Bdo N T. Ung dung ly thuyét phan té canh trén tuabin gié truc ngang
dé tinh toan tuabin gié hai tang canh. Sci. Tech. Dev. J. - Eng. Tech.; 5(3):1605-1613.
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Bang 1: Tong hop ki hiéu dugc dung trong bai bao

Ki Giai thich
hiéu

Don vi

A\ Van toc gi6 vao tang canh trudc m/s

Vs Van tdc gi6 vao tdng canh sau m/s

v, Van tdc dong gi6 tu do dén tu- m/s

abin
Vier  VéAntéc gi6 tuong d6i dén tuabin ~ m/s
T Luc ddy ngugc gié ctia tuabin N
u Van tdc gi6 tai mat phéng rotor m/s
uy Van tdc gio tai vét m/s
m Luu lugng khdi lugng ctia dong  kg/s
gio
p Khdi lugng riéng khong khi kg/m?
a Hé s6 thu hep dong doc truc Khong  thu
nguyén
a He s6 thu hep dong tiép tuyén Khong  thu
nguyén
1 Luc ning tai phan t6 N
d Luc can tai phan to N
[} T6c do goc ctia tuabin rad/s
o G6c tdn o
0 Go6c dit canh o
\ Van tdc gié tuong d6i dén phdn  m/s
i
R, S6 Reynolds Khong  thu
nguyén
i Thi tu phén td Khong  thu
nguyén

Ki Gidi thich Don vi

hiéu

(0] Goc t6i o

CL Hé s6 luc nang Khong  thu
nguyén

Cp Hé s6 luc can Khong  thu
nguyéen

C, Hé s6 cong sudt Khong thu
nguyén

Cr Hé s6 luc ddy Khong thu
nguyén

n Hiéu sudt gi6 tuabin %

A Dién tich quét m?

P Cong sudt ddu ra tuabin w

P Cong sudt gio ly tudng w

B S6 canh trén 1 tdng canh Canh

D DPudng kinh 1 tdng canh m

N T6c d6 quay cuia tuabin Rpm

r Vi tri phén t6 (ban kinh) m

c Do dai day cung m

€ Sai s6 gitia 2 1an tinh lap Khong  thu
nguyén

c Hé s6 dién ddy cinh Khong thu
nguyéen

T Téng momen xodn cho mét N.m

nhém phén t6
Fy T6ng luc tiép tuyén cho mot N

nhém phén t6

DPugc thé hién cu thé trong muc Ly thuyét tinh todn.

LY THUYET TiNH TOAN
Thuyét déng luong 1 chiéu

Thuyét dong lugng dugc dung dé xét rotor tuabin gi6
dudi diéu kién tai phan b8 déu trén mit phing rotor,
van tdc gi6 giam dan déu khi qua rotor.

Dinh luat bao toan nang lugng theo thuyét dong
lugng 1 chiéu cho biét cong sudt khai thac dugc tu
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dong gi6 qua dia tuabin c6 dién tich quét A!:

P= %m (¢ -ut) = %puA (V& - ) (1)

Trong d6 cac van toc u va u; lan lugt dugc tinh theo
céc cong thic:

u=Vy(l-a) (2)
ul =V()(1 7261) (3)

V6i V) 1a vén t6c gi6 di vao tuabin gi6, nhu biéu dién
trén Hinh 2, va a 13 hé s6 thu hep dong.
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Hinh 1: C4u hinh co ban cua tuabin 2 tang canh déng truc quay doc lap.

Hinh 2: Dong chay 1 chiéu qua dia tuabin

Cong suit phat sinh ctia ludng gi6é qua tuabin sau khi
bién dai:

P=2pa(l1—a)*V3A (4)

Hé s6 cong sudt va hé s6 luc ddy dugc tinh theo cong
thuic:

Cp=4a(l —a)? (5)
Cr=4a(l—a) (6)

T cong thiic (5) va (6), hé s6 luc ddy dat gia tri cyc tri
khi a=1/31, va hé s6 cdng sudt dat gia tri cuc dai, goi
12 hé s6 cong sudt Betz. Trong thuc té€ d6i v6i nhiing
gid tri a > 1/3, cong thiic hiéu chinh Glauert dugc st
dung d€ tinh hé s6 luc ddy phu thudc vao hé s6 hep
dong a®, va vé téng quan ta co:

4da(l1—a),a< 1
Cr(a) = 3 7)

4a (1 — )

W = —

1
- P
(5 3aa),a 3

Phuong phap déng lugng phan té canh

Hinh 3: Ong dong d6 day dr tai vi tri ban kinh r

Hinh 3 th€ hién nguyén ly cta phuong phép dong
lugng phan t6 canh: chia dia tuabin thanh v6 s6 hinh
vanh khan d¢ day dr tai ban kinh r va thyc hién phan
tich. Phuong phap dong lugng phan t canh chi ra
rdng c6 thé vé mot tam gidc van t6c d€ phén tich xu
hudng chuyén dong ctia gié qua canh quat khi xét dén
thém 2 yéu t6 13 hé s6 thu hep dong hudng truc aVy
va hé s6 thu hep dong tiép tuyén @’ wr.

Phuong phap nay cé y nghia nhu sau, néu gia st ring:
+ Khong c6 tuong tac doc truc clia cac dong 2 chiéu
qua tiing phan t6 canh.

+ Biét hé s6 luc ning va lyc cin nhu 1a mot ham cta
goc tdn va hé sb Re.
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+ Cong thiic thuc nghiém 7 la ding trong 6ng dong &
Hinh 3.

+ Khong c6 bién thién phuong vi tai van t6c ddu ra u;
Ta c6 thé tinh todn dugc lyc nang 1 va lyc can d trén
tiing phan t6 canh nhu phén tich ¢ Hinh 4.

B= Icos¢+dsing

il

Hinh 4: Van téc va lyc tac dong lén phan té canh vj
tri ban kinh r

bé ddm bao gia thiét s6 4 & trén, cd thé st dung hé s
hiéu chinh ddu mut Prandtl € moé phong tuabin véi
s6 lugng canh hitu han nhung cho két qua tinh toan
gin giéng v6i mo hinh dong chay thit qua cinh (m6

hinh xody)°:
—Bx(R—r)
F= % cos | e 2rsing (8)
T
Khi d6 phuong trinh (7) trg thanh:
1
4aF (1—a), a< 3
Cr(a)= 1 %)

Dir kién dau vao dé tinh toan

DE gidi bai todn tuabin gié 2 tdng canh cho ra két qua
tinh toan ding va han ché sy phtic tap khi phén tich
vecto gié dén tang canh thi 2, Ercan Erturk et al. !0
da dé xuit gia dinh V= (0,5-0,7) Vs trong d6 V, 1a
van toc gié dén ting canh sau va V; la véan tdc gié dén
tdng canh trudc. Nghién ctiu nay ciing 4p dung day
t6c do V- do Ercan Erturk dé xuét dé tinh todn cong
sudt va hiéu sudt canh ting sau. Cu thé trong bai bdo
nay chung ta st dung V= 0,6 V; cho muc dich tinh
todn ting canh sau. Dong thoi, trong bai bdo sé st
dung phdn mém Qblade dé tinh toan so sanh va ddnh
gid tinh dung ddn ctia phuong phap tinh todn da néu.
Toan b dii kién dau vao can dugc st dung trong bai
bao nay dugc thé hién trong Bang 2.
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Giai thuat tinh todn céng suat tuabin theo
phuong phap DLPTC

Giai thuat duéi day 6 Hinh 5 trinh bay cach ting dung
phuong phap DLPTC d€ giai bai toan tinh todn tuabin
gié v6i cac di kién cho trude. Giai thut nay dugc
dung lam co s& tinh todn, dua vao MATLAB dé€ tu
dong hoa.

(1) Input initial blade's
parameter: B, angle of
attack, R ..

(2) Caleulate Cy Cy

(4) Calculate ¢

Abs(@gey-a)=epsilon
Abs{a'y.,-a')<epsilon

(5) Calculate F, ., @'y

(6) Caleulate L, D,
P, efficiency

Hinh 5: Giai thuat ing dung phuong phap BLPTC
trong tinh toan tuabin 2 tang canh

Trong giai thuét nay:
- Budc 2, dii liéu C, Cp tli phdn mém Qblade 1
- Budc 4, goc dit canh ¢ dugc tinh theo cong thicl:

(I-a)%

tang = ~——-—
m = dyor

(10

- Cac cong thitc dugce st dung trong Budc 5 bao gom

cong thic 8, 9 va cac cong thiic sau 12:

dT

Cr= "5 —
0,5pVy2mrdr (11
B 6 (1—a)*(Cycos ¢ +Cysing)
B sin” @
, 1
a R -
4Fsingcos¢ (12)

1
oy

- Céc cong thiic dugc dung trong Buéc 6 bao gom !:

dL; = 0,5pdAw?C; (13)

dD; = 0,5pdAw?C, (14)
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Bang 2: Tong hgp dir kién dau vao dé tinh toan

TT Thong s6 Rotor 1 Rotor 2
Thén canh Pinh cdanh  Thancanh  Thancanh  Pinhcanh  Pinh canh
1 Bién dang NACA 4412 NACA NACA NACA NACA NACA 4412
4412 4412 4412 4412
2 B 3 3 3 3 3 3
3 Vo (m/s) 6,3 6,3 3,78 3,78 3,78 3,78
4 D (m) 34 3,4 3,4 3,4 3,4 3,4
5 N (rpm) 120 120 120 120 120 120
6 r (m) 0,2 ->1,6 1,6 -> 1,7 0,2->1,2 1,2->1,6 1,6 -> 1,65 1,65 -> 1,70
7 ¢ (m) 0,18 0,18 0,18 0,18 0,18 0,18
8 o (o) 9 0 10 4 2,5 -0,5
9 dr (m) 0,01 0,01 0,01 0,01 0,01 0,01
10 € 0,0001 0,0001 0,0001 0,0001 0,0001 0,0001
11 a guess 0,5 0,5 0,5 0,5 0,5 0,5
12 a guess 0,1 0,1 0,1 0,1 0,01 0,01
« Lua chon bién dang canh NACA 4412.
dF; = dL;sin ¢ — dD;cos ¢ (15) o Tinh toan cac thong s6 cuc (gid tri Cy, Cp theo
gbéc tan a) cta canh NACA 4412 véi gia tri
F =Y BdF;(r;+0,5dr) (16) Reynold dugc st dung.
« Ngoai suy thong s6 Cr,, Cp véi cac gia tri goc tén
P=ofF 17 ndm ngoai mién khéo st trong khodng tit -180°
P = lanzvg (18) dén 180° dé€ phin mém c6 thé moé phong toan
2 p mién chdy qua canh.
=7 100 (19) « Nhap thong s6 cho phan t5 cdnh va xay dung

Theo giai thuat trén can luu y rang, vdi c gili nguyén
theo moi phéan t6 canh, bai todn c6 thé vo nghiém néu
ta chi dung 1 cdp s6 Cr, Cp c6 dinh d€ tinh todn cho
moi phan t8. Do d6, d€ tranh hién tugng nay, can thay
d6i cap gia tri Cr, Cp bang céch chon gid tri gbc «
nho din dén khi dén gan dinh canh. Vi du nhu déi
véi rotor 2, gid tri Cr, Cp tai o = 109 sé dan dén bai
toan vd nghiém tai phén tt i v6i r;=1,2 (m). Tl nhan
xét d6 cin tién hanh giam goc tén a.

Mé phdng két qua tinh toan trén phan mém
Qblade

Phin mém Qblade!! dugc dung d€ so sanh va danh
gid do chinh xdc két qua tinh todn ctia phuong phéap
tinh DPLPTC st dung trong nghién ctiu nay. Phan
mém Qblade dugc sti dung rong rai cho hiu hét cac
nghién ctiu hién nay.

Dudi day mo ta cac budc nhép thong s6 va xay dung
mod hinh co ban trong Qblade véi cac dii kién cua bai
bdo nay:

bién dang canh (Hinh 6 va 7).

o Tinh todn mé phong cong sudt dau ra tuabin
theo ly thuyét DLPTC ting dung cac m6 hinh
t6n thit mdéi.

KET QUA VA THAO LUAN

Bang duéi day trinh bay két qua tinh todn dua trén
phuong phéap DPLPTC dugc tinh todn baing MATLAB.
Sau khi thuc hién cac budc tai muc Mo phong két qua
tinh todn trén phan mém Qblade ta thu dugc cic biéu
d6 cuc (gid tri Cp/ Cp theo gdoc tdn o) va biéu d6 cong
sudt tuabin theo van téc gio.

Biéu d6 cuc1a co s& dé chon gid tri o cho tisd Cr/ Cp
16n nhit (dinh cyc trj ctia d6 thi), tai 6 thu dugc cong
sudt gié d4u ra t6i uu. Bai bdo ciing st dung phuong
phép nay dé€ chon gia tri a t6i uu, 4p dung cho phan
than cdnh nham sinh cong suét gio 16n nhét va van
dam bao giai thuét tinh todn cua thuyét DLPTC cho
ra nghiém duing.
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Bang 3: Tong két gia tri tinh toan theo thuyét DLPTC trén Matlab.

TT  Thongss Rotor 1
Thén canh Dinh cdnh
1 Re 96230 96230
2 i 140 10
3 CL 1,348 0,439
5 Cp 0,025 0,018
6 Es 37,334 1,972
7 Ty 109,776 6,593
8 P 469,158 24,846
9 12, 1,082,580 1,082,580
10 n (%) 43,337 2,295

Rotor 2

Thén canh  DPinh cinh  Thancanh  Dinh canh
57700 57700 57700 57700
100 40 5 5

1,358 0,721 0,569 0,180
0,037 0,041 0,036 0,030
4,283 24,916 0,110 -0,085
43,956 30,277 3,950 1,344
53,819 31,310 1,378 -1,061
233,837 233,837 233,837 233,837
23,016 13,390 0,589 -0,454

Hinh 6: Tang canh 1

Qblade cho phép xudt ra biéu d6 cdng sudt tuabin theo
van tdc gi6 thé hién sy bién thién ctia cong sudt gi6
d4u ra tuabin dya theo gid tri cia V. Dya vao biéu
d6 nay ta c6 thé chon gid tri V() tuong ting v6i bai toan
da néu trong Matlab (vi du Vp=6,3 m/s v6i tdng canh
1), sau d6 ké dudng ngang cit véi truc tung dé co gid
tri cong sudt gi6 d4u ra tuong Ung.

Cac biéu d6 dudi day trinh bay két qua tinh toan va
mo phong dua trén phuong phap PLPTC va cic mo
hinh t6n that méi dugc tinh todn bing Qblade.

Dua vao Qblade ta sé tién hanh so sanh cong sudt dau
ra tinh todn dugc tif phdn mém so véi két qua tinh
toan béng phuong phép 1ap theo thuyét DLPTC trén
Matlab va dua ra nhan xét.

Céc biéu d6 két qua ctia Rotor 1 dugc biéu dién nhu
Hinh 8 va Hinh 9.
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Hinh 7: Tang canh 2

Tu d6 thi ta thdy cong sudt tuabin tai Vo = 6,3 m/s 1a
496,6 W. Sai s6 so v6i tinh todn 1i thuyét trén Matlab
dugc thé hién trong Bang 3 & trén 13 0,52 %.

Céc biéu d6 két qua ctia Rotor 2 dugc biéu dién nhu
Hinh 10 va Hinh 11.

Tu d6 thi ta thdy cong sudt tuabin tai Vo = 3,78 m/s
12 78,6 W. Sai s6 so v6i tinh toan li thuyét trén Matlab
dugc thé hién trong Bang 3 & trén 13 8,71 %.

KET LUAN

Tu két qua tinh todn li thuyét trén Matlab véi chi mot
dang sai s6 dugc tinh dén la tén that ddu mat cinh
Prandtl va két qua tinh toan mo phong trén phan mém
Qblade, c6 thé nhén xét ring:

+ Sai s6 cong sudt ddu ra gitia 2 dang bai tinh toan d6i
v6i tuabin 2 tang canh 1a <10%, két qua nay la co thé
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Hinh 9: Cong suat tuabin theo van téc gi6 (W) rotor
1

cycd

Hinh 10: Ti s6 C; /Cp theo « rotor 2

chép nhén dugc.

+ Cong sut cta tAng canh thi 2 (& dai téc d6 gid vao
thép) 14 nho so véi tAng canh 1, trong khi vén téc 1a
60% thi cong sudt chi bang 16% cong sudt cla ting
canh 1.

+ C6 thé dp dung phuong phép tinh todn nay véi
nhiéu loai bién dang canh khac nhau

+ Phuong phép nay c6 thé 4p dung d€ tinh todn tuabin
gi6 2 tdng canh quay doc 1ap véi gid tri sai s6 tuong doi
thép.

Dé phit trién thém vin dé, c6 thé tién hanh moé phong
tuabin gi6 2 tdng canh quay doc 1ap bing phuong
phép CFD va tién hanh thyc nghiém d€ c6 cai nhin
téng quan nhdt, dinh gia chinh x4c tinh Ging dung ctia
phuong phap da néu trong bai bao nay.

LOI CAM ON

Nghién ctiu nay dugc tai trg béi Pai hoc Quoc gia
TPHCM trong khuon kho dé tai ma s6 C2022-20-
01. Chung t6i xin cam on Truong Pai hoc Bach Khoa,
DHQG-HCM di hé trg thoi gian va phuong tién vét
chét cho nghién ctiu nay.

XUNG POT LOI iCH

Cac tac gia bai bao cam két khong c6 bét ky xung dot
lgi ich nao vé toan b ndi dung ctia bai béo.

PONG GOP CUA CAC TACGIA

Tac gia Lé Bang Huy thuc hién cdc ndi dung chinh ctia
bai bdo, Tac gid Nguyén Thé Bio thuc hién y tudng,
thiét ké, ché tao va thii nghiém tuabin 2 tdng canh
(Muc 2) va gidm sat, chinh stta, hiéu dinh bai bao.

PLW)

Hinh 11: C6ng suat tuabin theo van téc gi6 (W) ro-
tor 2
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Application of blade element theory on horizontal axis wind
turbines to research a novel dual rotor wind turbine

Le Dang Huy'?, Nguyen The Bao'%"

ABSTRACT
This research paper applies the blade element momentum theory on a horizontal axis wind turbine

e A to study a 2-stage wind turbine with an independent rotating shaft, a type of small-scale wind
Use your smartphone to scan this turbine that has never been studied. The article also includes the Prandtl loss in the theory of the
QR code and download this article blade element momentum method to calculate the wind turbine so that the calculated power and

efficiency are close to the actual efficiency instead of the consideration of ideal conditions. These
theories have been around for a long time, but their applicability is still very high besides the use
of modern computational tools such as computational fluid dynamics. Calculation results in the
study are achieved by applying basic theories, then comparing with simulation results from Qblade
software, a software that is commonly used in studies to calculate small and large-scale horizontal
axis wind turbines and gives an error of less than 10%. This method is to ensure the objectivity
and authenticity of the article. The proposed method in this study can be used to calculate various
blade profiles of wind turbines. The paper aims to use the Cp/Cp ratio corresponding to a certain
angle of attack as a specific case to optimize the calculation process, giving the problem can be
automated.

Key words: Two-stage wind turbine, Blade element momentum theory, Small-scale horizontal
wind turbine, Prandtl tip loss
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	Kết luận
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