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W : Understanding the interaction between the VATs within an array remains
Actuator Cylinder model, a complex issue, particularly regarding wake interactions and flow
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Wake field interaction recovery downstream of each turbine. This paper presents the results of

. N research on the interaction between Vertical Axis Tidal Turbines (VATTs)
3D numerical simulation. within an array. Turbines are modeled using the Actuator Cylinder theory.
Simulations are conducted in ANSYS Fluent employing the standard k-¢
turbulence model. First, a single turbine model is validated by comparing
the normal and tangential forces acting on its blades with experimental
data from Strickland’s study. Then, the interaction between two aligned
turbines is analyzed. The distances considered are 3D, 7.5D, 15D, and 20D
(where D represents the turbine diameter). The research results show that
increasing the distance between turbines leads to faster recovery of flow
energy for the downstream turbine. The flow velocity recovers to 42% of
the free-stream velocity at a distance of 7.5D, and reaches 70% at 15D.
The results of the research indicate that a 15D spacing is an appropriate
distance for enhancing flow energy recovery for the downstream turbine.
These findings are important for determining the optimal spacing
between aligned VATTs within an array to ensure maximum efficiency in
energy extraction from the flow.
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Cdc turbine truc dirng la nhitng thiét bi dwoc ding dé chiét xudt ndng lwong
ddng hoc ctia dong chdy thanh dién ndng. Trwdc ddy loai turbine nay it dwoc
chii y hon so véi turbine truc ngang trong cdc nghién ctru. Hién nay da co
nhiéu céng trinh nghién ctru vé loai turbine nay dp dung cho cd linh vyc dién
gid va dién thuy triéu do mét s6 wu diém ndi tréi so voi turbine truc ngang.
Viéc hiéu biét vé sy twrong tdc giira cdc turbine truc ditng trong 1 trang trai
con nhiéu khia canh can dwoc lam sdng t6, nhdt la sw tirong tdc vé truomg
réi va khd ndng phuc hoi truomg vén toc dong chdy dang sau moi turbine.
Bdi bdo trinh bay cdc két qud nghién ctru vé sy twong tdc giira cdc turbine
dién thuy triéu truc ditng dwoc bé tri thdng hang trong 1 trang trai. Cdc
turbine dworc xdy dwng dwa trén ly thuyét vé Actuator Cylinder. M6 hinh réi
dworc str dung la k- Standard trong Ansys Fluent. Ddu tién, viéc kiém chitng
mé hinh dwoc thwce hién trén 1 turbine riéng Ié dwa trén gid tri lyc phdp
tuyén va lyec tiép tuyén tdc dung I1én cdnh cta turbine trong nghién ctru ctia
tdc gid Strickland. Tiép theo, su twong tdc giira 2 turbine b6 tri thdng hang
dwoc xem xét. Khodng cdch giira cdc turbine dwoc lwa chon lwotla 3D; 7,5D;
15D va 20D (véi D la dwong kinh turbine). Két qud nghién ciru dd chi ra viéc
tang khodng cdch gitra cdc turbine dan téi viéc phuc hoi ndng lwong ctia
dong chdy cho turbine & phia ha lwu nhanh hon. Kha ndng phuc héi van téc
ctia dong chdy dat 42% so v&i ban ddu tir khodng cdch 7,5D. O’ khodng cdch
15D, gia tri nay la 70%. Két qud nghién ctru dd chi ra khodng cdch 15D la gia
tri hop ly dé phuc hoi ndng lwong ciia dong chdy cho turbine & phia ha lwu.
Cdc phdt hién nay cé y nghia quan trong dé quyét dinh lwa chon khodng cdch
phtl hop gitra cdc turbine dién thily triéu truc ditng b6 tri thang hang trong
1 trang trai, nham ddm bdo hiéu sudt cao nhdt trong viéc khai thdc ndng
lwong ctia dong chdy.
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1. M¢& dau

Hoat doéng khai thac va st dung ngudn nang
lwong hoa thach cua con ngwoi da gy ra nhirng
tac déng batloi dén méi treong, lam gia ting tinh
trang bién doi khi hju. D€ giam thiéu tinh trang va
téc do bién doi khi hiu trén thé giGi hién nay,
nhiéu giai phap da dwoc dwa ra. Mot trong s6 dé
chinh la giai phap vé chuyén dich nang lwgng theo
hwéng than thién véi méi trieong, han ché str dung
cac nguon nang lwgng hoa thach, ting cwong khai
thac va str dung cac nguén nang lwong xanh, sach,
than thién v&i mo6i treong. Theo xu hwéng nay,
hién nay, nang luwgng tai tao dang 1a mot Iwa chon
dwoc wu tién. Bén canh cac nguon nang lwong tai
tao nhw: mat troi, gio, dia nhiét, sinh khéi,... khai
thac nguon ning lwgng thiy triéu dang dwoc thé
gi¢i quan tAm. Nhiéu nghién ciru da tip trung vao
nghién ctru vé thiét bi dé€ chuyén ddi nguon nang
lrong nay thanh nang lwong dién, turbine dién
thuy triéu (Tidal turbine) (Madsen, 1982; Nguyen
vannk., 2014, 2016; Bachantvannk., 2016; Rocva
nnk., 2014). Turbine dién thdy triéu c6 hai dang
chi yéu d6 la turbine truc ngang (Horizontal axis
turbine-HAT) va turbine truc ding (Vertical Axis
Turbine-VAT). Turbine dién thuy triéu la thiét bi
c6 kha nang chuyén d6i nang lwgng dong hoc ctia
moi treong (dong chay thiy triéu) sang dang nang
lwong dién. Turbine dién thiy triéu hoat dong
twong tw nhw turbine gi6 vi cd hai déu truyén
chuyén déng quay tlr cinh quat lam quay réto cta
mady phat dién. Loai turbine nay cé thé dwoc lap
dat & ctra song hodc bién, noi c6 dong chdy manh.
Cling giong nhw loai turbine gid, turbine thiy triéu
6 2 loai dwoc dung phd bién 1 truc ngang va truc
dirng.

Turbine truc ngang (HAT) la thiét bi dwoc dé
cip nhiéu trong cac nghién ctru do tinh tién loi
trong xay dwng va van hanh (Bahaj vannk., 2007a;
Bahaj va nnk., 2007a,b; Bai va nnk., 2013; Nguyen
va nnk, 2014, 2016). So v6i turbine truc ngang,
turbine truc dirng (VAT) mac dli c6 mot s6 han ché
nhit dinh, nhwng loai turbine nay lai c6 rit nhiéu
loi thé vwot trdi so véi HAT, do viéc chiét xuit
nang luwgng cia moéi trweong khong phu thudc
nhiéu vao huéng ctia dong chay (Ye, 2008).

D€ hiéu ro vé suw tic dong cua turbine dién
thiy triéu Ién dong chay va su bién ddi tredng van

téc clia dong chdy ding sau turbine, cidc nha
nghién ctru da st dung nhiéu phwong phap khac
nhau. Trong dd, phwong phap mo hinh héa dwoc
coi la mdt cach tiép cin rat hiéu qua dé nghién ctru
van dé nay. Nhiéu cong trinh nghién ctru cia cac
tac gia da tip trung trong linh vuc mé phong so
(Shen va nnk., 2009; Nguyen va nnk., 2014, 2016;
Shives and Crawford., 2016; Sudhamshu va nnk.,
2016; Abdolrahim va nnk., 2017). Cac tuabin cling
c6 thé dwoc mo hinh hoéa trong cac mé phdong quy
md khu virc nham phan tich s twong tac 1an nhau
gitta chung (Michelet va nnk., 2020).

Doi véi cac VAT, cdc mé hinh don gidn biéu
thi lwc tic dung 1én cac canh quat da dugc dé xuit
nhu phwong phap tiép cin xody, mo hinh 6ng don
dong hodc mo hinh 6ng nhiéu dong. Tuy nhién,
viéc két hop ching véi mo hinh tinh toan dong luc
hoc chat 16ng (CFD) 1a rat phic tap va ton nhiéu
tai nguyén ctia may tinh. Thay vao doé, khai niém
“Actuator swept surface” (AS) da dwoc phat trién
bé&i Rajagopalan va Fanucci (1985). Tuy nhién,
cong trinh nghién ctru ciia Shen va nnk. (2009)
cho thiy cac luc phap tuyén va tiép tuyén khong
dwoc tinh toan chinh xac. Sau d6, khai niém
Actuator Cylinder da dwoc dé xuit boi Madsen
(1982) va dwgc b6 sung, diéu chinh bdi
Shamsoddin va Porté-Agel (2014). Cong thirc cta
Shamsoddin va Porté-Agel da dworc tich hop trong
mo hinh CFD RANS (Reynolds Averaged Navier-
Stokes) trong khéng gian hai chiéu. Cac két qua
ctiia mo hinh dworc kiém chirng véi cac lue do duoc
trén canh cda turbine trong thi nghiém cuda
Strickland va nnk. (1979).

Khi cac turbine hoat dong, ching gay ra
nhirng bién ddi trong moi trrong xung quanh, dac
biét1a sw nhiéu loan (wake) & khu virc ha luu. Digu
nay dan dén su thay d6i van tdc dong chay phia
sau turbine. Khi cac turbine dwoc 13p dit cung
nhau trong 1 trang trai theo kiéu trwéc - sau (dang
thang hang), hoic dwoc lip dit canh nhau thi sé
gy ra cac tac dong anh hwéng 1an nhau (Palm va
nnk, 2011; Nguyen va nnk.,, 2019; Suhri va nnk,
2021; Sun va nnk., 2021; Lin va nnk., 2024; Pucci
va nnk,, 2024). Sy twong tic nay sé din dén su
bién d6i vé moi trwong réi, cling nhw nang lwong
clia dong chay tac dong 1én moi turbine. P8i voi
trudng hop turbine thang hang, turbine dang sau
s& chiu tac dong truc tiép bdi turbine 13p dat phia
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trwdc gay ra (Hinh 1), diéu nay déng nghia véi viée
turbine phia sau s€ nhan dwoc it nang lwong hon
turbine phia trwéc dé. Hi€u ré vé mic dé anh
hwéng va sy tac dong gitra cac turbine la van dé
nghién cu con nhiéu khia canh can dwgc lam
sang to.

Trong bai bdo nay, tac gia nghién ciru vé sw
twong tac gitra 2 turbine truc dirng kiéu Darrieus
dugc b tri thang hang trong 1 trang trai dé xem
xét su bién doi treong van va kha nang phuc hoi
van téc cta dong chdy dang sau mdi turbine.
Khodng cach gitra 2 turbine (L) dwgc lwa chon lan
lwotla 3D; 7,5D; 15D va 20D. Hiéu ré dwoc sw bién
déi trueorng van toc va su tweong tac vé moi treong
roi cling nhw sw phuc héi nang lwgng cia dong
chay dang sau turbine c6 y nghia quan trong trong
viéc bé tri vi tri cac turbine trong 1 trang trai dam
bdo sao cho mdi turbine déu nhan dwoc ning
lwong 16 nhat ctia dong chay, giup cho hoat dong
cda turbine dat hiéu qua cao nhit. Turbine dwoc
x4y dung dwa trén ly thuyét vé Actuator Cylinder
két hop véi ng dung thudt toan Reynolds
Averaged Navier-Stokes (RANS) ap dung trong
chuwong trinh Ansys Fluent (Ansys Fluent Theory
Guide, 2010).

2. Co s& ly thuyét

Ly thuyét Actuator Cylinder dwoc xay dung
lAn dau tién dé nghién ciru vé VAT do tac gid
Madsen thuc hién (1982). M6 hinh nay ciling dwoc
dé cap va dwoc ap dung trong khong gian 2 chiéu
(2D) dé nghién ctru vé VAT ctia tic giad Nguyén Vin

Thinh (Nguyén, 2024). C6 thé hiéu rang, khi
turbine hoat dong, mot lwc khoi cia moi treong sé
tac dong lén cac canh cda turbine. Lyc nay dwoc
phén tich thanh luc phap tuyén (FN) va tiép tuyén
(FT). Téng hop vé viéc dién gidi chi tiét clia cac
thanh phan luc tic dong 1én canh turbine dwgc mo
ta chi tiét trong cong trinh nghién ctru cia tac gia
Nguyén Van Thinh (Nguyén, 2024).

Vén t6c quay cda canh turbine dwoc xac dinh
theo cong thirc (1). Van téc twong doéi cua chat
16ng dwoc biéu dién nhw trén Hinh 2 va dugc xac
dinh theo cong thitrc (2).

V = wRe; (1)

W = Vlocal—nal) + (Vlocal—ta - (‘)R)e_t) (2)
Trong d6: w - van toc goc cla turbine; R - ban
kinh turbine; e; va e,, 1a vector don vi tiép tuyén
va phép tuyén ctia mat phang quay; Vicqi—n - VAN

téc hwdong tim; Viyeq— - van toc tiép tuyén. Do
16m ctia W dwore xac dinh nhw cong thirce (3).

W= \/Vl%)cal—n + (Vlocal—t - wR)Z (3)
GOc toi o dugce xac dinh theo cong thirc (4).

Viocal-n ) (4)

a=tan™! (
Viocal-t—wR

Lwc tac dung 1én canh cta turbine bao gom
lwc nang (F;) va luc kéo (Fp). Luc tong hop dwoc
xac dinh theo céng thirc (5). P6 16m cda luc F; va
lyc Fj, dugce tinh theo cong thirc (6) va (7).

| K

Y
A

Hinh 1. Kiéu twong tdc giira 2 turbine bé tri thang hang (Palm va nnk., 2011).
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g=2250

Hinh 2. Twong tdc giira chdt 16ng-cdnh turbine trong 1 vong quay.

F=Fe, +Fpep (5)
W2
2

Fp = p=-CALC) 7)

Trong do: e, va ep - vector don vi cia luc Fj,
va Fj, twong &ng; Al - d6 dai don vi ciia phan ti
canh turbine; C, va Cp, - hé s6 cta lwc ning va luc
kéo twong ng; C - A6 rong cia canh turbine. Lyc
tong hop tac dung 1én mit phang quét clia turbine
duoc xac dinh theo cong thirc (8).

F= (8)

N, —— CAl
b=

Trong do: 8- goc phwong vi; N, 1a s6 canh ctia
turbine. D6 16n cla lwc phap tuyén va luc tiép
tuyén dwoc xac dinh theo cong thirc (9) va (10):

Fy = Ny 22 CAI[~C, cos(a) — Cpsin(@)]  (9)

pW? [—C,,sin(@ —a) — Cp cos(8 — a)le;
{+[CL cos(f — a) — Cp cos(6 — a)]e,

j

2
Fr =N, %CAI[CL sin(a) — Cp cos(a)] (10)
Khi biéu dién hai thanh phan cta lwc nay &
dang khong th& nguyén véi Us 1a van toc dong
chay t61, ta co:

Fn

Fy=——— 11
N Nb%cm (11)
. F

Fr=—737— (12)

NbTOOCAl

3. Mo hinh héa turbine va Kiém chirng mé hinh

3.1. Xay dwng mé hinh VAT

Turbine dwoc biéu dién dudi dang mot luc
khéi tac dung 1én chit 16ng trong qua trinh hoat
dong va dwoc biéu thi bang dai lwong Si trong
cong thic 13.

aX]'
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_op 0| (9Ui_ 9Uj ) 1.

6Xi + 6X]' [u(ax]- + 6Xi> + Rl] + 'D'gl + Sl
(13)

Ui _ . _ au; , 9U;\ _ k2

=Ry = w2+ w=c a4

6Xi

Trong dé: Uj, Uj - cac van toc theo phwong i, j;
Xj, Xj - toa do diém i, j; u - 6 nhét ciia moi trueong;
Rjj - tenseur Reynolds; ¢ - d6 nhét dong luc hoc;
k - ndng lwong déng hoc; € - 46 phan tan réi; g - gia
toc trong trwomg; C,, - hé s6 (C,=0,09).

bai lwgng S;i trong phwong trinh (13) dwoc
xac dinh theo cong thirc (15).

Fi

Si = (15)

ec.2mRAlL

Trong do: e, - A0 rong cla canh turbine; F; -
lwc dwoce xac dinh tir cong thike (8). Hé s6 €, va Cp
dwoc xac dinh tir phép do thwc nghiém trong
nghién ctru ctia Sheldahl va Klimas (1981) kéthop
voi két qua nghién ciru trong cong trinh cua
Nguyén Vin Thinh (Nguyén, 2024). Theo d6 hé s6
C, va Cp duoc xac dinh theo cong thirc (16) va
(17) nhw sau:

¢, =0,la (16)
Cp = Max (0,02]a| — 0,8; 0,02) (17)

Mo hinh réi k-e Standard trong Ansys Fluent
(Ansys Fluent Theory Guide, 2010) cung véi thuat
toan SIMPLEC dwoc sir dung dé mo hinh héa
turbine. P4y la mo hinh da dworc kiém chirmg do
tin ciy khi dung d€ mé hinh héa turbine trong
nghién ctu ctia Nguyén Van Thinh (Nguyen va
nnk, 2016).

Phuong trinh téng quéat ciia md hinh dwoc
biéu dién trong céng thirc (18) va (19) nhu sau:

000 | 200) _ 0 [, ) 2

1) %] + ppo — pe +

at ax; 0 0x;

Sk (18)
d(pe) , 9(peli) _ 0 e 9e € _
ot + an - aX]' I:(IJ' + Gg) an] + CSl k pgo

2
Cezp— +Se (19)

Trong dé: Cgq, Cgy - cac hé s6 cia phuong
trinh, S, S, - cac tham s6 cia phwong trinh, & biéu
thi su tao nang lwgng roi (production of turbulent
kinetic energy), dwoc xac dinh nhw cong thirc (20).

2
70U _ 1 (04 6U]-
£ =-uy ax;  2p 0x; + 0x; (20)

PO nhdt dong luc hoc dwgc xac dinh theo
biéu thic (21).

kZ
e = pCu— (21)

b6 phéan tan réi € dwoc xac dinh theo cong
thirc (22).
= 3K

e=Cyl*= (22)

Trong do: [ - chiéu dai dac trung ctia xody. Cac
hé s6 cia moé hinh dwoc cho trong Bang 1
(Launder va Spalding, 1974).

3.2. Kiém chirng do tin cdy ctia mé hinh

D€ kiém chirg do tin ciy cia md hinh mo
phong s6 trong nghién ctru nay, két qua mé phong
cac gia tri luc phap tuyén (Fy) va lyc tiép tuyén
(F1) sé dwoc so sanh véi cic gia tri do thuc té
trong cong trinh nghién ctru ctia Strickland va nnk.
(1979) vé6i cac thong s6 chinh dwoc mo ta trong
Bang 2. Két qua tinh todn lyc phap tuyén (Fy), luc
tiép tuyén (F1) va kiém ching dé chinh xac mo
hinh dwoc thé hién trong cac Hinh 3,4 va 5.

* Trwong hop turbine 1 canh: Hinh 3 cho
thay, két qua tinh toan vé gia tri lwc phap tuyén va
ti€p tuyén cia md hinh mé phéng gin nhw trung
khép voi gia tri do thue nghiém. Pang cht y, gia tri
lwc phap tuyén khép véi thue nghiém hon so véi
lwc tiép tuyén.

Bdng 1. Cdc hé s6 mé hinh “k-¢ Standard”.

Cel CEZ C;,z Ok O¢
1,44 1,92 0,09 1,00 1,30

Bdng 2. Cdc théng s6 chinh va diéu kién thi
nghiém trong nghién ctru cta Strickland va nnk.
(1979).

Loai théng s6 Gia tri
Bién dang canh NACA 0012
D6 rong cda canh (C) 0,0914 m
Ban kinh turbine (R) 0,61m
SO Reynolds 40x103

Thong s6 L 5
S6 cénh cua turbine 1;2;3
Do clrng ctia canh (o = 0,15;0,3;
N,C/R) turbine 0,45
Van t6c cia dong chay t&i 0,091 m/s
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Hinh 3. Bién thién lwc phdp tuyén (a) va tiép tuyén (b) khéng thir nguyén phu thudc vao géc
phwong vi 6. So sinh mé phéng sé (Num) véi thwe nghiém (Exp) trong céng trinh ctia Strickland
va nnk. (1979).
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Hinh 4. Bién thién lyc phdp tuyén (a) va tiép tuyén (b) ddi véi trworng hop turbine 2 cdnh. So sdnh
gitta mé phéng s6 (Num) véi thwe nghiém (Exp).

30 ———T—
20

o I O I A
0 60 120 180 240 300 360

6 [’]

Exp e

0 60 120 180 240 300 360
8[’]

Hinh 5. Bién thién lwc phdp tuyén (a) va tiép tuyén (b) d6i véi trwedng hop turbine 3 cdnh. So sdnh
giita mé phdng s6 (Num) véi thwe nghiém (Exp).

* Trwong hop turbine 2 canh: Trong truong
hop nay, cic két qua tir mo hinh s6 khép rat tét
véi di liéu thye nghiém (Hinh 4). Tuy nhién, tai
khu virc ha lwu cla turbine, van ton tai sw khac
biétso véi dit liéu thwe nghiém. Sw sai léch nay cha

yéu do mo hinh turbine trong nghién ctru nay dwa
trén ly thuyét Actuator Cylinder, mé phong
turbine nhw mét moéi trweong x6p. Do dd, hién
twong “dynamic stall” khéng dwoc tinh dén va
khéng c6 sy xuat hién cta cac xody phai sinh khi
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dong chay qua bé mat canh turbine. Trong khi dd,
cic phép do thuc té trong cong trinh cia
Strickland va nnk. (1979) da xem xét anh hwéng
cda hién twong “dynamic stall” va cac xody phai
sinh trong moi trwong réi khi turbine hoat dong.

* Trwong hop turbine 3 cinh: Két qua tinh
toan cho thdy, & vung phia trwéc turbine, ca luc
phap tuyén va luc tiép tuyén trong md hinh nghién
ctiru phu hop véi thue nghiém vé (Hinh 5). Tuy
nhién, & viing phia ha Iwu turbine, lwc phap tuyén
c6 su sai léch so v&i két qua thwe nghiém. Nguyén
nhéan chinh c6 thé do hién twgng “dynamic stall”
chwa dwoc xét dén trong mé hinh. Trong truong
hop turbine ba canh, cwong d6 xody sinh ra cao
hon so véi cac turbine c6 1 hodc 2 canh, diéu nay
da anh hudng dén két qua md phéng va dan dén
sai 1éch gitra mé hinh s6 va dir liéu thwc nghiém.
4. M0 hinh héa twrong tac turbine
4.1. Mién tinh todn va cdc diéu kién bién

Céc thong s6 co ban cda turbine dwgc lay
theo cac so liéu thyc nghiém trong cong trinh
nghién ctru cua Strickland va nnk. (1979) véi cac
dit kién dau vao dwoc trinh bay trong Bang 2,
turbine dwoc lwa chon 13 loai 3 canh. Mién tinh
toan co6 kich thwéc 36,6 x 4,88 x 1,25 m. Vi tri clia
turbine trong mit phang xy dwoc mo ta nhw trong
Hinh 6. Biéu kién doi xirng (Symmetry) dwoc lwa
chon cho bién twong va mat thoang, diéu kién
“wall” dwoc ap dung cho mat day ctia mién tinh
toan. Ap sudt dau ra dwoc lwa chon theo digu kién
“pressure-outlet”. Cwong do rdi cia moi treong la
5%. Mién tinh toan dwoc bao phi bdi mot lwdi ciu
tric “Hexahedral” v&i 5.713.896 phan tir. Kich

thuwée lwdi bao phii toan mién tinh toan la 4 x 10-2
D, viing biéu thi turbine kich thwéc lwdi min hon,
véi mat do lwéi duoc lwa chon la 8 x 103D (Hinh
7). Theo Roc va nnk. (2013), sw hoi tu ca lwéi sé
dat dwoc khi kich thwéc theo phwong y va z trong
gidi han Ian lwot 1a Ay < D/9 va Az < D/6. Trong
nghién ctru nay, kich thuéc lwdi o gia tri nhé hon
ratnhiéu, cu thé Ax = Ay = Az = D/24. Khu virc biéu
thi turbine, kich thwéc ludi twong tng la: Ax = Ay
= Az = D/122. D€ xem xét s phuc hoi van téc ctia
dong chay d6i vi turbine thi 2, khoang cach gitra
cac turbine (L) dwoc lwa chon dwa trén co s& cac
két qua nghién ctiru cia mot s tac gia nhw Nguyen
va nnk. (2016), Lin va nnk. (2024) va Myers va
Bahaj (2005). Theo d6 cac khoang cach dwoc lwa
chon Ian lwot1a 3D; 7,5D; 15D va 20D.

4.2. Két qud va thdo ludn

Trén Hinh 8 biéu dién profil van t6c ciia dong
chdy ding sau turbine & cac khoadng cach khac
nhau. & day, U., 13 van t6c dong chay dau ngudn, U
la vin t6c dong chay tai vi tri xem xét. Két qua tinh
toan cho thiy, v&i khodng cach 3D gitta hai
turbine, sw phuc hoéi vin toc dong chay & turbine
thit hai rat han ché, tic 1a turbine nay chi nhin
dwoc mot phan nho nang lwgng tir dong chay. Véi
khoang cach nay, gan nhu turbine thit 2 nam tron
trong mién réi clia turbine thi nhit. Khoang cach
gilra 2 turbine cang gan nhau thi sw anh hwéng cta
turbine thir nhat 1én turbine thit 2 cang l6n. biéu
nay thé hién kha ro rang khi quan sat sy bién thién
vé treomg van toc dong chay trong Hinh 9. Khoang
cach 3D gitra hai turbine 1a khodng cach qua gan,
dan téi sw phuc hodi ning lwong ctia dong chay
cho turbine thi 2 rit thap (khoang 10%). Do viy,
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Hinh 6. Vi tri ctia cdc turbine trong mién tinh todn.
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Hinh 7. Lwdi cdu triic va viung biéu thi turbine trong mé hinh mé phéng.
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Hinh 8. Anh hwéng ctia sw thay d6i khodng cdch dén khd ndng phuc hdi van téc ding sau turbine.
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Hinh 9. Trwong vdn téc ctia dong chdy gitra hai turbine & khodng cdch 3D.



Nguyén Vin Thinh va Sylvain S. Guillou/Tap chi Khoa hoc Ky thudt M6 - Pia chdt 67(1), 16 - 28 25
0.12
0.10
0.08
0.06

0.04

Turbine 2

0.02

0.00
[m's]

Hinh 10. Trwong vdn téc cia dong chdy giira hai turbine & khodng cdch 7.5D.
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Hinh 11. Sw phuc hoi ndng lwong ciia dong chdy ddng sau turbine & khodng cdch 15D.
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Hinh 12. Sw phuc hdi ndng lwong ctia dong chdy dang sau turbine & khodng cdch 20D.
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khodng cach nay khong phai la lwa chon phu hop.
Ké tir khoang cach 7,5D tr¢ di, turbine thir 2 sé
nhin dwoc nhiéu ning lwong cia dong chay hon.
Quan sat trwong van téc dong chdy phia sau
turbine thi nhat ta thay rat ro diéu nay (Hinh 10).
(' khoang cach nay, kha niang phuc hbi ning lwong
ctia dong chay phia sau turbine thit nhit dé cung
cap cho turbine thir hai, da tang tir 10% 1én 42%.
Kha nang phuc hoi nay sé ty 1& véi sw gia ting
khoang cach cda turbine thit 2 so véi turbine thi
nhit. Vi khodng cach 15D, ta thiy sw phuc hodi van
tc ctia dong chay dat khoang 70%. Quan sat vé sw
bién d6i truomg van téc dong chdy ding sau
turbine trén Hinh 11 ta nhin thiy rit ro diéu nay.
Twr khodng cich nay, c6 thé thiy turbine thir 2 sé
hoat dong hiéu qua. Gia tri tham chiéu vé khoang
cach gitra cac turbine thiy triéu c6 thé tham khao
tir nghién ctru ctia Myers va Bahaj (2005) khi
nghién ctru vé treomg hop cu thé, dé 1a 1 trang trai
turbine 13p d3t tai Vinh Alderney (noi tiép giap
gitta Anh va Phap). Véi khoang cach 20D, kha nang
phuc hoéi nang lwong cua dong chay dat khoang
78% (Hinh 8, 12). Tuy nhién, néu lya chon khoang
cach nay dé 1ap dit cc turbine trong trang trai, sé
dan dén trong cung mot dién tich, s& lwong
turbine sé bi han ché, diéu nay c6 thé anh hwdng
dén cong suit tong thé cua 1 trang trai.

Chung ta nhin thdy & khoang cach 7,5D
turbine thir 2 nhan dwoc 42% so v&i van téc ban
dau cta dong chdy. Khi khodng cach dworc ting 1én
15D, turbine thit hai nhdn dwoc 70% nang lwong
tir dong chdy, chirng té sw phuc hoi van toc &
khodng cach nay la rat dang ké. Tuy nhién, khi
khoang céch tiép tuc tang tir 15D 1én 20D, mirc do
phuc hoi van tdc lai ¢6 xu hwéng chdm lai. Cu thé,
& khoang cach 15D va 20D, turbine thit hai nhan
dwoc nang lwong tir dong chay thay dai tir 70%
1én 78% (Hinh 8). Piéu nay cho thay sy phuc hoi
van toc khi gia ting khoang cach sé dat dén mot
gi¢i han nhat dinh. Tir nhitng nhan dinh trén, c6
thé thdy ring khoang cach 15D dwoc xem 12 gid tri
hop ly dé dam bao turbine thi hai hoat dong hiéu
qua.

5.Kétluian

Khi céc turbine lap dit trong cing mot trang
trai s& dan t&i c6 sw tc dong 1an nhau gay ra sw
bién d6i vé moi trwong rdi, cling nhw nang lwong
clia dong chay tac dong 1én modi turbine. Sw tac
dong va anh huéng 1an nhau nay thé hién ré nhat

khi cac turbine b tri thdng hang theo kiéu trwdc-
sau. Turbine phia sau sé bi &nh hwéng truc tiép
béi turbine phia trwéc, din dén viéc né nhan dwoc
it nang lwong hon. Bai bao da phan tich sw anh
huwéng cla cac turbine 13p dit thang hang & cac
khoang cach khac nhau (3D; 7,5D; 15D va 20D).
Két qua tinh toan cho thay, khi cac turbine dwoc
dit qua gan nhau, turbine thir 2 s& ndm hoan toan
trong viing nhiéu loan clia turbine phia truéc, lam
gidm dang ké hiéu suit hoat dong ctia né. Khoang
cach gitra 2 turbine cang gan, mc d6 anh hwéng
cua turbine thi nhit déi véi turbine thi 2 cang
16m. Khi khoang cach gilra cac turbine tang lén,
dong chay phuc hoi ning lwong cho turbine thi
hai nhanh hon, tuy nhién qua trinh nay sé dat dén
mot giéi han nhat dinh. O khoang cach 15D, dong
chady phuc h6i dwoc 70% vén toc ban dau. Tw
khodng cach nay tré di, toc dd phuc héi cia dong
chdy c6 xu hwéng cham lai, va day dwoc coi la
khoang cach hop ly d€ bd tri cic turbine thing
hang trong trang trai. Viéc 1ap dit cac turbine véi
khoang cach hop ly sé gitip giam thiéu tac déng
tiéu cuc gitra cac turbine, tir d6 t6i wu héa hiéu
suit cua tirng turbine, gép phin ning cao hiéu
suit tong thé cla toan bd trang trai. Két qua
nghién ctru da cung cip thong tin quan trong cho
viéc thiét ké va t6i wu hoa cac trang trai turbine,
hé tro cac quyét dinh quan 1y dw an.
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