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TOM TAT

Cdac nghién ciru vé khal thac nang lu"ong tdi tao dang ngay cang dwoc quan tam trong nhwng
nam gan day, déc biét la nguon nang Zwong rat 1om tir dai du’ong nhu" séng, thity triéu va dong triéu.
Tua-bin Savonius cé hiéu sudt han ché nhu’ng 6 wu diém két cdu don gian, de ché tao, gid thanh
thap va kha nang lam viéc da hwéng. Nhiéu nghién ciu da cdi tién cdc két cau hudng dong hodc
dang cdnh tua-bin Savonius trong viéc gia tang khd ndng trao doi nang lwong. Nghién ciru ndy dé
xudt khd ndng ieng dung hiéu g thanh twong ciia kénh dan dé nang cao hiéu qua khai thic nang
liong cho tua-bin. Két qua nghién ciru ban dau thwe hién mé phong dong chdy 2D qua hé thong
tua-bin truc ditng Savonius véi kénh dan dong ¢ hai trieong hop: (i) Khodng cdch thanh twong xa
tua-bin va (ii) Khodng cdch thanh twong sdt véi tua-bin. S thay doi vi tri thanh twong ¢é sw tdc
dong ding ké téi phan bé dp sudt va truwong dong chay, ddc biét la viing xody sau tua-bin. Hiéu sudt
nghén dong thuy luc co hzeu ing gia tang chénh léch dp sudt va tang cwong trao doi nang hrong
ddng ké véi hé sé cong sudt C, tang trén 0 2. Viéc nang cao hiéu sudt théng qua sw dnh huwong cua
thanh tu’o’ng kénh dén mé ra khd ndang toi wu thiét ké cho thiét bi khai thac nang lrong dong triéu
& van toc thap.

Tir khoéa: Tua-bin Savonius; Tua-bin dong triéu; Tua-bin truc dimg, Thiét bi nang lwong tdi
tao; Nang luong tdi tao.

ABSTRACT

Renewable energy is increasing attention in recent years, especially the vast energy resources
from the ocean such as waves, tides, and tidal currents. Savonius turbines have limited operating
efficiency but having advantages such as simple construction, low cost, and multi-directional
operating possibility. Other studies were interested in improvements to Savonius turbine blades or
hydraulic structure to enhance the power coefficient of turbines. In the idea, this study proposes
the potential application of the flow channel’s wall effect to improve the hydraulic efficiency of
turbines. The initial research results simulate a 2D process with a conventional Savonius turbine

in the two cases of (i) the far distance and (ii) the near distance between the wall of channel to
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the turbine rotor. The significant effects of the channel’s wall on flow characteristics, especially
the vortex region downstream of the turbine are clear by comparison. The blockage flow caused
in the near wall effects to make the pressure differential increasing and the power coefficient C,
increasing above 0.2. The result gives a new approach to improvement in efficiency of the tidal
current Savonius turbine based on the near-wall effects.

Keywords: Savonius turbine; Tidal current turbine; Vertical-axis turbine; Renewable

energy device, Renewable energy.
1. GIOI THIEU VAN PE NGHIEN CUU

Trong bdi canh hién nay, co cau ngudn
dién cua Viét Nam van con phu thudc 16n vao
cac ngudn ning luong truyén thong giy phat
thai cao, véi ty 1& nhiét dién than chiém tir 30%
dén 40%, két hop cung dau khi 1én t6i 50%.
Trong khi d6, cac ngudn thuy dién vira va 16n
dang bi giéi han do ngudn nudc, con co ciu
nang lugng tai tao (NLTT) mdi chi tap trung
chi yéu vao dién gié va dién mit troi. Theo du
bao tir Quy hoach dién VIII va Tap doan DPi¢n
luc Viét Nam (EVN), udc tinh cong suat lap dat
hé thong dién s& ting truong manh mé hudng
dén nam 2045. Véi quan hé tac dong gitra ning
luong va ting truong kinh té cua Viét Nam ¢
muc cao (GDP tang 1% thi nhu cau dlen tang
1 5/0) viéc phat trien NLTT 1a yéu cau cap
thiét dé tang cuong an ninh nang lugng quoc
gia, giam sy phu thudc vao nguon nhién li¢u
hoa thach, déng thoi thuc hién muc ti€éu Net-
zero (NLTT chiém 40% vao nam 2030 va 70%
vao nam 2050).

Mot trong nhitng hudng di tiém nang 1a
t6i wu hoa thiét ké va khai thac nang lugng tir
cac dong chdy (song ngoi, kénh dan, dong hai
lru) théng qua viéce phat trién hé théng tuabin
dong chay truc dirmg ¢ dudi nude nho do chénh
ap lyc thuy tinh do thiy tridu. Trén thé gioi,
nha méay dién thuy triéu Rance nam trén cira
song Rance ¢ Brittany (Phép), 1a nha may di¢n
thuy tridu quy mo 16n dau tién trén thé gidi.
Nha may dugc dua vao van hanh ndm 1966,

bao gdm mot dap chin thuy triéu dal 750 m voi
24 tuabin 1am viéc 2 chiéu, cung cap tong cong
suét lap dat khoang 240 MW. Nha may san xuét
khoang 500 GWh dién mdi nim, sir dung bién
d6 thuy tridu cta cira song Rance, dat khoang
8—-13 m va la mot dy 4n mang tinh budc ngoat
trong cong nghé ning luong bién tai tao. So d6
hé théng dé khai thac ning luong dong chay
thuy triéu dugc minh hoa & Hinh 1.

Hinh 1. H¢ thong hang rao tuabm khal thac nang
lirong dong triéu két hop cong trinh dwong giao
théng qua bién, cira séng (hinh vé dwoc tro gitip

boi Al — Gemini)

Trong bai bao nay, viéc nghién ctlru tap
trung vé phuong an sir dung tua-bin Savonius
truc ding dit trong kénh dan dong & dai van
tdc thap (0,2 — 1,5 m/s) phu hop véi diéu kién
héi van, thuy van cua Viét Nam [1]. Tuy hi¢u
suat khi dong (hé s6 cong suat C ,) nguyén ban
ctia dong tuabin nay twong d6i thap S0 vOi cac
loai tuabin canh khac, nhung Tuabin Savonius
truc dmg so hitu nhiéu vu diém nhu kha ning
hoat dong véi dong chdy da hudng, thich tng
khi dong chay dao chiéu theo dong thuy triéu,
céu tric co khi don gian hon, cau tao don gian,
gia thanh ché tao thap, mo-men khoi dong t6t
va phu hop v6i méi truong nude nong, dai tde
do lam vi¢c rong tr nguong van tde thép. Mac
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di ¢6 nhitng wu diém nay, van con nhimng thach
thirc dang ké trong viéc phat trién hang rao thuy
triéu sir dyng tuabin tryc dimg. Cac nghién ciru
gan day vé dong luc hoc dong chay cua tuabin
thity triéu da chi ra rang tuong tac dong chay
v6i tua-bin va két cau hudng dong dong vai
tro quan trong dbi voi hiéu suét cua day tuabin
va sy 6n dinh hoat dong lau dai [2]. Nghién
ctru ndy gop phan vao viéc hiéu biét vé su anh
huong cta kénh dan dong ddi véi hiéu suat
thuy dong luc hoc tuabin, dugc danh gia bé“mg
mo phong sé dong luc hoc dong chay (CFD) dé
danh gia vé& hiéu qua khai thac ning luong cia
tuabin. Qua két qua danh gia, viéc thiét ké dugc
tiép tuc toi uwu trong khai thac ning luong tua-
bin & ving cira séng — bién va khu vuc c6 dong
triéu hoat dong manh, gop phﬁn phat trién cong
nghé ning lugng thay triéu hiéu qua.

2.PHUONG PHAPTINH TOAN MO PHONG
2.1. M6 hinh tinh toan

Nghién ctru str dung cong cu mo phong
s6 thuong mai Ansys Fluent dé tinh toan dong
chay 2D bao quanh tuabin va kénh dan. V& cau
trac hinh hoc, mé hinh khao sat bao gdm mot
tuabin Savonius dit trong mién tinh toan dong
chay. Hai truong hop bién khong gian thanh
kénh dugc thiét 1ap dé ddi sanh bao gom:

(i) Truong hop kénh dan mo rong:
Chiéu rong kénh B trién khai 1a B = 3D (v6i D
la duong kinh banh cong tac cta tuabin).

(ii) Truong hop kénh hep: Kénh dan
duoc thu hep 4p sat dé danh gia hiéu tmg thanh
tuong (B = 1,2 D).

-——

Hinh 2. Chia luoi ving tinh toan cho truong hop
kénh dan réng va hep

Mién tinh toan dwoc chia lam hai phan
vung chinh dé phuc vu ky thuat ludi truot
(Sliding Mesh): (i) Vung ludi tinh (Static
domain): Bao gdm toan by khong gian kénh
dan dong vao va dong ra; va (ii) Vung luéi
dong (Rotating domain): La vung bao quanh
sat tuabin dé mo ta chuyén dong quay. Ludi
ving sat bé mit tuong canh tuabin duoc lam
min nham dam bao gia tri kich thudc phén tr
ludi du min dé bat duoc cac hién tuong réi 16p
bién sat tuong. Ty 1€ kich thude ludi chir nhat
min ¢6 cau trac (0,007D) hién thi & Hinh 2. S6
phan tir ludi tinh toan cho trudng hop kenh hep
1a trén 4,3x 10°; truong hop kénh rong, tong s6
phan tir ludi 14 trén 10,8 x 10°.

Vé diéu kién bién tinh todn, cac bai
toan duoc khao sat ¢d dinh tai ty s6 tde do dau
canh (TSR) v6i A= 1. Vén téc dong chay vao V
thay ddi & cac gia tri khac nhau (tir 0,2 dén 1,5
m/s) va toc do quay twong ng (trong khoang
tr 10 dén 80 rad/s) cia tuabin dugc khao sat
(Bang 1). Cac diéu kién dé giai phuong trinh
Navier-Stokes bang cach tinh toan dya trén ap
suét, tir d6 co thé tinh duoc van tde vai dong
chay khong nén dugc. Gia tri dau vao 1a van tbe
dong chay va gia tri du ra 1a 4p suat. Cac diéu
kién bién khac nhu dong khong trugt, khong co
anh hudng dang ké cua trong luc dugc ap dung.

Bang 1. Cac truong hop khao sat

Truomg hop | Van tbc dong | 'O 99 VOng
khao sat chay V [m/s] quay tua-bin
o[rad/s]

1 0,2 m/s 11

2 v=04m/s 21

3 v=0,8m/s 42

4 v=12m/s 63

5 v=15m/s 79

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026 JEa

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

2.2. M hinh toin hoc ban chit rdi

Dé giai quyét cac dic tinh nhidu loan
phtc tap va hién tuong bong tach dong chay rat
gan ving bién hodc vung tudng canh tuabin,
mo hinh r6i SST k- dugc lya chon. Pay 1a mo
hinh cai tién két hop uu diém ctia mo hinh k-¢
tiéu chuan & ving sat tudng va mod hinh k-o ¢
dong ty do, phu hop giai quyét cic tinh chat
nhiu loan rat gan vung bién hodc ving tudng
da duoc kiém chung [3, 4]. Dé 1am 16 cac hién
tuong trong ving nhu vay, phai tao ludi rat min
gan tuong, sao cho gia tri Y* cang nho cang tot.
Hai phuong trinh mé hinh SST k-0 dugc thé
hién nhu sau [5]:

3& ]+a%[;ou;k:]=r , L fpr+ - [mem }(1)
S Zl-Lr 2ot o i P22 2 0)
7, = .u:i}S-- —%a}—émﬁ 3)
1l @
Sty ®

Hang s0 st dung trong mo hinh: o, =

0,88;a ,=0,5B,=0,075 a, =0,31; B=0,09.

wl

V6i moi truong nude, khdi lugng riéng
la 1025kg/m?, d¢ nhét 1a 0,001003 kg/m.s

3. KET QUA VA THAO LUAN

3.1. Két qua khao sat trirdng van toc va ap suat
Két qua md phong ghi nhén chi tiét sy

bién thién lién tuc cla truong van toc va trudng

ap sudt theo goc phuong vi twong ung véi
chuyén dong quay cua tua-bin twong ung vdi

cac dai van toc dong vao tir 0,2 [m/s] dén 1,5
[m/s] Két qua mo phong hién thi trudng van
tbc va ap suat cia dong chay ¢ hai truong hop
khao sat v6i kénh dan rong (Hinh 3) va kénh
dan hep (Hinh 4).

Nhén xét chung vé co ché dong chay,
c6 thé thay ndi bat 1a chudi xody twong ty nhu
chudi Karrman dic trung ciia dong chdy qua
vat can dang tru. Pdi v6i tua-bin Savonius
truyén thong 2 canh try, dong chay tuong tac
cO sy phu thudc vao gbéc phuong vi khi xoay
1 chu ky vong quay. Tuy nhién, trong truong
hop cua tua-bin Savonius, chudi xoay nay dugc
hinh thanh do sy tach thanh cua dong chay tr
cac dau mat bién canh cing véi su twong tac
dong chay va do chénh ap suat cua 2 mit lung
va bung céanh.

béi vé6i kénh dan rong, su anh hudng
cta thanh tuong khong lam thay d6i dang dic
trung chudi xody ctia dong chay phia sau tua-
bin (Hinh 3). Su chuyén dong cua tua-bin theo
chiéu quay thuén kim d@)ng hd va van tbc tach
thanh cta dong chay & phan nira duéi tua- b1n
dugc gia ting boi su nguoc chidu véi véan toe
theo vung dinh canh nén cuong d§ xody cling
nhu viing xody tao ra manh va rong hon. Chiéu
quay ctia tua-bin do vay tao su bat dbi xing cia
dang chudi xoay di vé phia ha luu. Hién tuong
chudi xoay nay ciing di duoc quan sat & cac
nghién cuu trude day [6].
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a) Két quda mé phong khi V.= 0,2 m/s
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b) Két qua mé phong khi V= 1,5 m/s
Hinh 3. Két qua mé phong truong vin toc (bén
trdi) va truong dp sudt ciia dong chay bao tua-bin
truc dirng Savonius qua kénh rong (B = 3D)
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b) Két qua mé phong khi V=1>5m/s
Hinh 4. Két qua mé phong truong vin toc (bén
trdi) va trueong dp sudt ciia dong chay bao tua-bin
truc dirng Savonius qua kénh hep (B = 1,2D)

Dbi v6i kénh hep, co su khac biét ndi
bat khi so sanh sy thay d6i ciu trac dong chay
v6i truong hop kénh dan rong. O Hinh 4a véi
van toc thap, co thé thiy ro su xuat hién xody
16n ngay phia sau tua-bin va tao vét dao dong
diéu hoa phat trién manh dang hinh sin. Hinh

4b, & van tdc cao hon, chudi X04y suy bién
thanh vét c6 bién d6 dao dong thép hon doc
theo tuong kénh dan. Sy khac biét giira trudong
hop kénh rong va kénh hep cho thiy thanh
tuong kénh dan c6 tac dong 16n dén truong van
tdc, pham vi cua cac ving xody nhiéu, tinh chit
dao dong ciing nhu trudng ap suit & ca khu vuc
sau tuabin. Nguyén nhan c6 thé thiy rd hon
khi quan sat truong ap suat, dic biét & cac vi
tri goc phuong vi 6 1a 90° va 180°, hi¢n tuong
ngh&n dong do khe hep gitra thanh tudng va ro-
to ctia tua-bin tao sy chénh 4p 16n va dong toc
dod cao tach thanh, phat dong cac xody lon quan
sat thiy khi chuyén dong sang céac vi tri +15°
tiép theo (115° va 225°). Theo chu ky quay, su
thay d6i chénh 1éch ap suat trudc va sau tua-bin,
cung voi viée ap sudt ¢ ha luu suy giam do cac
xody phat sinh tao ra sy khac biét vé tinh chit
dong chay ¢ kénh hep so véi truong hop kénh
rong.

3.2. Dénh gid h¢ sb cong suit C

Hé sb cong sut C, phan anh hleu qua
trao doi nang luong cua tuabin duoc tong hop
tur dir liéu mo6 phong thu dugc qua bang so li€u
dudi day (Bang 2).

Bdng 2. Két qua tinh todn hé sé cong sudt

A LA s Hé s6 C Hé s6 C
Van toc dong AP AP
5 trong kénh trong kénh
vao V (m/s) ~
rong hep
0.2 0.150 0.250
0.4 0.144 0.244
0.8 0.137 0.236
1.2 0.124 0.223
1.5 0.120 0.217
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Nhéan xét chung, ddi vé6i ca hai truong
hop kénh mo va kénh hep, khi van tde dong vao
téng dan (tl‘I 0,2 [m/s] dén 1,5 [m/s], hé s6 c6ng
suét C, déu c6 xu hudng glam nhe. Cy thé, &
kénh mo C, giam tu 0,15 Xuong 0,12; & kénh
hep, C glam tir 0,25 xudng 0,217. Két qua
SO sanh gitra truong hop kénh rong (hiéu tng
thanh tuong tac dong nhd) véi mo hinh tua-bin
Savonius truyén thong tai A = 1, hé s6 cong suit
trong dai xap xi 0,12 — 0,15 1a phu hop [7, 8].

V61 anh hudng cua hi€u ung thanh
tuong nhu da phan tich & muc 3.1, khi dat
tuabin vao trong kénh hep, hi¢u suét trao ddi
nang luong tdng lén mot cach vugt trdi1 nho
hién tuong nghén dong va gia taing d¢ chénh
ap suét & dai van tdc khao sat. Hé s6 cong suét
Cp ludn dat gia tri cao (déu vuot trén ngudng
0,2), tang t&1 65% — 80% so voi khi tuabin hoat
dong trong moi truong kénh dan rong. Pidu
nay chirng minh hiéu tmg nghén dong dong
chay (blockage effect) do thanh tudong kénh
hep tao ra da lam gia tdng dang ké van tdc cuc
bd di qua cic canh tuabin, thuc day qué trinh
nhan dong nang cua cac canh tua-bin Savonius.
Hién tuong nay ciing da c6 nghién ctru vé sy
anh huong cua ty 1€ kich thudc can dong ctua
tua-bin Derrieus trong ham gi6 thir nghiém va
tac dong dang ké t6i thong sé do luong, danh
gia cac mau tua-bin [9].

V& mat ung dung thuc tién, sy anh
huong cua thanh tuong kénh dan tao ra huéng
nghién ctru tang cuong hiéu qua khai thac nang
luong dong chay thong qua két cau kénh dan,
két hop giai phap k¥ thuét trong khai thac ning
luong dong triéu thong qua hang rao tua-bin
nhu dé cap o phan téng quan. Nghién ctru nay
con han ché khi méi bat dau danh gia thong qua
md phong dong chay 2D. Céc van dé vé ton hao
ning lugng do ma sat thanh tuong kénh dan
cung véi viée t6i uu qua cac yéu t6 két cau va

thiét ké cua tua-bin & mé hinh 3D 13 hudng can
thiét dé nghién ctru tiép.

4. KET LUAN

Nghién ctru da thuc hién thong qua két
qua mo phong dong chay 2D cho mau tua-bin
Savonius truyén théng voi viéc mé ra van dé
hiéu tng anh hudng cua thanh tuong kénh dan
dbi v6i hiéu qua khai thac nang luong va tinh
chat dong chay ciia tua-bin truc dig Savonius
khi van hanh ¢ van téc dong chay thip theo
diéu kién dong triéu phd bién & Viét Nam. Qua
phan tich, danh gia ddc tinh thuy lyc, bai bao cé
mot s6 két luan nhu sau:

1) Kénh dan hep v6i thanh tuong kénh
gan sat voi ro-to clia tua-bin tao hidu ing nghén
dong va co thé nang cao hiéu suét khai thac
ning luong dong chay kha rd rét. Két qua mo
phong 2D chung rpinh hé s6 cong suat C, cua
tuabin tang dang ké tir 60-80% tuy theo dai van
tde, vuot trén gia tri 0,2 & tat ca cac van toc
dong khao sat.

2) Su thu hep cua khong gian thanh
tuong tuy giup toi uvu hoa hiéu suit nang lugng
nhung lai khién cac ving xody dong luc hinh
thanh sau tuabin ¢6 cuong do manh hon va sy
tdc dong cua dong xoay dao dong sat thanh
tuong co thé giy rung dong, anh huodng truc
tiép dén do bén co hoc va gy hién twong rung
dong trong toan bo hé thong céu trac.

3) Bé c6 nhimg danh gia chinh xac va
hién thyc hoa y tudng trng dung hiéu ing thanh
tuong kénh din, huéng phat trién tiép theo cua
nghién ciru ¢6 thé mé rong bai toan mo phong
tir dong chay 2D 1én md hinh khong gian 3D va
tién hanh cac thyc nghiém vat 1y dé kiém ching
két qua 1y thuyét. <

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
314 TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026

cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

Ngay nhan bai: 10/6/2026
Ngay phan bi¢n: 20/6/2026

Tai liéu tham khao:

[1].

[2].

[4].

Nguyen Thanh Duong et al., “Numerical
simulation of seasonal currents in the Mekong
Coastal Area: a case in 2019”. Vietnam
Journal of Marine Science and Technology
2026, 26(1) 1-19.

Bur¢in Deda Altan et al., “An experimental
study on improvement of a Savonius rotor
performance with curtaining”. Experimental
Thermal and Fluid Science 32, (2008), pp.
1673-1678.

. Ivan Osto et al.,, “A modified novel blade

configuration proposal for a more efficient
VAWT using CFD tools”. Energy Conversion
and Management, Volume 180 (2019), pp.
733-746.

Anupam Dewan et al., “Computational fluid
dynamics and turbulence modelling in various
blades of Savonius turbines for wind and
hydro energy: Progress and perspectives”.
Ocean Engineering 283 (2023) 115168.

[6].

[7].

[8].

. Ansys Fluent Theory Guide, ANSYS, Inc.

Release 2026 R1, Southpointe March 2026,
2600 Ansys Drive, Canonsburg, PA 15317.
Tian et al., “Computational Fluid Dynamics
Prediction of a Modified Savonius Wind
Turbine with Novel Blade Shapes”. Energies
2015, 8, 7915-7929.

Blackwell, B.; Sheldahl, R.; Feltz, L., “Wind
Tunnel Performance Data for Two-and-
Three-Bucket Savonius Rotors”. US Sandia
Laboratories Report SAND76-0131; Sandia
Laboratories: Springfield, VA, USA, 1977.
Vimal Patel, Ravi Patel,
investigations to improve the performance of
the Savonius hydrokinetic turbines using wavy
edge vanes”. Applied Ocean Research 161
(2025) 104606.

“Experimental

. Houigab Jeong et al., “Blockage corrections

for wind tunnel tests conducted on a Darrieus
wind turbine”. Journal of Wind Engineering &
Industrial Aerodynamics 179 (2018) 229-239.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026

315

cokhivietnam.vn



