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Tém tit - Nghién ciru ndy trinh bay thiét ké cua turbine gi6 truc
dang cong suét nho duge st dung dé tan dung nguén nang luong
gi6 sinh ra tir viée di chuyén cua xe 6 t6 trén duong. Turbine dugc
thiét ké dat trén giai phan cach hai lan duong di chuyén nguoc
chiéu. M6 hinh tinh toan dong Iuc hoc ciia chat long dugc thyc
hién dé danh gi4 cong suat hoat dong cua turbine thong qua phan
mém ANSYS Fluent. Cac nhan t6 chinh anh ‘hudng dén hiéu sut
hoat dong cua turbine 12 vén tdc 6 t6 di chuyén, khoang céch giita
xe 6 t va turbine, khoang cach giita cc turbine. Vén tdc chuyén
dong cua xe 6 td duoc thay déi trong khoang tir 60 km/h toi
120 km/h; Khoang céch gitra 0 t6 va turbine va khoang cach gitra
cac truc turbine duoc giit khdng déi. Két qua tinh toan chi ra quy
luat din bién dong chay phia sau xe anh huéng truc tiép t6i ché
d6 1am viéc cia turbine. Cong suit hoat déng cua turbine gié truc
dung c6 thé dat t6i da 4,8W & tde d6 di chuyén xe 120 km/h.

Tur khoa - Nang luong tai tao; turbine truc dimg; cong sudt; sb
vong quay; md phong sb

1. Gié6i thi¢u

An ninh ning luong thé gisi dang 1a mot van dé thach
thirc d6i voi cac qudc gia hién nay trén cac phuong dién cu
thé nhu: (a) Mtrc do tiéu thu cac ngudn niang lugng hoa
thach gia tang, chi phi nhién li¢u tang cao; (b) Tai nguyén
thién nhién can kiét; () Sy phu thue cua nhiéu quéc gia
vao cac ngudn cung tir mot sd quoc gia giau tai nguyén
khéc; (d) va Cac nguy co tac dong dén moi truong gay ra
sw nong 1én cua nhiét do trai dat. Chinh vi vay ma thé gioi
can nhitng ngudn ning luong thay thé cho sy phu thudc vao
nhién liéu hoa thach. Dién hat nhan va c4c ngudn ning
lugng tai tao khac nhu nang luwong gid va nang luong mat
troi 12 nhitng ngudn ning lugng thay thé cho cac dang
nhién lidu truyén théng khong thai ra khi CO, vao khi
quyén. Trong nhimng ngudn ning lugng ké trén thi ning
luong gi6 khdng gay ra nhimg tac dong xdu d6i voi moi
truong nhu nang lugng thuy dién phai chat pha ring.

Pudng cao téc Viét Nam 13 mot mang ludi duong cao toc
kéo dai tir béc dén nam ¢ Viét Nam, thudc hé thong giao thong
duong b & Viét Nam, bat dau dugc xay dyng tir dau thé ki
21. H¢ thong duong cao toc ¢ Viét Nam bao gom C4C tuyén
va doan cao tdc riéng 1¢ trai dai phan bo tir Bic dén Nam. Hién
nay, cac duong cao toc ¢ Viét Nam déu dugc xay dung voi
quy mo tir 4 - 6 1an bao gdm 2 - 3 lan mdi chiu va déu lién
két dén cac qudc 16 va cac duong cao tée khac & noi ma duong
cao tbe di qua. Toc do xe chay trén cac dudng cao toc & Viét
Nam déu duoc thiét ké t6i da tir 80 — 120 km/h [1-2].

Abstract - In this study, vertical axis wind turbine with low-
capacity was used to take advantage of the energy from the car
wake. The vertical axis wind turbine was designed to be placed
on a median strip of two lanes traveling in opposite directions.
Computational fluid dynamics modeling was performed to
evaluate the performance of wind turbine with the help of ANSY'S
Fluent software. Some factors affecting turbine performance were
listed as the speed of cars, the number of cars, the distance
between the car and the turbine, and the distance between the
turbines. The velocity of car was varied in the range of 60 km/h
to 120 km/h, while the distances between car and turbine and
between turbine and turbine were fixed. The results show that the
evolution of car wake significantly affects the performance of
turrbines. The power of vertical axis wind turbine could be
attained about 4.8W at the velocity of 120 km/h.
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Céc phuong tién téc do cao di chuyén trén dudng cao
tdc tao ra khu vuc nhidu dong manh sau xe va tao ra mot
dang nang luong gid cuc bo [3]. Tiém nang cia nang luong
gi6 trén dudng cao tbc |4 rat cao, xét trén quing duong dai
va luu lugng Xe giao thong qua lai cao. Viéc tdn dung nang
lwgng gid trong pham vi quy md nhé cia loai ning lugng
gi6 cuc bo nay cd thé tao ra du dién niang dé cung cap ning
luong cho cac hé thong cam bién hodc dén dudng ciing nhu
c4c tin hi¢u dén giao thdng. Trong khi do, ddi vai cac ung
dung quy md 16n hon, dién ning s& duoc thu hdi va co thé
duogc két ndi hoa vao ludi dién. Y tuong thu hdi nang luong
tir qua trinh hinh thanh xody phia sau cta cac phuong tién
giao thong da duoc nghién ciru va dé xuét truée day [4-8].
Trong cac nghién ctru nay, turbine gio truc dimg (Vertical
Axis Wind Turbine-VAWT) duoc st dung thay cho
turbine gié truc ngang. Cac hudng gioé ¢ ca hai phia cua
réto 13 nguoc nhau vi chuyén dong nguoc chidu cia cac
phuong tién va céc luc khi dong hoc nguoc chiéu cd thé
dan dong cho réto [4]. Taskin va cong su [5] thiét ké mot
hé thong ning lugng mit troi va gi6 két hop dugce lap trén
dai phan cach ciia duong cao toc. Pay 1a mot hé thong sir
dung réto Savonius nhiéu ting dé tao ra ning lugng tir gio
khi c0 6 t0 chay ngang qua. Krishnaprasanth va cong su [4]
da thiét k& mot turbine Maglev dé san xuit dién gi6 trén
duong cao tbe. Tuy nhién, hai nghién ciru trén van dang
trong qua trinh thiét k&, phan tich ly thuyét sé hodc thuc
nghiém vé thiét ké ciia ho van chwa duoc tién hanh. Turbine
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Savonius [6] va turbine gi6 hdn hgp bao gdm réto Darrieus
va roto Savonius [7, 8] da dugc thiét ké va dem vao thir
nghiém. C4c nghién ctru nguyén mau nay cho thay, tinh
kha thi cua viéc sir dung turbine gi6 dé tao ra ning luong
tir hoat dong ctia cac phuong tién di chuyén. Tuy nhién,
nhing thir nghiém nay con don gian, khdng cé phép do tinh
toan hodc do luong thuc dia ndo dugc thyuc hién dé cho thay
kha ning Gmg dung thuc tién ciia cAc phuong phap nay.
Hon nira co ché twong tac gitta phuong tién giao thong di
chuyén va roto la chua rd rang.

Khi phuong tién giao théng di chuyén trén duong voi
van tdc cao thi s& tao ra nhiing vét xody 16n phia sau xe
(thuong duge goi 12 bang thuat ngit car wake), nang luong
gio tur nhimg veét x04y d6 la mot ngudn ning tuong tiém
ning va co thé tan dung dé tai tao ra ning luong dién. Trong
nghién ctru ndy turbine gio truc ding dwoc sir dung dé tao
ra niang luong dién khi phuong tién giao théng di chuyén
qua vi tri 1ap dat turbine. M6 phong tinh todn CFD duoc
thuc hién dé danh gia hoat dong cua turbine dudi nhirng
didu kién lam viéc khéc nhau. Cong suit hoat dong cia
turbine dwoc danh gia dya trén téc do di chuyén cua xe,
khoang céach gilta xe, canh turbine, va khoang cach gitra
cac turbine trén dai phén céch cta duong.

Hinh 1. M0 hinh turbine rruc dimg ldip ddt trén dai phan céch
dwong hai lan xe nguoc chiéu [9]

2. Md hinh nghién ciru

Turbine gié truc ding dugc dat gitra giai phan cach cta
hai lan duong do do gi6 tdc dong vao hai bén canh cua
turbine s& 1am cho turbine quay duoc va tao ra dién. Dé
danh gia anh huong cua vét xody sau xe téi ché do lam viéc
cua turbine, trong nghién ctru ndy sé& tién hanh thuc hién
tinh toAn md phong s6 cho nhiéu truong hop khac nhau ciia
van toc xe 0 t6. Dé don gian hoa bai toan, giam thoi gian
tinh toan va tai nguyén may tinh, bai bao nay trinh bay két
qua tinh toan trén m6 hinh 2D. Mic du, st dung mo hinh
toan 2D don gian nhung nhiéu nghién ctu trude day da
chimg minh dugc rang, sir dung mé hinh 2D khi mé phong
c6 thé du doan dugc hiéu suét cua turbine véi két qua chinh
xac cao [9-10].

Thiét ké cua turbine truc dung duoc thé hién & trong
Hinh 2. M6 hinh turbine truc dung c6 3 canh véi ban kinh
125 mm, chiéu dai canh 800 mm [11-13]. Trong pham vi
nghién ciru ndy, phuong tién duge sir dung dé mo phong
1a m6 hinh xe 6 t6 ¢6 kich thugc co ban 1a 4,5m x 1,8m x
1,5m [14]. Anh hudng cua cac loai hinh dang xe (xe con,
Xe tai, Xe container,...) t6i ché do 1am viéc cua turbine gié

truc dimg s& dugc trinh bay ¢ nhitng nghién ctru tiép theo.
Theo tiéu chuan ki thuat cua dudong bo Viét Nam thi chiéu
rong cua lan duong 1a 3,5 m, chiéu rong dai phan cach tir
0,3-0,8 m, ti da la 1,27m. Dai tc d6 6 td ding dé danh
gia kha nang 1am viéc cua turbine gi6 duoc liy theo dai
tbc 6 quy dinh danh cho xe 6 to trén dudng Viét Nam.
Theo quy dinh nay, van toc tdi da cho phép cua xe 0 td
khi di chuyén trong khu vuc déng dan cu 1a 60 km/h, toc
do6 xe 0 t6 cho phép ngoai khu déng dan cu la 90 km/h, va
toc do xe 6 t6 cho phép di chuyén trén duong cao toc 1a
120 km/h [1-2].
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Hinh 2. Thong sd thiét ké canh turbine gié
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Hinh 3. M6 hinh md phdng turbine gio truc dimg ddt trén
duwong hai lan xe nguoc chieu
2.1. X&y duwng md hinh

Turbine gi6 truc ding duoc sir dung dé mé phong trong
nghién ciru nay boi nd co thé hoat dong dugc trong diéu
kién van toc gi6 thap, phu hop st dung & trén dudng. Do
hudng gi6 trén dudng toi tir nhidu hudng khac nhau va
khong ddng déu nén viéc st dung turbine gi6 truc dung 3
canh 1a mot phuong 4n tot dé thyc hién tién hanh mé phong
[9-10]. Turbine gi6 truc ding 3 canh c6 thé hoat dong 6n
dinh khi ma hudng gi6 thay déi theo nhiéu huéng khéac
nhau véi nhiéu tdc do khac nhau. Biét duoc hi¢u suat hoat
dong cua timg turbine tir d6 s& xac dinh toan bo hiéu suat
thu dugc tir hé thong turbine dat trén duong. Dé danh gia
hiéu suat 1am viéc cua mot hé thdng turbine dat trén dai
phén céch ciia duong thi khoang céch gitta cac canh turbine
I mét trong nhimg yéu t quan trong.

Nghién cuu nay tap trung phan tich va danh gia anh
hudng cta vét xody sau xe téi cac ché do 1am viéc clia turbine
(s6 vong quay va cong suit) trong cac diéu kién van toc xe 6
t6 khac nhau. Mot hé théng gdm 3 turbine dugc sir dung trong
nghién ciru nay. Khoang cach giira ba turbine truc dimg xép
thang hang duogc lwa chon dit cach déu nhau. Khoang cach
tir tim tryc turbine nay dén dén tam truc cua turbine ké tiép
laL (m), L =4D (D 1a duong kinh cua turbine). Khoang cach
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d tir canh turbine dén xe 6 t6 chon bang 1 m dé tuong tmg
dicu kién thuc t€ c¢6 thé dam bao an toan khi xe vin hanh trén
duong 6 gan khu vuc dai phan cach.

Hinh 4. Khodng cach giira cac canh turbine

Nghién ctru ndy tap trung vao viéc danh gié cong suét
cta turbine truc dtmg khi xe 0 t0 di chuyén véi cac ché do
toc d6 khac nhau. Co dinh khoang cach tir turbine téi xe 6
t6 va khoang cach gitra cac turbine vai nhau, nhu vay nhan
t6 chinh anh huéng dén cac thdng so6 hoat dong cua turbine
s€ la van toc xe di chuyén.
2.2. Mb hinh tinh toan

Anh huong cua toe do xe téi hoat dong cua turbine gid
truc dimg duoc X&c dinh nhd sy hd trg cia phian mém
Ansys Fluent R19.2. Gi6i han mién hinh tinh toan (domain)
c6 kich thudc chiéu dai 1a 150 m va chiéu rong 1a 15 m,
kich thudc nay duoc dé xuat boi Tian va cac cong su [15-
16]. Turbine dwoc dit & tim caa domain. Xe 6 t6 di chuyén
song song theo phuong x va céch turbine mot khoang d ¢
dinh (d = 1m). Vi tri cua xe 0 t6 cd toa do (X, y). Toan bo
mién tinh toén dugc chia thanh nhiing vang khac nhau bao
gom () ving dé cho turbine quay duoc, (b) viing dé cho &
t6 di chuyén 1a viing két hop giita ving di chuyén va ving
ludi dong hoc, (€) va vang tinh I cic phan tir bén ngoai
cac vung trén (Hinh 4).

ﬁ

Dynamic Mesh Zone

Turbine
~ s

Hinh 5. Thiét Idp diéu kién bién trong Ansys Fluent
2.3. Tao lwoi

Ludi tinh toan cho mé6 hinh dugc chia theo dang ludi
khong céu trac (ludi tam giac). Mat d6 ludi duoc chia min
hon & ving quay (rotating zone) cuia hé théng canh turbine
va viing ma xe 0 to di chuyén (dynamic mesh zone). Thong
s0 kich thudc ludi dugc thé hién trong Bang 1. Chi tiét vé
kich thude ludi tinh toan duge thé hién trong Hinh 6.

Car

Bing 1. Thong s6 Ledi tinh toén

Kiéu phan tir Elements Nodes

Triangle 323591 164471

(a) Chia lwdi mo6 hinh 6 t6

(b) Chia /uéi mo hinh 3 turbine
Hinh 6. Chi tiét lwdi tinh todn
2.4. Thiét lip md phong

M0 hinh r6i k-o dugc sir dung dé tinh todn mé phong
trong nghién ctru nay [15-16]. Vi tri ban dau ciia xe cach
truc cuia turbine mot khoang x = -15 m (vi tri & dau domain
m6 hinh tinh toan). Budc thoi gian tinh toan (time step)
thiét 1ap 12 0,002 s, va su di chuyén vi tri ciia xe & mdi time
step khdng vuot qué kich thudc nhé nhét & ving bién ddi
cua ludi. Thuat todn Second-Order Upwind dugc stir dung
cho toan bo phwong trinh tinh todn bao gom &p suat,
momen, cuong do rbi. Thuat toan Least Squares Cell-based
duge sir dung cho toan tir gradients. Thuat toan Second-
order Algorithms s& cho két qua chinh x4c hon thuét toan
First-order Algorithms bai vi n6 giam céc 15i lién quan dén
ndi suy va cac 15i lién quan dén khuéch tan sai sé. Lya chon
céc thuat toan trén khi tién hanh md phong bang phan mém
Ansys Fluent c6 thé gip bai toan md phong d& dang hoi tu
hon [15-16].

3. Két qua md phéng s6
3.1. Tinh toan théng sé 1am viéc ciia turbine
S6 vong quay turbine dwoc xac dinh theo [15]:
0=V/R 1)
Trong d6, o: S6 vong quay (Rad/s); V: Van toc tiép
tuyén ctia canh turbine (m/s); R: Ban kinh canh turbine (m).
Cong suét cua turbine duoc x4c dinh theo [15]:
P=T.0 2

Trong do, T: Momen xoén (N.m); o: S6 vong quay
(rad/s); P: Cong suat (W).
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3.2. Anh hwéng ciia téc dp xe di chuyén téi sé vong quay,
cOng sudt ciia turbine

(a) Phan bé trwong vin téc vét X0y sau xe

Hinh 7, 8 va 9 md ta din bién truong vén tc cua vét
x0ay sau xe (car wake) khi xe di chuyén véi van toc lan
luot v = 60, 90, va 120 km/h. Khi 6 t6 di chuyén véi toc do
khac nhau thi thong s 1am viéc cua turbine ciing thay doi.
Ca chiéu dai va chiéu rong cua dong xoay phia sau xe tang
Ién twong tmg v6i van tc di chuyén cua xe 0 t6. Khi xe di
chuyén, n6 tao ra cic dong xody tach roi nhau, dang cu
triic xody hinh thanh phia sau xe pho bién 1a xody Karman
[17]. Do hai xe di chuyén ngugc chiu nén cic ving xody

Karman hinh thanh phia sau xe ciing c6 xu huéng chuyén
dong nguoc chiéu nhau.

Dién bién truong van tdc ciia vét xody sau xe khi xe
di chuyén véi téc do tang tir 60 km/h téi 120 km/h & cac
thoi diém t = 0,8, 1,2, 1,4, va 2,0s cho thiy céc xody
Karmén hinh thanh sau xe ¢6 tin s6 dao dong ting dan
(vortex shedding frequency). Piéu nay c6 nghia 1a anh
hudng cia vét xody Karman t6i s vong quay sé cang rd
rét, do d6 cong suat clia cac turbine s& thay doi khi thay
d6i tbc d6 chuyén dong cua xe 6 to. Ving anh huong cua
nhidu dong sau xe ciing mé rong dan khi ting toc do
chuyén dong cia xe 6 t0.
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Hinh 8. Dién bién vin toc dong khi nhiéu déng phia sau xe khi xe di chuyén véi téc d@é 90 km/h
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Hinh 9. Dién bién van toc dong khi nhiéu dng phia sau xe khi xe di chuyén véi téc dg 120 km/h

(b) Sé vong quay va cong sudt l1am viéc cia turbine

Hinh 10 va 11 thé hién s vong quay va cong suét cia
turbine tao ra trong tng khi xe di chuyén véi toe do 60, 90,
va 120 km/h. Vi toc do xe di chuyén cang 1on thi cuong
d6 xody Karman sau xe tao ra cang lon, dan dén turbine c6
thé tao ra s6 vong quay va cong suit cang 16n.

rpm
80 ;
—e— V.120km/h, turbine 01

—&—V.120km/h, turbine 02

—8— V.120km/h, turbine 03
o 50 V.90km/h, turbine 01
o
IS
= 40 == V.90km/h, turbine 02
3
30 —e— V.90km/h, turbine 03
20 V.60km/h, turbine 01
10 V.60km/h, turbine 02
0 = e V.60km/h, turbine 03
0 0.5 1 15 2 25
time(s)
Hinh 10. S6 vong quay va cong suat ciia turbine
power
6 —e—V.120km/h, turbine 01

—=—V/.120km/h, turbine 02

—#—V/.120km/h, turbine 03

——V.90km/h, turbine 01

—+#—V.90km/h, turbine 02
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——\/.90km/h, turbine 03
V.60km/h, turbine 01

V.60km/h, turbine 02

V.60km/h, turbine 03

25

time(s)

Hinh 11. S6 vong quay va céng sudt ciia turbine
Khi xe di chuyén véi toc d6 60 km/h, két qua tinh toan
cho thay turbine tao ra s6 vong quay va cong suat thap nhat.
S6 vong quay va cbng suét cua turbine trong truong hop

nay ting chdm. Vé6i sb vong quay turbine #3 tao ra gan
45 v/ph, cao hon so véi turbine #1 va turbine #2. Cong suét
turbine #3 dat cuc dai 2,6 W tait=1,8s.

Khi xe di chuyén véi tc d6 90 km/h, sb vong quay cua
turbine #1 va #3 ting nhanh. Turbine #1 dat s6 vong quay
cuc dai gan 70 v/ph va turbine #3 c6 sb vong quay cuc dai
1a 51 v/ph. Trong khi do tbc do cua turbine #2 ting chim
va chi dat gia tri t6i da gan 25 v/ph. Chinh vi vdy ma cong
suét ctia turbine #1 va #3 cao hon hin so v&i cong suét cia
turbine #2. Piéu nay co thé 1y giai & ché do toc do 90 km/h
cua xe, anh huong cta dong chay qua canh cac turbine #1
va #3 can trg chuyén dong cua turbine #2 khién cho turbine
#2 quay chdm va phat ra cong suat bé. Cong suat cuc dai
clia turbine #3 trong trudng hop nay c6 thé dat téi 3,8 W.

Khi xe di chuyén véi toc do 120 km/h, truong hop nay
turbine tao ra s vong quay va cong suét cao hon so véi khi
xe di chuyén véi toc d6 60 km/h va 90 km/h. G ché do toc
d6 nay, s6 vong quay va cong suat cua turbine ting nhanh,
turbine #2 va turbine #3 ¢ s vong quay va cong suat cao
hon so véi turbine #1. Cu thé, turbine #2 ¢6 s6 vong quay
gan 62 v/ph va cong sudt dat cyc dai 4,8 W tai 1 s, turbine
#3 c6 s0 vong quay 55 v/ph va cong sudt dat 4,2 W tai
0,8, turbine #1 co s6 vong quay gan 28 v/ph va cong sudt
dat gan 2,3 W tai 0,6 s. Tuy nhién, cong suit cua turbine
#1 sau khi tang dén thoi gian 0,6 s thi giam nhanh, diéu nay
dugce |i giai 1a do dong chay qua canh turbine #2, #3 anh
huéng t6i ché d hoat dong cua turbine nay. Didu ndy mé
ra hudng nghién ctru méi vé anh hudng cua khoang céch
truc giita c4c turbine #1, #2, va #3 téi s6 vong quay ciing
nhu cdng suit cua c4c turbine.

4. Két luan

Trong nghién ciu nay, mot thiét k& moé hinh turbine
truc ding cong suit nho duoc thuc hién, mé phong sé
CFD duoc tién hanh dé danh gia s6 vong quay va cong
suit hoat dong cua hé théng 3 turbine truc dung & cac ché
d6 van téc 6 6 trén duong. Cac két qua quan trong cua
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nghién cau nay c6 thé ligt ké:

- Turbine quay véi toc do 16n nhét va phét ra cong suat
I6n nhat khi xe di chuyen véi toc do 120 km/h. Lic nay
cbng suat I6n nhat ma turbine tao ra dat t6i 4,8W.

- Khi xe di chuyén vai téc do 60 km/h va 90 km/h thi
turbine #1 va #3 tao ra s6 vong quay cao hon so vai turbine
#2. Tuy nhién, khi xe di chuyén voi téc d6 120 km/h thi
turbine #2 va #3 c6 sé vong quay va cong suit cao hon so
véi turbine #1. Biéu nay duoc ly giai cd thé do khoang cach
bé tri giita cac turbine gan, 1am anh huong dén dac diém
khi déng hoc dong chay qua canh turbine.

- S6 vong quay va cong suat phat ra cua turbine giam
tuong @ng véi van toc xe di chuyén giam, diéu nay co thé
Iy giai 1a do khi xe di chuyén vai toc d6 thap thi hién tugng
xody Karman véi tan sé dao dong tao ra phia sau xe yéu
hon so Vvéi trudng hop xe di chuyén véi téc do cao.
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