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TOM TAT

Déng bang trén canh turbine gié lam thay doi hinh dang khi dong va gidm hiéu sudt vin
hanh. Vin dé nay dang lo ngai 6 cdc khu viee ¢é khi hdu lanh, bao gom viing niii cao va cao nguyén
tai Viét Nam. Bai bdo nay mé phéng qud trinh tich lily bang rime trén tiét dién canh turbine gié
NREL Phase VI sur dung airfoil S809, tai vi tri v/R = 0.47. Phan mém FENSAP-ICE véi mé hinh roi
k- SST dwoc sir dung dé gidi truong dong chay, phdan bé giot nwée va tich lity bang theo phwong
phdp nhiéu budc thoi gian. Diéu kién méi trwong gom nong do hat mude trong khéng khi LWC =
0.5 g/m3 dwong kinh trung binh hat nuoc MVD = 30 um, nhiet do tinh t_ = -10°C, toc dg gié V. =
7 m/s, toc do quay 72 rpm. Két qua cho thdy hé so hiéu sudt thu nude ﬂ dat gia tri cuce dai 0. 644 7
tai vi tri gan mép triede canh, thuée bé mat dwdi ciia canh. Bang rime tich liiy chii yéu trén bé mdt
dudi phia mép truée trong khoang tir diém dau canh x = 0 dén vi tri x = 0.004, véi dé day cuc dai
dat 5.06 mm sau 720 giay.

T khoa: Dong bang canh turbine gié; Hiéu sudt thu nuwée (hé s bam), Rime ice; Airfoil
S$809.

ABSTRACT

Ice accretion on wind turbine blades alters the aerodynamic profile and degrades operational
performance. This issue is of particular concern in cold-climate regions, including mountainous and
highland areas in Vietnam. This study numerically investigates the rime ice accretion process on the
NREL Phase VI wind turbine blade section employing the S809 airfoil at the radial position r/R=0.47.
The commercial software FENSAP-ICE coupled with the k-« SST turbulence model was employed to
solve the airflow field, droplet impingement distribution, and ice accretion process using a multi-time-
step approach. The atmospheric conditions considered in this study include a liquid water content
of LWC=0.5g/m’ a median volumetric droplet diameter of MVD = 30um, a static temperature of t
= —10°C, and a free-stream velocity of V. = 7m/s, and a rotational speed of 72 rpm. The numerical
results indicate that the water collection efficiency coefficient f reaches a maximum value of 0.6447
near the leading edge on the lower surface of the airfoil. Rime ice predominantly accumulates on the
lower leading-edge region, extending from the stagnation point (x = 0) to approximately x = 0.004,
where the maximum ice thickness reaches 5.06 mm after 720 s of exposure.
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1. PAT VAN PE

Turbine gio lap dit ¢ ving nui cao chiu
tac dong cua diéu klen icing (dong bang) khi
nhiét 6 khong khi xudng thip va co sy hién
dién cua giot nudc siéu lanh. Khi cac giot nude
nay va cham 1én bé mit canh, chung déng bang
va 1am thay d6i hinh dang khi dong hoc cua
airfoil. Hau qua la hé s6 luc nang giam, luc
can ting, va can bang cua rotor bi anh hudng.
Céc nghién ctru cho thiy dong bang c6 thé lam
giam cong suat turbine tir 20% dén 50% trong
cac su kién icing kéo dai [1].

Tai Viét Nam, cac du an dién gi6 dang
phat trién manh ¢ cic tinh ven bién va cao
nguyén. Khu vuc Tay Nguyén va mién nii phia
Bic c6 nhiét d6 mua dong xudng dudi 0°C, dé
dan t6i dong bang. Tuy nhién, nghién ctru vé tac
dong cua icing 1én turbine gid trong bdi canh
Viét Nam con han ché. M6 phong s6 1a cong cu
hiéu qua dé phan tich qué trinh dong bang ma
khong can thtr nghiém thuc dia ton kém. Phan
mém FENSAP-ICE cho phép tich hop ba budc
tinh toan gom truong dong khi, truong hat nudc
va tich llly bang [2]. Airfoil S809 thugc turbine
NREL Phase VI 1a mot trong nhitng mau dugc
kiém chtng thyc nghiém day du nhit trong
cong dong nghién ctru turbine gio6 [3, 4].

Bai bao nay phan tich sy phan bd hé sb
hiéu suat thu nuéc B va su phat trién hinh dang
bang rime theo thoi gian trén tiét dién canh S809
tai t/R = 0.47 ca turbine NREL Phase VI. Két
qué cung cip thong tin vé dic tinh dong bang tai
tiét dién hoat dong quan trong ctia canh turbine.

2. MO HINH VA PHUONG PHAP SO

2.1. Turbine gi6 truc ngang va tiét dién phan
tich

Turbine NREL Phase VI 1a turbine

nghién ctru gdm hai canh, cong suat 19.8 kW,
duong kinh rotor 10.058 m. Toan by canh dung
airfoil S809 tur géc dén dau canh (Hinh 2.1).
Airfoil S809 c6 do day 21% chiéu dai day
cung, duoc thiét ké cho tng dung turbine gi6
truc ngang [5]. Turbine dugc thur nghi¢m trong
budng thtr gi6 ciia NASA Ames voi kich thude
24.4m x 36.6 m, toc d6 quay 72 rpm [3].
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Hinh 2.1. M6 hinh Turbine NREL Phase VI va
airfoil S809

Tiét dién phan tich dugc chon tai /R
= 0.47, tuong tng r = 2.364 m. Tai vi tri nay,
chiéu dai diy cung ¢ = 0.627m va gbc xoin
canh © = 9.0°. Véi toc do gio V. = 7 m/s va
toc do quay o = 7.54 rad/s, van tdc tiép tuyén
tg}i tiét dién l1a U =oxr=17.82m/s. Van tde
tong hop tinh theo phuong trinh sau:

V= [V2+ U2, =1915m/s

Go6c vao (inflow angle):
¢ =atanV /U =21.4°
Goc tan thuc té:

o= ¢ - (epitch 6tw1st) 9 40
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2.2. Xay dung lwéi tinh toan

Lu6i ¢6 cau trac dang C duoc xdy dung
trong ICEM CFD. Nghién ctu doc lap ludi
duoc thuc hién véi ba mie ludi cd 21.000,
86.000 va 120.000 6. Luoi 120.000 6 dugc
chon vi su khac bit vé C, so voi luéi 86.000 6
nho hon 0.5%. Chicu day 6 dau tién tai bé mat
1a 5 x 10 m, dam bao y* < 1 trén toan bd bé
mat canh. Ti 1€ tang 6 ludi tr bé mat ra ngoai la
1.15 (Hinh 2.2).

Hinh 2.2. Luci tinh toan
2.3. Diéu kién bién va phwong phap md phéng

Bang 1 liét ké cac thong s6 dau vao
cho mé phong. Truong dong chady dugc gidi
bang phuong trinh Navier-Stokes trung binh
Reynolds (RANS) véi mé hinh rbi k- SST
trong module FENSAP. M6 hinh k-o SST phu
hop cho dong chay co gradient 4p suat nghich
va phan tach 16p bién, von xuat hién tai ving
mép trude cua airfoil & goc tin cao [6]. Phan
b6 giot nude dugc tinh trong module DROP3D
bang phuong trinh Euler cho pha phan tan. Hé
s6 hiéu sut thu nudc beta tai mdi diém trén bé
mat duoc tinh theo cong thirc:

Mimp Vo - LWC,

— imp
B m, V.- -LWC,

Trong do, m, la thong luong khdi
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lugng giot nude (mass flux) tai vi tri hat nude
dap vao bé mat; m_ 1a mass flux cua dong ty do.

Tich lily bang duoc tinh trong module
ICE3D theo phuong trinh can bang khi lugng

va nang luong tai bé mat airfoil.

Bdng 1. Théng s6 dau vao

Thong s6 Gia tri
Van téc tong hop \' 19.15 m/s
Géc tan o 9.4°
Nhiét do tinh t -10°C
Ap sutp_ 101325 Pa
Ham lugng nudc LWC 0.5 g/m?
Puong kinh giot trung binh MVD 30 pm
Thoi gian icing t(s) 0, 360, 720

3. KIEM CHUNG MO HINH

M6 hinh duoc kiém chimg bang cach so
sanh hé s6 luc nang C, voi dir liu thye nghiém
cua airfoil S809 sach. Tai o= 9.4°, dir li€u thuc
nghiém tir OSU cho C, = 0.977 va tir Delft cho
C, = 0987 [5, 7]. Két qua mé phong cho C,
= 1.016, sai léch 3.0% so voi dit liéu Delft va
4.0% so v6i OSU (Hinh 3.1). Sai léch ndy nam

trong gi6i han chp nhan ciia mo hinh RANS. &
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Heralona
Hinh 3.1. Hé 56 luc nang

Hé s6 luc can C tir md phong (0.0345)
cao hon thyc nghiém (0.010-0.014) do md
hinh k-@ SST gia dinh dong chay hoan toan rbi
(Hinh 3.2). Airfoil S809 la airfoil c6 vung dong
chay laminar trén phan trudc bé mat ¢ goc tan
thap [8]. Su overprediction vé C, nay la dic
diém da biét cia mo6 hinh RANS day roi1 khi ap
dung cho airfoil dong ting va khong anh huong
dén do chinh xac cua phan tich dong bang. Két
quéa C, phu hgp xéac nhan truong dong chay du
dd chinh xac cho cac budc mo phdng ti€p theo.

Hinh 3.2. Hé 56 luc can

4. KET QUA VA THAO LUAN
4.1. Phan b6 hé s6 bam p

Hinh 4.1 thé hién phan bd hé s6 p theo vi
tri trén bé mat airfoil. Tait=0's (canh sach), B
dat gia tri cuc dai = 0.645 tai vi tri x/c = 0.002
trén bé mit trén, ngay phia dudi diém dau canh
(Leading-edge LE). Ving impingement bét dau
tlr x/c = 0.000 va két thuc tai x/c = 0.147 trén bé
mit dudi. Chiéu rong ving impingement theo
cung 1 0.104 m, twong duong 16.6% chiéu dai
day cung. Su phan b hat nuéc tap trung & phan
phia dudi canh vi c6 goc tan 16n (Hinh 4.2).
Khi bing tich lity, B_ _giam dan tir 0.645 xudng
0.610 sau 360 gidy, va giam nhe xubng 0.605
O budc 720 gidy. Su giam B 1a hé qua cua
viéc hinh dang mép trudce (phia dudi) bi tu hon
do bang, lam phén tan quy dao giot nudc sang
vung rong hon.
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Hinh 4.1. Hé s6 bam trén bé mat

Ranh gigi ngoai cua viung impingement
phia bé mat dudi duy tri on dinh tai x/c = 0.147
qua tat ca cac budc thoi gian. Diéu nay cho
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thdy rang véi diéu kién rime ice, sy thay ddi
hinh dang mép trudc khong 1am mé rong dang
ké vung va cham giot nudc theo hudng mép
sau.

Hinh 4.2. Truong hat nuéc LWC
4.2. Su phat trién 16p biing

Hinh 4.3 cho thay hinh dang 16p biang
tich lily tai cic mdc thoi gian T = 0,360 va 720
gidy (véi T = 0s tuong ing voi canh sach). Bang
rime tich lily hoan toan & bé mat dudi phia mép
trude, trong khoang x/c tir 0 dén 0.117. Vi tri
bang ¢ bé mat dudi phu hop véi gia tri goc
tan a = 9.4°. O gbc tan dwong nay, diém ding
(stagnation point) dich chuyén tir mép trudc
sang phia bé mat dudi. Do do, viing c6 x4c suét
va cham giot nudc cao nhét tap trung o bé mit
dudi gan mép trude, phu hop véi phan bd B
quan sat dugc ¢ Hinh 4.2 va Hinh 4.3.
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Hinh dang bing rime phat trién doc
theo bé mat dudi va khong xuét hién cac dinh
bang dang sung (horn ice) nhu trong truong
hop glaze ice. Pay 1a dic diém dién hinh cua
rime ice khi toan bd nudc va cham dong bang
ngay, khong c6 nude chay nguge va vung dong
bang khong lan ra phia ha luu theo thoi gian.

Bang tong két cac két qua dong biang va
hé s6 bam theo thoi gian.

Bang 2. Ving dong bang

e tai Gioi Vung | Day
()| B,. B * | hanIL | bang | max
max (x/c) x/c (mm)
0.000 +
0 | 0.645 | 0.002 0.147 - -
.| —0.002
360 | 0.610 | 0.006 0(')0?2; + 2.49
' 0.107
—0.003 | —0.004
720 | 0.605 | 0.002 + + 5.06
0.147 | 0.117
4. KET LUAN

Bai bao da mo phong thanh cong qua
trinh dong bang rime trén tiét dién canh S809
ctia turbine NREL Phase VI tai r/R = 0.47 bang
phan mém FENSAP-ICE. Két qua chinh gom:
i) Hé s6 hiéu suat thu nudc B dat cuc dai 0.6447
tai vi tri x/c = 0.002 trén bé mat dudi, ngay phia
dudi mép trude. Vung impingement kéo dai tir
bé mit dudi (x/c = 0) dén bé mit dudi (x/c =

Hinh 4.3. Phat trién bang theo t(s) 0.147). Khi bang tich liy, B__giam nhe theo &
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thoi gian do hinh dang mép trudc thay doi; ii)
Bing rime tich lity hoan toan & bé mat dudi gan
mép trudce, phu hop véi goc tin o = 9.4°. Hinh
dang bang phat trién theo thoi gian, khong ¢
dinh bang dang sung. BJ day cuc dai dat 5.06
mm sau 720 gidy, véi tc do tich liy trung binh
0.42 mm/phut; iii) M6 hinh C_ sair 1&ch khoang
3-4% so voi thye nghiém, cho thay do tin cay
cua truong d‘c‘)ng’chéy. Sai 1§:ch C, dg gia dinh
dong chay day roi 1a dac diém da biét cua k-o
SST khi 4p dung cho airfoil dong ting S809.

Hudng nghién ctu tiép theo s& méd rong
sang diéu kién glaze ice, so sanh nhiéu goc tdn
va phan tich anh huong cia 16p bang 1én hé s6
luc nang va lyc can. <
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