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COMPARATIVE STUDY OF AERODYNAMIC CHARACTERISTICS
ON NACA0012 AIRFOIL MODEL IN LOW WIND SPEED CONDITIONS
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Low-wind conditions in Vietnam (average wind speeds < 6 m/s)
highlight the need to identify an appropriate airfoil for vertical-axis
wind turbines. This study aims to evaluate the aerodynamic
characteristics of the NACAO0O012 airfoil and determine the angle-of-
attack range that yields optimal performance under low-wind
environments. Computational Fluid Dynamics (CFD) simulations were
conducted to analyze lift, drag, and aerodynamic coefficients across
multiple angles of attack. The numerical model was developed with a
refined mesh and an appropriate turbulence model to ensure reliable
flow predictions at low wind speeds. The study results indicate that the
NACAO0012 airfoil exhibits its highest aecrodynamic efficiency at angles
of attack between 6° and 8°, where lift increases significantly while
drag remains low, resulting in an optimal lift-to-drag ratio. These
findings confirm the suitability of NACAO0012 for vertical-axis wind
turbines designs operating in low-wind conditions and provide an
important scientific basis for the optimization design of vertical-axis
wind turbines systems in Vietnam.
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biéu kién gio thép tai Viét Nam (toc do gi6 trung binh < 6 m/s) dat ra
nhu cau vé viéc lua chon bién dang canh phu hop cho tuabin gié truc
dung. Nghién ciru nay nham danh gia dic tinh khi dong hoc cuia bién
dang canh NACAO0012 va xac dinh ving goc tdn mang lai hiéu suét tdi
wu trong moi trudng gié thap. Phuong phap mé phong CFD duoc sit
dung dé phan tich lyc nang, lyc can va cac hé s6 khi dong theo nhiéu
goc tan khac nhau. M6 hinh tinh toan duoc xay dung véi ludi tinh chinh
va md hinh nhidu loan thich hgp nhim dam bao mé phong chinh xac
dong chay & téc do gio thép Két qua nghién ctru cho thdy bién dang
canh NACA0012 dat hi¢u suét khi dong hoc tt nhét trong khoang goc
tAn 6°— 8°, khi lyc néng tang dang ké va luc can duy tri & mirc thap, tao
ra ty s6 nang—can t6i wu. Két qua nghién ctu cho thiy bién dang
NACAO0012 phu hop cho thiét ké tuabin gi6 tryc dung hoat dong trong
diéu kién giod yeu. Ket quéa nghién ciru cung cap co sé khoa hoc quan
trong cho thiét ké t6i uu hoa tuabin gi6 tryc ding tai Viét Nam.
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1. Gi6i thiéu

Hién nay, ning luong gi6 1a mot trong nhitng ngudn ning lugng sach phat trién nhanh nhat
trén thé gidi nho vao tinh bén viing, khong phat thai va kha nang khai thac rong rai [1]. Theo bao
cao cua IEA [2], dién gi6 dugc du bao s& t1ep tuc tang truong manh mé, voi san luong bd sung
hang nam dy kién s& tang trén toan cau bit chip nhimg thach thire gan diy vé chudi cung tng va
cap phep. Bén canh cac hé thdng tuabin gio cong sudt 1on duoc lap dat ngoai khoi hodc trén dét
lién quy mo cong nghiép, xu hudng phit trién tuabin gié quy mé nho va trung binh phuc vu cho
ho gia dinh, trang trai, trudng hoc va cong dong dan cu dang ngay cang duoc chu trong, dic biét
¢ nhimg khu vuc nong thén va ving sau ving xa [3].

Viét Nam so hiru duong bd bién dai hon 3. 200 km va nhiéu ving c6 toc d gi6 trung binh tir
5-7 m/s, tao diéu kién thuén loi cho viée phat trién dién gi6. Nam 2023, v6i viéc phé duyét Quy
hoach phat trién dién lyc VIII (PDPS), Viét Nam dit muc tiéu lap dat it nhét 6 GW dién gi6 ngoai
khoi vao nam 2030 va tir 70 GW dén 91,5 GW vao nam 2050 [4].

Tuy nhién, dic diém khi hau cua nudc ta cling dat ra mot thach thirc dang ké: tai phan 16n cac
khu vie d6 thi, néng thoén hodc mién nii, toc d6 gid trung binh chi dao dong khoang 3-5 m/s,
thap hon nhiéu so v6i yéu cau t6i uu cta cac tuabin gié truc ngang truyén thong (HAWT) [51, [6].
Piéu nay doi hoi cac giai phap cong ngh¢ phu hop hon, co thé khai thac hiéu qua ngudn ning
lwong gi6 ngay ca khi téc do gi6 thip — trong d6 tuabin gi6 truc ding (VAWT) 13 mot lira chon
day trién vong.

Khac vdi tuabin gié tryc ngang (HAWT) — vbn yéu cau hé théng diéu hudng phirc tap va hoat
dong hi€u qua ¢ tdc do gid cao, tuabin gid truc dang (VAWT) c6 cau tao don gian, hoat dong 6 on
dinh & nhiéu hudng gid va dic biét phu hop véi diéu kién gioé thap, gié quan va méi truong do thi
hodc vung dan cu [7].

Maic du vay, han ché 16n nhat cia VAWT hién nay la hiéu suét thu nang lugng thuong thép
hon so véi HAWT. Nguyén nhan chinh dén tir thiét ké hinh dang va gdc dat cua canh chua dugc
ti wu hoa cho timg diéu kién khi dong cu thé [8]. Do do, viée cai tién thiét ké canh tuabin 14 yéu
t then chdt dé nang cao hiéu suét chuyén doi nang luong gio.

Phuong phap mé phong dong luc hoc chat léng (CFD — Computational Fluid Dynamics) 1a
mét cong cu tinh toan tién tién cho phép mé hinh héa va phan tich chi tiét truong dong chay Xung
quanh cau tric khi dong hoc nhu canh tuabin [9]. CFD c6 thé phan tich cac dir liéu quan trong vé
phan b ap suit, van tdc, hé sé luc nang — luc can, va cac hién twong tich dong ma cac phuong
phap thir nghiém thuc té kho do dac dugc.

Trén thé giéi, nhidu nghién ciru d ching minh hiéu qua cia CFD trong viéc toi wu hoa thiét
ké VAWT, gitp ning cao hé sb cong suat (Cp) tir 10-25% so voi thiét ké truyén thong [10]. Tuy
nhién, tai Viét Nam, cac nghién ciru tng dung CFD cho tuabin gi6 truc dimg quy mo nhé van con
han ché, dic biét la trong diéu kién gio thép, nhiéu loan dic trung ctia khu vyc do thi, nong thon,
mién ndi tai Viét Nam van chua dugc nghién ctru mét cach h¢ théng.

Trong thiét ké tuabin gi6 truc dung, viéc lwa chon bién dang canh (airfoil) dong vai trd then
chdt vi quyét dinh truc tiép dén dic tinh khi dong hoc, luc nang — luc can, hiéu sut chuyén ddi
ning lugng ciing nhu kha ning hoat dong 6n dinh cua tuabin trong cic diéu kién gi6 thay doi.
Trong sb cac loai airfoil di dugc nghién ciru va tmg dung, NACA0012 1a mdt trong nhitng mau
phé bién va dugc st dung rong rii nhat, dic biét trong cac tuabin gi6 truc dimg quy mé nho.
NACAO0012 1a mot dang airfoil d6i xtmg, voi do cong (camber) bang 0 va chidu day cuc dai bang
12% chiéu dai day cung (chord length). Pic tinh dbi xtmg nay gitp airfoil duy tri luc nang tuong
dbi 6n dinh trong ca hai nira chu ky quay, didu dic biét quan trong dbi voi tuabin gié truc ding
do canh phai hoat dong hiéu qua ngay ca khi dong gi6 thay déi hudng tuong dbi lién tuc trong
mdi vong quay. Bén canh d6, NACA0012 c6 dic tinh khi dong hoc on dinh _trong dai goc tan
rong (khoang +15°), gitip duy tri ty 1¢ luc nang/lyc can (C/Cp) cao khi goc tan cong thay do6i —
mot dic diém dic trung cua chuyén dong quay trong VAWT. Kha ning nay dam bao ring tuabin
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c6 thé khoi dong dé dang, van hanh on dinh va dat hiéu suit cao ngay ca & tdc do gio thép (3-6
m/s), phit hop véi diéu kién gio6 phd bién & nhiéu khu vuc tai Viét Nam. Ngoai ra, hinh hoc don
gian cia NACA0012 gitip qué trinh mo phong CFD tré nén dé dang va chinh xac hon, dong thoi
thudn tién cho viéc ché tao thyc té va toi wu hoa thiét ké. V&i nhimg wu diém trén, NACA0012
duoc lya chon lam dang canh co s trong nghién clru nay nham dam bao hiéu suét khi dong hoc,
d6 6n dinh va kha ning tdi wru hoa cao trong qua trinh md phong va thiét ké tuabin gi6 truc dimg
quy mé nho, dic biét trong diéu kién gio thap dic trung ctia Viét Nam.

Do vdy, nghién ctru nay dé xuét nghién ctru tng dung phuong phap md phong dong lyc hoc
chat 1ong CFD nham phén tich danh gia dac diém khi dong hoc trén mau bién dang canh NACA
0012 trong diéu kién toc do gio thap tai Viét Nam. Két qua nghién ctru s€ tao tién dé hudng t61 deé
xudt cdu hinh canh tuabin gi6 truc dung t01 uu, c6 thé ung dung thuc t& cho cac hé théng phat
dién gio quy mo nho & do thi, néng thén, mién nti hodc ving chua co dién ludi.

2. Phuwong phap nghién ciru

Trong linh vuc nghién ciru va phat trién tuabin gi6 truc dimg, viéc mé phong khi dong hoc
dong vai tro then chdt trong qua trinh thiét ké, t6i vu hoa va danh gia hiéu suat van hanh cua canh
tuabin. Trong s6 cac cong cu md phong hién nay, ANSYS Fluent — mot mo-dun ANSYS — duoc
xem 13 phan mém hang dau cho cac nghién ciru dong luc hoc chat 1ong tinh toan (CFD) nhd kha
ning giai quyét chinh xac cac phuong trinh Navier—Stokes va mé phong da dang cac diéu kién
dong chay phuc tap [11].

Mot trong nhing bién dang canh (airfoil) dugc s dung phd bién nhat trong thiét ké VAWT la
NACA0012, mét cau hinh d6i xtmg c¢6 hé s6 lyc nang on dinh va dic tinh khi dong hoc can bang
o nhleu goc tan khac nhau [12]. Tinh dbi xtmg ciia NACA0012 gitp dam bao hiéu suit hoat dong
gan nhu twong duong trong ca hai nira chu ky quay cua tuabin, tir d6 1am giam dao dong mé6-men
x04n va cai thién hiéu suat tong thé ctia hé thong [13].

Bing cach si dung ANSYS Fluent dé mo phong dong chay xung quanh bién dang
NACAO0012, c¢6 thé phan tich chi tiét sy hinh thanh va phat trién ciia 16p bién, hién tugng tach
dong, ciing nhu cdu triic xoay Karman trong qua trinh van hanh cua tuabin [14]. Ngoai ra, m6
phong CFD con cho phép khao sat su thay doi cia hé s6 Iuc néng (Cy), luc can (Cp) va ty 18 luc
néng — lyc can (Cu/Cp) ¢ cac goc tAn khac nhau, cung cap co s khoa hoc cho viée ti wu hoa
hinh dang canh nham dat duoc hiéu suit chuyén doi nang lugng cao hon. Viéc ap dung md phong
ba chiéu (3D CFD) v&i ANSYS khong chi gitip mé phong sat thuce té ‘moi truong dong chay trong
diéu kién van hanh ma con hd tro xac dinh anh hudng cia cac yeu t6 nhu nhidu loan khong gian
— thoi gian, tuong tac canh — dong chay va sy hinh thanh xody dau canh, day 1a cac yéu té thuong
kho tai hién trong m6 hinh 2D hogc thir nghiém trong 6ng khi dong. Nho' do, nghién ciru mé6
phong CFD v61 ANSYS tr6 thanh cong cu khong thé thiéu trong qu4 trinh phat trién thé hé tuabin
truc ding hiéu suét cao.

Trong nghién ctu md phéng khi dong hoc cua airfoil NACA0012 tng dung cho tuabin gid
truc ding (VAWT), viéc lya chon mo6 hinh nhiéu dong phu hgp dong vai tro then chdt, anh
hudng truc tiép dén do chinh xac cua két qua va kha ning du doan cac hién tuong dong chay
phirc tap. Trong s6 nhiéu mé hinh nhidu dong hién c6, mo hinh y-Re® SST (Gamma—Ref Shear
Stress Transport Turbulence Model) duoc lwa chon nhd nhitng wu diém vuot troi trong viée mo ta
qua trinh chuyén tiép tir dong ting sang dong rdi, ddy 1a mot hién twong dic biét quan trong trong
phan tich hiéu suét khi dong hoc cia canh tuabin.

Phuong trinh thé hién cho tinh khong lién tuc ctia dong chay (tic 1a y) dugc dua ra nhu trong

cong thtrc (1) [15]: ;
Ut \ OY
()] @

at ax] = yl_Ey1+Py2_Ey2+0_xj

9py)  9(pUjy)
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Qua trinh chuyén tiép dong chay dugc m6 hinh hoa thong qua phuong trinh van chuyén cho
h¢ s6 lién tuc (y). Day la mét bién trang thai ludng cuc, voi ¥ = 0 biéu thi dong tangvay ~ 1
biéu thi dong nhiéu dong, trong khi gia tri trung glan dai dién cho Vung chuyen tiép.

Phuong trinh y bao gdm cac thanh phin ngudn va hd ( v, Ey1, Py, 2) dugc dinh nghia
nhu sau:

- Thanh phan tinh chuyen tlep ( 1) Thanh phan nay thic day sy phét trién cta hé sb lién
tuc, kich hoat qua trinh chuyen tlep tir dong tang.

- Thanh phan tiéu tan chuyén tiép (Ey1): Dam bao y khong vuot qua gia tri va duy tri tinh on
dinh ctia mé hinh trong qué trinh chuyén tiép.

- Thanh phan nguén tai dong tang (P y2): Thanh phan nay hoat ddng nhu mot co ché pha huy y
hodic mo ta sy tai dong tang (re-laminarization) trong cac vung co6 gradien ap suét thudn 16n.

- Thanh phan Ti€u tan Pha huy (E,,): Hoan thlen cin bang trong phu'orng trinh van chuyén y.

- Hé s6 Khuéch tan: Phuong trinh ciing bao gdm cac thuat ngit khuéch tan, trong d6 do nhét
phan tir (1) va do nhét nhidu dong () duoc sir dung cling voi hang s6 ay dé mo ta sy lan truyén
clia ¥ trong mién tinh toan.

Phuong trinh van chuyén (2) [15]:

d(pRé d(pU;Ré d ORé
(pat oo + G ajxj o) = Pg + (’)_] opt(p + ut) jet (2)

- Bién trang thai R&g.: Dai lugng nay hoi tu vé SO Reynolds d6 day dong luong thuc nghiém
(Regt) mot gia tri duge tinh toan tir cac ham tuong quan thuc nghiém dé cung cip diém chuyén
tlep muc tiéu.

- Thanh phan ngudn Py,: Thanh phén nay thiic ddy R&g, tién vé gid tri Reg,. Thanh phan nay
dugc kiém soat boi mot ham chuyen d6i (Fg,), dam bao n6 chi hoat dong trong cac ving dong
tang (noi chua xay ra chuyén tiép).

- Tham sb thoi gian t: Mot tham s6 dic trung cho mé hinh, phu thudc vao mét d6 (p), d6 nhot
phan tr (1) va van téc dong chay (U), dugc sir dung trong thanh phan ngudn Py, dé chuan hoa
toc do hoi tu.

- H¢ 50 khuéch tan: Su khuéch tan cta R&g, dugc diéu khién boi do nhét phan tir (), do nhét
nhiéu  dong (pg) va héng sb gg;.

Két hop phuong trinh van chuyén va ting suat cit van chuyén (SST) k—o dugc cho dudi dang
phuong trinh (3):

4] 4] 0
2 0+ 5 (k) = -G + G = i+ 54 3
Cac gia tri cua Gy va 'Yy duqc xac dinh theo phuong trinh (4) va (5):
Gr = yerrG k (4)
Yy = min(max( veffs 0.1),1.0) ¥ (5)
Cac gia tri Cr va Cp duoc xac dinh theo phuong trinh (6) va (7) [16]:
L D
€ =—— © Cp=7—— %

Trong do:
- L, D: Lyc khi ddng hoc (Aerodynamic force) (voi L-D tuong ung la luc nang-can)
- S: Dién tich tham chiéu (Reference area)
- p: Mat do chat khi (Density of the fluid)
- U: Van toc dong chay (Velocity of the flow)
C6 thé thay rang viéc sir dung mo hinh mé hinh y-Ref SST ¢6 nhimng vu diém nhu sau:
Thir nhét, m6 hinh y-Re® SST mé rong tir mé hinh SST k—o kinh dién, két hop kha ning mo
ta chinh x4c dong chay gn tudong ciia md hinh k—w va tinh 6n dinh & ving xa tudng ciia mé hinh
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k—¢. Su két hop nay cho phép md hinh xir 1y hiéu qua cac hién twong nhu tach dong (flow
separation), 10p bién phat trién phi tuyén, va xody hau luu (wake vortices) — cac yéu t6 thuong
xudt hién xung quanh airfoil cia tuabin truc ding.

Thir hai, khic véi cac md hinh nhiéu dong truyén thong vbn gia dinh dong chay chuyén tiép
xay ra tirc thoi, y-Red SST bd sung hai bién van chuyén — y (intermittency) va Ref (momentum-
thickness Reynolds number) — cho phép mé hinh dy doan chinh xéc vi tri va toc d6 chuyén tiép
cua dong chay. Diéu nay dic biét quan trong trong truong hop airfoil NACA0012 hoat dong ¢ sO
Reynolds thip dén trung binh (105 — 10°), day 1a vung ma hién tugng chuyén tiép anh huong
manh tdi lyc nang (Cr), Iuc can (Cp) va hidu suét tong thé cia tuabin [17].

Thir ba, md hinh y-Re® SST da duoc ching minh 1a mang lai d6 twong quan cao giita két qua
mé phong CFD va két qua thuc nghiém trong cac nghién ciru khi dong hoc lién quan dén tuabin
gi6 [18]. Nho kha ning md phong chinh xac sy phat trién 16p bién, sy hinh thanh xody va cac
hiéu g ba chiéu xung quanh canh, mé hinh nay giup t6i vu hoa hinh dang airfoil, giam ton that
nang luong va ting hiéu suét khai thac niang luong gio.

Thur tu, mo hinh y-Re® SST dugc lya chon ngoai diéu kién hoat dong cua canh tuabin 13 &
trong diéu kién c6 hé s6 Reynold thdp ma con 1a do mé hinh nay dem lai két qua mé phong dong
khi qua canh 3D rat tot khi c6 tuong, ddng thoi phuong phap nay cho két qua t6t voi hé s6 Y+
trong khoang tir 1 dén 10 [19] hé s6 Y+ khong anh hudng qua nhiéu dén hé sb luc nang, luc can
ctia canh khi ma hé s6 nay khong vuot qua 10.

Chinh vi nhitng wu diém vuot trdi trén mo hinh y-Re® SST 1a lya chon t6i wu cho bai toan mo
phong khi dong hoc cua airfoil NACA0012 trong tuabin tryc ding, boi n6 vira dam bao d6 chinh
xdc vt ly cao, vira m6 phong dugc cac hién tuong chuyén tiép phirc tap ma cac mo hinh nhiéu
dong truyén thong khong thé hién rd rang.

Trong nghién ctru ndy, bién dang canh NACA0012 duge st dung nhuy mé hinh co sé nham
danh gia hiéu suit khi dong hoc trong diéu kién sd Reynolds tha‘ip. Bién dang mau canh
NACAO0012 1a mot cau hinh canh dugc sir dung phd bién trong cac ung dung tdc do thip, duoc
thu thap tir co s¢ dit liéu Airfoil Plotter (Airfoil plotter, n0012-il) trén trang airfoiltools.com [20].
béc tinh hinh hoc va hinh dang bién dang canh tiéu chuén cia NACA0012 dugc thé hién trong
Hinh 1, 1am 13 cac yéu t6 nhu chiéu dai diy cung, phan bb d6 cong va ty 1 do day trén day cung.
Nhirng thong sé hinh hoc nay déng vai trd quan trong trong viéc phan tich hién twong tach 16p
bién (boundary layer separation) va su phat trién 16p bién, tir 6 anh hudng truc tiép dén dic tinh
lic nang va luc can trong ving s6 Reynolds thap.

B¢ day IGn nhét

1

‘ 2

C

Bé mit phia trén
Canh trude Canh sau
) c 10C

INFLOW
OUTFLOW

Bé mit phia dudi

Diy cung

Hinh 1. Bién dang ciia mdu canh airfoil —
NACA0012 L e .
Hlnh 2. Vung dong chdy mo phong
Ngoai ra, cac théng sb ky thuat chu yéu cia bién dang mau canh bao gébm chidu dai day cung,
do cong cyc dai, d6 day cuc dai va ban kinh mep trude duge téng hop trong Bang 1 nham cung
clp co so dit liéu cho cac mod phong CFD va phan tich khi dong hoc & cac phan tiép theo.

Bang 1. Thong s6 hinh hoc chinh ciia mau canh airfoil — NACA0012

Théng s6 k¥ thuit Gia tri
Duong thing lién két diém dau tién va diém cudi cung, 0,3m
Day cung (c)
Bé day 16n nhét, T 0,036 m tai ty 1& 12% chiéu dai day cung
Do cong t6i da ctia canh, M 0% Chord
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Trong md phong bién dang canh NACA0012 véi chidu day cung c=1 (m) trén ANSYS Fluent,
mién tinh toan dugc thiét lap theo dang C-type nham dam bao d6 chinh xac cao trong viéc bt
dugc dong chay quanh bién dang va ving wake phia sau. Bién dang canh dugc dat sao cho mép
trude (leading edge) trung véi goc toa do, con mép sau (trailing edge) nam tai toa do x=1. Mién
dong chay dugc mé rong ra phia ngoai theo dang vong cung bao quanh canh, véi duong kinh
ngoai bang 14 lan chiéu day cung (14c = 14 m) (Hinh 2).

Phan dudi mé& (wake region) dugc kéo dai ra phia sau dé bao dam dong chay phat trién ddy du
va khong bi phan xa tir bién outlet; cu thé, diém dau cua duong bao ngoai (phia ha luu) duoc bd
tri cach mat outlet mot khoang 10c (twong dwong 10 m). Nho cdu hinh nay, mién tinh toan du
rong dé han ché anh hudng cua dleu kién bién xa dén truong dong quanh canh, dong thoi ving
wake phia sau dugc mé phong chi tiét hon.

Céc bién dugc dat nhu sau: inlet va far-field trén duong bao ngoai (véi diéu kién téc do hodc
far-field), outlet tai mat phflng ha luu cach trailing edge 10c, va bé mat airfoil duoc gan diéu kién
tuong (wall) khong trugt. Cau hinh mién hinh hoc dang C-type v6i dudng kinh 14c va phan mo
wake 10c nay gitp dam bao tinh on dinh, do hoi tu tdt, déng thoi cho két qua hé s6 luc nang va
lyc can c6 do chinh xac cao trong mo6 phong khi dong hoc ctia bién dang NACA0012.

Dé tao Iudi co cau tric (structured grid), mién dong chay da dugc chia thanh sau mién con
bang cac cong cu chia ludi khac nhau. Trong d6, phuong phap chia luéi tir gidc (quadrilateral
mesh) duoc lya chon cho viéc chia ludi cac mat phéng 2D, va ky thuét chia kich thudc canh
(edge sizing) dugc ap dung doc theo bién dang canh nham tao ra mat do ludi cao nhét tai vung
quan tdm — noi xay ra cac hién tuong khi dong hoc chinh. Két qua, mot mo hinh ludi gdm 82317
nuat va tong cong 81866 phan tir da dugc xay dung nhu minh hoa trong Hinh 3.

Hinh 3. Chia hedi phan tir hitu han
Bén canh d6, dé dam bao do chinh xac cta két qua dong thoi giam thoi gian tinh toan, qua
trinh phén tich dugc thyc hién véi 500 vong 1ap (iterations) nham dat dugc do hoi tu can thiét.
Két qua thu duoc tir qué trinh md phong bao gdbm phén b ap sudt, truong van tde, hé sb luc ning
(Cp), hé s6 luc can (Cp), cing cac hé s khi dong hoc quan trong khéac lién quan dén mo hinh
canh NACA0012. Hinh 4 thé hién mot vi du vé két qua phan tich dic diém khi dong hoc ciia
NACAO0012 theo phuong phap CFD v&i cic ving mau sac thé hién sy phan b vén téc (Hinh 4a)

va &p suét tinh (Hinh 4b).

Velocity Magnitude
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2716400 ’
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Hinh 1. Phdn b6 vin toc va dp sudt tinh trén bé mdt airfoil NACA 0012
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3. Két qua nghién ciru va thao luin

Két qua phan tich kha ning khi dong hoc ciia mau canh NACAO0012 tai cac toc do gio khac
nhau, v =3, 5,7 va 9 m/s dugc thyc hién (Hinh 5,6,7). Cac thong s6 dau vao cua qua trinh mé6
phong duoc giit khong doi trong tat ca cac trudong hop vén tic.

0.18 roornee T e
? | E ‘
80; i A n - 0,16 v=3(m/s) —k—v=>5(ms)
E : \ - ] 30‘14 { vy =7 (ms) v =29 (m/s)
206 | i =012 |
o4 | N | k> |
304 | - ] !E 0,1 : -
C02 ’ T 0,08 |
& | e
= 0 1 - v=3(ws)  —A—v=5(ms) | %0,06 o

-0.2 . - [~ v =7 (ms) v=9(m5s) " £ 0.04 -2

R — : = 3 i

- ; 0,02 F--—rdooi o s

0.6 : a T ] ;

-6 4 0 2 4 6 8§ 10 12 14 16 N
Attack of Angle (AoA) -6 -4 14 16

?Atta%k o% Angle (goASO

Hinh 5. H¢ 50 Cy. thay doi theo goc tan (AoA)tai  Hinh 6. Hé sé Cp thay ddi theo goc tdn (AoA)tai cac
cdc toc do gio khac nhau t6c do gid khac nhau

Hinh 5 trinh bay su bién thién cta hé sd luc nang Cy thay ddi theo goc tAn (AoA) tai cac van
tde gi6 khac nhau 3, 5, 7 va 9 m/s. Két qua md phong cho thdy, ddi v6i toan bd cac truong hop
van tbc gio, Cr tang gan tuyén tinh khi goc tin ting tir khodng tir -4° dén 10°. Trong vung nay, do
déc cua luc nang gan nhu khong phu thugc vao van tc, diéu nay phu hop véi 1y thuyét khi dong
hoc tuyén tinh 601 v6i bién dang ddi ximg nhu NACAOQ012.

Khi goc tin tiép tuc tang vuot qua 10°, hé s6 luc ning dat gia trj cuc dai tai khoang gan bang
1,0, trong tng v&i goc tan tir 11° dén 12°. Sau ngudng nay, Cr. giam dot ngdt, biéu hién rd hién
tugng stall do dong chay tach roi khoi bé mit canh. Hién tugng stall (mat luc nang) la mot hién
tugng khi dong hoc xay ra khi goc tan ciia nang vuot qua mot gia tri gidi han nhat dinh (goi 1a
goc stall), khién dong khong khi tach roi khoi bé mit canh, din dén sy suy giam dot ngot caa luc
nang va tang manh lyc can.

Sy suy giam nay xudt hién & tit ca cac van téc khao sat, tuy nhién ¢ van tdc cao hon (7 va 9
m/s), hién tuong stall xay ra mudén hon mot chit va gia tri Cy ciing thay ddi khac hon. Didu nay
6 thé dugc giai thich boi su gia ting sd Reynolds, gitip dong chay bam dinh 1au hon va lam tri
ho@n qua trinh tach dong.

Hg¢ s0 luc can Cp thay d6i theo cac goc tan tai cac tc do gié khac nhau (Hinh 6). Két qua cho
thay trong ving goc tan nho (tir -4° dén khoang 8°, gia tri Cp duy tri ¢ murc rat thip (= 0,01-0,02)
va hau nhu khong thay dbi dang ké theo van toc. Pay 1a dic trung dién hinh cua bién dang khi
dong hoc tron, khi dong chay bam dinh hoan toan 1én bé mat canh, din dén ton that do ma sat
nho va luc can ap suit chua dang ké.

Khi goc tan ting vuot qua 8° thi Cp bat diu ting dan va sau khoang tir 10° dén 12°, gia tri nay
tang rat nhanh, dat cuc dai & vung stall (= 0,14-0,16). Sy gia ting dot bién nay xuét phat tir hién
tugng tach dong ¢ mat trén ciia canh, lam hinh thanh ving xody 16n phia sau bién dang va gay ra
luc can ap suét 1on.

Su khdc bit gitra cac duong cong ¢ cac van toc khac nhau la twong d6i nho trong ving goc
tan thap, cho thiy hé s6 luc can & vang dong chay bam dinh gin nhu khong phy thuge manh vao
van toc. Tuy nhién, & vung stall (AoA > 10°), Cp tang nhanh hon d6i voi cac van toc cao (7-9
m/s). Nguyén nhan c6 thé do hiéu ing Reynolds: & Re cao hon, viing tach dong phat trién manh
va xody sau canh 16n hon, 1am ting lyc can téng thé.

Khi so sanh v6i db thi C. ¢ Hinh 5, c6 thé thiy rang ving ma Cp ting manh (goc tan tir 10°
trg di) twong tmg chinh xac v6i ving Cy. bat dau giam — tirc 1a ving stall. Day 1a minh chimg cho
mdi twong quan nghich giita lyc nang va lyc can trong qua trinh tach dong.
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Hiéu suit khi dong hoc ctia mau canh duoc dic trung bang ty s6 Co/Cp thay ddi theo cac goc
tan tai cac toc do gio khac nhau (Hinh 7).

\\)
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Hinh 7. Hé s6 C/Cp thay doi theo goc tan (AoA) tai cdc téc do gio khdc nhau

6 -4 2

Hinh 7 thé hién sy bién thién cua ty s6 luc ning—luc can theo goc tin (AoA) tai cac vén toc
dong chay khac nhau d6i v6i bién dang canh NACA 0012. Két qua mo phong CED cho thiy, khi
goc tan tang tr gia tri am dén khoang 6°, ty so Ci/Cp tang manh va dat gia tri cuc dai trong
khoang tir 6° dén 8°, v&i gia tri C1/Cp cuc dai xdp xi tir 30 dén 35. Pay la vung lam viéce t6i uu
cua bién dang canh NACA 0012, noi lyc nang dugc sinh ra hi€u qua nhét trong khi luc can van
duy tri & murc thép, thé hién higu suat khi dong hoc cao.

Sau ving cuc dai, khi goc tin tlep tuc tang, ty s6 C1/Cp giam nhanh chéng do su gia ting dang
ké cua lyc can khi dong chay bt dau tach khoi bé mit bién dang céanh, dédc biét r rét tir goc tan
khoang 10° tro 1én. Pén ving goc tan khoang tir 12° dén 14°, ty s6 nay giam manh, phan anh hién
tugng stall — dong chay tach rdi hoan toan khoi mit trén ciia bién dang canh, din dén lyc nang
giam va luc can tang manh.

4. Két luan

Bai bio nay da thuc hién mé phong CFD khao sat sy thay ddi ciia hé s6 luc nang, luc can va
ty 1€ luc nang — luc can cua mAu bién dang canh NACA 0012 & cac goc tan khac nhau, cung cap
co s¢ khoa hoc cho viée t6i wu hoa hinh dang canh tuabin gi6 truc dimg quy md nho nham dat
dugc hiéu suat chuyén ddi ning luong cao hon. Két qua nghién ctru cho thay, & ving goc tan nho
va trung binh, cac dudng cong gan nhu trang nhau, ching t6 hiéu suét tong thé ctia bién dang hau
nhu khong phu thude dang ké vao vén tdc trong mién dong chay bam dinh. Tuy nhién, & véan tde
cao hon (7 va 9 m/s), gié tri cuc dai ctia C1/Cp c6 xu hudng cao hon va duy tri dugc & goc tan 16n
hon. Hién tugng nay c6 thé dugc giai thich bai hidu ing Reynolds, khi hé sé Reynolds ting giup
dong chay bam dinh 1au hon, 1am tri hoan hién tuong stall va cai thién hiéu suat lam viéc.

Nhin chung, két qua mé phong CFD phu hop tt véi 1y thuyet va dir liéu thyc nghiém da cong
b6 cho bién dang NACA 0012. Bién dang nay thé hién hi¢u suat khi dong hoc t6i wu tai goc tan
khoang tir 6° dén 8°, trong khi hién tugng stall xuét hién & goc tin khoang tir 10° dén 14°. Diéu
nay cho thdy mé hinh CFD sir dung c6 do tin cdy cao trong viéc mo6 phong déc tinh khi dong hoc
cua bién dang d01 ximg NACA 0012, dong thoi cung cip co s¢ dang tin cdy cho viéc xac dinh
ving lam viéc tdi wu trong thiét ké va van hanh canh nang.

L1 cam on
Nghién clru nay dugc tai trg boi Truong THPT Yén My - xa Yén MY - tinh Hung Yén.
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