CONG NGHE

ANH HUGNG CUA MUA LEN TUABIN TRUC NGANG

CO CANH HINH CHU NHAT

EFFECT OF RAIN ON HORIZIONTAL AXIS WIND TURBINES WITH BLADE OF RETANGLE SHAPE

TOMTAT

Mat md hinh dugc thiét 1ap mo ta st anh hudng cla tuabin gié truc ngang trong diéu kién khi hau ¢6 anh
hwéng clia gi6 va mua |én tuabin ¢ canh dang hinh chit nhat. Sy phan b kich thuéc hat mua dirgc md phéng
theo phd M-P va Irgng mua duroc tinh theo dinh Iy xung Irong. D9 wdt clia canh tuabin phu thudc vao crong do
gi6 va mura va duoc tinh béng céc hinh dang quay clia canh. Tir d6, lirc téc dong clia giot mua duroc xéc dinh vaanh
hwéng clia né I&n cng sudt ra. Kich thudc va cac thong sd hinh dang clia tuabin gi6, kich thudc clia giot mura, mat
d6 va cirong da clia mua, cac thanh phan van toc gid va mura ¢o thé digu chinh dugc tdy vao tinh hinh thuc té. Ma
hinh dirgc m6 phong voi viéc xem xét s két hop khac nhau cta d6 Iéch huéng gid va crong do mua. Cac két qua
chi raréng d6 Iéch hutng gid tirc thdi ¢d tac dong dang k€ dén san luong clia tuabin gid va dudi anh hudng clia
mura, cong sudt ra giam manh khi cuong do mua tang 1én. Mua da c6 tac dung gia tang luc kéo, lam cham téc do
quay clia tuabin gid va lam giam cong suat ra véi toc dd gid tuong dirong. S gia tang luc kéo ¢ tac dung bo sung
lam giam hé s6 hiéu sudt t6i wu khi lwgng mua tang 1&n. Cac nghién cltu twong tu vé drong déc tinh trong mua da
chi rarang s gia tang luc kéo va giam luc néng lién quan dén do dai clia canh tuabin va do d6 mic do anh hudng
I6n hon véi c&c canh tuabin 16n hon. Nghién ciru ndy ¢6 ¥ nghfa quan trong trong viéc phan tich tac dong clia mua
I&n tuabin gid va dé t6i tu héa viéc thiét ké céc tuabin gio nam ngang trong cAc diéu kién khac nghiét.

Ttr khda: Tuabin gi6 truc ngang; st anh hudng clia mua; suy giam cong sudt tuabin.

ABSTRACT

A model is established to study the effects of a horizontal-axis wind turbine with rectangle shape of blade
during rains, heavy rains, violent typhoons and rainstorms with wind load and rain load. The raindrop size
distribution is simulated by the M-P spectrum, and the rain load is calculated according to the momentum
theorem. The wetness on turbine blades is dependent on wind and rain veclocities and calculated using the
cylinder shapes of blades' rotation. The impact force of raindrop is determined and its effect on output power. The
size and shape parameters of wind turhine, size of raindrop, density and intensity of rainfall, wind and rain
velocity components are adjustable depending on the actual situation. The model is simulated with considering
various combinations of wind direction deflections and rainfall intensities. The results indicate that instantaneous
wind direction deflection has a substantial impact on the output of wind turhines, and after introducing the effect
of rain, the output power decreases sharply with increasing rainfall intensities. The rain had the effect of
increasing the drag, slowing the rotational speed of the wind turbine and decreasing the output power for the
equivalent wind speed. The increasing in the drag has the additional effect of decreasing the optimal coefficient
of performance as the rainfall rate is increased. Similar studies in airfoil performance in the rain have shown that
the increase in drag and decrease in lift is related to the length of blades and so could potentially be larger for
larger turbine blades. This study has significant implications for analysing effects of rain on wind turbines and for
optimising the design of horizontal-axis wind turbines under extreme typhoon conditions.

Keywords: Horizontal-axis wind turbine; effect of rain; power decrease of wind turbine.
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1.DAT VAN BE

Nhu cau si¢ dung nang lwvong
tai tao trén toan cau dang tang lén
da thac day sy phat trién nhanh
chéng cua cong nghé nang lugng
gio [1]. C6 thé dy doan rang dién
gi6 sé tiép tuc phat trién trong
nhi*rng nam t6i. Trong thiét ké
tuabin gi6, gi6 la nguon lyc chinh
bén ngoai. Do vay ngoai viéc gio
cung cdp nang lwgng cho tuabin,
né con c6 tac dong dén canh va
cac thanh phan cuda tuabin. Ba cé
mot s6 nghién ctru vé linh virc nay
[2-4], nhing ndi chung, c&c nghién
clru hién nay tap trung chtl yéu vao
phan tng khi déng hoc clia cac
thap tuabin theo cac ché do gi6
théng thuong.

Trong nhitng ndm gan day, s6
cac su kién anh huong dén tuabin
do gié lén, mua I6n va béo da tang
Ién. Bdo khac vai gié théng thudng
vé toc do, hudng tac dong, do giat,
murc do tac déng va ludng gid [5].
D& c6 mot s6 cong trinh phan tich
sy va dap cua gié ngang trong
diéu kién binh thuwong va bdo t6
trén cac cong trinh xay dung [6-9].

Véi ngay cang nhiéu tuabin
dwoc xay dwng ca & trén dat lién va
trén bién, chling cang c6 nguy co
bi thiét hai do mua Ién hoac béo.
Mac du cé rét it cac phan tich vé
phan ¢ng khi ddng hoc cula tuabin
gié trong cac con bédo, nhung
nhi*ng thiét hai doi véi tuabin gié
trong cac con bdo van duoc béao
cdo thuwong xuyén [10-13]. Tat ca
nhi*ng tai nan nay duong nhu chi
ra ring md hinh gi6 thuc té trén
tuabin gi6 cé thé khac véi tinh
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trang gi6i han gid dinh trong thiét ké [10]. Tuabin gio6
thuong duoc thiét ké voi chiic ndng ma hé théng ngat
duoc khoa bang dia phanh khi téc do gié vuot qua téc do
cat. Tuy nhién, hé théng ngét cla tuabin gi6 cling c6 thé di
chuyén khi téc do gio vuot qua tée do cat. Vi du, & con bao
Maemi, cac tuabin gi6 s6 3, 4 va 5 tai nha may dién gié
Karimata da di chuyén theo chiéu kim déng ho tir 94° dén
156° khi t6c dd gié vuot qua 25 m/s [11]. KEt qua Ia, ching
chiu tai gio6 16n hon so véi khi cac canh quay trong con bao.
Mot ché do gié khong thuan lgi xay ra khi huwéng gié clia
con bao dot ngdt thay déi do chuyén déng hon loan manh
hodc do anh huéng dia hinh. Khi con bdo Maemi qua dao
Miyakojima, huéng gi6 quan sat dot ngot thay doi 120°
[11]. Tém lai, do cac yéu td phic tap lién quan dén digu
khién tuabin gié cling nhv nhitng thay doi dét ngot vé
huéng gi6 va van téc gid trong diéu kién khac nghiét, sw
anh hudng Ién tuabin gié thuc té€ 16n hon dang ké so voi
thiét ké thong thuong.

Hon nira, khi con bdo d6 b, n6 luén ludn mang dén
mot con mua Ién. Mua cé thanh phan van toc theo chiéu
ngang, gay tac dong lén bé mat canh tuabin gid, tao nén sy
rung dong, lam tram trong thém sy anh huwdng lén céac
tuabin gi6. Mot s& nghién ciru d bt dau xem xét tac dong
cla lwvgng mua lén cdu trac xay dwng [14]. Tuy nhién, trong
treong hop khi hau cuc doan, chdng han nhu giéng hay
bado, &nh hwdng cla mua sé rat Ién. Sy két hop cla gié va
mua rat phic tap, nhung mot s6 phwong phap don gian dé
tinh tdc déng ddng thoi clia gié va mua lén cac cong trinh
xay dung [15-18] van con gia tri dé st dung cho tuabin gio.

Cho dén nay, chwra c6 mo hinh nghién cu nao dua trén
co s& vat ly vé tac déng va co ché gay hai cho céc tuabin
gi6 trong cac diéu kién thoi ti€t nhu mwa nhd, mua vira,
mua to, gibng va b&o. Mwra nhd dén mua vira ¢d thé khéng
gay héng héc cho tuabin, nhung ching cling anh huéng
dén san luvgng dién. Ngoai ra, tuy cac sw kien mua béo cuc
doan hiém khi xay ra, nhvng anh hwdng ctia ching cé thé
rat tham khoc. Vi vay, cac tdc dong clia mua Ién tuabin gié
trong nhitng diéu kién van hanh khic nghiét nén duoc cha
¥ nhiéu hon. Sau khi nghién ctru va hiéu dugc anh hudng
cla cac diéu kién cuc tri d6i voi tuabin gid, viéc thiét ké va
phan tich tinh dé t6n throng cdia tuabin gi6 can dwoc phat
trién thém.

Bai bao nay tap trung chd yéu vao viéc phan tich cac tac
dong clda mua va gié I1én canh tuabin dang hinh chi* nhat
trong diéu kién thoi tiét xau, dac biét |a trong cac con mua
Ién, giong, hay bdo manh. Cac ddc tinh cla lugng mua
dugc tinh theo pho M-P va do wét dugc tinh dya trén bao
toan luu lvgng khoi lwvgng. DE khao sat sy anh hudng 1én
cdng suét tuabin trong diéu kién mua gi6, moét mo hinh
cho tuabin gi6é dugc 1ap va mo phdéng theo dang canh
tuabin va sv lIéch huéng gid. Tac dong clia cuong dd mua
khac nhau cling duoc nghién ctiru. Cac két qua nghién cliu
gilp lam sang td duwong déc tinh ctia cong suat tuabin gié
trong céc diéu kién mua, gibng va bdo va tir dé giup danh
gid an toan cho tuabin gio.

2. TAC BONG CUA MUA

Ludn luén c6 mua di cung véi gidng béo. Tac dong cla
hat mua t6i cau tric tuabin gié véi nang lvgng Ién, ngoai
gay anh hudng dén cdng sudt ra ma con gay nén sy rung
dong clia tuabin gi6. Nang lvgng hat mua roi xuéng tuabin
gi6 lién quan dén duong kinh va téc do va dap cla giot
mua [19]. Cuong d6 mua la mot dac trung quan trong cla
mua va lvgng mua trong mot gio dugc coi la tiéu chuan
phan loai mua [15], nhuv dugc trinh bay trong bang 1.

Bang 1. Phan loai crong do mua

Phanloai | Mva | Mva | Mva | Mva | Bdo | Bdo | Bdo | Siéu
nhd | via | to | bdo | yéu | vira | manh | Béo

Cudng do 25 | 8 16 | 32 | 64 | 100 | 200 |7092

mua (mm/h)

2.1. Su phan bd ciiamua

Trong su6t qua trinh mua roi, cac giot mua lén hap thu
cac giot mua nhd, lvgng mua tang Ién va hinh dang cda cac
giot mua trg thanh ellipsoid. Khi dwong kinh cla giot mua
tang dén mot mrc d6 nhat dinh, ma sat khéng khi vuot qua
si gan két phan tl gir giot muwa nhw mot toan thé. Sau do,
nhi*rng giot mua I&n chia thanh nhitng giot mua nhé. Cac
duwong kinh clia giot mua thueong dao dong tir 0,1 mm dén
6 mm [20].

Théng thuwdng duwong kinh twong duwong (dwdng kinh
clla qua bong c6 cling thé tich nhu giot mua) dugc sir dung
dé mo ta kich thudc clia giot mua. Mot s6 lugng Ion cac
guan sat cho thdy kich thuéc hat mua roi tuan theo phan
b6 ham mi Marshall-Palmer dugc goi la phd M-P [21, 22]
nhuv sau:

n(d) = noe_Ad (l)

O day, d la dwong kinh cia giot mua & don vi cm;
n, = 0,08 cm™ v&i cwong dd mua bat ky; A = 4,112 cm™ la
hé s6 do doc; | la cwong dé mwa & don vi mm/h. Hinh 1 cho
thay su phan bd kich thuéc hat mua theo cuong dé mua
khac nhau gidm dan theo kich thuéc.
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Hinh 1. Biéu d6 phan bd theo kich thirde giot mua n(d) tng vdi céc crong do
mua khac nhau tir A dén H trong ing la 2,5; 8; 16; 32; 64; 100; 200; va 709,2
mm/h theo quy lut ham mii clia Marshall va Palmer
2.2. Do lap day ctia mua

Tuong ng v6i kich thuéc giot mua, sé lwvgng cac giot
mua cé dwong kinh gitta [d,, d,] trong mot don vi thé tich
khong khi c6 thé dugc tinh nhu sau:
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N = jd"z n(d)dd 2)

trong d6d, =0,1 mmvad, =6 mm.

Do |dp day thé tich cha mdi loai giot mua trong con
mua la:

azéndSN (3)

2.3. Xac dinh lugng mua

Van téc clia giot mua bang 0 rdt nhanh khi hat mua dap
vao mot mat ctrng. Qua trinh twong tac gilra cac giot mua
va tuabin gi6 tuan theo dinh luat thx hai cia Newton [18].
Theo dinh ly xung luc,

L:f(t)dt + LO mdv =0 4)

O day, f(t) 1a luc tac dong clia mot giot mua; v 1a van téc
cla giot mua; m la khéi lwgng cla giot mua; T la khodng
thoi gian thay déi téc do mua tir v ve 0.

Hinh dang cla giot mwa duoc coi la cau trong qua trinh
roi. Khoi lvgng clia giot mua lam = (1/6)pnd3va 1= vd/2 la
thoi gian tac dong. Lwc tac dong cla mot giot mua lén
tuabin gi6 trong khoéang thoi gian rat ngén 1 c6 thé duoc
tinh toan bang phuong trinh:

F(t)zijrf(t)dtzmzipndav 5)
770 T 67

O day, p la mat d6 mua roi va d la duong kinh giot mua.
Luc tac dong ciia mot giot mua, ¢é thé dwgce chuyén thanh
dai phan b6 déu nhu sau:

F = f(‘t)% =§and3V2W (6)

trong do, S = nd¥4 la vung tac déng cutia giot muwa; W la
doé rong cda cau tric bi mura tac dong; o la do 1ap day thé
tich cla mai loai giot mua.

Luc tac dong cla lwvgng mua Ién tuabin cé thé duoc thé
hién duoi dang Iuc theo hai hwéng: huong thdng dirng va
theo huéng gio, tuy theo thanh phan cda van t6c di cla
giot mua.

Mua va béo c6 Itc xuat hién riéng ré nhung ciing cé lic
xudt hién dong thoi. Twong tw, khd nang tac dong cla gioé
va clia mua cling la ngau nhién. Déi khi strc manh cla gié
rat Ién, nhung ctia mua lai khong dang ké va nguoc lai. Sy
phan bo tan suat va cedng do cua gid va mua co dac diém
khi tvgng theo tirng khu vire v6i co ché phirc tap vuot qua
pham vi nghién cttu hoc. D€ mot phan tich kha thi va don
gian, trong bai bao nay, tac déng cuia gié la chinh nhv muc
dich thiét ké chirc nang clia tuabin gié va tac dong clia mua
chi nhu mot déng gop bo sung. D6 13, chi cé tac dung cla
gié va mua cung nhau duwgc xem xét va dugc gid dinh la
mot tac déng thdng nhat. Phurong phap md phéng nay
khong chi cé thé giadi quyét dwgc ban chat clia van dé ma
con don gian hoa tinh toan.
3.DO UOT DUOI MUA

Trong lic troi d6 mua, ban di vao chd dd xe gan nhat &
phia trvéc ciia mot siéu thi, ban sé lo bi w6t vi khéng cé 6,
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nhwng tam tri toan hoc ctia ban thdc méc, 1am sao chay
gua bai dau xe dén ctra siéu thi ma gitr dwgc cang kho
cang t6t? Liéu ban sé lam dwgc vay néu chay nhanh hon?
Liéu c6 mot toc do toi wvu ma sé gidm thiéu dwoc mirc do
wét trén nguoi ban?

Mot van dé tvong tw nhw vy véi tuabin gié trong thoi tiét
c6 mua. Liéu c6 mot tée do gié hivu ich t6i wu dé giam thiéu
duoc mirc do w6t trén canh tuabin dwgc khdng? Néu co, thi sé
c6 mot cong suét t6i wu cho tuabin trong thoi tiét mua?

Gia dinh rang mua roi xuéng dong déu véi van téc
khong déi (khdng co 16¢). Van toc nay duoc biéu dién bang
vector v, ¢ thanh phan theo phuong théng dieng 1a am. Y
tvdng chinh la: tap trung vao khu vuc bi lap day béi cac
giot mua tadc dong vao canh tuabin trong qué trinh quay
trong gié. Goi khu vuc nay la viing bi mua. Levgng nwéc dé
lai trén canh tuabin sé ty 1é twong (ng v6i viung mua. Theo
do, ap dung phuwong phéap do luvdng hinh hoc nhw mét chi
sO vé do w6t toan phan.

Gia st truwoc tién canh tuabin ding yén. Khdng phu
thudc vao hinh dang cla canh, tai mdi diém P trén do sé co
mot giot mua roi tring, tlr d6 c6 thé vé mot doan théng co
doé dai c6 dinh vao khong gian tir diém P theo huéng v, va
két luan rang tat ca cac giot nwdc mua sé roi vao khu vuc
guanh diém P trong mét khoang thoi gian nhat dinh chinh
Xac trén quy dao nay. Do dé khu vuc mua cé thé tdng quat
héa nhu mot hinh tru bao gom sv két hgp clia tat ca cac
quy dao roi nhu vay.

Tiép theo, gia s rang canh tuabin quay & téc do khong
déi do nhan mot lvgng gié hiru ich di vao & tée dé khong
déi doc theo chiéu ngang. Bat mot hé toa do Descartes
theo cach sao cho thap tuabin dit & goc va di chuyén
tuong doi theo chiéu dwong cuda truc x. Nhu vay, van téc
gi6 hitu ich la v,,, = {5,0,0}. Cac canh tuabin da ti€p xic voi
céc giot mua trong mét khoang thoi gian htu han, cu thé la
1/s. Khu vuc mua bao gbm tét ca cac vi tri ban dau dé mot
giot mua c6 thé roi trén canh. Bat Q la mot vi tri tvong tng
véi moét giot mua sé roi vao & thoi diém t. Sau do, né sé roi
tiép tai diém Q + v,t. Diém dé lai ti€p tuc chuyén dong
twong ddi clng véi tuabin P =Q + vt - v,,t. Nhu vay tai moi
diém ti€p xdc véi mura P trén canh tuabin & thoi diém O,
diém P + (v, - v,;)t nam trong viing mua khi 0 < t < 1/s. Bigu
nay cho thdy viing mua duoc tao thanh tir cac doan thang
song song vai vector muwa bi€u kién v = v, - v, diém két
thic ndm & diém tiép xuc vai canh tuabin & thoi diém 0 va
c6 do dai |v|/s . Tl day, d uot toan phan, hay vang khdng
gian quét cla canh tuabin quay khi bi mua tac dong W la
tich gitta dién tich ti€p xdc du¢i mua véi hinh chiéu cla
vector v/s [én phrong phéap tuyén voi mat d6. Bé xac dinh
vling khong gian quét ctia canh tuabin khi quay, cé thé coi
ching tao nén mét hinh tru c6 ban kinh day bang chinh sai
canh hinh chit nhat. S dung cac thanh phan van téc cla
mua v, = {v, V,, -k}, trong dé thanh phan téi v, > 0, thanh
phan ngang v, va thanh phan roi cdla mwa k > 0. Tir day,
vector v/s = {v,-s, v, -k}/s. Tham kh&o [23], trong hinh 2, d6
wét khi dé cé dang:
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iR? |v, — |+ 2aR\V? + K
W(s) =

nAB|c|
VaZ+b24c2’

S1=

Cva®+b?
< VaZ+bZ+c?
TAB |c|+2/(BCa )2 +(CAD )?
\'T'f'_b“‘l'—c;

24/ /(Ab)?+(Ba)?
Vvaz+b? !

L=

Se= S1t+ L1 Lo=

Hinh 2. Dién tich bé mat clia hinh tru

O day, a vaR la nira do day va ban kinh ctia viing khéng
gian ma canh tuabin quay tao ra.

Dé dang nhan thay rang do wat nay W co gia tri gigi han
& TR? (dién tich clia hinh chiéu 1én mé&t phang yz) khis — oo
va cé mot gia tri cuc tiéu tuyét dai tai di€ém cuec tri:

Sopt = Vi 8)

Vi du, hdy xem xét mdt vung khéng gian ma canh
tuabin quay tao ra véi cac kich thwdc nhu sau: a = 0,3 m
(ntra d0 rong clia canh tuabin), R = 2 m (d6 dai sai canh cla
tuabin), trong thoi tiét mua c6 téc do roi xudng lak =5 m/s,
tdc dd hudng thang vao tuabin v, = 2 m/s va téc d6 ngang
v, =1 m/s. Trong tredng hgp nay, téng dod wét W(s) dat cuc
tiéu & téc do gid hitu ich s = 2 m/s bang véi téc dd mua
huéng doc theo tuabln (h|nh 3, g|a tr| s=2 duzoc danh dau).

T T
14f
\ Pk

&(im's)

Hinh 3. D 6t trén canh tuabin trong trrdng hop ving khdng gian quét clia
canh khi quay cd dang hinh try

T hinh 3, nhan thay khdng gian quét ctia canh c6 dang
hinh chi* nhat, dé wat giam thiéu chi khi van t6c gié hivu ich
chinh xac bang véi téc dd mwa hudng doc theo truc tuabin.

Tir day, c6 ba téc do dang duoc chi y: t6c do toi cla
mua doc theo truc tuabin, toc do t6i wu va toc do hiru ich
cao nhat ma tuabin ¢é thé nhan duoc, dwgc ky hiéu 1a S,

Gia st rang thda man diéu kién 0 < v, < S,,,. Khi d6, do vt
duwoc xem xét vgi tée do gié hitu ich it ly twdng v, hay s, SO
voi nhan duoc ¢ toc do tdi wu. Hay xem xét ty 1€;
W(Spa)
- max 9
=W 9)

opt)

Ty |é nay do lwvdng mirc do wét clia tuabin dang & toc do
cao nhat co thé so vai chuyén dong ¢ téc do tdi wu. Trong
treong hop ving khong gian quét clia canh cé hinh hinh
tru, dé dang suy ra rang ty 1& nay duoc t6i da hoa khi van
téc ngang v, = 0. NGi cach khéc, hwéng mua di chuyén
chinh xac theo huwéng doc theo truc tuabin. Trong truong
hop hinh nay, ty s6 x dé dang tinh duoc:

Vv [2ak +mC(S,, —V,)]

10
2aks, . 10

Yo = b T (11)

2 2mcS,,, 8ak

NéEu thay cac gia tri cda théng s6, a=03 m,c =2 m,
trong thoi ti€t mwa c6 téc do roi xudng la k =5 m/s va st
dung t6c do giod hitu ich s, = 4 m/s, thi thdy rang trong
treong hop xau nhat (v, = 2,24 m/s), R xap xi 2,62. Nghia I3,
canh tuabin chju wét nhiéu hon 162% so véi & toc do toi wu.
Cha y réng ty 1& R nhay v6i nhitng thay déi & ca s, vak. Ty
I& nay sé cao hon trong diéu kién mua nhe (k nho) va ciing
sé cao hon khi chay nhanh hon (hmh 4).

5

al

al

vi(mis)

Hinh 4. Ty s6 d0 w6t trén canh tuabin khi toc do gid hitu ich va toc do gio toi
tru doi vdi tuabin cd canh hinh chir nhat
4. CONG SUAT PHAT DIEN GIO

San lvgng dién clia tuabin gié thay déi theo toc do gi6
va moi tuabin gi6 c6 mét dudng cong cdng sudt dic trung
[24]. VGi dudng cong nhu vay, c6 thé doan dugce san lvgng
nang lvgng cda tuabin gié ma khéng can xem xét cac chi
tiét k¥ thuat clia cac thanh phan khac nhau. brong cong
cdng suat cho san lugng dién nhu la ham cua téc do giod
trung tam. Cong sudt dién & mot téc do gié da cho cé dang:

P(u) = % pAu® (15)

trong d6, A = mR? la dién tich viing quét cla canh
tuabin. Nhwng trong thuc té, cong sudt tuabin gié duoc
biéu dién bang dwong cong trén hinh 5. Hinh 5 mo ta lam
sao ¢6 thé thu dugc dwdng cong trén tir mét mo hinh giai
tich cla tuabin gi6 (hién nay, thdng thuong cac duwong
cong nay dya trén dit liéu thuc nghiém).
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1.225 kg/m3
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Hinh 5. Budng cong suat cla mot tuabin thuc 1650 kW

Phan tich thong ké c6 thé duoc st dung dé xéc dinh tiém
nang nang lugng gi6é va danh gid cong suat ra clia mot
tuabin gié. B phan tich thong k&, ham phan bd xac sut
duoc st dung nhdam mo ta kha ning xay ra céc gia tri nhat
dinh ctia mdt bién ngau nhién (nhw & day la téc do gio).

Tan s6 xuat hién cla toc do gid cé thé dugc mo ta bai
ham mat do xac sudt, f(u) phu thudc vao tdc do gio. Ham
mat dé xac suét co thé duoc sir dung dé biéu thi xac suat
clia mot téc do gid xay ra gilra u, va uy,;

p(u, <v<u)= Lub f(u)du (16)
Néu biét f(u), cdng suat ra ciia mot tuabin cé thé duoc
tinh theo cong thic:

P(u, <V <uy)= j P(u)f (u)du 17

Phan bd xac sudt thuvong duoc st dung trong phan tich
div liéu gi6 la phan b6 Weibull. Phan bd Weibull dva trén
hai tham s6 - théng s6 cau hinh k va théng s6 thang do A
(twong dwong voi van téc gié trung binh, don vi m/s), va do
dd, cé thé dai dién cho nhiéu ché dé gio hon:

f(u)= %[%) ef[a

Tl day, cdng suat ra rotor I6n nhat ciia mot tuabin gio ly
tuwdng tinh 10y t6i van téc gié hitu ich s st dung phan bd
Weibull c6 dang:

(18)

P(s) =%ij:u3f(u)du (19)

voik=1
Ldy tinh tich phan (19), cong suét ra clla mot tuabin gio

3 (ch [IC’;S:;] )
—67[9Lj

KS3

P(s) = %pAS3 (20)

Coéng sudt cuia tuabin (15) cling cé thé dugc hiéu chinh
bang hé s6 cdng sudt gio C, va hiéu sudt truyén dong n.
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P(s) =%pACpns3 (21)

So sanh (20) va (21), c6 thé tim dugc bi€u thirc hé s6
cdng suét gio:

o ()]

3

C,n= (22)

KS

Voin<1, C,<Coper, (Cpper, = 16/27, goi la giGi han Betz),
phuong trinh (22) suy ra;

SR P

3 - ,Betz
KS .

Phuong trinh nay dugc gidi bang hinh hinh 6 cho két
qua K < 10, v6i moi gia tri clia Ak cang Ién thi khoang cach
gitra tbc dd gié & diém bat cong sudt (cut-in) va toc do gid
& cong suat dinh muc (rated power) sé cang nhd. Mot s
minh hoa dwgc cho trén hinh 7 cho thay su thay d6i clia
cdng sudt theo theo théng s6 cdu hinh K, v6i R = 2 m,
p = 1,2 kg/m® Trong dé, dudng A (mau do) tvong tw nhu
dudng cong suét trén hinh 5, vai gia tri C,n = 0,3 duoc xac
dinhkhik=3vaA=6m/s.

i
0.7

0ef__ Cpeet A

a 5 10 15 20

Hinh 6. H& 56 cong sudt phu thudc vao toc d0 gid (ing véi cac thong sd cdu hinh
(k=8,10, 12 tuong tbng v6i cac dudng mau lam, d6, luc) véi thong soA =8 m/s.

1500 | /’f————

1000 |

PW)

i . 1n 1E -
a = a 5 20

s(m/'s)

Hinh 7. Butng cng sudt vdi st thay ddi clia théng s6 cdu hinh (x = 3, 4
va 6 twong tng tir A dén B) véi thong s6 A = 6 m/s. Buong A (mau do) trong tu
nhu dwong cong sudt clia mt tuabin thuc 1650kW (hinh 5).

O day, A xap xi gan diém van téc (ng v6i cong suat
trung binh tir di€m bat dén diém dinh mic. Nhu vay, gia tri
cdng suat dinh mic tang lén khi thdng s6 A tang (hinh 8).
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Hinh 8. Drong cbng suét voi sit thay doi clia thong s6A (A =2, 3,4,va5 m/s
tuwong (ing tir A dén B) véi thong so k = 3.

Khi tinh dén tac dong cla muwa, cong suat bj suy giam
mot lugng Fgs:

P(d)s = P(s) - F4s (24)

V@i Fy tir bi€u thirc (6) va do wot W tlr biéu thirc (7a) hodc
(7b). Sv anh huéng cda kich thuéc giot mua Ién cong suat
duwoc cho & hinh 9, (’'ng véi | = 50 mm/h, v, = 2m/s, v, = 1
m/s, k =5 m/s, va cac thong s6 k =3 vaA =6 m/s. Tuong tu,
khi cac thong s6 khac ting Ién, nhv van t6c t6i clia mua,
van téc ngang, van toc roi va lugng mua cling lam suy giam
cdng suat theo chiéu hwéng nhuv vay, nhung khéng anh
huéng manh nhuv dwong kinh cda giot muwa. Vi du nhw
treong hop cong suét sut giam do van téc mwa ngang tang
Ién (hinh 10), ¢ng vGi | = 50 mm/h, d = 0,2 cm, v, = 2m/s,
k=5m/svacacthongsé k=3 vaA=6mf/s.

20

Hinh 9. Budng cong suat bi sut gidm do anh hudng cla kich thudc giot mua
(d=0,1;0,20,3; 0,4 cm twong (tng véi cc dudng tir A dén B). Cac dudng dt nét
(g v6i canh tuabin dang hinh chik nhat, cho théy chding bi tAc dong nhiéu hon

PW)

Hinh 10. Budng cong sudt bi sut gidm do anh hudng cta van téc ngang cla
mua (v, = 0,1; 10; 20; 30 m/s twong (ing v6i cac dudng tir A dén B). Cac duong
d(rt nét (ing v6i canh tuabin dang hinh chir nhat, cho théy bi tac dong nhiéu hon
5. KET LUAN

Vi s phat trién cla dién gié cling nhw sy gia tdng clia
céc s kién mura va gié cuc ky manh, cac tuabin gié co thé bi

anh huéng do gié va mua. Trong bai bao nay, dé xuat mot
phuong phap phan tich nang lwgng cla tuabin gié duéi diéu
kién ctia muwa va mua bdo. Cac két luan chinh nhw sau:

(1) Bai bao nay la bai dau tién tim hiéu sy anh hwdng clia
mua [én cong sudt clia tuabin gié. Phan bé kich thuéc
hat mua dugc md phéng bang phé M-P, va luc tac
dong clia mua duoc tinh theo dinh ly xung lvgng.

(2) BO w6t trén canh tuabin cé moi lién quan chat ché
voi lvc tac dong clia mua. Két qué cho thay cé mot
do uwot tdi wu tng v6i van téc hitu ich ma tuabin
nhan duwoc dé tao nén cdng sudt phat dién. O gia tri
téi vu nay, lwc tac dong ctia mua Ién canh tuabin
cling nhoé nhat va do d6 sy sut giam cong suat do
mua cling nhé nhét.

(3) Buong dac tinh clia cong sudt duogc tinh theo phan
tich théng ké kha phu hop véi duong dac tinh do
duwoc thuc té, chi véi cach chon cac thong s6 cau
hinh va thang do phu hgp.

(4) Sw sut giam cudia cong sudt do mua thé hién dang ké
khi kich thugc cha giot mua tang Ién. Dieu dé dé
hi€u, vi khi mua cang nang hat, thi cang anh huéng
dén téc dd quay cua canh tuabin. Sy sut gidam cla
cong sudt cling anh hudng manh khi van téc mua
ngang tang lén. Nghia la khi c6 mua tat nhiéu, cling
anh huéng dén téc do quay clia canh tuabin. Sy sut
gidm cong suat cling bi anh huéng nhe khi cac
thong s6 khac nhu lvong mua, van tdc mua téi, van
t6c mua roi tang 1&n. Tuy nhién, van c6 thé tim dwoc
cbng suat tét nhat tuy tirng tredng hop ¢ng véi van
téc gid hitu ich tai do w6t t6i wu, hay lwc tac dong
clia mua la nhé nhat. Nhv vay, dé giam thiéu anh
hwang clia mwa va béo, cd thé can phai cai tién cac
chién lwvoc kiEm soat cho tuabin gi6 dé chong lai cac
tinh huéng dac biét, chdng han nhu su thay d6i dot
ngot clia hudng gio hay huéng mua.

Bai bado nay ciing la két qua cua phuong phap mod
phong dé dy doan nhitng tinh chat cho tuabin cé kich
thude hinh hoc va diéu kién bi anh hwédng khac nhau cla
mua. Hinh anh vé do wét, luc thc dong clla mua va cong
sudt phat dién dwoc minh hoa trec quan bang hinh anh
dong co twong tac va diéu chinh tuy theo muc dich st
dung. Két qud mé phdng cho thay, dé wét va luc tac dong
clia mua c6 gia tri téi vu va cong sudt bi suy gidm khi tang
cac théng sé nhu lwvgng mua, kich thuéc giot mua, toc do
t@i, ngang va roi cla mua. Tr md phdong nay con c¢é thé du
toan duwoc cong suat tot nhat (ng voi do vt toi wu, hay luc
tac dong clia mua la nhd nhat.

Kha nang kinh té yéu cau céc cdu hinh t6i wvu clia cac
thanh phan clia tuabin gi6. D& phat trién mot hé théng toi
wu, diéu can thiét la phai c6 mot md hinh kha thi. Méac du
da c6 nhitng nghién ctu truéc, nhung cha yéu la cho
nhi*ng dao déng co hoc trong diéu kién gi6 I6n, hay mua
bdo Ién, ma chwa dua ra dugc sy anh hwdng clia mua lén
c6ng sudt véi cac du doan cu thé tng véi nhiéu diéu kién
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khac nhau. M6 hinh duvgc dua vao moé phéng trong nghién
clru nay twong déi don gian nhing van cho nhing két qua
kha chinh xac. B&i vay mo hinh nay co thé dwoc sir dung dé
tim nhitng diéu kién t6i wu khi van hanh tuabin trong diéu
kién mua gid.
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