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MO PHONG CONG SUAT PHAT BIEN CUA TUABIN GIO
TRUC DUNG DUO1T ANH HUONG CUA MUA

NUMERICAL ANALYSIS AND SIMULATION OF GENERATED POWERS OF VERTICAL-AXIS WIND TURBINS

UNDER RAINING EFFECTS

TOM TAT

COng suét clia tuabin gid bi anh hudng déng ké bai cac diéu kién khong khi
clla mdi truong hoat dong. Mua la mdt hién teong phd bién & nhiéu noi trén thé
gidi, nén viéc tim hiéu anh hirdng clia nd dén cng suat clia tuabin gid truc ding
s& cung cap nhitng thdng tin ¢d gia tri trong cong tac thiét ké mot thap dién gi6
mdi. M6t mo hinh duoc xay dung dé nghién ctbu sty anh hudng clia mua, tir d6 xéc
dinh do u6t t6i vu cling nhu cong sudt phat dién trong (ng.

Tt khoa: Tuabin gid truc diéng; sw anh hwdng clia mua; suy gidm cong sudt
tuabin.

ABSTRACT

The power of the wind turbine are significantly affected by the air conditions of
the operating environment. Rain is a widespread phenomenon in many parts of the
world, so exploring its effect on the power of wind turbines will provide valuable
insights into the déign of a new wind tower. A model is built to estimate the effect
of precipitation by simulating the actual physical processes of the rain drops
forming on the surface of the blades of a verticle-axis turbine, thereby determining
optimal wetness, then power and performance respectively.

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

Van dé nghién ctru s anh huéng clia mwa chuwa duoc dé
cap nhiéu, & trong nwéc chua cé tac gia nao nghién ctu
van dé nay, con trén thé gi¢i chi c6 mot sé nghién ciu
riéng 1é chd yéu vé mé phdng va phan tich khi dong lyc cla
mua Ién két cau hinh dang ctia canh [1, 2], Ién két cdu cla
thap tuabin truc ngang [3] va truc d*ng [4]. Tuy nhién chuwa
c6 nghién cru nao dwa ra nhitng két qua t6i wu lién quan
dén van t6c gio, kich thuwéc giot mua, do wét bé mat canh
anh hwéng Ién cdng sudt va hiéu suat cla tuabin.

Do céc yéu td phtc tap lién quan dén diéu khién tuabin
gi6 cling nhw nhitng thay déi dot ngdt vé huvdng gid vavan

Nguyén Tudn Anh?, Nguyén Hiru Birc™”

téc gid trong diéu kién mua lon, su dnh hudng Ién tuabin
gi6 thuc té€ Ién hon dang ké so vai thiét ké thong thuong.
Hon nita, mua c6 thanh phan van toc theo chiéu ngang,
gay tac dong Ién bé mat canh tuabin gid, tao nén sy rung
dong, lam tram trong thém sy anh hudng Ién cac tuabin
gi6. Mot s6 nghién ctru da bat dau xem xét tac dong clia
lvgng mua lén cau trac [5].

Mua nhd dén mua vira cé thé khdng gay anh huang lén
cdu tric cta tuabin, nhwng chiing cling anh hwdng dén san
lvgng dién. Vi vay, cac tac dong clia mua lén tuabin gio
trong nhirng diéu kién van hanh du¢i mua nén dugc chay
nhiéu hon. Sau khi nghién ctru va hiéu dwoc anh hwdng clia
cac diéu kién cuc tri doi voi tuabin gid, viéc thiét ké va phan
tich tinh sut giam cong suét cla tuabin gié can dwgc phat
trién thém.

Bai bao nay tap trung chl yéu vao viéc phéan tich va
danh gia md phong suv anh hudng ctia cac thong s6 van
hanh du6i tac dong clia muwa va gié I1én canh tuabin truc
ding trong diéu kién thoi tiét xau va c6 mé réng danh gia
trong treong hop mua Ién. M6t md hinh cho tuabin gié
duoc lap va mdé phéng theo dang canh tuabin va sy léch
hudng gié. Cac két qua moé phéng gitp lam sang té duong
dac tinh clia cong suét tuabin gié trong diéu kién cé mua,
tr d6 gitp danh gia vé thiét ké va mic doé an toan cho
tuabin gio.

2. TAC BONG CUA MUA

Tac dong cua hat mua t&i canh tuabin gié ngoai gay
nén sy rung dong canh tuabin con gay anh huéng dén
cdng sudt ra cla tuabin gié. Nang lvgng hat mua roi xuéng
canh tuabin gié lién quan dén dudng kinh va téc do va dap
cla giot mua [6]. Khi hat muwa dap vao mot mat cirng, van
tdc clha giot mwa bang 0 rat nhanh. Khi do, lvc tac dong clia
mot giot mua Ién tuabin gié trong khoang thoi gian rat
ngan T cé thé dwoc tinh bang phuong trinh [7]:

1,7 m 1

F(r) = ;fo f®)dt =— = —pnd’v.
trong do, f(t) la lvc tac dong clia moét giot mua tai thoi
diém t; v 1a van t6c clia giot mua; p la mat do nuéc, va d la
duwong kinh giot mua; m la khéi lwgng cda giot mua,
m = (1/6)prd®, néu giot mwa coi nhu c6 dang hinh cau.
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Luc tac dong clia mua, cé thé duoc khao sat nhu mot
dai phan b6 déu nhu sau:

F, = F(T)% = %and%zW. (1)

trong dé, vung tac dong cla giot muala s = nd?/4, do lap
day thé tich a = (1/6)nd®N va thoi gian tac dong
T=wvd/2, W la d6 rdng clia cdu trdc bi mua tac dong,
tvong duong véi do w6t va sé dugc tinh @ muc 3; N la lvgng
mua V@i giot ¢ duwong kinh gilra [d,, d,] trong mdt don vi
thé tich khong khi:
N = f;lzn(d)dd = f;f nee-ddd
v6i d; = 0,01 cm va d, = 0,6 cm [8]. n(d) la phan b6 theo
kich thuéc giot mua (goi la phan bé Marshall-Palmer) [9,
10]; n, = 0,08 cm™ A = 4,1 I7%21 cm™ |a hé s6 do déc, I la
lvgng mua & don vi mm/h va dwgc phan loai trong bang 1.
Bang 1. Phan loai crong do mua

Phén loai Mwa Mwa Muato Mrva Bdo Bdo Béo
nhd  vira bdo yéu vira manh
Cudngdomua(mm/h) 25 8 16 32 64 100 200

Mua va gi6 co6 ldc xudt hién riéng ré nhung cling c6 lic
xudt hién dong thoi. B6i khi sc manh clia gi6é rat Ion,
nhung ctia mua lai khéng dang ké va nguoc lai. St phan bd
tan sudt va ceong doé cla gié va mua cé dac diém khi tvong
theo tirng khu viec v6i co ché phirc tap vegt qua pham vi
nghién ctru. D& c6 mot phan tich kha thi va don gian, trong
nghién ctru nay, tac déng cuda gié la chinh theo muc dich
thiét ké vé chirc nang cua tuabin gié va coi tac dong cla
mua chi nhi mot dong gép bo sung. Khi dé, tac dung clia
gi6 va mua cung nhau duwgc xem xét, trong dé tac dong cla
gi6 thi tao nén cong suat phat dién, con tac dong clia mua
la yéu td anh huéng dén cong sudt dé. Phuong phap nay
khong chi giai quyét duogc ban chat clia van dé ma con don
gidn hoa tinh toan.
3.DO UGT TREN CANH TUABIN

Hinh L. Tuabin gid truc ding

Gia dinh rang mua roi xudéng dong déu voi van téc
khong d&i v, (va khong cé 16¢). Y twdng chinh 1a: tap trung
vao khu vuc bi lap day béi cac giot mwa tac dong vao canh
tuabin trong qué trinh quay trong gid. Goi khu vyc nay la
vung bi mua, hay viing quét cla canh tuabin. Vung bi mua
c6 dang hinh tru néu canh tuabin c6 dang hinh chit nhat,
va c¢6 dang hinh ellipsoid néu canh tuabin nhé dan & dau
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canh. Lvgng nwac dé lai trén canh tuabin sé ty | twong ting
V@i vung bi mua. Theo do, phrong phéap do luvong hinh hoc
dugc ap dung dé xac dinh chi s6 vé do wét toan phan.

Gia sir rang canh tuabin quay & t6c do khong déi do
nhan mét lwong gio6 hitu ich di vao & téc do khong déi doc
theo chiéu ngang. Bat mot hé toa dd Descartes theo cach
sao cho thap tuabin dat & goc va di chuyén tvong doi theo
chiéu duong cua truc x. Nhu vay, van tdc gié hitu ich la
v,, = {s,0,0}. Cac canh tuabin da ti€p xUc v&i cac giot muwa
trong mot khoang thoi gian htru han, cu thé 1a 1/s. Khu vuc
mua bao gbm tat ca cac vi tri ban dau dé mot giot mua cd
thé roi trén canh. Bat Q la mot vi tri tvong (ng véi mot giot
mua sé roi vao ¢ thoi diém t. Sau do, no sé roi tiép tai diém
Q + v,t. Diém do lai tiép tuc chuyén ddng trong déi cling
vGi tuabin P = Q + v, t — v,,t. Nh vay tai moi diém tiép xtc
véi mua P trén canh tuabin & thoi diém 0, diém P + (v, —
v,,,)t ndm trong viing mua khi 0 < t < 1/s. Diéu nay cho
thdy viing mua duoc tao thanh tir cac doan thang song
song véi vector mua biéu kién v = v, - v,,, diém két thic
nam & diém tiép xuc voi canh tuabin & thoi diém 0 va co do
dai [[vll/s. Tl day, d6 wot toan phan, hay vang khéng gian
quét clia canh tuabin quay khi bi mua tac dong W, la tich
gilta dién tich ti€p xdc duéi mua véi hinh chiéu cla vector
v/s |én phrong phap tuyén véi mat doé. D€ xac dinh viing
khong gian quét clia canh tuabin khi quay, c6 thé coi
ching tao nén mét mét tru c6 do cao bang chinh sai canh
va ban kinh day bang canh tay don cdia tuabin. 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 clla mua k > 0. T day, vector v/s = {v, — s, v, —k}/s.
Tham khao [11], dd w6t khi do cé dang:

2rL [(vp—5s)2+v2
Wiy = T

N

: @)
trong dé,  va L la canh tay don va do dai cia canh tuabin.
Vi dy, hdy xét mot vung khdng gian ma canh tuabin
quay tao ra v@i cac kich thwéc nhv sau: r =1 m, L =2 m,
trong thoi ti€t mwa c6 toc do roi la k = 7 m/s, téc dd huéng
thdng vao tuabin v, = 2 m/s va téc d6 ngang v, = 1 m/s. Khi
dé, do wat W(s) dat cuc ti€u & tdc do gio hitu ich s = 2 m/s
(trong treong hop tuabin truc ngang), va s = 2,5 m/s (trong
trwvong hop tuabin truc ding). K€t qua thu dwgc & hinh 2,

Hinh 2. B 6t trén canh tuabin trong tredng hop ving khdng gian quét cla
canh khi quay c6 dang hinh try: dwong cong A d6i v6i tuabin truc ngang va
duong cong B d6i véi tuabin truc ding
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4. CONG SUAT PHAT DIEN GIO
Cong suat ra clla mot tuabin gi6 ly tuéng tich Iy t&i van
téc gid hiru ich s st dung phan bé Weibull cé dang:

P(s) = J, P)f (Wdu ®)
trong do,
P(u) = %pAu3 (4)
A = 2nrL la dién tich vaing quét clla canh tuabin, va

e (1) -
fw=%(%) e (5)

voi K = 1, 1a phan bé Weibull. & day, k la théng s6 cau
hinh va 1 la théng s6 thang do. Tinh tich phan (3), ching ta

thu dugc
o M v | IO

P(s) = %pAs3 (6)

Ks3
Tir day, co thé tim dugc cac hé s
323[r(3)-r %% (s\<
Cn = M —e (,1) 7)
trong do, C, la hé s6 cong suét gi6 va n la hiéu suat
truyén dong.
V6in <1, Cp < Cppers (C,
Betz), phwong trinh (7) suy ra

323 [r(%)—r(%i—';)] _ e_(i

Ks3 A) S Cp,Betz (8)
Phuong trinh (8) duoc gidi bang hinh 3 cho két qua
k < 10, v&i moi gia tri A.

T —T —TT —TT —TT

Ks3

Betz — 16/27, goi la giéi han

8
Cp.getz N

Hinh 3. H& s6 cng sudt phu thudc vao tdc dd gio tng v6i ba thong s6 cu hinh
khéc nhau (k =8, 10, 12 tuong (ing véi cac duong tir A dén B) khiA =6 m/s

Khi tinh dén tac dong cla muwa, cong suat bi suy gidm
mot lugng F;s,

Py(s) = P(s) — Fys ©)

voi F; tlr biéu thic (1) va dd uét W tlr bi€u thic (2a)
hodc (2b).
5. XAY DUNG MO HINH VA MO PHONG

M6 hinh trén dugc mod phong bang phan mém Wolfram
Mathematica [12]. Cac thong s6 dwa vao bao gom:

1. Hinh dang cta canh tuabin;
- B0 dai canh tay don, duoc khao sat tir 1 dén 3m;
- P06 dai canh, khao sat tlr 1 dén 5m;

2. Céac thanh phan cta nwéc mua va khéng khi:

- Mat dé khong khi, khao sat tir 0,1 dén 1,5kg/m3,

- Mat dé nuwdce clia mua, tir 800 dén 1500kg/m3,

- Budong kinh giot mua, tir 0,1 dén 0,6cm;

- Lvgng mua, tir 1 dén 200mm/h;

- Thanh phan van téc t6i clla mua, tir -5 dén 14m/s;

- Thanh phan van téc¢ ngang clla mua, tir 0 dén 30m/s;
- Thanh phan van téc roi cia mua, tir 5 dén 15m/s;

3. Cac thong s6 cla tuabin gi6:

- Théng s6 cau hinh, dwgc khao sat tir 1 dén 10;

- Théng s6 thang do, dwgc khao sat tir 0,1 dén 20m/s;
Céac buéc moé phéng duoc thuc hién nhu sau:

- Trwéc tién lva chon dang hinh hoc clia canh tuabin khi
quay va céac théng s cau hinh va théng s6 thang do cla
tuabin gié. Cac thong s6 vé mua va gi6 tng véi diéu kién
mua vira va gio khong I6n.

- Cac phuong trinh gbm phuong trinh lugng mua, biéu
thirc do uwot, luc tac dong cla giot mua, cong suat tuabin
duw6i anh huvédng cllia mua va cac gid tri toi wu duoc danh gia
va mo ta bang hinh vé.

- Cac théng sb cé thé dugc thay déi tdy theo bai toan
cu thé va két qua dwoc minh hoa twong (ing ngay trén cac
hinh vé.

- Bang phuong phap nay, cé thé danh gia dugc mirc do
anh huéng cdia mua Ién cong sudt tuabin gié, tir dé dua ra
nhi*ng gidi phap cho thiét ké hinh dang canh tuabin, hay
toc do t6i wu dé tuabin gi6é van khai thac dugc nang luong
trong diéu kién mua gio.

Céac két qua md phdng duogc cho & bang 2 va hinh 4. Bo
sut gidm cong sudt do mwa doi voi tuabin truc diéng it bi
anh huéng khi kich thuwéc clia giot mua tang, nhung lai bi
anh huéng manh khi van téc mua ngang tang. Biéu nay la
do céac canh cla tuabin truc ding dugc bé tri theo phuong
thang ding.

Bang 2. Két qua md phdng c4c thong s6 van hanh

Loai | Buong [Vantbe| Van |Douét| Hésd | Cong | Cong

canh | kinh | mua |t6cgio|toivu | cong | sudt | sudt

tuabin| giot | ngang | t6iuvu sust | dinh | suy

mua mic | gidm

02cm | Om/s | 5mfs | 3m? | 0,297 | 1,09 1,06

MW MW

02cm | 7m/s | 5mfs | 3m? | 0,297 | 1,09 1,05

MW MW

1 03cm | Omfs | 5mfs | 3m? | 0,297 | 1,09 0,94

Tuabin MW MW
truc ;

ngang 03cm | 7m/s | 5m/s | 3m 0,297 | 1,09 0,89

MW MW

04cm | Om/s | 5mfs | 3m? | 0,297 | 1,09 0,58

MW MW

04cm | 7mfs | 5mfs | 3m? | 0,297 | 1,09 0,37

MW MW
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02cm | Om/s | 5m/s - 0,297 | 145 1,44

MW MW

02cm | 7m/s | 15m/s | 10m? | 0,297 | 1,45 1,39

MW MW

bi 0,3cm | Om/s | 5m/s - 0,297 | 1,45 1,41
T‘t‘fuc'” MW | MW
dL’rhg 03cm | 7m/s | 15m/s | 10m? | 0,297 | 1,45 1,07
MW MW

04cm | Om/s | 5m/s - 0,297 | 145 1,31

MW MW

04cm | 7m/s | 15m/fs | 10m? | 0,297 | 1,45 0,10

MW MW

the turbine optimal pace shown in green {if finite)

A

impact force of raindrop output power

power coefficient of turbine output parameters

e Vopt  Wopt Prmax Cp max

1451.1kW  0.297 1444.5

Hinh 4a. Két qua mé phéng cta tuabin tryc ding
the turbine

optimal pace shown in green {if finite)

impact force of raindrop output power

power coefficient of turbine output parameters

duin Ve Vo Wop Prrax Comax  Pmax

0.2em 0 Sm's 3m’

Hinh 4b. K&t qua md phéng clia tuabin truc ngang
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Pmax=Fs

kW

-Fs

1088.3kW 0.297 10€4.9kW

6. KET LUAN

Vi sy phat trién cla dién gio cling nhu sy gia ting cla
céc sv kién mua va gié cwc ky manh, cac tuabin gié cé thé
bi anh huéng do gié va mua. Trong nghién ctu nay, mot
phuong phap phan tich nang lvgng clia tuabin gié duéi
diéu kién ctia mua va mua bao da dwgc nghién clru. Cac két
luan chinh nhu sau.

(1) Bai bao nay la két qua nghién ctru dau tién tim hiéu
s &nh hudng clia mua Ién cong suét cla tuabin gio.

(2) BO w6t trén canh tuabin cé mai lién quan chat ché
voi luc tac dong clia mua. KEt qua cho thay c6 mot do uot
t6i wu, khi do lyc tac dong clia mua Ién canh tuabin cling
nhé nhat, va do dé sy sut gidm cong suat do mua cling
nhé nhat.

(8) Buong dac tinh clia cdng sudt dugc tinh theo phan
tich théng ké kha phu hop v6i duwong dac tinh do duoc
thuc té, chi véi cach chon céac thdng s6 cau hinh va thang
do phu hep.

(4) Sw sut giam cuia cong sudt do mua thé hién dang ké
khi kich thudc cha giot mua tang lén. Bigu dé dé hiéu, vi khi
mua cang nang hat, thi cang a&nh huéng dén téc dé quay
cla canh tuabin. Sy sut gidm cla céng suat cling anh
huéng manh khi c6 mua tat ngang. Cong suat ciing bi sut
gidm nhe khi cac thdng s6 khac nhu lvgng mua, van téc
mua t¢i, van téc mua roi tang lén. Tuy nhién, van co thé tim
duwoc cong sudt tot nhat tuy tirng trudng hop ¢ng véi van
téc gid hiru ich va do vt téi wu, hay lyc tac dong clia mua
la nhé nhat.

Kha nang kinh té yéu cau cac cdu hinh t6i wvu cla cac
thanh phan clia tuabin gi6. D€ phat trién mot hé théng toi
wu, diéu can thiét la phai c6 mdt mé hinh kha thi. Mac du
da c6 nhitng nghién ciru truéc, nhung chi yéu la cho
nhitng dao doéng co hoc trong diéu kién gié 16n, hay mua
bao 16n, ma chua duwa ra dwgc sy &nh hudng clla mua lén
cong sudt véi cac dy doan cu thé tng voi nhiéu diéu kién
khac nhau. M& hinh duwgc m6 phong dé du doan nhirng
tinh chat cho tuabin vé&i cac kich thwdc hinh hoc cta canh
tuabin va diéu kién bi anh hudng khac nhau ctia mua. Hinh
anh vé do uwot, lve tac dong clia muwa va cong suét phéat dién
dwoc minh hoa truc quan bang hinh anh déng c6 tuong tac
va diéu chinh tuy theo muc dich khao sat. M6 hinh twong
déi don gian nhwng van cho nhitng két quéa kha chinh xac.
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