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Tém tat: Bai bao trinh bay mot s6 két qua nghién ctru ap dung dinh luat Bernoulli
trong dong luc hoc chét luu dé kiém tra hé s Betz (con goi 1a gidi han Betz, 1a gia tri
giéi han cua hé sd chuyén doi tir nang lugng gi6 thanh dong ning trén truc quay doi
vGi turbine) va cong suat cia turbine gié 1y tudng. Phuong phap tinh toan ap dung
nguyén 1y bao toan khdi lugng, bao toan ning lugng, mdi quan hé giita ap suat va tdc
d6 cuia dong gi6 di chuyén qua mot turbine dugc dat trong dng dong dang hudng truc.
Két qua nghién ctru cho thdy hé sé Betz tinh toan theo phwong phap trén phu hop voi
két qua tinh toan theo phuong phap phan tich ham cong suit turbine gié va phuong
phap can bang khdi lwong, dong lwong mot chiéu cua dong chay qua turbine gié truc
ngang dan dén giGi han Betz di dugc cong bd trude day.

1. Pt van dé

Dinh luat Betz chi ra hiéu suat chuyén d6i co ning cuc dai tir ning luong gi6
khong phu thudc vao thiét ké cua turbine gi6 trong diéu kién gio thdi tu do. Pinh luat nay
dugc cong bd boi nha vat 1y nguoi Pac Albert Betz vao nim 1919. Theo d6, khong co
turbine gid nao co thé thu duoc trén 16/27 (59%) dong nang cua gid. Gia tri 59% dugc
goi 12 gioi han Betz, 12 hiéu sudt t6i da vé mat 1y thuyét cua turbine gio [1].

Trong nhiing nim gan ddy, cung véi nhu ciu phat trién ning luong tai tao, cac
nha khoa hoc d quan tdm nhiéu dén turbine gi6. Cac nghién ctru lién quan téi md hinh
turbine dién gié dung may phat dién dong bo dé két ndi véi ludi dién [2], didu khién ndi
ludi cho turbine gi6 két hop voi ngudn dién pin nhién liéu [3], hiéu suét turbine gio truc
ngang dugc mé ta boi 1y thuyét cia Betz [4], 1y thuyét turbine gié va phuong trinh Betz
v6i viée t6i wu téc do rotor [5]. Noi dung cic cong trinh nghién ctru d6 dé cap téi gidi
han Betz v6i cac phuong phép tiép can khac nhau nhu phuong phap phéan tich ham cong
suat turbine gio; phuong phéap cin bang khéi lugng, dong lugng mét chidu ciia dong chay
qua turbine gié truc ngang; phuong phap phén tich sy anh huéng ciia goc xoay (B), hé sb
cao toc () cua canh turbine dén cong suit co thu duogc tir gid. Tuy nhién, cac két qua
thuc nghiém vé turbine da cong bd cho thiy hiéu suit thuc té cua céc turbine gié trong
thyc t& bé hon nhiéu so v6i gidi han Betz, chi nam trong khoang 35-45% [6].

bé giai quyét van dé trén, chung toi tién hanh ap dung dinh luat Bernoulli dé tinh
toan lai giéi han cta hé s6 chuyén ddi nang lugng gi6 theo 1y thuyét (gidi han Betz) bang
mot phuong phap khac, tir d6 dan ra biéu thirc xac dinh giéi han Betz va tinh cong suit
co cua turbine gio 1y tudng.
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2. Pbi twong va phuwong phap nghién ciu
2.1. Béi twong nghién citu
Hé sb Betz, biéu thic tinh hé s6 Betz va cong suat co cua turbine gié 1y tudng.

2.2. Phwong phap nghién curu

- Van dung dinh luat Bernoulli vao nghién cau mo hinh dang bng dong nam
ngang. Turbine dugc dat trong bng dong sao cho truc cua nd song song Vvai truc ong. Gia
thiét dong chit luu chuyén dong trong éng 1a 1y twong: khéng cd luc ndi ma sat (luc
nhaot) va khong nén dugc, luu lugng dong chay tuan theo phuong trinh lién tuc va bé qua
ma sat ¢ truc quay rotor cua turbine. ‘

- Vén dung phuong phép phan tich dong luong mot chieu cua dong chay qua mot
“dia truyén dong” ma Albert Betz da su dung.

3. Két qua va thio luin

3.1. Nguyén ly chuyén doi ning lwong gié thanh co ndng trén truc cia turbine gié

Nang lugng gio 1a dong nang cua dong khong khi chuyén dong. Khi gi6 dap vao
canh turbine thi luc tic dung 1én canh c6 the duge phén tich ra 2 thanh phan (hinh 1):

- Lyc tac dung doc theo ti€t di€n canh hay theo hudéng gié dugc goi 1a luc truot;

- Lyc tac dung vudng gbéc véi phuong cua gioé duoc goi 1a lyc nang.

x , <=l 2
Huwong quay ™~ \ Téng hop luc

) tac dung lén canh
Luc nang

Hudng glo Luc nang Huodng gio

Luc truot

() (b)
Hinh 1: So dé phan tich cdc hec tac dung 1én canh turbine [3]

Két qua 1a dong khong khi chuyén dong s& lam quay canh turbine. Pong ning cia
dong khong khi chuyén thanh dong ning quay cia turbine.

Luc tac dung lén turbine phu thudc vao khéi luong riéng cua khong khi, téc do
gio6 va dién tich quét ctia canh theo cong thuc [4]

F=pS :%pvzs (1)

trong do:
p: &p suat dong cua gid tac dung 1én canh turbine [N/mz];
p: khéi luong riéng cua khong khi [kg/m®];
v: toc do gi6 [m/s];
S: dién tich quét cua canh turbine [m?], dugce xac dinh boi cong thirc S = 7R?
vo1 R 1a ban kinh cta canh quat.
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Cong suét gi6 tai vi tri dat turbine dugc xac dinh boi cong thirc:
P, =Fv= (% pVZS).V = % pv°S (2)

Nhu vay, cong suat gio tang theo lly thira bac 3 cua téc d6 gio. Vi thé toe do gio
la mot trong nhiing yéu td quan trong, quyét dinh trong cong nghé turbine gio.

3.2. Ap dung dinh luat Bernoulli dé kiém tra gioi han Betz
~ Theo dinh luat Bernoulli, trong ché‘g luu 1y tudng voi dong chay 6n dinh, tong &p
suat dong va ap suat tinh c6 gia tri khong doi tai moi vi tri doc theo ong dong.
Phuong trinh dinh luat Bernoulli ¢6 dang

p +%pv2 + pgz =hang s6 3)
trong do:

% pV2: ap sudt dong [N/m?;
p+pgz: ap suat tinh N/mz]
g: gia toc trong truong [m/s 2
z: d cao tryc cua dng so v4i mat dat [m].
V6i truong hgp 6ng dong nam ngang thi phuong trinh (3) trd thanh:

p += L pv =hang s6. 4)
Xét hai vi tri c6 tiét dién va tdc do lan luot 14 Sy, v VA Sy, vy, ta CO:
1 1
p1+510v12: p2+§pvzz' (5)

Y B P .. .

Hinh 2: Sw thay doi dp sudt va toc dg dong khi trong mé hinh turbine gid Iy twong
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Su thay doi 4p suét va téc do dong khi trong dng dong duoc mé ta ¢ hinh 2, trong
d6 A-A’, B-B’, C-C’ 1an luot 1 mat cét trude, ngay tai va sau turbine. Sy thay ddi toc do
dong khi khi chuyén dong qua dng chira turbine dugc biéu dién boi dudng cong 1. Do sur
can tré cta canh turbine, tbc d6 dong khi s& giam dan. Dong khi bi nén lam ap suét khi
tang 1én (biéu dlen boi duong cong II). Tuy nhién, & ngay sau canh turbine, toc do dong
khi tang (do tiét dién dng dong giam vi bi canh turbine chiém chd) lam ap suét tai d6
giam dot ngdt. Cang xa canh turbine thi d6 giam 4p sut nay cang giam (biéu dién boi
duong cong III). Trong thuc té téc do ciia gid & phia sau turbine khong thé giam xudng
bang khong. Diéu d6 c6 nghia 1 ching ta khong thé ché tao duoc turbine chuyén hoan
toan dong ndng gid thanh dong nang trén truc quay.

Theo dinh luat II ctia Newton, luc tdc dung bdi gio 1én canh turbine co thé duogc
viét duéi dang [2]

F :ma:m.j—\t/:r;].Av=pSv(vl—vz) (6)

trong do: ’ 7
m: khoi lugng khong khi chira trong thé tich vS [kg];

m : 1a luu luong khong khi chuyén dong qua tiét dién S [kg/s].
Cong sinh ra boi lyc F cua gio tac dung Ién truc turbine dugc xac dinh theo cong
thirc
dA=F.dx (7)
Cong suat co trén tryc ctia turbine (chinh 1a cong suat chiét duoc tir cong sut dong
gi0) dugc tinh theo cong thurc
dA dx

P=—=F.—=Fuv (8)
, dt dt )
Thay the lyc F da tinh ¢ (6) vao phuong trinh cong suat turbine gio (8), ta duoc
_dA dx
=F.—=F.v=pSV’(v, -V 9
o PV (v, —V,) 9)

Tuy nhién, cong suat turbine gi6 ciing chinh 12 d6 bién thién dong ning ctia dong
khi & trudce va sau turbine trong mot don vi thoi gian:

L v tmy
AE o771 o2 e o,
| e N 5 (v | 2’) (10)
Két hop cac phuong trinh (9) va (10), ta cé thé viét:
1 1-
EPSVZ(Vl —V,) :Em(vf -V;) (11)
hay

1

PSVE(V,—V,) = EPSV(Vlz -V;) (12)

Tu phuong trinh (12) ta ¢
1 1
E(Vlz _V22) =§(V1 _VZ)(Vl +V2) =V((V1 _Vz) (13)
vdi moi v, S, po# 0, hay
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= % (v, +V,) voi moi (V1-Vo) #0 hay vi # vy (14)

Tir phuong trinh (14) ta thiy rang toc do gi6 tai vi tri dat turbine bang gié tri trung
binh cong cua toc do gid & phia trude va phia sau cua turbine. Nhu vay, turbine hoat
dong nhu mét cai phanh, giam toc gio tir vi xudng dén v, nhung khong hoan toan giam
tbc d6 gid xudng v = 0, tai diém d6 phuong trinh khong con hop 1é nira. Dé thu duogc
nang luong tir dong gio, dong chay ctia n6 phai dwoc duy tri va khong thé ding lai.

Tu phuong trinh (9), céng suét turbine gi6 co thé dugc biéu dién nhu sau

P =pSV(v, -V,) = —pS(v FVI)(V, —V,) = —pS(v —V2)(v, +V,) (15)

bat b= Y2 , phuong trinh (15) tré thanh
Vv

1
R =L S0z v, +v) =L psiia-byet) as)

Hé sé chuyén ddi nang luong gid 12 ty s6 giita cong suat ma turbine thu duoc P
(cong suat hiru ich) va cong suat gi6 Pgio xac dinh boi cong thirc:

1
= pSVi(1-b?)(1+b)
c=ti_4 =%(1—b2)(1+b) (17)

Pgio ;psvf

Phuong trinh (17) cho thiy hé s6 Cp chi phu thude vao ty s& b=-2 . P thi biéu dién
1
su phu thudc nay dugc mo ta [y hinh‘ 3, trong d6 gia tri cuc dai caa Cp x4p xi 0,59 hay
59%, tuong ung va&i gia tri b xap xi bang 0,33.

Hé s6 chuyén ddi Cp
o

0.05

0 o1 02 03 04 05 06 07 08 09 1
Tysotocdob——
v,
1

Hinh 3: D6 thi biéu dién hé s6 chuyén doi cong sudt turbine gié Cy theo tham s6 b
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Nhu vay, gid tri hi¢u suét turbine gi6 cuc dai thu dugc khi nghién ctru theo mo
hinh éng dong v6i su van dung dinh luat luat Bernoulli cling cho két qua ty nhu két qua
da duoc cdng bé trude day caa Albetz Betz.

3.3. Mot s6 két qud nghién ciru tiéu biéu gan ddy vé cong nghé turbine gid

Ly thuyét cua Albert Betz va gidi han Betz c6 ¥ nghia rat quan trong, cho ta biét
kha ning tdi da chuyén d6i ning luong gié thanh co ning trén truc quay turbine. COng
sudt cta turbine gié duoc tinh toan theo cong thirc tinh cong suit cua dinh ludt Betz cho
gia tri rat cao nhung gia tri thyc té ctia cong sut nay lai rat thap. Cong suat cao nhat ma
turbine gi6 hién nay dat dugc chi khoang 22% cong suét thiét ké [7] trong diéu kién gi6
c6 tbe do cao. Cong suit cua turbine gio voi cac loai toc do gié khac nhau ciing chua
duoc kiém nghi¢m bﬁng cach do truc tiép tai trang trai gié co6 cot do tdc do gi6 riéng bi¢t.
Hién nay, viéc ldy s6 liéu toc do ciia gio can cir vio may do gi6 cia turbine nén khong thé
hién dung tdc d6 cua trudong gié vi may do téc do gié dat sau canh quat va ludng gio di
qua may do con bi phéan tan boi roto dau truc turbine.

Viéc str dung cac phuong tién va cong nghé hién dai dé nghién ctru turbine gio
cho thiy viéc tinh toan chinh xac hé sb cong suét cta turbine gié kha phuc tap, boi né
chiu tic dong cua nhiéu nhéan té anh huéng nhu toe do gio, chidu cao thap, goc xoay (B),
hé s6 cao toc (1) ciia canh, sd luong canh...
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Hé s0 A R
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Hinh 4: Puong ddc tinh quan hé gita Cyva 2 Hinh 5: Puong ddc tinh cong sudt va toc

cua turbine gio [8] do cua turbine gio [8]

Cong suat dau ra caa turbine gié dugc tinh theo cong thic [8]
S
R=C,(4 ﬂ)%\ﬂ (18)
trong do:

Py cdng suat dau ra cua turbine (W);

C,(4,B): hé s6 bién doi nang luong (1a ham sé cua toc do dau canh va goc
canh);

S: dién tich quét ciia canh quat khi quay (m?);

p: mat do caa khong khi (kg/m®);

v: toe do gio (m).
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Hé s6 bién d6i nang lugng C, dugc tinh theo cong thirc

21
C,(4,5)=0, 5176(%—0 48— 5) +0,00681 (19)

Voi
1 0,035

1 - (20)
A 1+0,088 1+p

4. Két ludn

Bai bao trinh bay két qua ap dung dmh luat Bernoulli két hop véi phuong phap
phan tich dong luc chat luu dé kiém tra hé s6 Betz. Két qua cho thay gia tr1 gid1 han
chuyén doi nang luong gi6 khi tinh toan theo phuong phap nay cho két qua giéng véi két
qua tinh toan bang md hinh turbine gi6 dang khuéch tan véi “dia truyén dong” ma Albert
Betz di cong bd.
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SUMMARY

APPLICATION OF BERNOULLI'S LAW
TO CHECK THE LIMIT VALUE OF CONVERTING COEFFICIENT
OF WIND ENERGY AND WIND TURBINE POWER

This paper presents an application of Bernoulli's law to check the Betz coefficient
(the limit value of converting from wind energy to rotational kinetic energy of wind
turbine). The calculation method is based on the principle of conservation of mass,
conservation of energy, and the relationship between the pressure and speed of air flow
moving through a turbine, which is placed in a flow tube. The results show that the limit
value of conversion from wind energy to rotational kinetic energy of turbine obtained by
our method is consistent with the Betz value published previously.
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