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DANH M UC CAC Ki HI EU VA CAC CHU VIET TAT

HAWTs | k¢ turbine gi6 kéu truc ngang.
VAWTSs | hé turbine gi6 kéu truc dung.

U Van toc thec oia gio (m).

p Trong lrong riéng éa khéng khp =1,25(kg/r).

b Chiu rong canh turbine (m).

h Chiéu cao canh turbine (m).

r Ban kinh Rotor (m).

P céng skt (W).

M Momen (Nm).

C, Hé s6 nang.

Cq Hé sd can (drag coefficient).

S Dién tich canh ().

A Dién tich quét aa canh turbine (A).

) Goc xoay canh turbinetd).

F Ap lyc (N).

i Goc 6i (o).

0 Go6c nang o).

g Gia Bc trong trong (9.81m/9).

W Van toc twong ddi (m).

W Vin toc goc (rad/s).

Co Hé sb cong sat.

Cn, Hé s5 mdmen.

n S vong quay (vong/giay)
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MO PAU
TONG QUAN VE UNG DUNG VA NGHIEN C UU TRONG VA
NGOAI NUOC LIEN QUAN.

Ngudn dién ning la ring lrong c6 vai tro Bt sic quan tong trong #n cong
nghiép ding nhr trong cwc $Hng sinh hat. O nudc ta vEC tao ra ngn dién ning
phan lon 1a thay dién va nhét dién, viéc sr dung ning hrong giddé tao radién ning
van con la cac ¢ an et stc moi mé. Trén tié giéi da cé nhéu qubc gia ap dng
cho héu qua rat cao.

Trén thé qii:

* Xu thé va cac thanh#u phat trién phongdién.

- Hién nay, trong & cac ngén ning lrong moi, nang hrong king src gioé phat
trién nhanh nht trén tké giéi vi nguyén leu doi dao, ¢ tién, & ap ding, sich va
khong lam ki mai truong.

- Cac may phatién lgi dung src gi6é tram phongdién) da dugc sr dung
nhiéu & cac nréc chau Au, M va cac mée cong nghip phat trén khac.buc dang
dan dau thé gisi vé cong ngk phongdién.

- Hién tai, cActram phongdién truc ngang(gdm mot may phatdién cé tuc
quay mm ngang ¥i tua bin 3 canhién gié) dangdugc sin xuit va sr dung pto
bién hon nhiéu so i cactram phongdién truc dirng (gdm mot may phatdién co
truc quay thing dttng Wi cac canhién gio dit thang ditng). Hién cé cac lai may
phat phongdién véi cong sut rat khac nhau,it 1 kW ©i hang MW. Cac tm
phongdién c6 tté haat dong doc lap haic ding ¢6 tit ndi véi mang dién qudc gia.
Céc tam phongdién co the phatdién khi toc do gi6 tir 3 m/s (11 km/h), vautnging
phatdién khi toc do gi6 wrot qua 25 m/s (90 km/h).6E d6 gid hiéu qua tir 10 m/s
t6i 17 m/s, thy theoting thét bi phongdién.

- Nam 2005, cdng it phongdién toan au ting 24% @at 59.100 MW), ngia
la ting cip 12 Bn so i thap ky trude, khi @6 céng sat phongdién chi & mac
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5.000 MW. Gi6 1a ngdn ning lrong phat trén nhanh nht trén tié gisi, voi toc do
tang tnrong trung binh hangam 29% trong thp ky qua. Ging trong tlyi gian nay,
than ting 2,5%/mm, nming lkrong hat nhan #ng 1,8%/@am, khi & nhién ting
2,5%/rim va diu ting 1,7%/im.

- Riéng trong &m 2006, cac nha maiién hing src giod trén ti gioi da sin
xuat duoc 74 GW, ing 25% so ¥i nam trege. Chau Au @n dang dau thé gioi vé
san lugng dién bang src gié Wi cong sdt |ap dat 1a 40.500 MW, chim t6i 2/3 sin
lwong dién gi6 toan th giéi. Lugng dién tao ra king sic gié du dé daptng nhu éu
caa 40 tréu ngroi dan.

- Bic 1a nrée sin xudt hon mot phan ba ring lwong gio trén toan thgioi, tiép
theo 14 My va Tay Ban Nha. Gi¢ c4ch mang ning leong gi6 & Bac bit dau nam
1991. Clwong trinh phat tén ngwbn ning krong tai ko dugc Chinh pli Buc théng
qua va chinh tirc co héu luc tir thang 4-2000. Kin nay,o Btc c6 hang cic cong
ty khai thac Bing hrong tr sic gio, dung dau 1a Cong ty Enercon. B hoi Ning
lwong gi6 @ia Bic cho bét, t6i nam 2010, fing lrong gié § bao dam cung ép
khoang 10% nhu au dién cia nrée ndy. @ quan Ning lrong Birc dé ra myc tiéu
dén naim 2015 $n luong dién tir cAc ngdn nang leong tai ko chiém 20% 6ng sin
lwong dién gqubc gia, trongdd 35 nghin MWdién duoc sin xut tir sic gié; Pan
Mach hién c6 cong sit dién chay bang src gié chém 20% 6ng sin leong dién
trong nréc. Pan Mach ding 1a nrge di dau vé Iap dit cac nha may phéién gio ¢
ngoai kii va Tay Ban Nha cBim t6i 8% sin luongdién cia cac méc nay.

- Theo Hi d6ng ning lrong king src gio thé giéi, dén nim 2010, 8n lrong
dién bing grc gi6 toan th gioi du kién & dat 149,5 gigawatts (GW)ang dip doi
so Wi san lrong hién nay; Hep hoi nang lrong src gié chau Au (EWEAWit ra
muc tiéu, vao khang rim 2020, 195 tdu ngroi, ttc mot nira $ dan lic dia nay cé
thé s dung dién bang sic gio. Vadién gié € thoa man 6i 23% nhu @u dién aia
chau Au vao #m 2030. Bic My 1a khu wrc ding thr hai sau chau Audvsan lrong
dién bing grc gid. Tuy nhién, trong gialoan 2006-2010, #ng hrong king src gio

s3 phét trén manh & chau A dic biét 1A ¢ cac ege Trung Qéc vaAn Bo.
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- Theo Heép hoi Ning lwong gié Trung Qdc, dén nay mréc nayda xay drng
44 nha may phatién chay bang sic gio, Xp thir 10 thé gisi va thi 3 chau A. Tuy
nhién, con & nay ch chiém 0,2% 6ng cong skt dién trong nréc. Trung Qe dang
dat muc tiéu ting ©Bng cong st Iip dit dién chay bing sic gio 1én 5 trdu KW vao
cudi nam 2010. Sc hap din oia th truong lon vé nang hrong tai sinh i chi phi
san xuat thip & Trung Quc tao mdi tirong thu hit cac coéng ty trongréc va quc

I4
An

té "dd xd" vaodau tr xay drng cac khu wc khai thac ¢ gié hdic cac nha mayas
xuat thiét b dién gio trén klip dat nugc nay. Ngay 18/8/2007, Céng ty Cong Agh
bién src gié Minh Drong Quing bong (Guangdong Mingyang Wind Power
Technology Co., Ltd.}ia xuit xuong chéc may phattién bing sic gié cong sht
1,5 MW. Pay la kn dau tién Trung Qdc tr ché tao duoc may phéatién bing sic
gi6 cong st 16n nhr vay va c6 qugn sy hiru tri t hoan toan @a Trung Qdc.
San phim may phéatién chay bang src gié dia cong tyduoc thiét ké phu hop voi
diéu kién khi Hu Trung Quc, cé khi ning chong dugc béo, bdo céat va gianh, gia
thap hon it nhit 20% so i gia $in pram cung lai nhap khau haic sin xuat & cac
Xi nghiép ¢6 \bn nrdc ngoai.

- Chau Phi la chawe phat trén chhm nhit vé& sin xuit nang hrong king sic
gi6. Hién nay, véc sin xuit dién bing src gié chi yéu msi duoc tién hanho Ai Cap
va Ma-6c. Dy kién d¢én 2010, 8n lwong dién bang src gid ¢ chau ic nay § dat
900 MW/ram.

* M gt 6 nghién aru gin day.
- D¢i Véi hé turbine gid kéu truc ngang (HAWTS):

Mic duda co nlieng thanh congwot bac vé cong ngk, thé hién qua $n phim
mang tinh trong mai héa @a mdt s6 hang ck tao noi tiéng the gidi nhu Vestas
(Denmark) i cac an ph§1m V52-850 kw, Vv80-1.8 MW, V80-2.0 MW, V82-1.65
MW, V90-1.8&2.0 MW, V90-3.0 MW, Suzlon (India)év cac turbine 950 kW to 2
MW; cdng ty GE Energy (USA) c6 cécars prim 1.500 - 3.600 kW;
Siemens(germanyua ra th truong cac turbinedn 1.3 MW, 2.3 MW va 3.6 MW;
cong ty Nordex (Germany) c6 ca¢ thdng1500 kW, 2500 kW va Enercofiriéng
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Vv6i san pham E-126 dp ky luc thé gioi vé cong sat 7MW;..v..v, thi cac nghiéniu
vé linh wre turbine gid ¥n dugc nhiéu nha khoa éc trén ti¢ giéi dic biét quan tam
trong nhing rim gan day: Nghién éu dong lyc hoc canh turbine nim nang cao
hiéu qua vado an toan aa ke thdng canh turbine gi6é; nghiérire mé hinhdong hrc
hoc cia thap phongtién nhim i vu hoa Kt ciu, ting arong khi ning chu bao;
nghién &u vé mé hinhdiéu khién canh turbine rim ms rong khaing l1am véc 6n
dinh aia turbine trongtiéu kién toc 46 gi6 thaydoi; va nhéu nhing nghién au
khac \& may phéatién, by nghich leu, phrong thic hoa tréi ..v..v.
- Déi Véi hé turbine gi6 kéu truc dirng (VAWTS):

C6 thé thdy rang, pfam vi ciing nhr quy md & dung cac tam phongdién truc
dung con ft khiém 6n so i cac k& théng HAWTS, chi yéu céc 1§ théng VAWTSs

duoc sin xuit vadua ra th truong hién nay 1a lai canh turbine & dinh, c6 té hoat
dong binhding wi moi huéng gié nén co au tao don gian, cac B phan déu cé
kich thrgc khdng quadn nén dn chuyén va kp rap @& dang,do bén cao, duy tu
bao dudng don gian. Véi dac diém nhr vay, nén th truong ma cac coéng ty R&D
(nghién &u ché tao va throng mai hoa) k¢ théng nay (ch yéu cia Trung Qéc)
hién dang hréng ©i 1a cac tam phatdién doc lap, cdng sét vira va nio, phu hp
véi cac trang ti, ho giadinh hay nlrng roi doc lap xa trung tam. Cac nghiérrc
vé hé thbng nay éng con trong dbi han ché, chi yéu tp trung theo héng nghién
ctru dong lec hoc canh turbine rim nang cao kB qua mit hirng gioé va gim thiéu
anh hréng aia mit can gié cho canh turbine. @a thy nhitng céng b mai theo
hudng nghién @u canh turbineluoc diéu khién chi dong nhim dat hiéu qua téi da
& hanh trinh ting gi6 va én i thiéu & hanh trinh &n gi6. Cac céng dnay chi
yéu msi dirng & sdng 40 V& mit nguyén ly vaiadang ky bin quyén sang ch.
O Viét Nam:
* Xu thé va tiém ndng phat trién phongdién (TC Pién luc 9 9/2007).

- Nha may phatiién src gi6 dau tién o VN phai ké dén [a nha maydat tai
huyén dao Bach Long Vg, TP Hii Phong. Céng st 800KW Wi vén dau tr 0.87



-10 -

triéu USD (14 t ddng). Nhr thé, véi gia bandién 0,05USD/KWh (750VE/KWh)
thi thoi gian hoan én 1a 7-8 im.

- Nha maydién gio thr 2 aia ¢ nuée dat ¢ huyén dao Ly Son van hanh Bng
sic gio, co Kt hop may phatiién diesel wi tong cong st 7MW, tong von dau tir
gan 200 § dong. Du anduogc chia lam 3 giadtoan: giaidoan 1 dugc thuc hién trong
hai nim 2007, 2008 c6 cong &u2,5 MW, \6n dau tr 80 ty ddng cung &p cho
4.000  dan i gan 20.000 nhan Kh. Giaidoan 2 nang cong étilén SMW thrc
hién trong cac am 2008-2009 va giatoan 3 duoc thuc hién trong cac am 2009-
2012 & cdng sat lén trén 10MW.

- Ngay 12/9/2007, Nha may Phodin Phrong Mai 3 duoc khoi cong xay
dung trong Khu kinh& Nhon Hoi, thuoc dia ban 2 xa Cat Chanh va Caéinam
tréndia ban bamao Phrong Mai, huy¢n Phu Cat,ihh Binhbinh. Bay la nha may
phongdién dau tién &i Binh Binh do Céng ty & phan Phongdién Mién Trung -
CENWINDCO lam cli dau tr, theo qugt dinh phé dugt qui hach aia Chinh ph
véi tdng dién tich miit bing 140 ha vadng von dau tr 35,7 tréu USD.PAay ding la
du &n @n xuit dién sach tir nang lrong gié c6 cong €t 16n (21 MW) dau tién ¢
Viét Nam ¢@m: 14 tua- bin FL-MD77/1500 kW, 14 mayéhiap: 0,69/22 kV @a
cac cong ty thit bi ky thuat hién dai hangdau thé gisi vé nang lrong gié nhr Bic,
Pan Mach cung ép. Véi cdng st ndy, Nha may Phondién Phrong Mai 3 §
cung @ép cho Iréi dién gubc gia tréndia ban Binhbinh sin lwong dién 55 tréu
kWh/nam.

* Mgt s6 nghién au trong rnuéc.

Céc nghién €u trong nréc V& hé thdng turbine gié ndi riéng va phontién
n6i chung condic biét it. Mot nghién &u cé quy md vaan day nhit co thé ké dén
la két qua cia nhom nghiénteu do PGS-TSKH Ngudn Phung Quang - vng Dai
hoc Béach khoa Ha & chu tri 1a nghién ¢u, thiét ké va clé tao thanh cong dithong
phatdién chay bing src gié cong sht 20 kW (@n pham l1a Kt qua nghién &u cia
dé tai dip nha mdc KC.06.20.CN i kinh phi khang 1,8 ¥ dong, do Phong Thi
nghiém trong diém Tu dong hoé thac Trung tm Nghiéna Trién khai Cong ngh
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cao, Trong Pai hoc Bach khoa tiac hién). Nhém nghiénieu tp trung chi yéu vao
viéc xay drng cac b diéu khién: by diéu khién nap bank accu, ddiéu khién cdng
suit phat, b nghich lru va tich lyp v6i hé thdng turbine gié6 va may phat fh
ngaai. Pay la k¢ thong turbine kéu truc ngang, c6 cac thong &y thuit nhr sau:
Dai toc d6 gi6 hat dong: 3-14 m/s;dc do gié gisi han: 16 m/s; dc do téi da aia
canh tua bin: 160 vong/phitrong kinh nit quét canh tua bin: 10,4 m; congisu
phéatdién dinh mic: 20 kW;dién apdiéu ché: 380 VAC/220 VAC, 4n s 50 Hz;
dién &p ndt chiéu trung gian: 120-240 VDC;usdung loai tua bin 3 canh; kbi
lwong tam phétdién src gio: 750 kg; kbi luong e thng ot da: 3.500 kg; chiu
cao ©t d5: 30 m;diéu khién hién truong: DSP lai TMS320F2812 ¢a Tl vadiéu
khién he thdng: PLC S7-2001@ Siemens.

Muc tiéu va nhién vu cia luan van

- Téndé tai: “ Tinh toan thiét ké h¢ thang canh turbine gi6 kéu truc dirng trong
may phongdién cong suit 10KW”

- Muc tiéu Tinh toan thit ké hé théng canh turbine gi6 kil truc ditng trong may
phongdién.

- Déi twong nghién gu: Hé théng canh Turbine gid Eu truc ding trong may
phongdién.

- Nhiém w cua lugn van:

Nghién @u tong quan ¢ cac cong trinhia duoc thrc hién trong va ngoai
nugc ddi véi tinh toén thét ké canh turbine gié (nghiénra sau ¢ canh turbine gié
kiéu tryc dung).

Nghién gu va phat tdn hé thong canh turbine giduc dung.

Nghién cu xay drng cong tirc tinh toan kich tidc, vi tri goéc xoay canh
turbine gié dng im va thrc nghém dé khao sat xaatinh hréng di chugn cia gié
sau khi qua canh turbine.

Panh gia ki ning va plam vi tng ding aia md hinh tinh toan téti ké canh

turbineduoc xay drng.
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CHUONG 1.
TONG QUAN VE HE THONG PHONG PIEN.

Loai ngroi da biét sr dung ring hrong giod fr rat 1au, nhrng & mac d6 han
ché. Ngay nay cacwwc trén tié gioi ¢4 quan tdm vaa co6 nliing thanh qa tot, diac
biét trong VEC sin xuit ra cAc may phatién bing src gié cong st 16n, dé hoa vao
hé théng dién qubc gia.

1.1. LICH SU PHAT TRI EN CUA MAY PHONG PIEN.
1.1.1. Loi giéi thigu.

Coéng cc chinh phic ning lrong gié khéng phi mai bt dau nhirng rim gan
day. Lich sr vé may phonglién c6 tr rit som tir thoi thuong & & Ba tr, Irag, Hy
Lap va Trung Qbc. Th ky 17 trdc cdng nguyén cd #noi ring Hammurabi, vua
cua Babyloniadd phat minh radthong wréi nudc Sr dung sic gio.

Stc manh aia gi6 da duoc ding cachiay 3000 Bm, Trréc thé ky 20 ring
lwong gidda dugc ar dung dé chay may moc nbr bom nede hay nghén da. Khi rén
cong nghép hoa hén dai hda, ring legng giddugc thay i cac ngén ning rong
khac nhr dau mo.

Vaodau nhirng rim 1970, cu &c @ gia diu dau tién khén con ngeoi lai quan
tam dén ngn ning hrong gié. TR gian nay phn I6n tip chung vao céacon gio
manh dungdé cung d@p dién nang.

Cac cobng nghvé ning lrong gié ding dat duoc nhirng hréc tién rit nhanh
chong, vao cbi nam 1989 nét turbine gié cé céng at300KW thiduong kinh @a
Roto 1a 30m, ch10 nim sau ot turbine gi6 c6 cong dtila 2000KW thiduong
kinh Roto chvao khang 80m. Niing dr &ndau tiéndangdugc i dung cé cdng
suit BMW duong kinh Roto vao khimg 90m. Ngay nay céc turbine gié cé cong
suat tir 3 dén 3.6 MW noi c6 gia ti sir dung. Nem 2004 cong it dat 4 — 5MW
dudi mic nhu @u phat trén, muc tiéu trong thi gian ©i co thé xay ding cac k

thdng turbine gi6 c6 cong §u6 — 7 MW.
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Ngay nay may phondjén truc ngang @ng nhr truc ding dugc sr dung trong
ddi hiéu qua & nhidu nedc trén ti gisi, cAc nr6c nhr Ha Lan, Phap, Tay Ban Nha,
Bb Pao Nha, Trung Qic, Btc... 1a nhing nréc co kich st phat trén he thong may

phongdién tir laudoi va vin phat trén rit manh mé chodén ngay nay.

1.1.2. Tinh trang cia niing hrong gié trong hé thong niang lweng.

Trongda $ nang hrong dugc sr dung toan &u, ning hrong gié ch cung ép
phan nhy vao ¢ théng ning lrong chung.O mot sb noi khac, nhr phia Bic nege
buc, Pan mach hay Thy Dién ning rong gié cung &p phin lon vao k& thong
nang lrong Hng. Vao im 2003, trongihh Schleswig—Holsteinua nrgc Bic ning
lwong gié cung &p khaing 4200GWh trongdng he théng ring hrong la 13353
GWh (chém khaing 31.45%). Trong dthéng dién aia Pan Mach (Jutland va
Funen) @ing hrong gié cung &p 3800GWh trongdng ring lrong 1a 20800GWh
(chiém khaing 18%), cony Gotland éa Thuy Dién ning lwrong gié cung &p la
200GWh trongdng $ 1a 900GWh (ckim khaing 22%).

Trong trong lai, nhéu qubc gia trén th gidi ngay cang quan tam xem x#n
nang hrong gié khdng chbaoi né 1a ngwn nang kergng xanh, gim leong khi thii
CO, ma con la gii phap kinh & cho nhéu viing c6 éc do gié thich hp, cac ving
thua dan @, ving sau vung xa madi dién Quc gia con gp nhiu kho khin dé

cung @p téi cac ving nay.

1.1.3. Turbine gio truc dirtng VAWTS ( Vertical axis wind turbines).

Nhirng turbine gio trc thing dung da duoc phét trén song song &i sy phat
trién cla Turbine gid tuc raim ngang HAWTSs( Horizontal axis wind turbines),
nhung it duwoc hd tro va quan tam. K sr ngeoi Phan Lan S.J. Savoniudd phét
minh ra turbine Savonius vadm 1922. Vao @am 1931 Georges Darriedsoc cip
bang sang ch vé y teang mot turbine giod tnc dang Wi cac canh ting hdic cong.

Vao nhing nim 1970 va 1980 may phontién truc dung da to lai va tro

thanh tiéudiém khi ma @ Canada va M da xay dmg nmt vai nguyén riu cia
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turbine Darrieus, nda © ra kha htu qua va tin @y. Tuy nhién theo bédo cad tac
phong thi nglim cia My thi b thong VAWTSs khong th cung dp ning lrong cho
cac I nghéo, cdi cung VAWTsdugc thdo @& vao 1997. Vao am 1980 céng ty
Flowind aia My da duoc throng mai hoa turine Darrieus va xayrdg mbt sb ndng
trai str dung gi6 (wind farms). Cac méat6 lam vic cé héu qui nhung n6 co an dé
vé d6 bén moi cua canh. kn 500 VAWTS vin hanhg California trong niing rim
1980. Eoledd xay drng turbine Darrieus cao 96m vadnm 1986 la B thng
VAWT |én nhit tirng duoc xay ding c6 cong sit 3.8 MW. NHing turbine Darrieus
dugc Bic My ding vao am 1980 phin lén c6 nhitng may phéat am wng Wi nhitng
hop $. Tuy nhién Eolatiéu khién truc tiép cac may &i duong kinh 12m. N6 @

xuit ra 12 GWhdién ning trong 5 am vadat ¢én mic ning hrong ©i 2.7 MW.

Savonius-Rotor Jarrieus-Rator H-Rator

P NN
| N\
= ) 4

{

Hinh 1.1. Mpt s kiéu VAWTS.
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1.2. KIEU DANG HINH H QC CANH TURBINE.

Lich sr phat trén caia HAWTSs va VAWTsda c6 r 1au doi, da c6 at nhiéu
kiéu dang hinh dc canhduoc cac nha nghiénio dua ra vada ap dng trong doi
c6 hiéu qua. Sauday 1a nét s kiéu dang hinh bc canh turbinetién hinh trén th
gioi dadduoc lodi ngroi phat minh ra.

1.2.1. Kiéu dang chén.

)

Hudng gié

4‘>
Hudng gid

()
\/

Hinh 1.2. Rotor ghg chén.
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1.2.2. Kiéu savonius.

b
v

o i e s v S

Height

!

Hinh 1.3. Turbine K&u savonius.

a) savonius ; b) multi-bladed savonius
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Kiéu savonius c6 cac canh cé tiroc 1am king nhéu cach khac nhau oh
V6i cac thung, cac canh bmn, cac thung ali. Rotor Savonius coadg chr S khi
nhin tr trén xng va nédugc bit ngwdn tir Finland Thiét ké nay quay mt cach

trong dbi cham chap.

1.2.3. Turbine kiéu plates.

deflector attached to the
rudder

e N

screen

Hinh 1.4. Turbine Ku plates.

1.2.4. Kiéu Darrieus — Rotor va H — Rotor.

Kiéu Darrieus c6 trc nang thing dung, tréng gbng nhr cai baadam hinh qa
triing "eggbeater". Darrieus cdibnguon tir Phap, 4n dau tiénduoc cip bang
sang ch vao rim 1927. Mi canh cliu luc nang (rc xain) arc dai, chi c6 2

canh quay tron lam chad xain co giéa tf khong 1o.
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Darrieus-Rator H-Rater

Hinh 1.5. Turbine Kiu Darrieus va H — rotor.

a) Kiéu Darrieus — Rotor ; b) H — Rotor.
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1.2.5. Mot sb hé théng phongdién co6 cac canh turbinediéu khién dwoc.
- Hé théng Cyclogyro.

Hé théng Cyclogyro hay Gyromill khéng mhcac ¢ thong Darrieus rotor ma
né c6 cac canh cé&htidu chinh duoc huéng don gio. S thay ddi cac gocdo cua
canh nly vao ¢ thdng @ cau ban I& haic oo ciu Cam. Céc aic thr nghiém cho
thiy ring k¢ théng Cyclogyro cho u qua cao ton rat nhiéu so \6i cac ¢ thong
Darrieus 6 dién.

- Hé théng Darrieus rotordwgc thiét ké béi De Lagarde ( ga truong dai hoc
Montpellier ) va Evans ( &a trwong dai hoc ST Andrews ).

Trong t¢ thdng Darrieus c6 candiéu khién thi tong tam @a canh césléch
trong dbi so Wi truc quay.

- Hé théng Darrieus rotor cé hinh dng hinh hec thaydai.

Trong thr nghém giéi han tbc 6 quay, P.J. Musgrove va |. D. Maysac
truong dai hoc Readingy UK hé thdng Darrieus ¥i cac canh hinh ¢hnhat va hinh

dang thaydoi.

1.3. KET LUAN.

Nhu vay hé théng HAWTs va VAWTsda phét tén tir rit sdm cachday hang
nghin mm. Chodén ngay nay ndan rat dugc quan tamg mot sd nudc co st phéat
trién rit manh ng hé thong HAWTSs va VAWTsda c6 nhéu cdng trinh nghiénia
cua cac nha khoage vé may phongtién, song nhin chung & tinh toan tht ké he
théng canh turbine trong may phodign van luén 1a ndt dé tai hét sec thu hat cac
nha khoa bc, ndéda va \an dang khéng ngng duoc cac nha khoade tim toi

nghién @u cii tién hoan thin hon.
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CHUONG 2.
CO SO LY THUY ET TINH TOAN KHi  PONG HQOC TURBINE.

2.1. CACPINH LUAT CO BAN VA CAC KHAI NI EM VE KHi PONG HOC
CANH TURBINE TRONG MAY PHONG DIEN.

Céac may 8 dung ngwn ning lrong gié cé tk phan thanh 2 nhém chinh I& h
théng may phongién truc ngang va &ithéng may phonglién truc dirng

Hoc thuyét cua Betzduoc trinh By dudi day lién quan ch yéu dén hé théng
phongdién truc ngang. Tuy nhién, cong &ucia hé thong phongdién truc dung
duoc danh gia so sanhovcdng sit tinh toan én nhit bang phrong trinh Betz,

Céc khai nim khidong hrc hoc trén cac & ciu dang canh va hinhamg hinh
hoc trong tr nhau trén cacéthdng phongdién 1a nhr nhauddi vai hé thong tmuc

ngang éng nhr trong ¢ thong tuc dang.

2.1.1. Hhc thuyét cia Betz.

Céc ly thuyt chungdau tién \é turbine gidéduoc xay dmg bsi A. Betz aia
Vién nghién ¢u Gottingen. Betz chaing Rotor gio & lywong, né khéng c6 May
va c6 $ canh v an va khdngtua ra lrc can ti sy di chuyén cia gié khidi qua né.

Nhu vay né [a ndt may bén ddi nang lwong sich. Ngoai ra, cadiéu kién trén
tong dién quét i Rotor gi thiét 1a khéngddi va toc do caa gid di qua Rotor gi
thiét 1a déu lam tuc quay.

Nhu vy ta dn chi ydén Rotor gio ly trong ¢ bd phan adt d, bd tri dia diém
trong moi trong hru dong.

Trongdo:

V1 la van t5c gi6 tnrge khi di chugn qua turbine.

V la van toc gi6 thrc € di chuyén qua Rotor va githiét [a déu t6i dién tich
quét @ia canh S.

V, 1a van t6¢ gio sau khi di chudn qua turbine.

S, la dién tich mit cat cua gio twéc khi di chuyn qua Rotor.
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S, la dién tich mit cat caa gié sau khi di chudn qua Rotor.

O

V: v

S QS S2

Hinh 2.1. Khidong hoc canh.

<

W+ -+ >

Viéc ché tao cac Rotor gi6 chco hiu qua khi luc cia gio b giam di khi di
chuyén qua Rotor, ninvay V, phai nho hon V,. Két qua la dién tich mit cit ngang
cia @n gio di chugn qua Rotorang lén fr dau con gi6 ©i cudi con gié hay $16n
hon S.

Néu gia sir raing wn gio6 1a khéng néduoc, diéu kién lién tic (khdi luong gid
la hing $) co the viét duoc:

SIV1=8V =38V,
Luc aia @n gid tac dng Ién Rotor, thedinh ly Euler’s la nkr nhau:
F=pSV(V.—V,)
Cong st dat duoc la:
P =FV =pSV*(V; - V,)

Nhu vay thay rang, cong sét cé dugc tir dong ring. Sr bién thién @a dong
nang tir dau con giddén cwbi con gié co gia ti.

AT = %ps.v(vl2 -VZ)

Can king hai béu thirc P vaAT taduoc:

VitV,
2

V =
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Luc tac ding 1én Rotor va céng dticung ép duoc tinh theo cdng trc:

F=ps(Ve - )

1
= oS\ - V2)(v,+v)

Van téc gi6 & phia tréc Rotor 12 \f, ta cé tié nghién &u sr bién thién @a
cong sdt P theo hamia V,
Vi phéan ta c6:
daP 1

v :ZpS( VZ - 2V,V,-3V})

c(Ij_P =0 c6 2 trong hop:

2
- thir nhat: V, = - V; thi bai toan khong c6 y nighvat 1y.
- thir hai: V, = V4/3 cOng sht dat gid tii [6n nhit:

8
P_=—pSV
2774

Trongdo p la trong hrong riéng éa khong khi, ta thag = 1.25 kg/m

8
P =—pSV=0.37S
max 27p 1 \?

2.1.2. Canh va Kt cau canh: hinh dang hinh ke va khi dong hec canh turbine.

Bo phan chinh éa may phonglién kiéu truc ngang hay trc dimng la B phan
canh.biéu dang chi yo day 1a kh ning quay @a canhbé né hat dong bt dic
biét ch ydén viéc lra chon hinh dng va kich tieéc canh éi vu, kién thrc oo ban

vé khi dong hoc aia canh cé hinh dang hinhdkhac nhau.
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Hinh 2.2. Hinh dang hinhph canh turbine.

2.1.2.1. Cac khai @m co ban.
Pau ntpn oia bién dng canh ¢iém B) duoc goi 14 “ canh sau”. “Canh troc”
la vi tri coadiém A ¢ dau bién dng canh, latiém cach xatiém B nHit.
AB = / la day cung&a bién dng canh.
AMB |& bé mat trén.
ANB 1a bé mat dudi.
GOc ti i 1a goc hyp boi day cung va plong véct van toc V cia gio.
G6c nangd, bang 0 1a géc bip bsi day cung wi duong trung hoa.
Go6c nandd 1a goc lp boi duong trung hda va véetvan the V cua gio.
i=0+6,
B=i-6,

Trongdd: 6, la @m,B va i la drong.

2.1.2.2. Khidgng luc hec tac ding lam canh quay trong méi wong tinh.

Néu gia sr canhduoc lap trén giadd va gié di chugn toi véi van toc V,
nhung chBu ngroc lai, khi dong hrc hoc tac ding 18n canh c6 giaitkhéngdoi. Luc
tac ding ch phu thupc vao \in toc trong ddi va gécdung.

Ap luc oia gi6 1én nit caa canh khéngtéu: Trén nat truéc ap lrc giam va
trén mit sau apyc ting. M6 & db thi bién thién @a ap trc, ta \& trénduong vudng

gdc Wi mat bién ding canh la cadoan c6 chéu dai king K



P’

Trongdd p la &pkc tinh, vudng goc tréndmit canh, vap, p,, V la cacdiéu
kién.

K, & &m khi caatiém nim & mit trén @ia canh, va dong ¢ mit dudi cia
canh.(hinh 2.3)
E

ap luc thap

ap luc cao
Hinh 2.3. Ap {rc & mat trén va it dudi cua canh.

Téng hop luc aia cac e tac ding 1én canh 1a F
F= %pCr SV

Trongdo:
p la trong lrong riéng da khoéng khi
S la dén tichduoc tinh Bing: S = (day cung) x (céu dai dia canh)
C, la toan b he sb khi dong hoc

Lyc nay c6 th chia thanh 2 thanh ph:

- thanh plin song songdi vécto V: luc cin IEd

- thanh pln vudng goc §i vécio V : luc nangF,

Fqva F, duoc tinh:
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2oy
1
7 = EpC(, S\/2
Fi F
C Fd

Hinh 2.4. Thanh pin lyc tac ding 1én canh turbine.

Trongd6 Cyva C, la hé sb can va ¢ sb nang. Vi i va F, vudng géc ¢ nhau nén
ta co:
2 2 _ 2
R+R=F
Tuong tr co:
2 2 2
CitC =C

Goi M 1a mdmen dc aia luc F, ta c6 B sH mémen dc G,
1 2
M =EpCmS€V

Trongdd ¢ la chéu dai day cung.

Do d6 khi dong luc hoc trén nit cit hinh ke ¢ tié biéu dién bing ke can,
lwc ndng, mdémenat. LGc ndy i mdi gia tri cua goc &i, s3 cd nbt diém dic biet
C ma ti d6 mémen @a lyc F king 0.Diém dic biét nay la trung tamia &p trc.
Khi ¢d6ng e anh hrong 18n mit cit hinh lc cia canh co thbiéu dién bang hec
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nang vakc cin tdcdong vaodiém d6. Trung tam @a &p {rc twong dbi toi canh

truéc duge xacdinh bing ke H:

Thoéng throng CP = 25% + 30%.

2.1.2.3. @ bién thién aia h¢ s6 nang va I# s can.
a. Sr bién thién cia C, va C.
Su bién thién @a C, va G duoc thé hién & hinh 2.5
Truéc tién xét g bién thién @a he sd nang, biu do biéu dién la mbt duong
cong,diém cao nlt caadd thi dat gid ti C, max, i diém ding iy.
Saudiém dirng, k¢ sb nang gim dan. C, dat gia ti nho nht tai C, min.
Si bién thiénduong cong k& sb can 1a khac nhau: £dat gia ti nho nhit khi

goc i dat gia ti naodo.

02/
goc t6i i

30 20 -10 0 10 20 30 40 (d6)

Hinh 2.5. Béu @b bién thién @a ke s nang va B sb can.

b. Hé sb nang ctbng lai hé sb can.
Sy bién thién @a ke sb nang ngoc véi hé sb can (hinh 2.6)
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Do déc cradusng thing OM la: td = C,/Cy
Khi OM tiép xdcdusng congC,/Cy, tg0 dat gia ti I6n nrit va C,/Cy dat gia ti
nho nhét.
Sy bién thién @a duong cong tirong dugc chia thanh cac giaitdo theo goc
toi.
Ce

12 Ce M

0,8

0,41

120 |

80

40 |

" 100Cq

40 |

Hinh 2.6. Béu dién quan & gitta G;va C, .
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Nhdgn xét 1:

Phu kp vaoi dinh Iy Bernouilli, \an t6¢c dong khi phia trén canbirl hon, vas
phia dréi cAnh clAm hon so \6i van t6¢c cia dong dng, ¢ xa bién dng canh. Nix
vy, xung quanh dong khi kidbng hoc c6 tté coi nhr la sr két hop aia 2 dong khi
khac nhau. Th nhit 1a dong khi cé piong vuéng goc xung quanh canfcinang
bang 0 khi canh #m & vi tri dong clly déu. Thr 2 1a mdt dong khi ma né chién
dong tron xung quanh canh va finuchiéu ¢ bé mat trén @ia canh, va ngyc chiéu
trén B mat dudi cua canh. lxc nang éa canh la s két hop aia c hai dong khi
nay.(hinh 2.7a)

Hinh 2.7. & chuyén dong aia cac dong khi quanh canh.

Nhén xét 2:

Két qua trén ch &p ding cho cac canh cé éi dai vo cungdn. Véi canh co
chiéu dai gbi han thi cac Kt qua phai diéu chinh. Ap krc trén mit dudi cia canh
lén hon &p lrc khong khi xung quantmit trén. Nhr vay, & cacdau mat khdng khi
tién dén tr mat dudi vé phia I8 mat trén. Két qua 1a tao ra gié xoayw cacdau mut
cia canh. Trong tic t, rat nhiéu con gid xoayduoc tao ra dc theo chdu dai canh
vi tAcdong aia cacdau mat canh. C6 nBil con xo0dy nid cuon thanh 2 on xody

lén vao phia trongi@dau mat canh.(hinh 2.8)



-29 .-

Hinh 2.8. Xoay hinh méng ng.

HéE qua cia viéc tao ra cac en xody lam giaang luec can.
1
Fi = EpCdiSV2

Nhu vay hé sb can la:
Ca = Guo + Gui

Trongdo6 Cyola he b can aia canh cé cldu dai vo cungdn.
Ngoai ra, xétic nang, gocdi phai ting l1én ting gia ti ¢. Nhu vay goc 6i moi
nhan dugc gia ti:

=i+

Trong may phongién, khi dong khi phandtheo hinh Ellip thi G va g duoc

tinh boi cong thic:

_SC¢_¢C
Cy F___
m Ta
_S6_6
>t ma

Trongdo S la dén tich @ia canh
L 14 chéu dai, va a laésd co (a = I%/S).
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c. CAc ¢ sb khi dong hoc twong ddi trén day cung va phap tuyén véi day cung.
Néu ta dr kién F trén day cung va tréhrong vubng goc & day cung (hinh
2.9a), ta co:

- trén day cung:
t :%pSVZ(Cd cosi- G sin)
- trénduong vubng goc &i day cung:
3 =%pSV2(Cf cosi G sin)
Biéu thirc c6 tté viét nhr sau:
1 X 1
F==pCSV va F ==pC SV
2 2
Trongdo:
C,=C,cosi + G sin
C, =C,cosi - C sini
C, ty 18 nghich Wi C,, dugc thé hién ¢ hinh 1.10b nduoc goi 1a “Lilienthal polar”.
Cn
\
90
60

30

a) b)
Hinh 2.9. Béu dién h¢ 5 khidong hoc trén day cung vadp tuyén voi day cung.
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Trong thrc €, d6 thi duoc sr dung dé xacdinh dé day ¢ia canh sao cho @

duoc luc khidong hpc tac ding 1€n no.

2.1.3. Khidgng hec aia Rotor
2.1.3.1. Cac khai @m hinh hgc

Céac may phondién & dién hay céac turbine gi6 & dai c6 nhéu canhdugc

gia & truc va du tao caa Rotor. Talua ra ndt sb khai ném sau:

Truc Rotor: la tac quay Ga Rotor.

M3t phing quay: la rit phing vuéng goc &i truc Rotor, né |a riit phing
do cac canh quawa nén.

DPuong kinh Rotor: latudng kinh pln dién tich quét aa Rotor.

<i

Hinh 2.10. Théngd&hinh ke canh.

Mit cat caa canhdi vi tri c6 ban kinh r: [a gim giao nhau &a canh i 1
dng t cé ban kinh r va couc tring \6i truc aia Rotor.
Go6c kch hay goc dc: 1a goca hop boi day cung éa mit cit canho vi tri
ban kinh r va rit phing quay.
b6 doc hinh oc cia mit cit caa canhd vi tri ban kinh r: 1&d6 doc cua
duong xdin 6¢ ban kinh r ¢6 trc 1a tuc Rotor, va né &p tuyén véi day
cunga vi tri ban kinh ra 1a goc Ech & vi tri ban kinh rdé déc caa mit
cit duoc tinh:

H = 2rr.tga
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2.1.3.2. Ning suit vdn hanh aia mjt phan ti# canh (thuyét co’ bin)

Xét 1 phin tir canh chdu dai dr, day cund va goc dc a ¢ vi tri ban kinh r
trén rotor canh.

Phan tir nay co éc do trén mit phang quay éa Rotor la: U = 2rN.
Néu ta @i van toc thec aia gié 1a V khidé van toc trong ddi cua gid tac dng 1én
canh 1a W. (hinh 2.11)

ct
'
ct

\
I I \
R \ —
w v w \| T dRre

dR

Hinh 2.11. Béu dién cac thanh pin van tc tac ding trén nit cit ngang canh.

<4

Gocvi:i=Il-a
I la goc hop boi gitta W va mit phing quay @a Rotor. lduoc goi 1a géc nghiéng.

Nhu vay phin tir canh b gié tacdong v6i van tic trong déi W . PHin tir canh
nay € chiu mot khi dong fec hoc dR. Lc dR c6 th tach 1am 2 thanh ph 1a kec
nang dR, va lyc én dRy dR, c6 phrong vudng goc & van toc trong déi W,
dRy cO phrong song songdi W. Gia ti cua C, va G £ dugc tinh toan lién quan
dén goc ti i hay chinh Ia vic st dung bién dng canh, dng hinh pln tir canh.

Khi dong lrc hoc dR gay radc doc truc do gié tac dng vao Rotor va momen

X0én trén toc Rotor.
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Ta c6 dF la hinh chii caa dR |én tac Rotor va dM 1a mdémenrong ddi cua truc
Rotor, la hinh cléu caa dR 1&n it phang quay.
dF=dR cosl + dR sinl
dM =r(dR, sinl- dR, cosl
Néu tadua vao cac i quan
dR, =%pCKV\FdS va dj,?:%p £ W ds
W2 =V2+U?=V 2+t
or = cotgi
dP=wdM
Ta thuduoc biéu thic dF, dM va dP nhsau:

dF=%pV2dS(1 + co$ 1)(C cosl + L sinl)
dM :%pVZdS(l + co$ 1)(C sinl - ¢ cosl)

dP=%pV3dS.cosl(1 + cds 1)(C sinl - C co

2.1.3.3. Béu thirc tong quat aia ap kec, mdmen va cdng sil.

Tong hop luc tac ding F do gi6 gay ra trén Rotor va mdmen M trée Rotor
la tong aia #t ca cac lrc thanh pAn dF va cac mémen thanhiphdM tac aing Ién
cac canh. Vi #y cong sét P truyén di cua giddén Rotor va cong il st dung R,
tao ra do turbine gi6 co #tinh toan ma khongag kho khin trong caadiéu kién

khac nhau, c6 cacéi thic:

P=> dFV=FV
P, = Mw
Hiéu suit la;
n=a=M9
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2.1.4. Héu suat caa cac may phonglién cé hinh dang hinh lec twong tu.

O trén ching ta c6 tonittkhi dong hoc tac ding 1én Rotor nhing chiing ta &
qua ndt sb he sd ké dén anh hrong aia sr trong tac gira cac canh. Cacihsd nay
can thiét phai dugc thr nghiém vat Iy trén mé hinh ru trongdng thoi khi dong.

Véi cac hinh dang hinhok may va riu gié trong tr nhau ta thy rang: cac
goc i cua mdi phan tir canh trén cac fu 1a gdng nhau.

Véi cacdiéu kién thiy ring cac k s phai bang:

S6 1 1a ch miu chay thtr, s5 2 ¢ md hinh t lam nau.

V11 Va Vi, 14 c4c ¥n tc twong tng ¢ dau con gid aia mhu chay thir va mé hinh §t
lam mau.

V1 Va Vo 1A VAN t5C trong ting & cubi con gio

V1 va V; 1a van téc giddi qua cac Rotor gio

U1 Va Uy 1a thc @ & chu viduong tron trén it phang quay.

U, va U, la thc d6 & chu vi @ia cac phn tir caa miu chay thir va md hinh gt 1am
MAu trong ung.

Ta c6 cac rdi quan

Mi_Up_Vy
V, U, Vi,
Co the viét la;
ﬁ = b va ﬁ = %
\'A Vv, Vi Vi,

Tha nhit, tir biéu thirc dau ra ta c6 th két luan raing cac goc nghiéng bing
nhaud cac canh &a miu chay thir va mé hinh §t 1am nfu; thr hai, i 6 toc do
diu canhA_ phai gibng nhauddi véi mau chay thir va mo hinh gt lam nu.

Thuc € 13, réu chiing ta gi |, va b 1a cac goc nghiéng cac mit cit, ta co:



COS& = i = %
Vl Vl
cosl, = U, _wfh
2 Vl
C6 biéu thac:
i — U 10 _ Wf,
V2 U 20 wzr 2
Suy ra:

coslz_oozrzﬁ_1
cosl wrtV,

T d6 ta Kt luan ring goc nghiéng | 1admg nhaud cac canh wa mau chay

thir va mo hinh &t 1am mau.
Céac goc fc bang nhau, cac goitbang nhau (i = | -a). Nhe vay C, va G
c6 gia ti giong nhau.

Tim céac béu thrc caa ap {rc, mémen va coéng 8usinh ra i phan tir canh:

szépVZdS( 1+ co$ )( C cosl + C sil
dm =%pvzrd8(1+ co$ |( G sinl - ¢ co$
dP =%pv3d8 cos( 1 +cas)( Csinl-C cof
Chia dF chopV4dS, dM chopV?rdS, dP chopVdS, taduoc biéu thac chi
co hai thra $ cosl,C, va G, Ta thy raing gia ti caa I, i, C,, Cy la giong nhau trén

cac pln tr trong tr nhau @¢a mhu chay thir va mé hinh §t 1am mu khi diéu kién
tuong tr nhau.
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df di 2dS VD2
- , dE v !;El 11
plvlzdSl pZVSdSZ 9= id py i:) 22
2 3
MM DS gy oD
p,V;rdS, pZVZI’QSZ P VZ{QS P yzp :

R __dp_ o yoVD:

pr13d S p 1V§d81 plng 3

Ta c6 tié néi ring toan b ap krc, mdmen va cong 8ubiang ©Hng cactng st
Co SO, cac mémenE sy, va cac cong il co 5.

V2D 2 2
_ p,V/D pV2D
_ZdFl_ - 2DzzdF_ zszz

Ta co tie viét:
FE _ kK
pViDI pND?

Tuong tr nhu trén co:

p1V2D3 M. = plvlzDi

p2V22D3 ’ PszDeé :
M, _ M,

plvlsz pZVZZD?é

M;=> dM, =

Va:
3 2
_p,V,D pVaD
H- ZdF{ pivfi ZZ : 3[)2 E
R __ B

plvajlz. p1V§D22

Céc phrong trinh tiréc gia S rang caadiéu kién 1a gbng nhau.
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Cubi cuing the hién rang két qua cua mau chay thir va mé hinh gt [am néu c6 § 5

téc 46 dau canh la bng nhau.

2.2. NANG LUQNG CUA GIO.

Ban chit caa gi6 la hén twong d6i luu, cac kidi khéng khi di chugn theo quy
luat tir noi c6 &p sét caodén noi c6 ap sat thip tao ra gid. & di chuyén cia céc
khbi khdng khi nay mang theaimg rong. Toc do cia gid thayddi lién tuc theo
thoi gian.

Nang hrong aia khbi khdng khi di chugn véi téc do V qua ndt dién tich A co
thé dugc tinh toan Bng cong thc:

P = 1/2AV? (w)
Trongdo:
P: cong sht caa gio.
p: la mat do khong khi (tong lwong riéng @a khéng khi) (kg/r).
V: la tbc do khdi khéng khi (bc do gi6) (m/s).

Niang lrong aia on gio ty 1¢ voi mat a6 khéng khip, dién tich clin gio A
(chinh 1a dén tich Rotor @a turbine gid ) va an toc gio6 fiy thira 3. Mat do khong
khi 1a mHt ham @a ap st khong khi va nigit 46 khéng khi:

P -0z
Z) = — ex
P2) =27 F{RTJ

Trongdo:

p(z): 1a ham rat do khong khi trén mc nuée bién (kg/n).
Po: 12 &p sét khi quyén (1,225 kgm.

R: la hing $ khi dic biét cua khéng khi (287,05 J /(kg.K)).
g: 1a gia éc trong trong (9.81m/9).

T: la nhét @6 (K).

z: lado cao trén mc nuée bién (m).
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Ning rong aia @n gié 1a ring lrong Hng dat duoc trong 1don vi thoi gian.
Nang hrong gid duoc chuyén ddi thanh ring leong @ khi qua chugn dong quay
cua Roto turbine gio.

Diéu dang chu y 1a cong dtigio ting theo tiy thira 3 dia van thc gi6é va vi tié
van toc gié la ndt trong nhirng yéu 6 quyét dinh khi mn st dung ning lrong gio.

Céng sit gié duoc sr dung thdng qua turbine gidé phatdién nhy hon rat
nhiéu so Wi ning hrong aia luwng gioé vi \in toc cia gié & phia sau @t turbine
khéng tté giam xuong king khéng. Trén ly thudt chi c6 thé lay toi da la 59,3%
nang hrong ©n tai trong lng gié. Ti gia da ty 1¢ gitta cong sht 1y ra dugc tir
gi6 va cong sit ton tai trong gidduoc goi la hé s Betz, do Albert Betz tim ra vao
nam 1926.

Paetz = 1/20AV > Cp ger, = 1/20AV>.0,593
Trongdo :
P: la niit 6 nang hrong.
A: la dién tich quét @¢a canh turbine.
V: la van toc gio - Mat d6 nang hrong trén nét don vi thé tich dong chy
khoéng khi.
S6 0,593duoc goi 1a giéi han Betz hac h¢ s Betz.

2.3. LUC VA SU PHAN BO LUC TREN BE MAT CANH TURBINE.

Hé thong may phongtién cé canh turbineim orng duoc phat minhdau tién
vao rim 19316 nuéc Phap. H thdng ¢om cac canhiugc lién ket boi cac ndi ndi
cung, théng tikong bién dng aia ching |a hai e 16i, chiing ¢ nkiu kiéu nhr hé
thdng canh Ku hinh tg, hinh nén, hinhau hay kéu parabol. Songab cir kiéu

bién ding nao chingimg déu haat dong theo ndt nguyén Iy chung.
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2.3.1. Nguyén ly.

Nho lyc oia gié tdcdong vao canh turbine lam Rotor cléaydong. Khi
nghién &u khidong rc hoc aia canh turbine cé modun thdgi ta c6 Kt qua nhu
hinh 2.12.

Huéng gid

}

Qo

\

a) b)
Hinh 2.12. Thanh gim lyc va \an tic trén canh turbine.

Gi6 chuyn dong wi van toc twong dbi 1a W khi tacdong vao canh turbine,
V 1a van t5c thec cia gio vau 1a van tc vong, ta coV =U +W haic co tié dugc
viét 1a: W=V - U. Néu biét duoc véct van tdc V va U, ta co tl xacdinh duoc

véch W va fr d6 c6 thé 1im bit duoc nguyén ly khidong hoc aia canh turbine.
Néu van toc gio 1a ling $ va phrong chuyn dong aia Roto la gi dinh thi vic
tinh toan khéng @p nhiéu kho khin.
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Nghién d¢u tam giac véet van tbc caa canh turbine cac \ tri khac nhau
thdy rang cac frc tao ra mdémen quay tat ca cac \ tri, tnr khi bién ding aia canh
(canhddi xing) c6 plrong song songdi huéng gio.

G6c wo boi hudng gio Wi profile canh khéng wot quéa gia tr gidi han iyay =
sin(V/U). Goc nay nbn réu van tic vong U caa Rotor én hon so \6i van tic gid
V.

2.3.2. Nghién @&u Rotor Darieus.
Nghién @ru nguyén ly éa Rotor Darieus i cac canh ghg parabolduoc R.J.

Templin ngroi Canada tim ra trong phong thi ngni

O day ta tho luan nguyén Iy hat dong aia Rotor Darrious & canh dng tuc

dung, nghiéng, shg cu, chng parabol.
Z

a) b)
Hinh 2.13. Thanh gin vin toc trén Rotor Darieus.
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Khi dong hoc aia canh turbine cé vai trétrquan tong ax thé la:

Tai vi tri canh nghiéngulc nangduoc xem nhr & thanh pAn Vycosp co
pheong vuéng géc & phuong nghiéng ¢a canh. Gocdi dugc xacdinh giéi han
boi thanh plan: phrong vuéng goc &i day cung aa canh va plong vudng goc i
phurong nghiéng @a canh. Thanh pin V, sinp song song & phuong nghiéng ta
canh va thanh gin nay khénginh hrong i chuyén dong aia canh (hinh 2.13).

Ta hinh dung 1 truc toa d6 ¢d dinh Oxyz va Rotor Darrious quay quantictr
thang dirng Oz. \an tic aia gid ti Rotor 14 V ¢6 plrong song songdi Ox (hinh
2.14).

Ta xét 1 phn tir trén canhdi diém M la trungdiém ocia day cund va c6 chéu
dai ds, r 1a khang cach gia pHin tir xét i truc quay va 1a goc gira mit phing
Oyz va nit phing thing dung duoc tao boi truc quay vaduong vudng goc &i day
cung ti diém M cia phin tir canhdang xét. (ta c6 thgia thiét ring mit phang nay
la duy nhat cho it ca cac plan tir caa cung canh). Gé&l1a goc gira phap tugn aia
phan tir canh va it phing rim ngang.

<
=
e

cl

Ro

a) ) b
Hinh 2.14. Thanh gim van tc trén H-rotor.
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Rotor canh c6 ghg parabol c6 chu cao 2H c6 tam O:

r yid

R W
d = tg'(2zR/H)
Rotor canh cé ghg tu véi cac canh hinh ¢hnhat truc thing ding:
r=Rva 0=0
Rotor c6 than ghg non:
r=Ry—(R—R)z/H
& = tg*((Ro — Ry)/H)

Tinh toan thanh gin cia van ¢ trong déi W theo hrong aia day cung ia
phan tir canh va phong vuéng goc & day cung a@a canh va plong vudng goc
véi phuong nghiéng @a canh. Trong qua trinh tinh toan tarahntin cacduong
truc phu sau ¢ hinh 2.13; 2.14):

Truc thing ditng Mz c6 chéu drong hréng 1én trén, Mt la day cundic biét
c6 chiu dwong hréng ©i mat quét aia canh, Mr ¢é plong rim ngang, vuéng goc

véi day cung.
Vian toc trong doi W lién ke véi van tc tiép tuyén U = wr va \an toc thuc
cua giov 1a:
W=V-U
Vécto W 1a hng aia 2 véat nm ngang thi néacé phrong nim ngang. Cac

thanh pln aia W xacdinh theo cac plong o trén la:
W =Vsing; W, =U+Vco$; W, =0
Ta co:
W;=U + Vcod = rw + Vcod

Van toc W dugc dungdé xacdinh lyc tac ding 1én canh, Wiuoc tinh nhr sau:
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W? = (rw + V co®)? + V2sin’0 cosd
GOc 6i | duoc xacdinh:
V sinf cos$
ro + Vcod

U6c tinh cac thanh pin cia hre tacdong 1&én canh:

tgi =

Ap lyc dong q = 1/pW? va £ |a chiu dai day cungim bién dng dang xét.
C, va G la cac I8 s khi dong hoc (song song va vudng gééi day cung ong
ung)
C, =Csini-Gcosi
C,=Ccosi+ G sin
ds & chéu dai pln tr canh xét trén. Cac thanh ph oia khidong lec hoc theo
phuong day cung va ptong vudng gocdi phan tir canh [a:

dN = C,q-22

CcCo®

4T = G g2

co<6
ds va dz lién & véi nhau kang béu thic:
dz = ds co3
Ta gii bai toan cac thanh ph luc va tng hop luc cia gio tac dng 1én Rotor:
dF = dN co8sind - dTco®

cod
—qﬁ(q Sif - C—sde

Trong nmdi canh rc ao s thaydoi khi canh quay. Thanh ra tarctinh toan gia
tri trung binh.

Xac dinh cécdiéu kién va gi thiét ring chéu dai day cungi@ canh 1a fing
sb, lyc theo plrong tac ding aia gié Ién Rototuogc tinh Ia:

+H 2
F—% c(c; i - C@jd}dz

-H O
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Pao ham béu thizc mémen quay va cong 8t
Mémen @a khidong lyc hoc tac ding l1én pln tir canh quanh tc quay la
nhu nhe nhau vaduoc tinh king:

dM = & rdz
C0%

Nhu vay moémen quayi@a Rotor la:

N

Cong sit s la:

_ be ¢ FC.arw
B Z_J;J; cos

Két qua tinh toan khéng nhcaa R.J. Templin, ning phrong phapdugc tng
dung trong K thuit, n6 14 © so trong caatinh luit va cac kt qua |a nhr nhau.

Biéu thic trén ta thy khong co thdngdscaa van toc gio Vi. Két qua nay ét
quan tong trong thugt caa Betz.

Ta thy rang cacrc tac ding trén 8 théng canh turbine giddc ngangiuoc
tinh 1a:

F =pSV(V; — Vy)

Dit V, = kV4, van tic gié qua Rotor cé thdugc viét 1a:

1 1+k
V=§(V1-V2)=V1( 5 )

Nhu vay F € duoc tinh la:

1

=§pS(Vf-V§) 1-k

1+k
Gia thiét rang ly thuyét cia Betz lad(ing Wi turbine gi6 tnc ding. Biéu thac

%psvf(l -K?) =2SV?

tinh toan déa F cho turbine gi6 dc dang la:



Trongdé: q = 1/DW.2 tadugc:

] 2
g=l-k_V jW;(QSn@-ctiﬁj ddz
1+k &Sy V cos
Khi do:
2 2
W; = (r—m + co@j + sinHcos’s
\% V
2 2
co =L OR i de: W; =[OR T co® | + siro cogs
V R V V V R
... simf.co®
Tuong tr: tgi = W T
——.— +Cco9
V R

C6 thé dua ra quan &gira wR/V t6i G va k tr do:

_1-G
1+G

Kk

Biét duoc k, ta co ¥ b toe do:

_oR _oR

1+k oR
*o vV v( 2 j:v(1+e)
1

2.3.3. H¢ s cong sit va hé s6 mémen.

Hé sd cong sét duoc tinh king:

+H 21 2
C, = 2P3 :ijj‘qwgm_r dzé
pSV, 2nSi ¢ V) cos

Ta co i viét:

2 2
Wo or= Mo OR T
V; 8vZ'V R
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Tu phueong trinh G co thé tinh dugc céc gia trkhac nhau theR/V. V&i mdi
gia ti cia wR/V teongtrng ta c6 nit gid thi caaA,.

Hé sd mémen lién B vai hé b cong sat qua béu thic:

C,=CA,
Suy ra:
c G 2P v _ 2™
" X pSV’ oR pSRV?
2.4. KET LUAN.

Viéc tinh toan tHit ké hé thong VAWTS da duoc chi tong it nhiéu trong
nhitng rim gan day, tinh toan & nhitng he thong VAWTS c6 canh turbineig
ctrng gip rat nhiéu kho kHin nheng viéc tinh toan tht ké hé théng VAWTS c6 canh
diéu khién dugc con khoé klin hon rit nhiéu. Bay Vin con ladé tai hét sirc nong
bong dangdugc chd tong quan tdm khéng th nuéc ta ma cona ¢ thé gidi.

Hé théng VAWTSs diéu khién dugc goc xoay canh c6 tinbituu vé kha ning
hang gi6é trc 14 i vu vé cong sat may hon rat nhiéu h¢ théng VAWTS ¢6 canh
gan orng. Hon nira phongdién con la ndt giai phap nd ra thyi ky nang krong sach

va c6 tinh Bn vitng cho loai ngoi.
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CHUONG 3.
TINH TOAN THI ET KE MO HINH CANH TURBINE.

3.1.PAT VAN DE.

So sanh gia he thong phongdién tryc dirng va tuc ngang:

- Vé ly thuyét, hé théng tuc dang c6 nling wu diém ndi troi so Wi hé théng
truc ngang: C6 thhaoat dong & toc do giod thip, dodd do cao @a thap thp hon, do
an toan trong bdo cawi, hiéu suit chuyén d6i cong sit gié sang ¢ hoc cao lon
(t6i 50%), dod6 chi phi én xuit, tiéu hao at tu va chi phidau tr thip hon; kha
nang cdng ngh tot hon.

- Tuy nhién,dé phéat huyduoc nhirng vu diém trén,dic biét 1a viec nang cao
hiéu suit chuyén doi cong sidt gié sang ¢ hoc & cac 1§ thong c6 cong sit 16n, doi
hoi cac canh turbine @h co kha niang diéu chinh clong cn gié trong hanh trinh
khéng sinh cong. ¥ dé nay hén chra céduoc mot nguyén ly éng nhr cdng ngh
phU hyp (chi phi ¥ hé théng diéu khién va cong st diéu khién qua 6n so \6i
cong sit phatdién aia k& thong). Vi vy, hé théng tuc deng moi chi phd bién &
dang cdng sét nho, khéng c6 o cau diéu khién goc hng gioé dia cac canh. Trén
thue t, hiéu suit chuyén doi gié sang o hoc & cac 1§ théng nay ndi chi dirng li ¢
muc 45-50%, so & cac ¢ théng truc ding 1a dréi 40%. Va cac & thong phong
dién dangdugc phat trén vaung ding pto bién 1a cac B théng kiéu truc ngang,
dac biét la cac 1§ théng cong shit 16n (tir hang tim KW dén 6MW).

- Tai Viét Nam, \6i thyc trang ning hrc sin xut caa nganh céng ngép ché
tao trong nrdc, viéc theodudi thiét ké va cté tao cac B8 thong kiéu truc ngang la
chua kha thi, cdng Wi do ladiéu kién ap ding aia ching ta khong it ar thuan loi
nhe mot sb nuge (Buc, Pan mach, vw)é chd: toe do gio trung binh thp va throng
xuyén chiu anh hrong aia bdo &n. Vi vay, viéc phat trén hé thong kiéu truc diung
chic chin c6 nhéu thuan lgi va kha thi hon.

Tu nhitng ly do trén, cho #y viéc dat van dé nghién @u, tinh toan tht ké he

théng turbine gi6 Ku truc dirng c6 kh nang diéu khién goc hrng gié @ia cac canh
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turbine trong i hanh trinh nAm dat hiéu qua chuyén d6i cong sit gié sang ¢
hoc & mic ti da (mrc gisi han theodinh luat Betz 1a 59%) laat cip thiét, cé y
ngha khoa lbc va y nghia thrc tién cao. & thanh céng & phuong phap va céng
nghé diéu khién canh turbine&co tinhdot pha, cho phép énra mbt tiém ning cké
tao va phat tén cong ngh phongdién kiéu truc dieng cong st 16n phu p véi

diéu kién sin xuit vatng ding ti Viét Nam.

3.2. KIEU DANG HINH H QC CANH TURBINE THI ET KE.

a) b)
Hinh 3.1. a) Md hinhthdng canh turbine nghiénia.
b) Hinh dang hinle& canh turbine ghg éim.
b — la chéu rong canh.

h — la chéu cao canh.
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Sau khi tim Hu va nghién &u, ludn vin di sau nghién €u hé théng canh
turbine gié kéu H — Rotor cé hinh dang hinledhicanhdon gian, d6 1a canh c6 shg
tam phing. Van dua trén nguy@nit ciu tao caa e thong H — Rotor song day dé
tai di sau nghién eu tinh toan thit ké hé théng c6 5 canh va cac cadiéu khién
goc hrng gidduoc. ( hinh 3.1)

3.3. KICH THUGC HINH H QC CANH.

3.3.1. Bai toan khiddng hec canh turbine dang tim phang.
Nho lyc aia gio tdaiong vao canh turbine lam Rotor clémdong. Ta co kt
qua phan tich vécotvan téc nhr hinh 3.2

Huéng gié

—_—

)

Quy¥ dao quay
clia canh

Hinh 3.2. Béu dién cac vécd van toc tac ding 1én cac canh turbine.
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Gi6 chuyén dong Wi van t6c trong déi 1a W khi tacdong vao canh turbine,
V 1a van tc thye aia gié vaU 1a van tc vong (\an toe tiép tuyén), ta co:
V=U+W haic ¢6 th dugc viét 1a: W=V - U . Néu biét duoc véct van tic V va
U, ta ¢ tié xacdinh duoc véctr W .
Van tbc twong déi W lién ke voi van toe tiép tuyén U = wr va van the thuc
cia gioé V la:
W=V- U
Hodc: W = W + \7\4
Trongdé: W, la véc & van tbc W chiéu 1&n phrong phap tugn.
W, 1 véc b van thc W chiéu Ién phrong tiép tuyén.
* Xét canh $ 1: (hinh 3.3)

Co: W, =V.sim,
W, =U +V.co$,

_ W, _ Vsing, _ sing,;
00, W, U+Vco$, U
t ' 1 v + C09),
< U r 0N e A A an g .
bat A= v = v A duoc goi la ty s0 toc do (Tip speed ratio).

Trongdd: wla van toc gac.
r Ia ban kinh gadao quay @a canh.
sing,

= 3.1
A+ co9), 3-1)

W
=> tgpl - er

1



—_ o~

4

-— _I__,,/ Quy dao quay
cua canh

Hinh 3.3. Béu dién véc tr van toc trén canh& 1.

* Xét canh 9 2: (hinh 3.4)
Ta co:
W, = V.sim,
W, =U +V.co9,
W, _ Vsing, _ sing,

W, U+Vcod, U cod,
\%

9o, =
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Laico: A= B - or
VvV V

=> tgpz = Wrz = SII"BZ
W, A+co9,

Huéng gié

(4)

]
-= _|_,// Quy dao quay
cua cdnh

Hinh 3.4. Béu dién véc tr van toc trén canh&2.

* Xét canh 9 3: (hinh 3.5)

Ta co:
W, =V.sinf-6,) = V.sin,
W, =U-V.cosf-6,) =U+V.co$,

(3.2)
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_ _ V.sinf _ s
tgo, = 3 — 3 — 3
W, U+Vco®, U cod,
\%
cO: A = U_or
vV VvV
> tgp, = Vo = _SIN% (3.3)
W, A+cosi,
g
&n
en
:
=
(5)

Quy dao quay
cua canh

Hinh 3.5. Béu dién véc t van toc trén canh&3.
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* Xét canh $ 4: (hinh 3.6)

Huéng gid

Quy dao quay
cua canh

Hinh 3.6. Béu dién véc tr van toc trén canh&4.

Ta co:
W, =V.sinft-0,) = V.siH,
W, =V.cosg-6,)-U = -(V.co9, + U)

V.sind Sing
gl -g,) = —* = ‘=
W -(U+V.co9, _ (= +co$,)
\%

t4
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> tgp, = sing,
— +co9),
CO: A= U_or
vV Vv
> tgp, = N = sind,,

* Xét canh $ 5:

Hudng gié

(3.4)

(4)

Quy dao quay
ctia canh

Hinh 3.7. BEu dién véc tv van toc trén canh&5.
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Ta co:
W, =V.sinf-06,) = V.sirnb,
W, =U-V.cosf-6.) =U + V.co$,

—> tgp, = Ws _  Vsingg _ sifg
Wy U+Veod, U, g
\Vi 5
CO: A= % = (ovr
=> tgp5 = W"5 = Slrﬂs (35)
W, A+cod,

Tong két:

Nhu viy cac thanh pin cia W xéc dinh theo plrong tiép tuyén va phap
tuyén trén cac canh la:

W, = U + Vcod; W. = Vsirg
Ta co:
W;=U + Vcod = rw + Vcod
Van téc W dugc dungdé xacdinh Iyc tac ding 18n canh, Whuoc tinh nhr sau:
W2=W? + W2= (1 + Vcod)’ + V2sin¥

Go6c¢ duoc xacdinh:

Tham khio tai liéu [15] ta co:
A _4n

max power

Trongdo: ¢ la $ lugng canh turbined day ¢ = 5 (canh)

o _Am _Am o, (3.6)

max power
P C 5
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sind
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sind

A+co® 2,5+ cod

sin(x)/(2.5+cos(x))

Ta lap bang gia ti 0, ¢ & Mot b vi tri:

Hinh 3.8.D4 thi bién thién ¢a 6 va.

@) | O 30 60 90 120 150 180
o) | O 8,4 16,1 | 21,8 23,4 17 0
@) | O - 30 - 60 -90 | -120] -150] 180
oo | O -84 | -16,1| -21.8 -234  -17 0
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9
oNn
£
k=
T

Nhu vay W s nhr hinh 3.9

Hanh trinh Phuong cua W

sinh cong . . ,
Hanh trinh can

Hinh 3.9. Plong dia véc & van thc W .

Trong qué trinh & thong canh Turbine quaydm c6 2 hanh trinh 1a: hanh
trinh sinh céng co6 ich va hanh trininc
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* Xét trén hanh trinh sinh cng co ich:

Ne)
“Bb
g
k=
)

Hanh trinh
sinh cong

Phuong cia W

Hinh 3.10. Phong aia véc & van toc W trén hanh trinh sinh cbng

va i tri canh Turbine &p ly.

Tir hinh 3.10 ta &8 thdy ¢& mat phing canh turbine dng duoc gié 6t nhit,

sinh cong hiu qua nhat thi mit phing canh phi vuéng goc i phuong véc & van

tbc W . C6 nghia 1a canh bp véi phuong tiép tuyén vei quy dao quay i vi tri dang
xét 1 good.
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Sind

co:tgp = ——.
@ 2,5+ co$

(3.7)

* Xét trén hanh trinh a@in:

Huéng gié

Phuong cia W

Hanh trinh can

Hinh 3.11. Phiong aia véc & van tbc W trén hanh an.

Trén hanh trinhan mit phing canh turbine g cé Vi tri sao chanh hrong
cia W 1 nho nhit (c6 gia ti — 0). Vi thé canh turbine pdi tring Wi phuong véc

to van tbc W. Nhu viy c6 nghia 1aé hanh trinh én cac canh turbineop voi

phueong tiép tuyén voi quy dao quay 4i vi tri dang xét 1 goc I@. (hinh 3.12)
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Sind

Puoc xacdinh hing béu thic (3.7):tgp = ————
' : J (3.7): g 2,5 + co$

Huéng gié

Hanh trinh can

Hinh 3.12. \{ tri canh én gié nko nhat.

Mit khéc:

A= =9 o
V Vv

=pr=2,5.V
Véi hé thong phongdién thi may phat ha dong ©t nhit khi van tic gio fr
10m/sdén 17m/s.0 day ta tinh toan tht ké hé théng sao cho néan cé tié haat
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dong dat cdng sdt yéu @u tai thoi diém van téc gid & mac trung binh. Nén ta o
van toc giodé tinh toan 1a Vv = 7m/s.
=pr=25Vv=257=17,

Ta lap bang quan A girtawvar :

r (m) 1 2 3
w (rad/s) 17,5 8,75 5,83
n (vong/giay) 2,79 1,39 0,93
n (vong/phut) 167,1 83,6 55,7

Can ar vao king ta tra chon r thich lop, 6 day ta fra clon r = 2m, n= 84
vong/phut.

3.3.2. Thir nghiém kiém tra hwéng di chuyén ciaa gié phia sau canh turbine.

Viéc phan tich héng gié sau khidi qua canh turbine trongéhthng canh
turbine Kt sic quan tong vi Wi hé thng VAWTS céc cankion gio tiréc € dong
vai trd nhr 1a mpt vat can gié ddi véi canhdon gié sau vi thndanh hrong tnrc tiép
t6i khi ning lam véc cia mbi canh. Dod6 phan tich héng di chugn cia gid sau
khi di qua canh giup ta gi quyét bai toan ¢ kich thrdc canh, ic 1a kich thrge pho
hop dé cac canhiéu duoc l1am visc ¢ diéu kien nhr nhau trén toanddién tich @ia
né, khidé s phat huyduoc ti da hiéu qui caa nbi canh.

O day lwn van sr dung phrong phap thng ké, thrc nghém dé xéac dinh
hudng di chugn cia gié. Bing canh & dung maydo téc do gid dé xacdinh hréng
di chuyén cia gidd phia sau canh turbine. (hinh 3.13)
3.3.2.1. Thét bi thi nghigm.

- Dung a1 do t6c do gio:
Anemometer Smart sensor AR836.
m/s: 0 ~ 45
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- Bién tan: Bién tn 3 pha 2,2KW (El — 450/
220V/ 2HP)

- Quat gi6 siéu cong nghp: 3K90 — L4
1,1KW.

- Céanh turbine ghg tim phing kich thrgc 2000x2000x10mm.
- Thuéc day.

3.3.2.2. Tén hanh thi nghiém.
- M6 hinh thi nghiém:

Quat gié siéu
cong nghiép

B

-
Huéng gio
S

Thiét bi do gi6 -

Canh turbine dang
tAm phéng

Hinh 3.13. M6 hinh thi nglin do xacdinh hxéng gio.
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Str dung bén tin dé diéu chinh ¢ d6 caa qut gié cho phu bp, trc 1adiéu

chinh sao choaf vi tri dit canh turbine &n tc aia gi6 do duoc 1& 5m/s, 7mis,

10m/s. Bandau dat canh turbine vuéng géasvhuéng gié bi xoay canh i cac
tri goc khac nhau 203, 6%, 8¢°, 9, tai cac \i tri nay ta & dung ding ai do toc

dd gio lan luot do toc d6 gid phia sau canh turbine.

- Hinh dnh biéu dién két qud sau khido:

a) @ b) 1C°
T —— T == —
= e —
== I
- = e e e e R <
e e . bz e 2t
b S e e AR R T s o e
i e e R e e R R e G e e P e e e M _‘?/v
SR 3 T ey
a & S e
_,,//_;;f_y e | e Em/Se
Rt i __-._.-.—.Sm/S "’W m/s
e P e e
b~ N —— e "" ~~,’

A \. -‘:\ e

\\\Q\‘Q\‘*‘&-&‘—;&\
AR e e S .
B i

M‘r’""’_

e e

RENEN

e R e i e i R T

bz =

””M—M {e‘%»’ il

Hinh 3.14. Hinkinh biéu dién két qua do huesngdi cua gio.
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(D La canh turbineahg m phing.
@ La vung khéng igio anh hxong (
van toc gi6 king 0).

@ L& ving cé it do gid nhd (co
thé coi tai ving nay ¥n téc gio
khdénganh hxong i canh turbine).
(@) La vung gi6 céan tic trong déi

déng déu nhau (Bng van toc gio

trudc khi qua canh turbine).

Hinh 3.15. Vung gi6 phia sau canh turbine.

Sau khi tfr nghiém & van t6c gié khac nhau: 5m/s, 7m/s, 10m/ét §ua cho
thiy khi gi6 di qua canh turbine n6 khéng con carphg chuyn dong nhr bandau
ma co § thayddi, ¢ cing ndt van toc gio thidiém giao nhau gia i va i’ im xa
canh turbine ndt khi 0 <p < 10. Khi \an téc gi6 ting cang cao thi giadiém nay co
xu hréng tién lai gan canh.

Do dé tai sau khi tinh to&da xacdinh duoc vi tri goc xoay canhbt uu (hinh
3.11 va 3.1pnén trong qué trinh tlt nghém dé tai ch dua ra $ liéu a thé tai vi

tri goc xoay canid = 3@, van tic gi6 1a 7m/sté phuc wu tinh toan.
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Mt phing canh

)

m

(

\

Mt phing cdnh

06=9

b)
7m/s, sau khi qua c

a)

anh

V =

6co

7z

~

IS

Hinh 3.16. Béu dién huéng di chugn cia gi

turbine.

a) O dau A cia canh turbine.

b) dau B aia canh turbine.

h turbine.

7

éu rong b aia can

dinh chi

3.3.3.Xac

O hanh trinh én ¢

ta cH di x

kb nht vi thé

& he théng dat cong

an

h turbinedm & vi tri t6i vu dé can |

ac can

7

acdinh chéu rong b @a canhs hanh trinh sinh c6

Bc trongdiéu kién twong déi nhu nhau (déu

Suit yéu du v

Ac canlduoc lam v

a cac can

\

chiu anh hréng aia gio trén toan ddién tich canh YO hanh trinh sinh cong éu



- 67 -

qua lam viéc aia canh gim dan khia ting din tir 0 - #7172, Nhr vay hé théng dat

hiéu suit cao khia = g o % nén ta & tinh toan éi vu kich thrgc cia canh khi

canh lam \§c trong khang - % <a < % (hinh 3.17)
S
en
on
\ \ \g \
=
T

- ~—

——

Vung canh turbine lam
viéc ¢6 hiéu qua cao

Hinh 3.17. Vung lam ¢t hiéu qua cao @a canh turbine.

Trong khaing nay ta xétdi uu kich throc canh khi B théng canh turbing vi
tri nhu hinh 3.180 vi tri nay 2 canh turbine 1 vaddi xang nhau qua Oxjay la v
tri ma dén tich canh turbine 1 éh gi6di dén canh turbine 2 nbii nhit.

Dé tbi vu viéc tinh toan kich tidc canh ta&di tinh toan 4i thoi diém gid co
van toc thip (v = 5m/s ), vi giadiém gitta i va i’ & v = 5m/s xa canh turbinevh &
cac thyi diém van toc gio In hon. Khi dé ti vu kich thréc canh i thoi diém nay
st thoa mandugc cac thi diém khac.
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Tur két qua tinh toans muc 3.3.1 (hinh 3.10) ta c6 cac cahvs tri A B va
A B, nhung gocd tai 2 vi tri nay trong déi nho (< 1¢°) néndé thuan tien cho vic

tinh toan ta coA B, =AB,; A,B,=AB,.

Huéng gid

Canh turbine 1

Hinh 3.18. \{ tri tinh toan i vu kich thréc canh.

Dé canh turbine 2 1am §¢ ¢ diéu kién chiu anh hréng hoan toani@ gié thi
diém giao gira hréng di chugn cia gié i va i’ 1a K phai nam phia trénduong

B,O. bé thuan loi cho viéc tinh toan ta co theoi giaodiém K= A, .
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Tir két qua thuc nghm  hinh 3.16b ta xadinh duoc ty s6 L/a~ 4 => a = L/4.

Tir d6 tacéABZB ~4=>A,D=4BD (3.8)

1

Tinh A.D:
Hé thong canh turbine c¢6 5 canh nén ﬁpAz =72,

Tacdé AD =DC + AC =BE + AC
Ma A,C = OK.sin38 = (r — b/2).sin3%

B.E = B,0.sin36 = (r + b/2).sin38
=> A,D = (r — b/2).sin38+ (r + b/2). sin36 = 2r.sin368
Tinh BD:
Tac6 BD =EC
MaEC=0OE-OC=P =0E-0C
OC = A0.cos36 = (r — b/2).cos3b
OE = B,0.cos368 = (r + b/2).cos3%
=> B,D = (r + b/2).cos35- (r — b/2).cos3b= b.cos38
Thay AD va B,D vao (2.9) tatugc:

2r. sin36 = 4.b.cos3b=> b = 721 r.tg36 =0,36. (3.9)

Vay chiéu rong canh b = 0,36.r

* COng suit ciia hé thong.
Céng sit cua tyc quayduoc tinh theo céng tit: P =w.M =2m.M (W) (3.10)
Trongdo:

w 1a van téc goc (rad/s)

M la mémeni@ truc (Nm).

n la $ vong quay ta tuc (vong/giay).

Ap luc gio duoc tinh:



-70 -

F==.C, W .S (3.11)

N o

Trongdo:

Cq la k¢ s can (drag coefficient), phthuoc vao hinh dng aia VAt thé haic
két ciu. G cia canh dng tim phing duoc xacdinh king thrc nghém, tai lisu [14],
taco G=1,28.

p 1a trong lrong riéng @a khong khip = 1.25 kg/m

S la dén tich canh turbine.
Vin toc W dugc dungdé xacdinh yc tac ding 1én canh, Wiuoc tinh nhr sau:

W2 =W? + W? = V2.simd + (or + V.cod) ?
=V +0’r? + 2or.V.cod
Trongdd: V =7m/s
or=25V=257=17,

W?=7% +17,5 +2.17,5.7.cos 355,25 + 245.cds (3.12)

* Khdo sat ndt sa Vi tri dac biét cia hé théng:

- Vi tri 1: (hinh 3.19)

Canh 1 c® = 180 - 72 = 108; canh 2 ¢® = 0; canh 3 c® = -108 .
W? = 355,25 + 245.cos168 = 27

sil, _ sin108

= = = 0,434 =x, = 23,5
2,5+co8, 2,5+ cos108 ht

9¢,
Thay W vao (3.12) ta co:
=06 s =2 12827958 = 223, (3.13)

C6: W? = 355,25 + 245.cos180 =110

sim, _ sinl80  _ 0 =>¢, =0

t = = =
902 = 55+ cos, 2,5+ coslsd
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Huéng gio

1)

3)
Hinh 3.19. \{ tri dic biét 1.

Thay W vao (3.12) ta co:

F = % .G, WS :1—225 .1,28.110,25.S = 88,

Tuong tr c6: W7 = 355,25 + 245.cos(-108 ) = 27!

sil, _  sin(-108)

= =-0,434 =3, =-23,5
2,5+co8, 2,5+ cos(-108)

tgp, =

(3.14)
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Thay W vao (3.12) ta c6:

=0 W .8 =22 12827955, = 223 (3.15)

Cong sit hé théng:
P=w.M =w.r.(F.cos; + F.cosh, + Fz.coshs3)
= w.r.(223,6.S.cos23% 88,2.S.cost+ 223,6.S.cos(-23°H
= 498,3w.r.S (3.16)

- Vi tri 2: (hinh 3.20)
C66,=-6, =144
si, _ sinl44

t = = = 0,348 =%,=19,2
I =55 cod, 2,5+ coslsd AL
9o, = sing, _ sin(-144 ) - 0,348 =xp,= 19,9
25+co8, 2,5+cos(-144)
Tu (3.12);

W? = 355,25 + 245.cos144 =157
W} = 355,25 + 245.cos(-1244 ) = 157
Thay vao (3.11) ta co:

F = % G, W .S :1—55 1,28.157,04.S = 125,

F,=F =125,7.S
Cong sit hé théng:
P=w.M =w.r.( F.cos; + F.cosh,)
=w.r.(125,7.S.cos19°2+ 125,7.S.cos(-19%)
= 237,30r.S (3.17)
Ta thiy cong sat ¢ vi tri 1 I6n hon cdng sht o vi tri 2. Ta {ra clon cdng st
& vi tri 1: P = 498,30.r.S dé tinh toan.
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Huéng gi6

(1)

(2)

Hinh 3.20. \{ tri dac biét 2.

3.4. TINH TOAN THI ET KE CANH TURBINE DUNG CHO MAY PHONG
DIEN CONG SUAT 10KW.

Pé may phéat c6 cong 8u10KW, tham kBo tai liéu [4] do trong may phét c6
ton haodién ning néndé may phatdat 10KW thi cdng sét cia tuc chinh kng
14KW.

Tir (3.16):
P = 498,30r.S = 14000 (W)
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=>wr.S=28,1

=>S5=28,1/175=1,6

Tacod S = b.h (b Ia chu rong canh, h la chu cao canh)
=>b.h=1,6

=>0,36.r.h=1,6

=>0,36.2.h=1,6

=>h=2,2 (m)

t
J

2,2m

o
\

\

I

/

Hinh 3.21. Kich tlréc he théng canh.

Nhu vay hé thong canh thit ké c6 cong st 10KW c¢6 kich tiege 1ar = 2m; b
=0,72m; h =2,2m ( hinh 3.21).



-75 -

3.5. VAT LI EU CANH TURBINE.

Vit liéu soi la vat tr ki thuat c6 m quan tong $nNg con éa nhan lai trong
san xuat vadoi sdng ... Tr loai Soi thao moc, day & than, W, ré phy, Xo cua céc lai
cay @, day leo, con ngpi tién dén ding si sinh \at rit quan tong la t tim. Soi
kim loai va syi da phani (polimer) din din phong pht én va tt€ chd cho i sinh
vt ngay cang kim vadat do.

Soi thuy tinh radoi, c6do bén chic gip tir 7 dén 16 kn syi thép cung kich &,
va saudé la i Carbone i cac tinh fing uu viét : cachdién, cach nhét, chiu hoa
chat, chiu lyc hang tim lan sit thép ...d4 1&n téng thach tirc cac lai vat liéu svi
khac trée no.

Vit liéu 6 hop (composite) 1a 6t loai vat liéu dugc nghién ¢u vaung ding
rong rai ntat trong 10 @m tro lai day. Do nhiing dic tinhuu viét cia ching ma
ngdy nay ngoi ta 9r dung vao Ku hét cac tnh wrc cong nghiip vadoi sbng. Vat
liéu 1 hop duoc chia thanh nléu nhém lai khac nhau, tu thusc vao clit phu gia
ting arong. Nheng laai vat liéu o hop duoc ting arong king &t soi la cé ¥ nghia
kinh t k§ thuat cao niat.

Nhitng Turbine gi6 #n xuat tir nhitng nim 1980 chodén cwi nhitng rim
1990 chii yéu duoc sr dung cac thanh pgim co ban, sau thi ky d6 nhing thanh
phan dic biét bt dau duoc thiét ké va sin xuit cho canh turbine. Bt trong $
nhitng gii phap 6t nhit dang s dung d6 1a nguyén Bu composite trong turbine
gi6. Ngay nay \dc sr dung VAt liéu composite trong canh turbine co vai té $ic
quan tong, nddoi hoi vat liéu phai co6 yéu @u cao ¢ tinh cHit vat ly, thanh pén
hoa hc,..v..v.dé turbine cé th 1am viéc dugc trongdiéu kién khic nghit ngoai
troi (khdng c6 che cin dé bao vé ) va chiu duoc tai trong.

Vit liéu composite én nhra &t soi thay tinh:

* Sgi thaiy tinh: Nguyén 6 cha dao cia cong ngliip thuy tinh 1a Silic, chém mot ty
|& Ion trong cat ting. Sr ton tai cdc phanit chit la trong nguyén u s lam cho
thuy tinh c6 nlitng mau &c va tinh clt rat khac, cé ¢i ciing nhr c6 hai. Bé chi
dong, nha n xuat phai loc thuy tinh thanh thg tinh siéu sch bing ly tam hay
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bang cach nung nguyéréli véi chat hap phy 1a Creolite hay Diatomic, noi khaéti
la 1am giau Silic trong nguy@réli r6i mai phdi cac “nguyéna la”.

- Thuy tinh siéu sch duoc goi la thach anh, cho phépittca cac lréc soéng quang
hoc di qua, va la 6 5 ché tao céac linh kén thiét bi quang bc (may chip hinh, kinh
Vvién vong v.v....) 6t nht.

- C6 chi (Pb) thi clét suat thuy tinh ting Ién nhéu lan nén 6ng anh vaibsang nkx
kim cuong vadugc goi la pha - 18, thémdz (Ag) thi héu tng phin xa toan plan
dugc xéc hp va dung trong cong ngleap quang.

- C6 mit cac phantt oxyd git (FeO) vaku huynh (S), thy tinh € don va @ va.
C6 Calci (Ca) thi tinh&va cang #ing 1én, nleng manh W lai khéng c6 anh sic,
tao radugc loai thuy tinh “hat lyu” (loai thuy tinh nay khi w s tan thanh niting
manh nk nhe hat lyu, khéng 8c bén nén kho gay tlong tich cho ngoi ding,
duoc st dung lam kéng chin gi6 xe 6 td).

- Khi ¢6 mit nhém (Al) thi thy tinh déo dai, cliu udn cong, thém Cobalt (Co) thi
thuy tinh & dang kéo @i, saudo la xe xdn hay d@t, dung lam cap dh lyc, hay Kt
hop Véi Kevlar 1am &o giap va khién éhg dan.

- C6 Germanium (Ge) thi tiutinh (siéu sch — tinh ti) lai xuat hién tinh ring d
ky : ban dn, va 14 o sv caa ct tao linh kién ban dn caa cong nghéip dién tir, cho
dén vi mach may tinhtién tir, dang 1a cai &inh” cua thoi dai.

- Co Molipdenn (Mo) va Chréme (Cr) thi thdinh ngin chin dugc tia tr ngaai,
thém Paladium thi é@m ca phdng x nguyén it.

- Nau thuy tinh trong Sud (NaOH) 34 Bé nhiét ¢6 127d6 C vai gb thi thuy tinh
thanh tié long (thuy tinh long). X ly bang hoi Fluoric Acid trongdiéu kién siéu
tinh (ckbng rungdong trén I8 thuy ngan) thi thg tinh long két tinh thanh tinh t&
long, 1a cdng e display hén dai choddng b, may tinh ... Mt it vi lwong Phosphor
oxyd 2,3,4 va Chrome Oxyd 2,3, cho phép tirthléimg d6i mau theadiéu kién dién

ap va la o s cia man hinh mau tinh Hong.
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Hinh 3.22. Gi thuy tinh.

Soi thay tinh throng st dung trong canh Turbine gié c6 28ki chinhdd 14 E-
glass va S+R glass.

Nhya epoxy la lai nhra cé nhéu vu diém tot vaduoc Sr dung ong raidé ché
tao vat liu composite nin cé tinhdn dinh hod bc, bén hoa cht, c6 tinh © hoc
cao, N6 c@o bam dinh caodi nhiéu loai cét, tién loi khi xtr ly cdng ngk, tao dang
cac Kt ciu va co th giir 1au ¢ trang thai chradong #n, tién loi cho viéc ché tao két
Cau va cac ban thanh fim.

Viéc sr dung nhra epoxy trén én ot soi thuy tinh 1am ting tinh n oo 1én
dang I va it thich fyp dé ché tao thiét bi chbngan mon hoa chi.

Qua nghiéneu da hra cton duoc hai lai nhea Epoxy: EP-3 va EP-4 trong s
5 loai epoxy cO trén thtruong, cé kidi lugng phani trung binhdo nhot va céc ch
s6 hoa ke thich lyp cho muc tiéudé tai.

Tham khio trén th truong hién nay cac nhaas xuat canh turbinaid cé At
nhiéu kinh nghém trong véc lya chon vat liéu canh,dé tai xacdinh sr dung \at

liéu canh turbine 144t liéu composite én nhra dit soi thuy tinh c¢6 E = 39,1 (GPa).
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3.6. KET LU AN.

Thiét ké hé thong canh turbine cé cac cadiéu khién dugc la mbt hudng
nghién &u rat co trién vong, no kiic phuc dugc mot b nhuoc diém caa e thong
HAWTSs va VAWTS c6 cac canhig arng nhr kha ning don gio.

Trong qua trinh tinh toani wi va kich thréc canh turbine c6 ot s6 vu diém
sau:

- Lya cton canh dng im phing gilip qua trinh tinh toan kichutbc va clé tao
dé dang.

- ba tim raduoc cbng thirc tinh toan kich tindc canh,dac biét 1a xacdinh
duoc vi tri goc xoay canB tdi wu nhit dé hé théng dat cong sét tdi uu.

- Lva chon phrong phép tirc nghém dé xacdinh hréng di chugn aia gio s
phia sau canh turbing thuc hién, cho Kt qua nhanh.

Nhuoc diém:

- Canh dng tim phaing khénguu diém vé khi ning hing gi6é king canh co
bién ding cong.

- Thyc nghém xacdinh hréng di chugn aia gié & phia sau canh turbine cho

két qua c6dd chinh xac cha cao.

3.7. KET LUAN CHUNG.

C6 thé thiy ring pham vi ciing nhr quy md § dung cac taim phongdién truc
dung con ft khiém n so i cac k¢ théng HWATS, chii yéu céc 1§ théng VAWTS
duoc sin xuat vadua ra th truong hién nay 1a lai canh turbine & dinh, c6 ti¢ hoat
dong binhdang wi moi hudng gié nén cé au tao don gian, cac b phan déu co
kich thréc khéng quadn nén dn chuyén va Ep rap & dang,do bén cao, duy tu
bao dudng don gian. Cac nghiéniu vé hé théng nay @ng con trong doi han ctg,
cha yéu tap trung theo héng nghién au dong hrc hoc canh turbine im nang cao
hiéu qui mat hang gié va gim thiéu anh hrong aia mit can gié cho canh turbine.

Chua thiy nhitng céng B méi theo hrong nghién ¢u canh turbinguwoc diéu khién
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cha dong nhim dat hiéu qui t6i da & hanh trinh king gié va én i thiéu ¢ hanh
trinh cin gi6. Cac congdnay chi yéu méi dirng & sang 40 vé mat nguyén ly.

Nhu vay dé tai nghién éu tinh toan thét ké hé thong canh turbine gié Ku
truc dirng c6 cac canldicu khién goc xoayon gidla hrong nghién ¢u twrong dbi
méi mé khong chi ¢ Viet Nam ma é trén tte gioi.

Tinh toan thit ké hé thdng canh turbine choék qua kich throc canh b, h, r
turong doi 1n, ddi vai cac K thbng cong sfit nho 10KW viéc lya chon kich thréc
nay hoan toan co &chip nhin dugc. Songddi véi may phat céng i cang én thi
kich thrgc caa hé théng € twong ddi 16n, day ding la mdt trong nhirng nhroc diém
khi s dung canh c6 ghg im phing. Vi mot dé tai nghién ¢u luan van thac s,
thoi gian va kén thic con han cké trong inh wrc nghién éu con ndi nay, Kt qua
cuadeé tai co tit ang dung trong cac &ithong VAWTS c6 cong sit nho va no § la
co S5 md ra mbt hudng nghién 6u tinh toan thét ké bién ding canh cho Bu qua

cao lon.
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