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NGHIEN CUU MO HINH TRAM THUY BIEN COT NUOC THAP
SU DUNG TUA BIN DONG THANG
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Tém tat: Bai béo dé trinh bay két qua nghién ctru mé hinh tram thiy dién ebt nwde thap va rét thép st dung
tua bin dong thdng (tua bin Capsule), nhimg wu nhuoc diém va nhing déc diém chinh cia mé hinh nay
déng thoi trinh bay xu thé va diéu kién ap dung & Viét Nam trong chién luoc phét trién thiy dién dén nam
2030.

Terkhoa: Tram thiy dién cét nwoc thap; Tua bin Capsule.

Summary: This article presents the result of investigation on the Low head power plants with Capsule
turbines, the advantages, disadvantages and main characteristics of this model. The article also presents
the applied trend and conditions in Viet Nam concerning to the strategy of the hydro-electricity development
up to year 2030.

Key words: Low head power plant; Capsule turbine.

Nhan ngay 30/8/2014, chinh stra ngay 20/9/2014, chdp nhan dang 31/12/2014

(@  1.Xuthé xay dwng tram thuy dién cét nwéc thap 13p tua bin Capsule & nwéc ta

Theo B Xay dwng, hién nay & Viét Nam co khodng 260 cong trinh thiy dién dang dwoc khai thac va
211 céng trinh dang thi cdng xay dwng. Nhirng nha may thiy dién cot nwéc thap gop phan khai thac triét dé
ngudn thiy nang & Viét Nam va giam bét nguy co thiéu dién cho toan bd hé théng & mua khd. Hién nay, cac
céng trinh thiy dién cot nwdc cao va trung binh da khai thac hét. Viéc phat trién thay dién cot nwéc thap
dwoc danh gia la gidi phap cho van dé khai thac hiéu qua va bén viing ngudn nang leong tai tao nay.

U'u diém ndi bat cha tram thuy dién (TTD) cot nwde thap 1a than thién véi méi treéng, tan dung téi da
ngudn thdy nang trén cac con séng I&n dé phat dién, két cAu cdng trinh don gian, mat bang thi céng réng,
thei gian thi céng nhanh, ngap lut long hé nhé hau nhw khéng phai di dan ma chi béi thwdng dat ven séng
sudi. Vi la thiy dién cot nudc thap didu tiét ngay nén khdéng anh huédng Ién dén ché do chay tw nhién cla
séng. Muc nudc hd thay ddi nho trong ngay tao ra canh quan dep va khu vire nudi tréng thly san tét. Tuy
nhién, thay dién cot nwde thap cling gap mét sé khé khan nhu céng tac dan dong, khéi lwgng cong trinh 16n
dac biét 1a khéi luong phan tua bin, dap tran db s6 dé dap (ng yéu cau thoat 1t véi lvu lwong 1én day tbng
mUrc dau tw 1&n cao hon so véi cac cdng trinh thiy dién ¢t nudc cao cling cong suét. Tuy nhién, day van |a
ngudn cung cap dién ndng ré hon nhiéu so véi than va khi.

Minh hoa gan day nhét la céng trinh thiy dién Chiém Héa dwoc khéi cong ngay 12/10/2009 va
khanh thanh ngay 04/02/2013. Thiy dién Chiém Hoa la nha may thiy dién (NMTD) dau tién cla Viét Nam
st dung céng nghé tua bin chay thang kiéu bong dén (hay kiéu dong thang) c6 thé phat dién véi cot nude
ratthap (mirc thap nhat|a 2,5 m va cot nwdc tinh toan la 7m). Céng trinh thiy dién cot nwée thap dau tién &
Viét Nam - Thiy dién Chiém Hoéa, Tuyén Quang (cong suét lap may 48 MW, ¢t nuéc 10 mét) vira di vao
van hanh da mé ra hwéng di méi cho phat trién thiy dién xanh & Viét Nam. Thiy dién Chiém Hoéa sir dung
cbng nghé “tuabin Capsule”. Uu diém cha loai cong nghé nay |a tan dung téi da ngudn thuy nang trén cac
con séng lén dé phat dién, vi cot phat dién rat thap, chi tr 2,5m. Két ciu cong trinh don gidn, ngap lut it, hau
nhw khong phai di dan ma chi dén b dat néng nghiép ven séng sudi. Thiy dién cot nwdc thap didu tiét hang
ngay, nén khéng anh huéng lén dén ché do chay tw nhién chia séng. Muc nwédce hd thay dbi nhé trong ngay
(0,5m) tao ra cadnh quan dep va khu virc nudi tréng thiy san tét.
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Ngoai thily dién Chiém Hoa, & nuéc ta con cd mot sdé NMTD cét nwée thap st dung tua bin Capsule
dang duoc xay dwng. Thi du nhuw thay dién Ba Thuéc 1, Ba Thudc 2 va Cam Thay 1 trén séng M4, thay dién
Yén Son, Bao Lam trén séng Gam va mét sb céng trinh khac dang dwoc nghién cieru. Nhivng phan tich trén
cho thay xu thé phat trién TTD cét nwée thap str dung tua bin Capsule & nwée ta, dé cling chinh la muc dich
clia bai bao nay.

@®, 2.Phan loai tua bin thuy lwc theo c6t nwéc tac dung

Vi diéu kién dia hinh, dia chat va thiy van clia cac TTD réat khac nhau, nén cot nwde clia TTD va luu
lwgng di qua tua bin (TB) ciing rat khac nhau. Pham vi bién déi cot nwéc rat Ion, tr mot vai mét dén hang
nghin mét. Pham vi bién dbi clia lwu lwgng ciing rat Ién, tir vai I/s & thiy dién nhé kiéu gia dinh dén hang
trdm m®/s & nhirng TTD Ién. Vi vay, tua bin thy lwe phai cé nhiéu kiéu, nhiéu c& khac nhau méi dap ting
dwoc nhu cau khai thac thiy nang trong thuc té [1].

Theo [1] va [2], thi nang lwong clia mdt don vi chét 16ng Iy twéng tai mot tiét dién nao dé dwoc xac

dinh theo dinh luat Becnuli:
2

E=z+2+2 (1)
v 28
Tir phwong trinh trén, ta thdy nang lwong clia mat don vi chat Idng bao gdm 3 thanh phan khac nhau:
vi ndng Z, ap nang pfy va déng nang v¥/2g, trong dé vi ndng va ap nang |a hai dang cta thé ning. Do do,
néng lwong cla dong nwéc gdm hai dang: thé nang va déng néng.
Nang lwong E, , ma déng chay trao cho tua bin dwoc xac dinh bdng hiéu nang lwong don vi clia dong
chay truére khivao banh xe céng tac (BXCT) clia tua bin (diém 1) va sau khira khéi BXCT (diém 2).

2 2
V, , V.
E., = z+2+0y . (7, +L24 22 2)
) v 28 2
, v —v;
E., = {(Zl +&)_ (Z, +L)}+ { —— } (3)
Y ¥ 2g
| I
Phannang luong phankich(thenang) Phan nang lnong xung kich (dong nang )

T phwong trinh (3), ta thay, tuy theo kiéu tac déng ctia dong nwéc |én BXCT ma chia thanh hai loai
chinh, tua bin phan kich (st dung thé nang cla déng chay la chinh) va tua bin xung kich (s dung déng
nang cla dong chay la chinh). Loai tua bin dwoc chia thanh nhiéu hé khac nhau. Trong mdi hé lai chia thanh
nhiéu kiéu tua bin theo mau BXCT va cac kich c¢& khac nhau (Bang 1).

Bang 1. Hé loai tua bin thdy luc theo cét nudc tac dung

TT Loai tua bin car:ﬂ:v(im) T Loai tua bin cérrr:argcv:m)
| TB phén kich 3 TB xung kich hai lan 6+ 150

1 TB chong chéng 2+70 4 TB tia nghiéng 30 +400

2 TB canh quay 2+90 ] TB khac

3 TB tam truc 40 = 700 1 TB dong niva thang 2+20

4 TB chéo truc 40 =+ 200 2 TB déng thdng 2+20

Il TB xung kich 3 TB thap 2+ 20

1 TB gao lén 300 + 2000 4 TB thuan nghich 40 =700

2 TB gao nhé 40 = 250
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HE LOAI TUA BIN

Hinh 1. Hé loai tua bin thay e theo cét nwdce tac dung

Nghién ctru biéu db Hinh 1, ching ta thay trong pham vi cot nuée lam viéc H = (2 + 20)m ¢6 6 hé loai
tua bin cé thé Iwa chon la: TB dong niva thang; TB chong chéng; TB dong thang; TB canh quay; TB thap; TB
xung kich hai l&n. Riéng tua bin xung kich hai lan chi st dung & cac TTD nhé va phi hop vai cdt nwréc trung
binh la chinh. V&inhiing TTD cot nwée rat thip H = (2 + 20) s& chi con 5 loai tua bin. Do déc diém céu tao va
nguyén ly khai thac twong tw nhw nhau, trong nghién clru nay s€ gom 5 hé loai tua bin trén thanh 2 nhém tua
bin dé tién so sanh. Nhom tua bin bao gém TB dong nira thang, TB dong thang va tua bin thap dwoc goi la tua
bin Capsule. Nném tua bin bao gdm TB chéng chéng va tua bin canh quay duoc goi la Tua bin huéng truc.

Diém khac nhau l6n nhat gitra TB dong thang va TB hwéng truc la:

+TB dong thang co truc ndm ngang, TB hwéng truc ¢ truc thang ding;

+Dong chay tir clra lay nwée, qua tua bin dong thang, ra 6ng hat hau nhw khéng thay ddi phwong va
chidu. Vé&itua bin huéng truc thi dong chay ddi phwong nhigu 1an tir clra 14y nwéc qua BXCT ciia tua bin va
ra khéi dng hut;

+Dbi véi TB dong théng, cAu tao sé phirc tap hon do cac bd phan chén nwéc va khit nwéde yéu cau
rat cao so v&i TB hwdng truc.

Hinh 2. Mé hinh TB déng thang va TB chong chéng
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(@ 3.Uudiémciaa NMTD cot nwérc thap stv dung tua bin Capsule

Theo [4], nha may thay dién cot nwéc thap va rat thap st dung tua bin Capsule ¢ nhiéu wu diém vé
xay dung hon nha may thay dién cung loai st dung tua bin hwéng truc. Trong Hinh 3, nét vé lién nét thé hién
phan qua nwéc ciia TB Capsule, con nét dit thé hién phan qua nwéc ctia TB hwéng truc clia TTD cot nude
thap co cung quy mé cdng suét. Vé dudng kinh BXCT D,, v&i cung quy md cdng suét, dwong kinh BXCT
cla tua bin Capsule (D, = 6,0m) nhd hon tua bin huéng truc (D, = 8,0m). Nhw vay chi phi thiét bi cho TB
Capsule cé thé s& nhé hon dang ké so véi TB hwéng truc.

Nhan xét trén dwoc giai thich théng qua cdng thire tinh D,. Cong thirc xac dinh dwéng kinh BXCT
cla tua bin phan kich ap dung cho ca TB Capsule, TB chong chong, TB canh quy va TB tdm truc nhw sau:

= N (m) (4)
L\ 98,0, H H,

trong d6 N, la cong suét tua bin tinh bang kW, n, 1& hiéu suét tua bin tai diém tinh toan, Q' 1a lwu lwgng quy
dan tinh toan (m*/s), H, la cot nwéc tinh toan (m). Véi cuing N, va H,, thin,, ctia TB Capsule |&n hon ciia TB
huéng truc, con Q' ctia TB Capsule cling Ién hon nén dan dén dweng kinh BXCT clia tua bin Capsule nhé
hon so v&i TB huéng truc.

76,5041 — —_— -

Hinh 3. So sénh wu diém ctia NMTP ldp TB Capsule va TB huéng truc

V& sb vong quay déng bd, véi cling quy mé cdng suét (N.,), sb véng quay ctia TB Capsule I6n hon
clia TB hwéng truc. Diéu nay dwoc chirng minh qua céng thirc:

e n!.ln \j Hbq
T )
R rang, vi D, cla tua bin Capsule nhd hon, nén sé vong quay déng bé clia né sé cao hon TB huwéng
truc. S& véng quay nhanh hon ciing c6 loi vé quy mé, kich cé cac thiét bi lién quan dén tua bin va may phat dién.
V& cao trinh BXCT, do diém nguy hiém vé xam thuc ctia TB Capsule |a mép trén clia BXCT, con véi
TB hwéng truc di qua truc canh BXCT, nén dd an toan vé xam thurc clia TB Capsule cao hon nhiéu, déng
th&i tua bin va té may TB hwéng truc sé bi day cao |én (day la do anh hwéng clia 6ng hit cong so véi dng hut
thang ctia TB Capsule).

Nghién cru mat cat ngang, ching ta thay: véi cling cao do thap nhat (day budng TB ctia TB Capsule
SO 22
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QUA : ) 1a

va day 6ng hit cia TB hwéng truc) thi phan dudi nwdc ciia tua bin hwéng truc 18n dén 2,70 D,, con tua bin
Capsule 1a 1,917 D,. Trong triedng ho'p cu thé nay chénh léch chiéu sau 1a (21,70 m - 11,50 m = 10,20 m).
Nhuw vay cong tac bé téng, BTCT cho phan duéi nwée cla tua bin huwéng truc Ién gan gap déi so véi tua bin
Capsule.

Nghién ctru mat bang, ching ta thay: véi TB Capsule, méat bing can déi, chiéu réng budng tua bin va
éng hatla 2 D, = 12,0 m. Vé&i TB hwéng truc, phan budng tua bin khéng can déi va co chiéuréngla2,4 D, =
19,2 m, chiéu réng clra ra éng hat 1a 2,38 D, = 19,0 m. Tir d6 tinh dwoc chiéu réng mat bang cta TB hwéng
truc I&n hon TB Capsule la: (19,0/2 + 12,0) - 12,0 = 9,5 m. Nhw vay cdng tac dao mong, cong tac bé téng,
BTCT cho phan dwéi nwéc clia tua bin hwéng truc ciing Ié6n gan gap déi so véi tua bin Capsule.

T nhirng wu diém vé thiét bj va vé xay dwng cdng trinh, NMTD c6t nwéc thap 1&p dat tua bin Capsule
té ra co wu diém vuwot trdi so voi TB huwéng truc.

(@® 4.Motso dic diém cua cong trinh dau moi TD cot nwéc thap str dung tua bin Capsule

Dai véi ving ha lwu séng sudi, diéu kién ty nhién co nhirng dac diém sau: Do dbc long séng nhd; Mét
cét ngang séng l&n; Luu lwong Ién trong ¢a mua kiét 1An mua It; Dong chay mua kiét d& dwoc diéu tiét béi
cac hd chiva thueng lku; Chénh léch muwe nwéde mua | va mia kiét khéng nhigu; Phii sa lo I&ng I&n, bun cat
di day khéng lon; Dan cw va rudng dbng ven séng phia thwong va ha leu déng duc; Nhu cau tao canh quan,
du lich khat khe hon & thwong lwu. T nhing déc diém trén, dbi véi cdng trinh dau méi TTD ¢t nuwde thap
varatthap lap dat tua bin Capsule & phan ha du cac séng sudi, cin lwu y nhietng van dé duoi day.

+Dé giai quyét van dé thao Il va khdng gay ngép lut thwong lwu, chi dwoc phép tao hd chiva diéu tiét
ngay dém, xay ding tran xa It co clra van diéu tiét. Vao mua kiét, dong van, duy tri mye nwéc thuong luu
cho phép. Vao mua li mé cira van dé dam bao khéng gay ngap lut. Nhw vay céng trinh tran sé cé nhiéu
khoang tham chi rat nhiéu khoang, ngudng tran thap va rét thap, co khi xap xi bang cao 6 day séng tw
nhién;

+ Dé giai quyét van dé xa cat, can xay dwng mét vai khoang tran vira thao 10 viva xa cat ndm ngay
canh NMTB. Cao dé nguéng cac khoang nay thap hon cao dé ngwdng tran chilam nhiém vu xa |d. Ngoaira
can xay dung twéng chan bun cat di day trudc kénh dan vao clra lay nwde ciia NMTD;

+ Do vira phat dién, vira xa I, vira xa cat nén phai cé cac twéng phan dong nam gitra cac khoi
NMTD, tran xa catvatran xald.

+ Dé gidi quyét van dé giao théng va van tai dwdng séng, can phai xay dwng au tau tai cac TTD cbt
nuée thap trén séng viing déng béng.

(@ 5.Kétluan

Dai véivung ha du cac sdng I6n clia nwdre ta, khi xay duwng thiy dién, tuy cot nuée phat diéntaora co
thé thAp ho&c rat thap nhung bu lai la lwu lwong phat dién lai ratIén, cho nén quy mé cong suat clia cac TTD
nay cé thé 1&n dén hang chuc, tham chi hang tram MW.

Tl trwdre téi nay ching ta mai chi cha y khai thac cac TTD & trung du va mién nai dé tan dung tinh
hiéu qua cta ching ma chua lwu y dén cac TTD & viing déng bang. Nay, cac cong trinh thiy dién cdt nwée
cao va trung binh da khai thac hét. Viéc phat trién thay dién cot nwée thap dwoce danh gia la gidi phap cho
van dé khai thac hiéu qua va bén vixng ngudn nang lrong tai tao nay (xét dén thm nhin nam 2030).

So véi TTD cot nwdc thap Iap dat TB hwéng truc, thi TTD ot nwéc thap 1ap dat tua bin Capsule co
nhiéu wu diém vuot troi. Nén vé mat ly thuyét va thue tién déu cho thay xay dyng loai hinh TTD nay 1a xu thé
tat yéu cla chang ta trong twong lai./.
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