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ANALYSIS OF FLOW CHARACTERISTICS IN THE DRAFT TUBE OF
FRANCIS TURBINE WITH DIFFERENT GUIDE VANE OPENING
TRAN CONG TRIEU
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Tém tit

Dong chay khéng én dinh do ddi xody trong ong
it tuabin Francis gdy ra sé anh hwong dén hoat
ddéng an toan cia t6 mdy phat dién. Dé tién hanh
nghién citu chuyén sau vé dic tinh dong chay
trong éng hit, tuabin Francis cia Tram thuy dién
Bdn Céc dwoc ldy lam doi twong nghién ciu va
dua trén mé hinh nhiéu loan SST k-&, mé phong so
kénh toan dong chay dwoc thuc hién trong cac
diéu kién lam viéc khac nhau dé phan tich dac tinh
dong chay bén trong ong hit. Két qud nghién ciru
cho thdy: khi mé canh hwéng ¢ do mo thiét ké, ap
sudt phan b6 déu va khong cé vimg dp sudt thap ¢
ddu vao ong hit; khi @6 mo canh hwéng lém nhat
cho lueu liong Quax thi viing dp sudt thap ting dan
va co dang hinh cot tru; khi mo mot ph&n do mo
canh huéng (Qmin) xudt hién sw phan bé xodn éc
viing ap sudt thap, tirc la hinh thanh dai xody bot
o vung nay. Hién twong nay sé gay ra do rung lon
hon ¢ t6 mdy phdt dién.

Tiwr khoa: Tinh tgdn dong luc hoc chat long, dac
tz"nh dong chay, on dinh van hanh, xody xam thuc,
ong hut, tuabin tam truc.

Abstract

The unstable flow caused by the vortex rope in the
Francis turbine draft tube has impacted the safe
operation of hydraulic turbines. The Francis
turbine of Ban Coc Hydropower Station was taken
as the research object to conduct an in-depth study
of the flow characteristics in the draft tube. Based
on the SST k-¢ turbulence model, numerical
simulation of the full-flow channel was performed
under different working conditions to analyze the
flow characteristics in the Francis turbine draft
tube. The results show that when the guide vane is
opened at the design opening, the pressure is
symmetrical distributed, and there is no low-
pressure zone at the draft tube inlet; when the
guide vane opening is the largest for the flow rate

Omax, the low-pressure zone increases and has a
columnar shape vortex rope; when the guide vane
opening is partially opened (Qmin), a spiral
distribution of the low-pressure zone appears, that
is, a spiral cavitation vortex rope is_formed in this
area. This phenomenon will cause greater
vibration in the hydraulic turbines.

Keywords: Computational fluid dynamics, flow

characteristics, operating  stability, vortex
cavitation, draft tube, francis turbine.

1. Gi6i thi€u

Thily dién 1a mot ngudn nang lwong co kha ning
didu chinh cong suét linh hoat, giit vai trd quan trong
trong sy on dinh cua hé thong dién qudc gia. Trong
nhitng ndm gan day, do nhu ciu thay ddi lién tuc véi
bién d¢ cong suat 16n cua ludi, datra yéu cAu cac tram
thity dién phai lam viéc v6i sy diéu chinh cong suat
phat & ngoai diéu kién thiét ké. Piéu nay dan dén cac
td may thiy dién hoat dong khong 6n dinh, hién tuong
tram thity dién khong phat dién hét tai ngay cang anh
huéng dén hoat dong binh thudong cua tram dién.
Trong s& d6, c6 hién twong hinh thanh dai xody trong
ong hit tac dong dang ké dén sy mét 6n dinh cua t6
may. Nhiéu nha nghién ctru da c6 nghién ctru vé van
dé nay va dat dwoc nhitng két qua nhit dinh. Dinh
Minh Hai [1] d3 tién hanh mo6 phong sé cua toan bd
phan din dong chay cua tuabin Francis hai diy canh,
va dya trén d6, da phéan tich cac déc tinh nang lugng
va phan bd van tbc, ap suét trong tuabin. Két qua
nghién ctru ctia ho cho thiy trong diéu kién luu lugng
16n va nhé hon thiét ké, s& xuit hién cac ving xody
trong ong hit. Jing Y. va cong sy [2] da tién mo phong
dong khéng 6n dinh vé cac diéu kién cua tuabin
Francis trong nha may thuy dién ¢ hai diéu kién lam
viéc dién hinh. Két qua cho thdy & diéu kién phy tai
thap trong dng hut c¢6 sy hinh thanh dai xo4y xoén dc,
va & diéu kién phu tai 16n s& hinh anh dai xody cot tru.
Iliescu va cong sy [3] di st dung cong nghé PIV dé
nghién ctru cdu trac dong xody va dic tinh dong chay
trong ong hut. Két qua cho thiy sy dao dong ap suét
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la nguyén nhan chinh hinh thanh dong xody. Dua trén
tinh toan ciia PIV va str dung phan mém Fluent, Zeng
va cong su [4] da tién hanh mo phong sb khong 6n
dinh dng hut cta tuabin Francis. M6 phong cho thay
khong c6 xody bén trong 6ng hut trong cac diéu kién
thiét ké. Trieu T.C. va cong su [5] d4 sir dung phan
mém ANSYS CFX dé tién hanh mé phong sb vé trang
thai dong xoay khong 6n dinh trong dng hut tuabin
Francis. Minakov va cong su [6] da st dung mo6 phong
sO dé nghién ciru dao dong ap suét trong dng hut. Két
qua nghién ctru cho thiy dai xody trong 6ng hut 1a
nguyén nhan chinh gay ra tan so thap va ap suat mach
dong trong tuabin. Dya trén phuong phap dong chay
hai pha ctua dong luc hoc bong bong, Allign va cong
su[7] di tién hanh phéan tich dong chay xam thyc
khong 6n dinh trén mot tuabin mé hinh Francis nhét
dinh va nhan théy réng voi su phat trién cua hién
tuong xam thuc, xody trong khoang 6ng hut co tac
dong dang ké dén su khong 6n dinh t6 may. Pong thoi,
cac hoc gia ciing tién hanh nghién ctru vé viée cai
thién ving xody trong ong hit. A. Yu va cong su [8]
da thiét 1ap mo hinh toan phan dan dong tuabin tim
truc cho truong hop bd sung khi vao éng hat dé cai
thién ving xoay. Két qua cho thdy ving xody giam vé
do 16n, do xody tir d6 giam 4p sudt mach dong. Ngoai
céc tai liéu néu trén, mot sd lwong 16n cac hoc gia cling
d3 tién hanh cac nghién ctru & mirc do khac nhau vé
dic tinh dong chay trong 6ng hut cua tuabin thuy luc
va da dat dugc mot sd két qua co gia tri [9-11]. Tir cac
tai liéu trén c6 thé thiy ring & nudc ngoai ¢é rat nhicu
nghién ciru vé dic tinh dong chay trong 6ng hit tuabin,
tuy nhién chua c¢6 nghién ciru nao ap dung cho céc
tram thiy dién ¢ Viét Nam noi c¢6 hé théng dién kém
on dinh hon, dao dong cong suit 16n hon.

Do dic thi dia hinh nén & Viét Nam, s luong tram
thily dién sir dung tuabin Francis chiém ty 1& rat cao.
Dé dap tmg nhu cau thay di lién tuc ciia phu tai, cong
sut phat cua tuabin phai thay doi. Vi tuabin Francis
viéc thay d6i cong suat phat ciing chinh 1a thay d6i do
m& canh hudng. Do d6 can thém nhimg nghién ctru vé
dic trung dong chay trong phan din dong tuabin
Francis khi d6 mé& canh huéng thay dbi. Bai viét nay
s& bit dau tir nhiing van dé ky thuat thuc t& vé& dao
dong thuy Iyc trong 6ng hut tuabin Francis ctia Tram
thily dién Ban Cdc va phan tich van dé nguyén nhan
gdy ra rung dong thuy lyc to may. Két qua nghién ciru
s& cung cap tai liéu tham khao hiru ich cho qua trinh
van hanh tram thuy dién tai Vi¢t Nam.

2. Tuabin thiiy lwc va cac thong sb

Déi tugng nghién ciru trong bai viét nay 1a tuabin
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Francis ciia nha méay thuy dién Ban Coc nam trén dong
song Nam Giai thudc huyén Qué Phong, tinh Ngh¢ An,
v6i tong cong suét 1ap dat 1a 18MW. Thong sb co ban
clia to may thuy dién Ban Cdc nhu sau: model tuabin
la HL100A-35.18; cong suét dinh mtrc 1a 6,289MW;
cOt nude tinh toan 1a 187m; luu lwong dinh muc 1a
3,71m%/s; tbe @6 dinh mirc 1a 750 vong/phut, dudng
kinh banh xe cong tac 1,21m.
3. M6 hinh thiay lue va chia ludéi

Mo hinh thuy lyc cia cac bo phan dan dong cta
tuabin Francis bao gdm cac phan: budng xoén, canh
hudng, banh xe cong tac va éng hat. Hinh 1 thé hién
mo hinh thiy Iyc ba chiéu toan phan din dong tuabin.

W) ’ Cira vao
Banh xe cong tac \/
) Budng xoan,
Ong it canh huéng
, I
Curara ):fg s

-------------------------

(c) Ong hiit
Hinh 2. Chia lué6i phin din dong tuabin
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Viéc chia ludi dong vai tro quan trong trong tinh
chinh x4c ciia mé phong, vi vay chit luong cua ludi
rt quan trong. Ciu triic cac bo phan din dong tuabin
thity lyc rat phirc tap, cac canh banh xe cong tac 14 bé
mit xodn ba chiéu c6 hinh dang khong déu. Viéc chia
ludi doi hoi nhiéu thoi gian. Kiéu ludi phi cau trac
(loai Hexahedral) da dugc chon dé chia lué6i. Tai cac
khu vyc giap 16p bién, banh xe cong tac dugc ting mat
d6 ludi cuc bd gitip thoi gian tinh toan sé dwoc giam
xudng va do chinh xac ctia phép tinh ciing c6 thé dugc Hinh 3. D mé cdnh huéng
dam bao. Thong qua kiém tra tinh doc lap cua cac ludi, =
phuong an luéi co tong s6 20,7 triéu nit ludi da duogc '
chon. Viéc chia luéi duoc hién thi trong Hinh 2.

4. Piéu kié¢n bién

Phan mém thuong mai ANSYS CFX dugc sir dung
dé m6 phong sb toan bd phan dan dong tuabin tm tryc.
Giita phan quay va phan khong quay duoc dat giao
thirc két ndi (interface model) 1a Transient Rotor
Stator. Piéu kién bién dau vao cua buéng x0édn dugc
dit 12 ap suat tong, ddu ra dng hut dat 1a ap sudt tinh,
bé mat tuong khong tron trugt va nhin, moi trudng
lam viéc 1a nude va ap suat tham chiéu bang 0. Thong
s6 mé hinh duoc thé hién trong Bang 1. Trong qué

(a) B6 md canh (b) B6 m¢d canh (c) B6 m¢ canh

hudng voi THI hudng vai TH2 hudng voi TH3

Mt cét 1

Hinh 4. Mt cit éng hit va dp mé cinh huéng

trinh van hanh tb may, dé thay ddi cong suét phat Préssurs (Pa)
tuabin Francis thudng diéu chinh d6 mé canh hudng o
dé tang giam luu lugng nudc vao tuabin. PoOi véi 9055
tuabin Francis pham vi diéu chinh luu lugng cho phép (@) Omax 7o
c6 thé tlir 60% dén 110% luu luong tinh toan. Nghién -
clru ndy phan tich dic tinh dong chay trong éng hut e
khi canh huéng mo ¢ ba d6 mé khac nhau. Truong 3088

hop 1 (TH1) 1 canh huéng md 100% d6 mé diém tinh
toan, ung vdi luu lugng tinh toan Q. Trudng hop 2
(TH2), canh huéng maé véi 110% d6 ma tinh todn, ung

Pressure (Pa)
10006

9649

v6i luu lugng 16n nhit One=1,10x. Trudng hop 3

(TH3), canh huéng mé 60% do mo tinh toan, ung vai . 8578
lru lwong ti thidu Opin=60%Qx (xem Hinh 3). () Qu s LA

, -

Bdng 1. Thong so mé hinh 6793

Cot nude H(m) 12
Pressure (Pa)

Luu lugng tinh toén O(m’/s) 0.2 oo

Pudng kinh BXCT D(m) 0.349 o,

Téc d6 quay n(rpm) 735 (c) Omin st

5. Két qua tinh toan va phén tich oz

3463
3194

5.1. Phdn bé dp sudt trén tiét di¢n éng hit

Véi cac didu kién 1am viéc khac nhau trong cing Hinh 5. Phan bo dp suit 6 ong xd trong cc ché dj huu

diéu kién cot nude, dong chay trong ng hut duoc
chon dé phan tich. Vi tri mat cit ngang dién hinh éng
hut st dung dé nghién ctru duoc thé hién trén Hinh 4.
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Hinh 5 cho thdy su phan bd 4p suit tai mat cit 1
trong 6ng hut & cac @ mé canh hudng khac nhau. Co
thé thay trong Hinh 5, dudi cac diéu kién lam viéc
khac nhau, ap suat tai ctra vao 6ng hut 1a ap suét thap,
chénh l1éch 4p suét toi da va t6i thiéu 1a 16n. O ngoai
diéu kién thiét k&, xuat hién ving ap suét thap bang ap
sudt hoa hoi. Hon nita, khi Iuu luong giam, ving ap
suét thap nay dan dan di chuyén léch ra khoi tim 6ng
hut. Do su phan b ap suét 1 rang 1a khong dong déu
nén c6 thé dé dang dan dén cac xung ap suat nghiém
trong trong dng hut, tirc 1a rung dong thay luc, c6 thé
dan dén rung dong to may.

Ciing c6 thé thdy trén Hinh 5 rang khi luu lugng &
ngoai gia tri tinh toan thi 4p suét trén mat cit ngang
giam dan, ddc biét o phan gan tam dng hut. Khi 46 mo
canh hudng nho, ving tam 4p suét thap bi léch, cho
thiy d& dang hinh thanh ving xody bot khi thuc
(vortex cavitation) trong diéu kién lam viéc nay, diéu
nay s& anh hudng 16n hon dén hoat dong an toan va
6n dinh cua céac bd phén tuabin thay lyc.

5.2. Viing xody bot khi thuc trong éng hiit

Dé nghién ctru ving xody trong dong chay co
nhidu phuong phéap di dugce sir dung, trong nghién ctru
nay ching t6i st dung phuong phap Omega-Liutex.
Phuong phép nay da dugc chung minh tinh don gian
va hiéu qua cao trong xac dinh dai xoay bot khi thuc
qua nhiéu céng bé [11, 12].

M6 phong Thi nghiém [13]

®)
Qmin

Hinh 6. Xody bot hinh thanh trong éng hiit tuabin

Hinh 6 cho thay c6 sy hinh thanh dai xody bot khi
thuc trong 6ng hut dudi cac diéu kién lam viée khac
nhau. C6 thé thiy trén Hinh 6 rang dudi luu lugng
thap, c6 mot dai xody xoin dc 16 rang ¢ khu vuce dau
dng hat. Khi luu lugng ting 1én dén luu lwong 16m nhat,
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dai xoay bot khi dan chuyén tir xodn ¢ sang dai xody
hinh c6t tru. Dai xody xodn ¢ xudt hién trong ving
ap sudt thap, cho thay ving nay hinh thanh dai xody
bot khi thyc. Diéu nay s& gay anh huong 16n dén hoat
ddng an toan va on dinh cua t6 may. Két qua mo phong
cling phu hop v6i nhitng quan sat trong thi nghiém cta
nhiéu nhom tac gia.

5.3. Phdn bé vin téc trong éng hiit

Hinh 7. Phén bé vin téc dong chdy trong phin din
dong tuabin

Hinh 7 cho thay phan b6 van toc ciia phan din
dong tuabin duéi cac cot nude khac nhau. C6 thé thay
trong cac truong hop, dong chay trong khu vuc banh
xe cong tic c6 van tde cao nhat va giam dan khi xudng
dng hat. Hinh 7(a) véi d6 mé canh hudng 16n, lwu
luong 16n, dong chay trong dng hut kha déu, tai phan
tam 6ng hat xuat hién ving c6 van toc hudng truc thap
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gan v6i 0. Diéu nay cho thay tai tim dng hit xuat hién
viing xoay bot khi chuyén dong dimg. Hinh 7(b) dudi
Iwu lwong dinh mirc, dong chay trong dng hut rat déu
va 6n dinh. C6 thé noi tai diém tinh toan dong chay
trong 6ng hit tuabin gan nhu khong xuét hién xoay,
khong xuét hién ving xoay bot khi thyc. Pay 1a Iy do
tuabin hoat dong & ché do thiét ké s& 6n dinh va cho
hiéu suét cao nhat. Khi d6 mé canh hudng tiép tuc
giam, luu lugng giam, c6 thé thiy trén Hinh 7(c) mot
dong xody luan phién rat rd rang xuét hién ¢ phan dau
vao ctia 6ng hut. Ving van tdc thap xuat hién co dang
xoan dc. Pay chinh 1a viing xody bot chuyén dong
xodn 6c xudng ha Iuu. Tinh trang nay d& khién rung
dong thiy Iyc trong dng hiit ting cuong; dong thoi, sy
xuét hién clia cac xody 16n hon ciing d& gy ra ton that
thity lyc 16n hon trong 6ng hut.

Két hop cac két qua phan bd ap suat trén, cb thé
thdy trong diéu kién lam viéc nay xudt hién cac dai
x04y bot khi rd rang s€ gay ra d¢ rung 16n hon trong
t6 may tuabin. Vi vay, c6 thé xac dinh mot trong
nhitng nguyén nhan chinh giy ra 6 rung 1én cua to
may thuy dién cia nha may thuy dién nay la do hinh
thanh cac dai xody bot khi nghiém trong trong 6ng hut,
lam ting thém tac dong ctia rung dong thiy lyc dén do
rung cua t6 may.

Dé giam rung dong ro may can giam sy xuét hién
cac bot xoay khi thuc trong dng hut tuabin. Bot xody
xudt hién & khu vuc ap suat thap (4p suat bdc hoi bio
hoa), vi vy can khong dé xuat hién ving ap suit thip
trong phan dan dong tuabin. Do d6 ngay trong giai
doan thiét ké can chon tuabin mau c¢6 kha ning chdng
xam thue tét. Dbi véi tuabin cot nude cao cb thé su
dung tuabin hai ddy canh (nhu tuabin cua thiy dién
Béan Cdc). Thém vao d6 can chon cao trinh dit tuabin
phii hop véi chidu cao hit yéu cau. Vé bién phap ky
thuat, can bé tri bo phan bu khi cira ra BXCT, bd phan
nay co thé dit ngay than truc chinh hodc bd tri cac dng
cép khi tir thanh dng hut.

4. Két luan

Bai viét da phan tich dic tinh dong chay trong dng
hut tuabin Francis véi cac d0 mo canh hudng khac
nhau. Khi canh huéng mé 100%, luu lugng tai diém
tinh toan, c6 mot ving ap sudt thip & phan diu vao
ctia ng hat. Khi d6 mé canh hudng ting 1én, ving ap
suét thap ting dan, va ving ndy van tap trung & tAm
6ng hiit. Khi d6 mé canh hudng giam xubng diém luu
lugng nho nhét, ving ap sut thip xuat hién léch tam
tao thanh hinh xodn éc. Tinh d6i xtmg ctia sy phan bd
ap suét trong 6ng hit giam dan khi luu luvong giam di.

Duéi d0 mo canh huéng véi Qu, dong chay trong
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dng hut rit 6n dinh va cac dong phan bd déu; dudi do
mé & luu luong 16n Oy, dong chay trong phan dau
vao ctia 6ng hut tré nén hdn loan, ddng thoi luan phién.
céc xody phéan tan xuét hién ¢ phan dau vao cua dng
hut; Khi o mé canh hudng giam cho Qyin, mot dong
xody ly tAm rat 16 rang xuét hién ¢ 6ng hut. Két hop
v6i két qua phan b ap sudt, c6 thé thdy ring trong
diéu kién lam viéc nay, cac dai xody bot khi thuc Xuét
hién r6 rang. Sy xuét hién cua cac dai x04y bot khi
thuc s€ gly ra do rung 16n hon trong bd phan tuabin.
Vi vay, mot trong nhitng nguyén nhan chinh gay ra do
rung 16n cia t6 may thiy tuabin thiy lyc nay 1a su
hinh thanh céac dai xody tao bot nghiém trong trong
dng hut. Diéu nay 1am ting thém tac dong cia rung
dong thity luc dén do rung cua to may.
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