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Tém tit

O ché dg phu tdi thap, tua bin Francis thirong xudt
hién dong hoi heu tai cira ra banh cong tic va cdc
cdu triic xody mat on dinh trong ong hit, gy suy
giam hiéu sudt va gia ting dao dong thiy luc.
Trong khi cdc nghién cieu truée chit yéu tdp trung
vao hinh thai xody hodc dao déng dp sudt, co ché
suy giam truyén nang lwong do léch huéng khong
gian giita véc to vin téc va gradient dp sudt van
chuwa dwgc lam ré. Nghién cuu nay dp dung
nguyén Iy phéi hop truong, trong dé géc phoi hop
truong 0 duoc s dung lam chi tiéu danh gia hiéu
qud truyén nang heong. Két qua CFD cho thay 0
tai cira ra banh céng tac phan bé khéng dong nhat
va déng vai tro khéi phat mat on dinh trong ong
hiit. O phy tdi thap, khodng 51% vimg c6 6 > 90°
va viing hoi lwu chiém gan 21%, phdn danh sw suy
giam chuyén déi déng ning va dp ndang. Ngwoc
lai, tai diém tinh todn, cdc ty Ié nay giam dang ké.
Két qud cho thcfy méi lién hé dinh lwong gitia léch
huéng vén toc, gradient dp sudt va co ché mat on
dinh, cung cap mot chi bdo hiéu qua cho danh gid
va t0i wu van hanh tua bin trong ddi tdi réng.

Tfl: k}léa: Tua bin nudc, CED, phéi hop truong,
mat on dinh dong chay, truyén nang luong.
Abstract

Under low load operating conditions, Francis
turbines commonly exhibit backflow at the runner
outlet and unstable vortex structures in the draft
tube, leading to efficiency degradation and
increased hydraulic fluctuations. While previous
studies have mainly focused on vortex
morphology or pressure fluctuations, the
mechanism of energy transfer deterioration
caused by the spatial misalignment between the
velocity vector and the pressure gradient remains
insufficiently understood. In this study, the field
synergy principle is employed, in which the field

synergy angle 0, defined as the angle between the
velocity vector and the pressure gradient, is
adopted as an indicator of energy transfer
efficiency. CFD results reveal that 0 at the runner
outlet is highly non uniform and acts as a trigger
for instability development in the draft tube.
Under low load conditions, approximately 51% of
the flow domain exhibits 0 greater than 90
degrees, and the backflow region accounts for
nearly 21%, indicating a reduced conversion of
kinetic energy into pressure energy. In contrast, at
the best efficiency point, these proportions
decrease significantly. The results quantitatively
demonstrate the relationship between velocity and
pressure  gradient misalignment and flow
instability, providing an effective indicator for
assessing energy transfer degradation and
supporting optimal turbine operation over a wide
load range.

Keywords: Hydraulic turbine, CFD, Field
synergy, Flow instability, Energy transfer.

1. Gioi thiéu

Tua bin nuéc kiéu Francis 14 thiét bi then chdt trong
hé théng nang luong sach, viéc van hanh 6n dinh va
hiéu qua cao ciia nd ¢6 y nghia dic biét quan trong dbi
v6i an ninh niang lwong québc gia va muc tiéu “net zero™.
Cuing v6i xu hudng phat trién cac to may thity dién theo
huéng cong suét 16n va phdi hop da ning luong dé diéu
tiét phu tai dinh. Cac t6 may thuong xuyén phai van
hanh trong diéu kién phu tai trung binh va thap, dan dén
cac van dé nhu gia ting dong hoi luu & cira ra ctia banh
cong tac, mat on dinh dong chay trong dng hit va
khuéch dai dao dong ap suét, tir d6 de doa tudi tho thiét
bi va an toan cua hé thong dién [1-3].

Céc nghién ctru cho thdy, ban chét ctia nhitng van
d@ nay 1a sw mat phdi hop trong qué trinh truyén ning
luong gitta truong dong chay & ctra ra banh cong tac
va 6ng hat. Trong ving phu tai thap, sy mat can bang
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gitra hoan luu ¢ ctra ra banh cong tac véi dong chay
va truong ap suat trong dng hit s& kich thich su ting
cuong cua dong thir cip ngugc chidu, gy ton thét
dong nang cuc b va kich hoat dong hdi luu. Do do,
tiép tuc dan dén dao dong xody trong dng hut va dao
dong ap suét phi tuyén, hinh thanh phan tng day
chuyén [4-8].

Céc nghién ctru hién c6 da 1am sang t6 co ché hinh
thanh va mat 6n dinh cua xody trong 6ng hit, trong d6
tap trung vao mo ta hinh théi xody hodc dac tinh dao
dong ap suat. Tuy nhién céc nghién ctru van chua chi
y day du dén anh huong cin ban cia tinh khong dong
déu khong gian cua hidu qua truyén nang luong di véi
tinh 6n dinh cta hé thong. Dong chay bén trong tua bin
nu6e 1a dong chay rdi ba chiéu phic tap, chiu anh
hudng téng hop cua lyc ly tdm, lyc Coriolis, tuong tac
dong-tinh va do cong ciia mang dong gitra hai 14 canh,
khién cho viéc phan tich Iy thuyét trd nén kho khan.

Trong nhitng nam gan day, khai niém san sinh
Entropy dya trén dinh luat thir hai ctia nhiét dong luc
hoc di duoc dua vao dé danh gia tén thit ning luong
khong thuan nghich bén trong banh cong tac, qua do
hd trg phan tich phan bd nang luong trong khong gian
[9-11]. Twong ty, xudt phat tir nghién ctru truyén nhiét,
Iy thuyét phdi hop truong (field synergy) c6 thé cung
cp mot goc nhin méi cho viée phén tich qué trinh
truyén ning lugng cta tua bin nude trong didu kién
phu tai thdp. Ly thuyét phdi hop truong cho ring
cuong do trao ddi tai bé mit truyén nhiét khong chi
phu thudc vao ban than truong vén tdc va truong
gradient nhiét d§, ma con phu thudc vao goc kep gitta
chung. Trong cung diéu kién bién, van toc va gradient
nhiét 6 cang phdi hop tdt thi hidu qua truyén nhiét
cang cao [12]. Muc d6 phdi hop trudng tot hon giita
céc trudng gradient s& 1am tang cudng do truyén nhiét.

Véi may thity luc, qua trinh trao d6i dong luong lién
quan dén t6n that ning lwong chiu anh hudng manh mé
boi mute d phdi hop giira truong 4p suat va trudng van
tdc. Dya trén cam hing tir 1y thuyét phéi hop trudng,
bai bao nay xay dung mét phuong phap phan tich co
ché méat 6n dinh va hiéu qua truyén ning luong cua hé
thdng banh cong tic - dng hut dua trén goc phdi hop
truong. Phuong phap nay dugce sir dung dé nghién ciru
co ché anh huéng ctia sy phan b phdi hop gitta trudng
4p suét va truong van toc dén dic tinh thily lyc ciia tua
bin nude théng qua goc kep gitra véc to van tde va véc
to gradient ap suat.

2. M6 hinh thiy lwc va phwong phap tinh
2.1. M6 hinh tinh todn

Tua bin nude Francis dugc lya chon 1am doi tuong
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nghién ctru, md hinh hinh hoc cua n6 dugc trinh bay
trong Hinh 1. Cac b phan chinh cta tua bin mo hinh
bao gdm Ong hut, banh cong tac, canh hudng dong va
budng xodn. Banh cong tac (BCT) cia tua bin co 15
canh dai va 15 canh ngén; duong kinh ctia banh cong
tac 12 349mm; sb lwong canh cua canh hudng dong 1a
28 va canh hudng tinh 1a 14.

Hinh 2 trinh bay luéi tinh toan c6 céu trac cia
mién dong chay dugc tao bang phan mém thwong mai
ANSYS ICEM, véi tong sb phan tir ludi 1a khoang
20,73 triéu. Chi s6 hoi tu ludi (GCI-Grid Convergence
Index) dugc st dung dé danh gia tinh dgc 1ap ludi, va
sai s6 roi rac thu duge déu nho hon 0,5%, dap ung yéu
cdu cta céc tinh toan mo phong.

BCT - = Bu(‘Sng x04n

~ Cuhara

Curavao

Hinh 1. M6 hinh 3D tua bin Francis

Buong xoan

Hinh 2. Chia lwdi cic phan dén dong

Viéc mo phong s6 duge thuc hién bé‘mg phﬁn mém
ANSYS CFX. Gia thiét dong chay bén trong tua bin
1a khong nén dwoc va khong c6 trao dbi nhiét véi moi
truong bén ngoai. M6 hinh nhiéu loan SST k- dugc
lwa chon dé tién hanh tinh toan mo phong sd. Gia tri
Y*<40 tai ché d¢ tinh toan, phi hop vé6i yéu cau cua
mo hinh SST k-w. Lép ludi dau tién duoc b tri cach
bé mit canh khoang 0,07mm v&i hé s6 Node
incremental ratio 1,5x. Viéc kiém soat Y* trong pham
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vi nay bao dam d tin cdy cia mo hinh rdi trong md
phong dong chay ba chiéu phtrc tap. Didu kién bién tai
ctra vao dugc dat 1a luu lugng, diéu kién bién tai cira
ra duoc dat 13 4p sudt tinh.

Tt ca cac bé mat tuong déu dugce gia thiét 1a tuong
tron khong trugt. Mién tinh toan cua banh cong tac
dugc thiét 13p 13 viing quay, con cac bo phan con lai
duoc thiét lap 1a vung tinh. Viéc trao ddi dit liéu gilra
cac vung quay va vung tinh dugc thyc hién thong qua
giao dién Transient rotor-stator. Ti€u chi hdi tu cta
tinh toan mé phong sd dugc xac dinh qua cin trung
binh binh phuong RMS 1a 1073, Trudc khi thuc hién
mo phong khong on dinh, steady-state da duogc tinh
toan nham cung cap trudng dong ban dau hop 1y. Sau
d6, bai toan dugc giai theo ché do transient trong 10
vong quay hoan chinh ctia banh cong tac voi budc thoi
gian At =5x10"*s.

2.2. Kiém dinh mé hinh

Béng 1 thé hién cac ché do tinh toan mé phong tua
bin nudc ¢ cac mire tai khac nhau. Cot nude dinh mirc
clia tua bin 1a 12m. Trong qua trinh mé phong s6, toc
d6 quay don vi dugc giit khong d6i 335 vong/phut.
Kiém dinh mo6 hinh st dung dit li¢u thi nghiém dugc
cung cap boi phong Thi nghiém Thiy lyc Truong Pai
hoc Cong ngh¢ Na Uy [13].

Bing 1. Cic ché dp tii trong mé phéng tua bin

Francis
R on D6 mé canh Ty luu lwong
Che do i j
huéng (d5) (Q/0n)

Tai thap 3,91 0,36
Tai trung binh 6,72 0,7
Tai tinh toan 9,81 1,0
Tai 16n 12,44 1,21

Théng qua viéc so sanh dir liéu hiéu suét thi
nghiém va két qua mé phong CFD cua tua bin tai cac
diém lam viéc khac nhau trong Hinh 3, c6 thé nhan
thy rang hai tap dir liéu c6 mirc d6 phit hop tong thé
tbt, voi sai sb twong dbi duy tri dudi 4,1%. Két qua
mo phong s6 nhin chung phu hop t6t voi két qua thi
nghiém tai cac vung lam viéc.

Trong diéu kién tai nho, viéc mo phong chinh xac
cac dang dong chay phirc tap nhu dong xoay va dong
thir cAp van con gip nhiéu kho khan, day 1a nguyén
nhan chinh dan dén su sai léch gitta hiéu suit mo
phong va gia tri thi nghiém. Tuy nhién, murc sai khac
nay nam trong gidi han cho phép. Do do, két qua mo
phong duogc danh gia 1a dang tin cay.
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2.3. Phwong phdp géc phoi hop truwong

Dua trén phuong trinh dong luong, khi lay tich
v6 huéng gitra gradient ap suit va véc to van toc s&
thu dugc phuong trinh nang luong co hoc, trong do
u-(- p) biéu thi d6 16n cong suat (mat do cong theo
thé tich) do gradient 4p suat tac dung 1én phén tir chat
long. Do d6, dai lugng N,= u (- Pp) ¢6 thé duge ding
dé dac trung muic d§ trao ddi nang luong co hoc
thong qua truong ap suat, va duoc biéu dién dudi
dang:

N, =u-(=Vp) =lull =Vplcos 8 (1)

DPé mo ta tinh phdi hop giira truong van toc va
trudng 4p suat, tuong tu voi hién twong phdi hop trong
truyén nhiét [14], goc phdi hop giita truong van te va
truong 4p sudt trong qua trinh truyén dong luong co
thé dwoc biéu dién nhu sau [15]:

u-(-Vp)
lul-Vpl| (2)

0 = arccos

Trong d6, u 1a véc to van tdc dong chay, p 1a ap
suit, & (Goc theta) 1a goc phdi hop trudng.

Tir biéu thire trén ¢ thé thay rang, khi 6<90°, thé
nang ap sut duoc chuyén hoa thanh dong niang, ning
lwong cua dong chay dugc truyén theo chidu thuan.
Gia tri 8 cang nho thi muc d6 hiép dong glua truo*ng
van tdc va truong 4p sudt cang cao, ton thit cong suét
cang nhd, qua dé dat dugc muc ti€u tiét kiém nang
lugng. Khi 6 =90°, qua trinh truyén ning lugng dimg
lai, véc to van tdc dong chay vudng goc vé6i gradient
ap sudt va khong xay ra trao ddi ning luong. Khi
6>90°, gradient 4p suit va huéng vén toc ciing chiéu,
dong nang bi chuyén hoa thanh thé nang ap sut, ning
luong truyén theo chidu nguogc, luc can dong chay
tang lén, thuong la d4u hiéu sy xuét hién cta hién
tuong tach dong.

100
95 r
90
8 r
80
75t
70 . .

0,6
Q/Qtt

n(%)

—&— Thi nghiém
—&— Mo phong SST

0.8 1,0 1,2

Hinh 3. Hiéu suit tua bin

3. Két qua va thao luin

Nhu thé hién trong Hinh 4, phan bd goc phéi hop
truong 6 tai cira ra banh cong tac co tinh khong dong
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(a) Viing tdi thap

(b) Vung tdi trung binh
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Goc theta
180

162
144
126

[degree]

(c) Vung tai tinh todn

Hinh 4. Phin bé géc phéi hop triwong 0 (goc theta) tai cdc ché dp tii khdc nhau

nhét theo phuong chu vi va tudn hoan theo sb canh,
phan anh tryc tiép sy twong tac dinh hudng giira véc
to van tdc va gradient ap suét trong dong chay sau
canh. Truong € hinh thanh cac dai gia tri thip va cao
xen k&, dong vai tro nhu chi thi dong luc hoc cho mirc
do6 tuong thich nang lugng gitra truong dong lugng va
truong ap sudt tai mién cira ra. Cac vung 6 thélp
(0°+60°) xuat hién chii yéu doc theo mit lam viéc ciia
canh, noi dong chay dugc to chtre t6t, gradient ap suat
¢6 xu huéng ddng hudng véi van tdc thuc ddy qua
trinh chuyén héa hiéu qua ning lugng 4p suét thanh
dong nang.

Nguoc lai, cac dai 6 cao (>90°) tap trung tai mién
“wake” va cac viing xody v, noi van toc cuc bd trong
15i xo0dy c6 thanh phan ngang 16n va léch dang ké so
v6i gradient ap sudt. Su sai léch dinh huéng nay lam
suy giam gia tbc dong theo phuong chinh, ting cudng
khuéch tan dong nang va ton thét do tron rdi. Do vay 6

Khu viee
vanh
dudi
(span
0,9)

Khu vuc
vanh trén
(span
0,1)

(a) Ving tdi thap

(b) Ving tai trung binh

cao tré thanh déu hiéu dic trung cua mién tan xa nang
luong. O ving tai nho, cac dai 6 cao mo rong va phan
bd déu hon do anh hudng ciia khuéch tan xody va bat
6n dinh dong chay, trong khi tai tai trung binh va diéu
kién ti vu (tinh toan), chiing bi nén lai va tap trung cuc
bd hon. Piéu nay khing dinh ring phan bd 6 tai cira ra
banh cong tic 1a mot tham sé nhay, cho phép dinh
luong su bién ddi cAu tric “wake” va co ché ton that
nang luong twong tmg theo ché d¢ van hanh.

Nhur thé hién trong Hinh 5, phan bd goc phdi hop
trudng 6 trén banh cong tac bién thién rd rét theo ché
do tai va theo vi tri vanh trén va vanh dudi BCT. Tai
vanh du6i (span=0,9), trudng 6 duy tri xu thé 6n dinh
giita cac diéu kién lam viéc, trong d6 phan 16n mién
dong chu dao nam trong khoang 6 ~ 0°+72°, chi xut
hién cac dai € cao cuc bd gan ving bién va mép ra.
Nguoc lai, tai vanh trén (span=0,1), ché d6 tai thép cho
thiy sy gia ting dédng ké cta cac ving #>90° phan bd

1

1

1

1

1

1

1

! Goc thete
' 180
' 162
| 144
' 126
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[

[degree]

(c) Vung tdi tinh toan

Hinh 5. Phiin bé géc phoi hop trwong khu viee vanh trén va vanh dwéi BCT
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theo dang chu ky quanh chu vi, ddng thoi mét phan cdu
trac @ chuyén sang dang “V”, phan anh sy sai léch
manh gitra huéng van téc va hudng gradient ap suat. O
tai trung gian, tinh chu ky cta 6 tiép tuc bi pha v, cac
dudng dong bién dang rd va hinh thanh cac ving 0 cao
cuc bd trong mot sb mang dong. Pidu nay cho thay su
tang cudng tuong tac vét sau va phat trién mét 6n dinh
cuc bo gﬁn ctra ra. Khi dat ché do tinh toan, trudng 6 tai
vanh trén trd nén dong déu hon, phan 16n mién dong
quay vé mtrc 0°+72° va cAu tric chu ky dugc khoi phuc,
cho thay diéu kién thoat dong thuan loi hon.

Két qua san sinh Entropy tai vanh trén trong Hinh
6 xac nhan moi lién h¢ chat ché giita mat phdi hop
truong va ton that khong thuan nghich. Cac ving 6
cao dong vi v6i cac dai san sinh Entropy 16n tap trung
doc bién kénh va vung lan can mép ra, voi cuc tri cuc
bo dat khoang 6480 (W-m=-K') & tai thip va tai
trung gian, phan anh sy gia ting khuéch tan rdi va ton
that do dong thtr cap. Nguoc lai, tai ving tinh toan,
san sinh Entropy suy giam dang ké va phan bd hep
hon quanh 16p bién, cho thdy ton that duoc kiém soat
t6t khi mirc phdi hop truong van tdc-ap suat duoc cai
thién. Tong quat, sy mé rong cua mién 0>90° tai vanh

= |

(a) Ving tdi thap

\\\ - \\\ §* v

(b) Ving tai trung binh
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trén c6 thé xem nhu chi ddu dinh lugng cho ving suy
giam truyén nang luong va ngudn gdc lam gia ting
san sinh Entropy trong banh cong tac.

* Anh hwong ciia géc phoi hop truong dén ving
dong nguoc trong ong hut

Phan bd goc phdi hop truong 6 tai cira ra banh
cong tac phan anh truc tiép su khéac biét theo khong
gian cua co ché chuyén hoa giita dong ning ctia phan
tir dong chay va ning luong ap suit. Cac ving co 6
16n (dac biét 6 > 90°) dic trung cho trang thai chuyén
d6i bat loi, 1am suy giam dong luong va giam kha
nang duy tri dong chay on dinh sau khi rdi banh cong
tac. Khi di vao 6ng hit, dong chay tai cac ving 6 cao
thuong khong du niang lwong dé chdng lai gradient ap
sudt nguoc, tir d6 d& phat sinh hdi luu cuc bd va gia
tang tn that tai tuAn hoan. Nhu minh hoa trong Hinh
7, truong 6 trong éng hut cho thay su “ké thira” rd rét
tir diéu kién dong ra banh cong tac va co6 lién h¢ chat
ché& véi sy hinh thanh cac cdu trac xoay mat 6n dinh
(biéu dién qua tiéu chi 0=200s2). O ché do tai thap, 6
xuét hién cac dai tap trung cuc b vai gia tri dién hinh
127°+180°, trong khi vung 13i dong chinh duy tri mirc
thdp hon (20°+60°), tao nén phan bd khong dong déu

Entropy
80.0

72.0
64.0
56.0
48.0
400
32.0
240
16.0

0.0
W m~-3 KA1

Goc theta
Contour 4

180
162
145
127

@ 3
5. & \m - 21
- 3
A \? %::‘ > > [degree]
S o
A ‘,‘: C‘{“ .
)_‘ B
~ .

(c) Vung tai tinh todan

Hinh 7. Phin bé géc phoi hop trwong ciia éng hiit dwéi cdc diéu kign tii khdc nhau
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manh. Sy twong phan nay thuc day su phat trién cua
chu tric xody kép dang xoén, ddng thoi lam ting
tuong tac gilra vung suy giam dong nang theo phuong
chu vi véi tia dong tai cira ra banh cong tac, dan dén
truong xody hdn loan va ving nude chét. O ché do tai
trung gian, phan bd € ¢6 xu hudng tap trung dang don
dinh, gay tré van tdc doc truc va kich hoat cAu truc két
hop gitra dai xody léch tim (vortex rope) va hdi luu
bén. Nguogc lai, tai ché do tinh toan, 6 phén bd tuong
dbi dong déu hon vé6i phan 16n mién dong chay nim
trong khoang 56°+109°, cho thiy diéu kién dong vao
dng hut thuan loi va mirc d6 hdi luu bi han ché.

Nhu vdy, phan bd goc phdi hop trudng tai cira ra
banh cong tac ¢6 thé xem nhu ngudn “mam” chi phbi
sy hinh thanh va tién hoa mat 6n dinh xo4y trong 6ng
huat. Dang phan bd khéng gian cua 6 dong vai trd xéac
lap trude mue d6 1éch tAm, s6 nhanh x04y va dac trung
tién dong cua dai xody, tir d6 anh hudng truc tiép dén
ton that va hiéu suét cua hé thong

Nhu da phan tich trong Hinh 6, cac ciu tric xody
va hién twong hdi luu trong ng hiit ¢6 ngudn gde tir
chét lwong dong chay tai cira ra banh cong tac, dac
biét 1a mirc d6 mat can bang giita truong van toc va ap
suat. Dé dinh luong dic trung nay, ty 1& ving hodi luu
tai ctra ra banh cong tac dugc xac dinh bdi o, va ty 1¢
ving ¢6 goc phdi hop truong cao (0>90°) dwoc xac
dinh béi ¢, theo cac biéu thuc:

§=21, g=20 3)
Aout Aout

Trong d6 Aoy 12 dién tich mat cit cira ra banh cong
tac; An la dién tich ving hi lwu tai ctra ra banh cong
tac, trong do ving hdi lvu duoc xac dinh béi van tde
doc truc u, > 0; Ae 1a dién tich vung tai ctra ra banh
cong tac c6 goc phdi hop trudng 6>90°.

Nhur thé hién trong Hinh 8, sy bién thién cua J va
& theo ba ché d6 lam viéc cho thdy hoi luu va ving
goc phdi hop cao déu phan 4nh mirc d phdi hop giita
truedng vén toe va gradient 4p suat tai ctra ra banh cong
tac. O diéu kién tai nho, hdi luu van chiém ty 1& dang
ké v6i 0=21%, dong thoi ving c6 8>90° chiém wu thé
(e=51%), cho thay su suy giam dong lugng manh va
kha ning chuyén déi dong niang kém hiéu qua. Khi
chuyén sang tai trung gian, hdi lwu giam nhanh
(0=2%), tuy nhién ty 1¢ ving #>90° van duy tri & mirc
cao (=52%), ham y ton thét thiy luc van dang ké du
dong chay da 6n dinh hon vé mat véan tdc doc truc.
Ngugc lai, tai diéu kién t5i wu, hoi luu bién mat hoan
toan (9=0%) va ty 1& ving #>90° giam xudng 32%,
phan 4nh trang thai phdi hop vén tdc - ap suit thuan
loi hon khi dong chay di vao dng hut. Nhu vay, su mo
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rong ctia ving 6>90° c6 thé xem la chi bao dong luc
hoc cho trang thai truyén nang lugng bét loi, va khi
cac ving ndy tap trung tai khu vuc chuyén tiép giira
banh cong tac va dng hit, ching tao diéu kién thuin
loi cho sy hinh thanh hdi luu quy mé 16n.
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2% 0%

|

Tai trung binh  Tai tinh toan
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(a) Ty 1é ving héi heu tai cira ra BCT

Tainhé  Taitrung binh Tai tinh toan
=0 <90° (%) ®m0O>90° (%)

100%

80%
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(b) Ty I¢ gbc hiép dong tai cira ra BCT

Hinh 8. Ty 1¢ ving hoi luwu va géc phdi hop truong
tai cira ra BCTC

4. Két luan

Céc két qua cua nghién ctru nay cung cdp mot chi
bdo dua trén co ché vat 1y 16 rang dé danh gia chat
lwong dong chay va hiéu qua truyén ning luong tai cira
ra banh cong tac cua tua bin Francis. Thong qua goc
phdi hop trudng 6 va ty 18 ving c6 60>90°, trang thai
léch hudng gitra truong van tdc va gradient ap sudt co
thé dugc nhan dién som, ngay ca khi céc chi tiéu toan
cuc nhu hiéu suit hodc dao dong ap suit chua biéu hién
1. Cach tiép can nay cho phép két nbi tryuc tiép giita
didu kién dong chay tai banh cong tac va nguy co mat
6n dinh trong 6ng hut, tir 46 hd trg danh gia an toan van
hanh & ché do phu tai thip va trung gian. Chi tiéu 6 c6
tiém nang dugc st dung lam tham s danh gia trong
thiét ké, cai tién hinh hoc banh cong tac ciing nhu trong
t6i wru hoa chién lugc van hanh tua bin trong dai tai rong,
dic biét d6i v6i cac nha may thuy dién phai dap ung
yéu cau diéu tiét linh hoat ctia hé thong dién hién dai.
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