BAI BAO KHOA HOQC

PANH GIA CO CHE HINH THANH XOAY MAT TU DO VA CUON KHi
TAI CUA LAY NUOC THUY DIEN BANG TIEU CHI (A, Fry):
TRUONG HQP GIBE III VA NAM MA 2

Nguyén Thi Nhé'

Tém tit: Nghién ciiu ndy xdy dung ban do vin hanh hai chiéu A(Q 7) va Fry(Q-Z) nham mé ta qud trinh
khoi phat va phat trién cia xoay mat fw do (VI—VTs) tai ciea ldy mede cia tram thity dién theo hai tiéu chi:

“khéng cudn khi -Zero-air” va cuon khi cho phép -dir-allowance”, B =1 x 107°). Bang viéc két hop
phdn tich dinh lwong va dit liéu thuc té tir hai tram Gibe III (Ethiopia) va Ndgm Ma 2 (Ldao), nghién ciru da
xdc ldp ranh gidi van hanh an toan theo cdc mirc do xody. Véi tram Gibe III, nguéng an toan A~0 xudt hién
thap hon thiét ké khodng 3 m, canh bdo sém hon tin hiéu Fry; véi Nam Ma 2, Fry, duy tri thdp nén chdp
nhédn “mirc cuon khi cho phép” ¢ mu"c VT; giup mo rong vung lam viée. Pdy sé la co s¢ danh gid lai thiét ké,

xdc dinh nguéng an toan, va dé xudt co so dit liéu tham chiéu cho vdn hanh ciia tram thuy dién.
Tur khéa: Xoay mit ty do, ctra lay nude, do ngép toi han, Gibe Il va Nam Ma 2.

1. PAT VAN PE

Cua léy nudc (CLN) cua céc tram thay dién
(TTD) kiéu long séng thuong xuyén phal lam viéc
trong diéu kién myuc nudc thay d6i nhiéu. Dic biét 1a
vao mua kiét, khi myc nudc ha thap, dé phat sinh
xody mit ty do. Néu mé-men xody du 16n, xody ndy
c6 thé phat trién thanh xody 15i khi, kéo khong khi tir
mit thoang vao dudng 6ng ap luc. Qua trinh ndy lam
giam hiéu suét, rung on, dao dong ap luc, nguy co
xam thye va hur hai thiét bi (Walke, 2016).

Vé mit 1y thuyét, dong xoay tai cira ldy nudc
thuong dugc mo td nhu mot dong xoay truc diung,
trong d6 can bang dong lugng theo phwong ban kinh
dugc biéu dién boi phuong trinh (1) (Gordon, 1970;
Ettema, et al. 2015)
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Vi vy 1a van toc tiép tuyén (m/s), r 1a ban kinh tinh
tir truc xody (m), p 1a khdi lwong riéng ctia nude (kg/m’)
va p 1a ap suit (Pa). Quan hé (1) cho thiy su suy giam
ap suat tai tim xody do cin bang giita luc ly tim va
gradient 4 ap suat, 1 co S0 vat ly cua sy hinh thanh 161 khi
khi 4 ap suat giam xudng dudi ap suét khi quyen

Céu trac xody thuong duoc md ta bing md hinh
xoay nhu phwong trinh (2), bao gdm xody cudng birc
gan truc va xody tu do & viing phia ngoai. Trong d6 r.
14 ban kinh 15i xody (m), 2 1a téc do goc cla ving
x0ay cudng buc (rad/s) va I' 1a cuong do xoay (m?/s).
Mb hinh nay phan anh dic trung phan bd vén tbc cta
dong xoay, dong thoi 1am rd vai tro chi phdi cua kich

lTru’d'ngDai hoc Thuy loi

thudc ctra D va d6 ngip h d6i véi cau tric xoay va kha
nang hinh thanh 16i khi (Ettema, et al., 2015).
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Trén thé giéi da c6 nhiéu nghién ciru chuyén sau
vé xoay mit tu do tai CLN thiy dién, tap trung vao
vi€c xac dinh d0 ngap tdi han, hé sb cudn khi va céac
tiéu chi phan loai mic dd xoay (Knauss, 2007;
Moller, 2013). Cac nghién ctru nay da lam rd mdi
quan hé giita s6 Froude theo d6 ngap % (Fry), theo
chiéu cao ctra ldy nuéc D (Frp) va do sau twong d6i
(h/D), tir @6 d& xuat cac mo hinh thuc nghiém va ly
thuyét phuc vu thiét ké CLN. Pic biét, (Mdller,
2013) da mo rong pham vi danh gia bang tiéu chi
“air-allowance” - cho phép mot mirc cudn khi nho
nhung vin dam bdo an toan thuy lyc.

Theo (Gordon, 1970), d0 ngap téi han (A/D).
dugc xac dinh 1a didu kién bién thip nhit ma tai do
xody mit tu do bt dau cudn khi c6 thé quan sat hodc
do duogc, va dugc tinh nhu phuong trinh (3).

N _ &V _ 3)
(D>cr = N +0.5=¢&Frp + 0.5

Trong do, V'1a van tde trung binh tai mat cat khao
sat (m/s); g 1a gia tdc trong truong (m/s?), Frp va Fry
1a s6 Froude dic trung theo duong kinh D va do
ngap A, va dugc xac dinh theo phuong trinh (4), 4 1a
khoang cach thiang dimg tir mit thoang dén tam
CLN hodc tim mit cat tinh toan (m), D 1a chiéu cao
hoac duong kinh tai vi tri xét (m). Céac ky hi¢u duoc
minh hoa trong Hinh 1.
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Coéng thirc (3) 4p dung voi £=1.702 (dong dbi
xung), §=2.269 (dong khong déi xtmg). Sau do,
Knauss (2007) dua ra cong thic (5) chi ap dung cho
clra tron, dong dbi xung, va Frp > 0.5. Pay la
hudng dan thiét ké so bo, dic biét phu hop cho cac
CLN quy mé nho hodc cé truong dong déu.

<h> Y +0.5=2Frp + 0.5 )
D)o gD P

Cac nghién ctru khac cua (Kent Walker, 2016; M.
Padmanabhan, 1984) ciing cho cic két qua gan
tuong ty ciia Gordon. Tuy nhién, cdc nghién clru sau
d6 ctia Suerich (2014) cho thdy xoay yéu c6 thé van
ton tai ngay ca khi dat dén (/D). phan anh rang chi
ti€u nay chua du dé mé ta toan dién hién tugng.

Frp = Fry, =

Moller (2013) va Ettema et al. (2015) mé rong
khai niém d9 ngép t6i han béng cach bd sung thém
tiéu chi “Air-allowance” - cho phép mot mirc cudn
khi nhoé nhung van ddm bdo an toan thuy lyc, giup
van hanh linh hoat hon. Ty 1& cudn khi 8 dugc dinh
nghia nhu sau:

Qa (6)

Trong d6 O, va O, lan luot 1a luu lugng khong
khi va nude (m’/s). Voi mire d¢ cudn khi tbi thiéu do
duoc 1a f =1 x 1075, Méller da xac dinh do ngap
t61 han nhu phuong trinh (7):

h

(—) = —2.5Fr;** +5.3 @)
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a) Cira nam ngang

b) Cira thang ding

c) Cura dat nghiéng

Hinh 1. Binh nghia dé ngdp h cia cira ldy nuée theo Knauss (Knauss, 2007)

Cong thie (7) ap dung trong mién 0.26 < Frp <
1.2. Khi dbi chiéu véi cac md hinh cua Knauss
(1987) va Gordon (1970), Moller nhan thiy ring
theo md hinh “air-allowance”, xuit hién cac tin hiéu
rd rang thé hién sy chuyén pha thiy dong hoc trong
qué trinh hinh thanh 15i khi va dwgc xem 1a mbc dé
phan cdp mirc d6 xody VT1—VTs.

Phuong phap nghién ciru dya trén mo hinh vat ly
la dang tin cay, tuy nhién, phuong phap nay bi han
ché boi chi phi va thoi gian 16n khi can khao sat
nhiéu phwong an hinh hoc va ché d6 van hanh khac
nhau. Phuong phap mé phong s CFD dong hai pha
két hop cac phuong phap bit mit thoang
(VOF/CLSVOF) va mé hinh réi (LES/DES) mang
lai hi¢u qua cao (Ettema, et al., 2015). Tai Viét Nam,
cac nghién ciru theo hudng ndy con rat han ché, dic
biét dbi v6i cac TTD dang van hanh, cho thiy nhu
cau cép thiét vé cac khung danh gia va cong cu phan
tich phu hop véi diéu kién thuc té.

Theo TCVN 9151-2012, viéc khdng ché hién
tuong xody mat thoang va xoay c6 16i khi tai CLN
dugc tiép can chu yéu theo hudng thiét ké tinh, thong
qua cac yéu cau vé hinh dang ctra, bd tri két cau va
dac biét 1a do ngap tdi thiéu (TCVN 9151:2012). Cac

quy dinh trong tiéu chuan nay tap trung phuc vu giai
doan thiét ké cong trinh, va chua dé cap chi tiét dén
viéc danh gia mic d an toan trong qua trinh vén
hanh, khi luu lugng khai thac va myc nudc thugng
Ivu bién doi theo thoi gian — mot didc trung phd bién
cta cac cong trinh thiy dién hién nay.

Nghién ctru ndy s& hé thong hoa va bo sung ticu
chi danh gia xoay mat tu do theo bd ti€u chi kép
A= h/D — (h/D) va Fry. Trén co so do, bai bao
s& thiét 1ap ban dd van hanh theo cac quan h¢ vé luu
luong QO va myc nuoe thuong luu Z theo hai kich
ban: “Khéng cudn khi — Zero air” va “Cudn khi cho
phép — Air allowance (8 = 1 x 107°)”. Nghién ctru
ap dung voi hai cong trinh thuc té 1a Gibe III
(Ethiopia) va Nam Ma 2 (Lao). Pay s¢ la co s¢ danh
gia lai thiét ké, xac dinh ngudng an toan, va dé xuat
co s& dit liéu tham chiéu cho van hanh cua TTD.

2. CO SO LY THUYET VE DONG XOAY
MAT TU DO

2.1. Co ché hinh thanh xoay

Hien tugng xody mat tu do tai CLN hinh thanh
do tong hop tac dong ctia md men xodn, chénh léch
ap suat xuyén tdm va trong lyc. Sy bat ddi xtng hinh
hoc hodc van toe dong vao (nhu ctra 1éch tam, tuong
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nghiéng, dong xién hodc vat can nhu ludi chin rac)
lam pha v& can bang dong, khién mot phin dong
ning chuyén héa thanh mé men quay quanh truc
thing dtmg. Theo Ettema et al. (2015), khi tiét dién
dong bi thu hep, nguyén Iy bao toan md men xoin
khién van tdc goc ting, lam xody dugc khuéch dai
va kéo dai truc tir mat thoang xuong CLN. Su gla
tang gradlent van toc & ving bién tiép tuc lam mat
6n dinh 16p cit, va khi ap suat tim xody giam dén ap
sut hoi bao hoa, 15i khi hinh thanh — danh diu giai
doan chuyén tir xoay hinh hoc sang xody 15i khi.

Cac mirc do xoay duogc Ettema (2015) va Moller
(2013) hé thong hoa thanh “thang Hecker” gém sau
cap (VT1—VTs) nhu Hinh 2.

- VT:-VT: -Khéng cuén khi: Dong chay 6n
dinh, d6i xing; mit thoang phing hodc 16m nhe;
khong ¢ cudn khi.

- VT5-VTs — Giai doan khéi phat cudn khi: Ap
suét trung tam giam, xuat hién cac bot khi cuc bo
nhung chua hinh thanh 16i khi lién tuc.

VTs — Xody 16i khi ngit quing: Loi khi hinh
thanh ngit quing, c6 chu ky cudn khi ngin, gay ton
that ning luong va dao dong ap sut rd rét.

g -
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¥
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VT4 VTs VTs

Hinh 2. Phan logi cdc logi xoay Mdller (2013)

- VTs — Xody 16i khi phat trién hoan toan: Loi

khi hinh thanh lién tuc ttr mat thoang dén miéng hut.
Céc cip xody (VT) duoc dic trung khong chi boi
hinh 4nh ma con dugc dinh lugng béng ba dai lugng
thiy dong hoc co ban: ty 1& cudn khi g, sé Froude
ngap Fry va ty 1€ do ngép A/D.
Phan tich Hinh 3 caa Méller (2013) v& mdi quan hé
B- Fry cho thdy khi Fry, < 0.35, gid trj 8 ~ 0, phan
anh trang thai khong cudn khi, twong tng v&i cip
VT—VT.. Khi Fr, ting dén 0.40-0.45, 8 ting nhe
trong khoang 105-10"% biéu hién giai doan khoi
phat cubén khi (VTs—VTs). Khi Fry vuot 0.6 tro 1én,
B dat dén 102-102, cho thiy hién twong cudn khi
manh va lién tyc, dic trung cho xoay 161 khi hoan
chinh (VTe).

Phuong phap binh phurong téi
thiéu thdng thudng

6
o o ©
s
Z Phurong phap binh phurong téi thiéu
= 4 bén viing, cho hé s6 twong quan cao
hon (R? = 0.92)
\\ -

04 0.5 0.6 0.7 0.8

Hinh 3. Tuong quan 3 (Fry) Mdller (2013)

Két qua Hinh 4 tiép tuc 1am rd xu hudng nay khi
xem x¢€t gia tri trung binh Bpeqn va Pyr,. Khi Fry <
0.45, Bmean tang cham, nhung gia tang nhanh theo
ham mii khi Fr, > 0.5. Trong cac pha c6 15i khi 6n
dinh (VTs), gid tri Byr dat 10°-107 va dugc xac
nhan trong dai tin cay 95%. Dua trén cac dir li¢u
nay, Moller (2013) va Ettema (2015) dé xuat ranh
gi6i dinh luong giita cac cap xoay: Fry, = 0.39-0.43
1a ngudng bat dau xuét hién cudn khi do duge (VTa),
Fry = 0.45-0,6 tuong ng v6i cudn khi gian doan
(VTs), va Fry, > 0.6 1a ving cudn khi lién tuc (VTe).

102 - 107

Bmean

10°

10

[]
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(a) ®)

Hinh 4. Quan hé (Fry) kem dai dy bao 95%
(Ettema, et al., 2015)
(a) Toc d cuon khi trung binh Bpeqn
(b) Téc d6 cudn khi trung binh trong pha VTs

Hinh 5 cho thiy mdi quan hé giira do ngap t6i
han tuong ddi (2/D)e va s6 Fry tai ngudng f = 1 X
1075, Két qua chi ra rang Fr, ~ 0.43 (gia tri trung
binh toan thoi gian) va Fry = 0.39 (trong cac pha
VTs) chinh 1a hai ngudng khdi phat cudn khi. Nhﬁ’ng
ngudng nay duorc Ettema (2015) cong nhan 1a chuan
phan loai qubc té cho qué trinh chuyén tiép tir xody
khong khi sang xoay 13i khi, dong thoi 1a co s¢ dinh

lugng xéac dinh do ngap téi han.
35

h/D

25

Fry=v/Jgh

2L
TN

04 08 12
Hinh 5. Quan hé ¢ (h/D)., va s6 Fry, tai nguéng
B =1x10"5 (Moller, 2013)

05=
0
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Tir cac két qua trén, bai bao da tong hop bo tiéu
chi dinh luong phéan cap xoay (VTi—VTs) nhu trong
Bang 1.

Bang 1. Cac tiéu chi dianh gia mirc d xody

Mikc xoay Théng s6 dinh lwrong
o Fr,<0.35-0.36
VI-VIL o B < 107° (hoic 0)
o Fry~ 0.36- 043
VL-VL ], f ~ 0-105(VTy)va f ~ 10°°- 10"* (VT
VT o fry = 045 0.6
e B ~10*-1073
VT, o Fr,>0.6
e f ~ 11Xx103-1.6x107?

2.2. Lua chgn tiéu chi dianh gia mirc do xody
trong nghién ciru

Viéc lya chon tiéu chi danh gia mic d xoay tai
CLN can dap (g hai yéu cau:

(i) Phan anh chinh xac dac trung thiy dong hoc
cta dong xody, va

(i) Thuan tién cho cong tac thiét ké, tinh toan
va van hanh thuc té.

Ty 1¢ cudn khi B dugc xem 1a chi tidu co y nghia
vat 1y ro rang dé dinh lugng cac cép d6 xoay (VT1—
VTs). Chi s nay biéu dién tryuc tiép ty 1& luu lugng
khi so voi nuéc cubn vao cira hit (8 = Qa/0Qu),
phan anh cuong dd tuong tac khi va nudc trong
vung 161 xody. Tuy nhién, viéc xac dinh B doi hoi dir
liéu thyc nghi€ém hodc md phéng véi mo hinh khir
khi chinh xéc, trong khi cac cong thirc 1y thuyét lai
phy thudc nhiéu vao gia thiét hinh hoc va diéu kién
bién. Ngoai ra, do f thudong co gla tri rat nho (10-5—
107%), su khac biét gitta cac cap d6 xoay kho biéu
hién 16 trén do thi hay ban do van hanh, lam giam
tinh truc quan va kho ting dung trong van hanh thuc
té clia cdc nha may thiy dién.

Trong khi @6, cac chi ti€u do ngép toi han (4/D).,
va so Froude ngap (Frh) c6 thé Xxac dinh nhanh tur
thong s6 hinh hoc va gin tryc tiép véi hai thong s6

diéu khién chinh ctia van hanh 1 Iuu luong O va
muc nude Z (h), cho phép xdy dung ban do van hanh
hai chiéu (Q—Z) phan anh tryc quan cac ving 6n
dinh — canh bao — nguy hiém. Céch tiép can nay
giup don gian hoa viéc du bao xody, gidm phu thudc
vao md phong ma van dam bao do tin cay khi két
hop voi tidu chi B ddi chimg. Do viy, nghién ciru
nay lua chon bg ti€u chi kép (A, Fry) cho phép phan
anh dong thoi hinh thal va dong lyc cua xody, gom:

Tiéu chi khéng cudn khi — Zero air: duoc biéu
dién qua chi s6 A, so sanh giita myc ngép van hanh
va ngudng té1 han theo phuong trinh (8).

Tiéu chi cudn khi cho phép — Air allowance:
theo chi sé Fr, khi (8 =1 x 107°), theo khuyén
nghi Bang 1.

2= (5)- ) v
D D/er

Theo dinh nghia, ranh giéi A= 0 tuong ung véi
trang thai ma 161 khi vira chom tiép xiic miéng ctra lay
nudc, phan chia gitta van hanh an toan va khaoi phat
xo0ay. Theo Knauss (2007) va cdp nhat cia Ettema
(2015), cac mirc do xody (VTi—VTs) duoc gin nhin
tuong g voi cac khoang gia tri A nhu sau:

- Gia tri A> 0: Dong chay du ngap, 6n dinh,
khong xudt hién 16i khi; trong duong mirc VT1—VT:
(van hanh an toan).

- Khi A = 0: Mit thoang bit dau 16m, xuit hién
bot khi cuc bd, twong duwong mirc VTs (giai doan
canh bao).

- Khi —0.25 < A < 0: Dong chay thiéu ngap, 16i
khi gian doan hodc khong 6n dinh, twong duong
murc VT4—VTs (can theo ddi / giam tai).

- Khi A < —0.25: Loi khi hinh thanh lién tuc va
6n dinh, twong duong VTe.

Céc ngudng nay duoc thé hién trén ban dd nhiét
A va Fry nhu trong Bang 2:

Bing 2. Ban d6 nhiét xic dinh cac mirc d9 xody VT theo cac tidu chi A va Fry

Tiéu chi khong Tiéu chi cho phép ] . . P T
cubn khi cuén khi nhe (3=10-) Bingmau| MicVT Dic diém van hanh
A > +0.10 Fry £0.35 Xanh VT:— VT2 | Véan hanh an toan
—0.1<A < +0.10 0.36<Fr, <043 Vang VT, Giai doan canh bao
=02 £ A<=01 043<Fr, <0.6 Hon VT,- VT | Cintheo doi/giam tai
A < —0.25 Fry 20.60 ﬂ VT, Khéng cho phép van hanh
3. AP DUNG kién thiry Iyc khac nhau. Cac théng s6 hinh hoc va

3.1. Cac thong s6 diu vao

D¢ kiém chimng va minh hoa tinh tng dung ciia
cac ti€u chi danh gia xoay mat tu do, nghién ctru ap
dung cho hai TTP c¢6 dic trung hinh hoc va diéu

van hanh cta hai cong trinh duoc tong hop trong
Hinh 6 va Hinh 7.

- TTD Gibe III (Ethiopia) la cong trinh bac thang
quy mo 16n trén séng Omo, van hanh trong diéu kién
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dao dong muc nudc thuong Iuu 16m (AZ > 10 m).
TTD Nam Ma 2 (Lao) 1a nha may ki€u long song

Hinh 6. M6 hinh cira ldy nuée cia Gibe Il Da
(Ethiopia) (Mdller, 2013)

3.2. Két qua va thio luin

Két qua theo tiéu chi A (Bang 3) va tiéu chi Fr,
(Bang 4) cho tram Gibe III cho thiy:

- Trong dai vén hanh théng thuong cta Gibe III
(Z =773-770) m; Q = 300-260 m?/s, hai chi sd
déu nim trong mién an toan, véi Fr, = 0.2-0.27

Bang 3. Bang tinh vin hanh cho TTD Gibe 111
Dam theo tiéu chi A (h/D)

c6 quy mo trung binh, véi dao dong muc nudc
thuong luu rat nho (AZ = 0.5 m).

18.60

pomsen | I Fo
.zmu% i :
et B & ]
fmemiom o m : ) & ! -
w23 [[IHE '. . £
8inle i 19800
: 4 A g
= G ; s 17 5 19480
N B F0
1 T S-Sy
18134, / | ""'.- 2L > %

Hinh 7. M6 hinh cira ldy nwée ciia Ngm Ma 2 (Ldo),

(Vién Ky thudt cong trinh, 2025)

va A= 0.22-0.66, tuong Ung trang thai VT.—VT:
(khéng cudn khi).

- Tai diém thiét ké (Z = 770 m; Q = 283 m?/s),
Fry = 0.28 va A = 4+0.22, khang dinh cira hut ngap
sau hon ngudng téi han va véan hanh an toan.

Bang 4. Bang tinh vin hanh cho TTD Gibe 111
Dam theo s6 Froude theo d§ ngap (F,;)

Khi Z tiép tuc giam, sy khac biét vé d6 nhay va
tinh g dung gitra hai tiéu chi (A, Fry) dugc thiy rd.
Nguong téi han theo ti€u chi A dugce xac dinh quanh
Z =~767.0 + 0.5 m; Q =283 m’/s (A= 0), thip
hon muc nudce thiét ké khoang 3 m (770m). Trong

/é(l(l':g'/)s) 400 380 350 | 320 | 300 | 283 | 260 | 230 | 200 _/Q?(:n";/)s) 400 | 380 | 350 ‘ 320 300 | 283 | 260 | 230 | 200
775 |-0.03 | 0.05 | 0.20 | 0.37 | 0.49 | 0.61 | 0.78 | 1.05 | 1.36 775 |0.32]| 0.31 | 0.28 | 0.26 | 0.24 | 0.23 | 0.21 | 0.19 | 0.16
774.5 |-0.07| 0.02 | 0.16 | 0.33 | 0.46 | 0.57 | 0.74 | 1.01 | 1.33 774.5 |0.33| 031 | 0.29 | 0.26 | 0.25 | 0.23 | 0.21 | 0.19 | 0.16
774 |-0.11|-0.02 | 0.13 | 0.29 | 0.42 | 0.53 | 0.71 | 0.97 | 1.29 774 |0.33] 0.32 | 0.29 | 0.27 | 0.25 | 0.24 | 0.22 | 0.19 | 0.17
773.5 |-0.15 -0.06 | 0.09 | 0.25 | 0.38 | 0.49 | 0.67 | 0.93  1.25 773.5 [0.34| 032 | 030 | 0.27 | 0.25 | 024 | 0.22 | 0.19 | 0.17
773 |-0.19| -0.10 | 0.05 [ 0.22 | 0.34 | 0.46 | 0.63 | 0.89 | 1.21 773 10.34| 033 | 0.30 | 0.27 | 0.26 | 0.24 | 0.22 | 0.20 | 0.17
772.5 |-0.23-0.14 | 0.01 | 0.18 | 0.30 | 0.42 | 0.59 | 0.85 | 1.17 772.5 |0.35| 0.33 | 0.30 | 0.28 | 0.26 | 0.25 | 0.23 | 0.20 | 0.17
772 -0.18 | -0.03 | 0.14 | 0.26 | 0.38 | 0.55 | 0.82 | 1.13 772 ]0.35| 0.34 | 031 | 0.28 | 0.27 | 0.25 | 0.23 | 0.20 | 0.18
771.5 -0.21 | -0.07 | 0.10 | 0.22 | 0.34 | 0.51 | 0.78 | 1.10 771.5 0.36| 034 [ 031 [ 029 | 027 | 0.25 | 0.23 | 0.21 | 0.18
771 -0.25 | -0.11 | 0.06 | 0.19  0.30 | 0.48 | 0.74 | 1.06 771 0.37| 035 [ 032 [ 0.29 | 0.27 [ 0.26 | 0.24 | 0.21 | 0.18
770.5 -0.14 | 0.02 | 0.15 | 0.26 | 0.44 | 0.70 | 1.02 770.5 0.37| 035 [ 0.33 [ 0.30 | 0.28 | 0.26 | 0.24 | 0.21 | 0.19
770 -0.18 |-0.02| 0.11 | 0.22 | 0.40 | 0.66 | 0.98 770 0.38| 0.36 | 0.33 | 0.30 | 0.28 | 0.27 | 0.25 | 0.22 | 0.19
769.5 2022 |-0.05| 0.07 | 0.19 | 0.36 | 0.62 | 0.94 769.5 |0.39| 0.37 | 0.34 | 031 | 0.29 | 0.27 | 0.25 | 0.22 | 0.19
769 20.09| 0.03 | 0.15 | 0.32 | 0.58 | 0.90 769 1039 037 | 034 | 031 | 0.29 | 0.28 | 0.26 | 0.23 | 0.20
768.5 0.13| -0.01 | 0.11 | 0.28 | 0.55 | 0.86 768.5 |0.40| 0.38 | 0.35 | 0.32 | 0.30 | 0.28 | 0.26 | 0.23 | 0.20
768 0.17| -0.04 | 0.07 | 0.24 | 0.51 | 0.83 768 0.41| 039 | 036 | 033 | 031 | 0.29  0.27 | 0.24 | 0.20
767.5 0211 -0.08 | 0.03 | 021 | 0.47 | 0.79 767.5 |0.42| 0.40 | 0.37 | 033 | 0.31 | 030 0.27 | 0.24 | 0.21
767 025|-0.12 | -0.01 | 0.17 | 0.43 | 0.75 767 10.43| 041 | 037 | 034 | 0.32 | 0.30 | 0.28 | 0.25 | 0.21
766.5 20.16 | -0.04 | 0.13 | 0.39 | 0.71 766.5 |0.44| 042 | 038 | 035 | 0.33 | 0.31 | 0.28 | 0.25 | 0.22
766 2020 | -0.08 | 0.09 | 035 | 0.67 766 |0.45| 043 | 039 | 0.36 | 0.34 | 0.32 | 0.29 | 0.26 | 0.22
765.5 024 |0.12] 0.05 [0.32 | 0.63 765.5 |0.46| 0.44 | 0.40 | 0.37 | 0.35 | 0.33 | 0.30 | 0.27 | 0.23
765 0.16 | 0.01 | 0.28 | 0.60 765 10.47| 045 | 041 | 038 | 0.36 | 0.34 | 0.31 | 0.27 | 0.24
7ot [ MR 040 031 | 030 [ ANEAR
o iy 96,020 0.52 763.5 |0.52| 049 | 0.46 | 042 | 039 | 037 | 0.34 | 030 | 026
2633 -0.1010.16 1 045 s |0.54] 051 | 047 | 0.43 | 040 | 0.38 | 035 | 031 | 0.27
763 20.14 0.12 | 0.44 763 10:54170: : : 407 10-3 S SEBINON .

khi d6, theo ti€u chi “cho phép mirc xoay nhe
(B = 1075)”, chi khi muc nude tiép tuc giam xubng
7 ~764-763 m, Fr, m6i ting dén 0.35-0.36,
tuong tmg ving vang (khai phat cudn khi).

Néu muyc nuéc giam xudng ngudng 765.5m
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(A = —0.12), bat diu chuyén sang ving miu vang
(VT4), va tiép tuc néu giam xudng 763.5m, A dat
ngudng canh bao (-0.28), chuyén sang trang thai
mau do, bao hi€u sy hinh thanh 16i khi lién tuc (VTs)
va khong duogc phép van hanh.

Nhu vay, cung mot diéu kién van hanh, Fr, cho tin
hiéu canh bao mudn hon A khoang 2-3 m. Diéu nay la
vi A nhay voi sy thay doi ctia ti s6 ngap (#/D), nén phat
hién sém hién twong mat ngap t6i han; trong khi Fr,
duoc xdy dung trén co s¢ “cudn khi cho phép (B =
1075)” nén danh gia “mém” hon va thyc dung hon cho
van hanh thyc té. Didu ndy mang y nghia thyc tién rd
rang; néu cong trinh dugc trang bi hé théng khir khi
hoic thiét bi chdng xody, ¢ thé duy tri phat dién an toan
& muc nudc thap hon, gia ting dung tich hitu ich cta ho
chira ma vin dam bao an toan thuy lyc cho t6 may.

So sanh v&i két qua thyc nghiém cia Moller
(2013) tai Z = 770 m va Q = 283 m?/s cho thdy tai
mit cat ctra vao (1-1), van toc trung binh ctia dong
chay dat 3.1 m/s, mic do cudn khi trung binh
Bmean = 0.07 X 107° va  Byre = 0,14 x 107>

Bang 5. Bing tinh vin hanh cho TTP Nam Ma 2
theo tiéu chi A(#/D)

Z (m)
/Q(m’/s)| |
210 | 022023 | 025|027 | 028 [0.300.31|0.33 |0.34
209.7 | 0.21 | 0.22 | 0.23 | 0.25 | 0.27 | 0.29 [0.30| 0.31 |0.32
209.4 | 0.19 | 0.20 | 0.22 | 0.24 | 0.25 |0.27 0.28| 0.30 |0.31
209.1 | 0.18 | 0.19 | 0.20 | 0.22 | 0.23 |0.25[0.27| 0.28 | 0.29
208.8 | 0.16 | 0.17 | 0.19 | 0.21 | 0.22 | 0.24 [0.25] 0.27 |0.28
208.5 | 0.15 | 0.16 | 0.17 | 0.19 | 0.20 | 0.22|0.24] 0.25 | 0.26
2082 | 0.13 ] 0.14 [ 0.16 | 0.18 | 0.19 [0.21 [0.22] 0.24 |0.25
207.9 | 0.11 | 0.13 [ 0.14 [ 0.16 | 0.17 [0.19|0.21] 0.22 [0.23
207.6 | 0.10 | 0.11 [ 0.13 | 0.15 | 0.16 |0.18[0.19] 0.21 |0.22
207.3 | 0.08 | 0.10 | 0.11 | 0.13 | 0.14 |0.16 |0.18] 0.19 |0.20
207 | 0.07 | 0.08 | 0.10 | 0.12 | 0.13 [0.15|0.16] 0.17 |0.19
206.7 | 0.05 | 0.07 | 0.08 | 0.10 | 0.11 |0.13|0.15| 0.16 [0.17
206.4 | 0.04 | 0.05 | 0.07 | 0.09 | 0.10 | 0.12]0.13] 0.14 |0.16
206.1 | 0.02 | 0.04 | 0.05 | 0.07 | 0.08 |0.10|0.12| 0.13 |0.14
205.8 | 0.01 | 0.02 | 0.03 | 0.05 | 0.07 |0.09 [0.10] 0.11 |0.13

320 | 300 | 280 | 250 | 230 | 200 | 180 | 160 140

205.5 |-0.01 | 0.01 | 0.02 | 0.04 | 0.05 |0.07 |0.09| 0.10 | 0.11
205.2 |-0.02|-0.01 | 0.00 | 0.02 | 0.04 | 0.06 0.07| 0.08 0.10
204.9 | -0.04 | -0.02|-0.01 | 0.01 | 0.02 | 0.04 0.06| 0.07 0.08
204.6 | -0.05|-0.04 | -0.03 | -0.01 | 0.01 |0.030.04| 0.05 0.07
204.3 | -0.07 | -0.05 | -0.04 | -0.02 | -0.01 | 0.01 | 0.02| 0.04 0.05
204 | -0.08  -0.07 | -0.06 | -0.04 | -0.02 | 0.00 | 0.01 | 0.02 0.04
203.7 |-0.10 | -0.08 | -0.07 | -0.05 | -0.04 |-0.02|-0.01] 0.01 |0.00
203.5 |-0.11-0.09 | -0.08 | -0.06 | -0.05 |-0.03|-0.02]| 0.00 | 0.00

Véi TTD Nam Ma 2, Bang 5 va Bang 6 cho
nhiéu ¥ nghia khi st dung kich ban “cudn khi cho
phép (B =~ 107°)” trong cac tram ma dao dong muc
nude hd rat nho. Khi Z > 206 m, ngay ca khi luu
lwong 16n nhit, cic gia tri Ava Fr, déu nim trong
vung xanh an toan (VT:—VT2).

Tuy nhién va rat dang luu ¥, trong dai van hanh
binh thuong cia TTD Nam Ma 2 (Z = 204-203.5
m; @ = 140-230 m?/s), A dao dong trong khoang
—0.05 dén +0.04, tuong (g ving xanh—vang, tirc 1a

Khi dbi chiéu voi ban db nhiét (Fry-A) twong tng
Fry, = 0.27 va A= +0.22, hoan toan phu hop véi
vung vén hanh an toan.

Ngoai ra, phan tich 4nh huong ciia van toc ¥ cho
thdy tai mat cach ctra vao 24.2m, khi chiéu cao cira
chi con 7 m, vén téc dat 7.3 m/s véi Fry, ~ 0.57 >
0.45, tuc da vugt ngudng toi han cia cudn khi manh
(VTS5). Cing theo Mdller, tai vi tri nay, gia tri
B ~19x107* (twong duong Q, ~ 0.054 m?/s)
cho thiy lwong khi xAm nhap dang ké; trong khi tai
mit cudi cach cira vao 45m, van téc dat 10 mis,
B ting vot 1én 4.4x107> hoan toan khong chép nhin
dugc ddi véi CLN. Su gia ting van toc tir 3.1 —7.3
— 10.0 m/s 1am Fry, ting nhanh, lwong khi cudn ting
theo ham mii, minh chirng rang chi can ting nhe van
tdc hodc giam do ngap da lam cudn khi ting bac do
16n. Do d6, tir mat cit 5 tro di, dong chay di vuot
khoi ving an toan. Diéu nay ciing goi ¥ rang, viéc
danh gia cac mirc d6 xody can tién hanh cho nhiéu
mit cat thuy luc khac nhau ctia CLN.

Béng 6. Bang tinh van hanh cho TTP Nim Ma 2
theo s6 Froude theo dd ngip (Fry)

Z (m)
/Q(m’/s)
| 210 0.10 | 0.09 | 0.08 | 0.08 ‘0.07‘0.06 0.05 0.05/0.04
| 209.7 | 0.10 | 0.09 | 0.09 A 0.08 | 0.07 0.06 0.05 0.05/0.04

209.4 | 0.10 | 0.09 | 0.09 0.08 0.07 0.060.06 0.05 0.04

209.1 | 0.10 | 0.09 | 0.09  0.08 ' 0.07 0.060.06 0.050.04
| 208.8 | 0.10 | 0.09 | 0.09 | 0.08 0.07 0.06 0.06 0.050.04
| 208.5 | 0.10 | 0.09 | 0.09 | 0.08 0.07 | 0.06 | 0.06 0.050.04

208.2 | 0.10 | 0.10 | 0.09  0.08 ' 0.07 0.06 | 0.06 0.050.04
| 207.9 | 0.10 | 0.10 | 0.09 | 0.08 | 0.07 0.06 0.06 0.05/0.04
| 207.6 | 0.10 | 0.10 | 0.09 | 0.08 10.07 | 0.06 | 0.06 0.050.05
| 207.3 | 0.10 | 0.10 | 0.09 | 0.08 | 0.07 0.07 0.06 0.05|0.05
| 207 0.11 | 0.10 | 0.09 A 0.08 ' 0.08 0.07|0.06 0.05/0.05
| 206.7 | 0.11 | 0.10 | 0.09 | 0.08 10.08 | 0.07 | 0.06 |0.050.05
| 206.4 | 0.11 | 0.10 | 0.09 | 0.08 0.08 0.07  0.06 0.05/0.05
| 206.1 | 0.11 | 0.10 | 0.09 | 0.08 0.08 0.07 0.06 0.050.05
| 205.8 | 0.11 | 0.10 | 0.10 | 0.09 |0.08 | 0.07  0.06 0.05|0.05
| 205.5 | 0.11 | 0.10 | 0.10 | 0.09 | 0.08 0.07 | 0.06 0.06 0.05
| 2052 | 0.11 | 0.11 | 0.10 | 0.09 | 0.08 | 0.07 | 0.06 0.06 0.05
| 2049 | 0.11 | 0.11 | 0.10 | 0.09 | 0.08 0.07  0.06 0.06|0.05
| 2046 | 0.11 | 0.11 | 0.10 | 0.09 0.08 0.07 0.06 0.06/0.05

2043 | 0.12 | 0.11 | 0.10 A 0.09 1 0.08 0.07|0.07 0.06 0.05
| 204 0.12 | 0.11 | 0.10 | 0.09 | 0.08 | 0.07 | 0.07 0.06|0.05
| 203.7 | 0.12 | 0.11 | 0.10 | 0.09 | 0.09 | 0.07 | 0.07 0.06|0.05

203.5 | 0.12 | 0.11 | 0.10 | 0.09 |0.09 | 0.07 | 0.07 |0.06|0.05

320 | 300 | 280 | 250 230 200 180 160 | 140

giai doan canh bao (VTs). Trong khi do, Fry, =
0.05-0.09, vin nam hoan toan trong ving xanh
(VT:1=VT2), cho thdy dong chay khong xuit hién
161 khi.

Tai MNDBT (204 m), gia tri A=~ —0.02 phan
anh trang thai can téi han (VTs), khi mat thoang bét
dau xudt hién xo0ay nhe. Tai diém thiét ké, Z= MNC
= 203.5 m va Q = 230 m?s, gia tri A gidm con
—0.05, tuong ung xoay yéu (VTs). Mic du hién
tugng nay chua hinh thanh 161 khi, song viéc dat
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ngudng thiét ké tai ranh gi¢i VTs tiém an rui ro van
hanh khi cac yéu té thuc té (dao dong muc nudc,
1éch dong, ton that cuc bg, hoac sai sb thi cong) lam
diéu kién thiry lyc xau di. Khi d6, CLN c6 thé vuot
sang trang thai VT+—VTs, noi xody 6n dinh va cubn
khi xudt hién rd rét.

Tir goc nhin thiét k& va van hanh thyc té, néu
CLN duogc thiét ké tai nguong VTs (thc A=
—0.05), thi vé ban chit cong trinh da tiém can gioi
han 6n dinh thiy lyc, dé phat sinh xoay yéu. Mirc
nay c6 thé tam chdp nhan vé mit tinh ton, nhung
khong an toan trong van hanh dai han. Dé khéc phuc
diéu nay, nghién ctru nay dua ra cac gia phap sau:

- Giam D dé nang ty s6 ngap hiéu dung (4/D),
dich viing 1am viéc 1&n VT2 (A = 0): CLN Nam Ma
2 duoc thiét ké voi kich thuée kha 16n (H ~ 20 m;
B =12.5 m), gitip gidm van toc (Vpqy = 1.4 m/s)
va Fry duy tri & mirc rat thip (Fr, < 0.3) (Bang 6)
nén ngay ca khi D giam, cac gid tri V' va Fr, van con
0 ngudng rit an toan.

- Botri tuong hudng dong hodc canh chia dong
& viing cira vao dé lam thang truong van toc.

- Khi myc nuéc ha xudng gan MNC, can theo
ddi chat ché luu lugng O va diéu chinh tai t6 may
theo duong dac tinh A- Fry,.

Nhu vay, viéc két hop t6i wu thiét ké véi viéc
chip nhian mic xody nhe nhat dinh di cho phép
TTD c6 bién do dao dong muc nudc thugng luu
cuc nho co thé mé rong pham vi lam viée, ting
dung tich ho chtra. Nguoc lai, néu ap dung tiéu chi
nghiém ngit “zero-air”, thi myc nudc an toan thap
nhit tring v6i MNDBT, lam cong trinh mat hoan
toan kha nang diéu tiét va hoat dong nhu mot tram
khong diéu tiét.

TAI LIEU THAM KHAO

4. KET LUAN

Nghién ciru da xdy dung va kiém chimg duoc bo
tiéu chi kép (A, Fry,) theo (Q, Z), khong chi hd trg danh
gid nguong hinh thanh va cac muc dg xody mat tu do
trude CLN cua cac tram thuy dién, ma con cung cap co
s& khoa hoc cho viée diéu chinh thiét ké, van hanh va
md phong CFD sau nay. Két qua cho thdy can phan
biét dinh huéng thiét ké va van hanh tiy theo dic trung
dao dong myc nudc thugng huu.

V6i cac cong trinh c6 bién do dao dong muyc
nude 16n, tiéu chuan “khéng cuon khi” 1a phu hop
dé dam bao an toan thuy luc tuyét d6i trong toan dai
van hanh. Nguoc lai, vdi cac cong trinh ¢6 dao dong
muc nude nho hodc 6n dinh, khuyén nghi st dung
tiéu chi Fry, v6i diéu kién “cudn khi cho phép”
(B = 1 x 1075), dong thoi thiét ké CLN véi van tde
vao nhé va duy tri Fry, thdp, nhdam han ché hodc gan
nhur triét tiéu xody trong toan vung véan hanh.

Nghién cu’u da dé xuat mot sb giai phap co thé ap
dung tryc tiép cho TTD Nam Ma 2 trong giai doan
hoan thién thiét ké, nham nang cao an toan thuy lyc
va kiém soat xody tai CLN. Cac huéng nghién ciru
tiép theo s& tiép tuc kiém chimg va mo rong cac két
qua ly thuyét, tap trung vao phan bé ap suat, truong
van toc va phan bd khi trong giai doan xody manh
(VTs—VTs) théng qua md phong CFD ba chiéu két
hop do dac thuc nghiém, hudng t6i dinh luong luu
luong khi cubn va hoan thién mé hinh dy bao vin
hanh cho cac tram thay dién.

Loi cdm on: Tac gid xin chan thanh cam on cac
ky su va can b cta Vién Ky thuat cong trinh —
Truong Dai hoc Thuy loi da tan tinh hd trg trong qua
trinh thu thap s6 liéu, phan tich thuy Iyc va cung cap
thong tin thiét ké cho cac tram thiy dién nghién ctru.
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Abstract:
ASSESSMENT OF FREE-SURFACE VORTEX FORMATION
AND AIR ENTRAINMENT AT HYDROPOWER INTAKES USING
THE (A, Fry) CRITERIA: THE CASES OF GIBE III AND NAM MA 2

This study develops two-dimensional operational maps, A(Q-Z) and Frw(Q-Z), to characterize the
initiation and evolution of free-surface vortices (VIi—VTs) at hydropower intakes under two evaluation
criteria: zero air entrainment and allowable air entrainment (B = 107°).By integrating quantitative
analysis with field data from the Gibe Il (Ethiopia) and Nam Ma 2 (Laos) hydropower plants, the study
establishes safe operational boundaries corresponding to different vortex levels. For Gibe Il the safety
threshold (A = 0) occurs approximately 3 m below the design water level, providing an earlier warning
than the Fry indicator. In contrast, for Nam Ma 2, Fry remains low, thus, adopting an “allowable air-
entrainment” condition at VTs helps extend the operational range. These findings provide a scientific basis
for reassessing intake designs, defining hydraulic safety thresholds, and developing a reference database to
support efficient and safe hydropower plant operation.

Keywords: Free-surface vortex, hydraulic intake, critical submergence, air entrainment, Gibe I1I, Nam Ma 2.
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