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1. Gioi thigu

M6 hinh dong chay ba chiéu thuoc ho cac phan
mém khoa hoc dong chay (Flow Science) duoc cong ty
Flow Science (My) phat trién. Hién nay, md hinh dong
chay ba chiéu dwoc tng dung rong rai dé mé phong hau
i N ’ ; . p o hét cac linh vuc khoa hoc ky thuat nhu hang khong, co
vuc cong tr”}h th”y duoC tr'[]h \bay. Keét qua thA' khi, xay dung cdng trinh thay,... Trén thé gigi, trong
nghi¢m vat Ii kiem chuan m6 hinh cho thay mo linh vyc tinh toan thay lyc cong trinh, md hinh dong
hinh dong chay ba cr!iéu mé phdng rat tot cho chay ba chidu dugc sit dung dé md phang séng [1, 2],
cong trinh dgp tran kiéu xi phoéng. Ter doé, mo hinh md hinh dong chay qua dap tran [3, 4]. Tai Viét Nam,

Tom tit

Bai béo gisi thiéu md hinh dong chay ba chiéu
(Flow - 3D) va itng dung md phéng ddp tran kiéu
Xi phong dé théao mieéc ho chira. Ly thuyét sir dung
va cac ng dung chu yéu ciia mé hinh trong linh

duroc sit dung dé m6 phong hoat dgng thuc té ciia |l mé hinh dong chay ba chiéu dang din duoc sir dung
dap tran xi phong Hadong. Két qud mé phong thé rong rai hon trong tinh toan mé phong dong chay qua
hién rd hién twong ddc trung la dp sudt dm & trong dap tran [5, 6], bac nuéc [7].

ang xi phong xudt hién l1am cho dng xi phdng lam Trong nghién ctu ndy, nhém tac gia tap trung
viéc. M6 hinh dong chdy ba chiéu va két cau ddp nghién ctu tinh todn dong chay thdo 1ii qua dap tran
tran kiéu xi phong c6 thé iing dung réng réi trong kiéu xi phong sir dung mé hinh vét Iy va mé hinh dong
tinh toan thuy lyc cong trinh tai Viét Nam. chay ba chiéu. Pap tran kiéu xi phong 1 loai dap tran
Tir khéa: Mo hinh dong chdy ba chidu, dap tran [ dang duoC sirdung rong ri trén the i6i [8-11] véi wu
kiéu xi phdng, tinh toan déng luc hoc chat long, diém la giam duoc bé I’(f)pg than dap, tu do giam khoi
kiém chuan mé hinh, hé phuong trinh Navier - lugng cong trinh dap, tict ki¢gm chi phi xay dung. Tai
Stokes. Viét Nam, dap tran xi phong it dugc sir dung do thieu
Abstract tinh toén chi tiét va kho khan trong van dé cong nghé

thi cong lap dat. Theo tim hiéu ciia nhém tac gia, dap
tran xi phong dau tién ¢ Viét Nam duoc xay dung dé
tiéu thoat nudc hd chira Bau Nhum [12] tir thoi Phép
thugc, dugc xay dung lai ndm 1963 (dap bi v& nam
1962) va nang cap nam 2009 (Hinh 1). Dap tran nay
¢6 5 dng xi phong, duong kinh trong cua dng 1a 0,3m,
Iuu Iugng xa 16n nhat 1m3/s 1a rat han ché.

This paper introduces the Flow - 3D model and
simulations of siphon spillways in reservoirs. The
model theory and model applications in
hydraulics are presented. The physical experiment
to verify the Flow - 3D model shows that the
model works well for the case of siphon spillways.
Consequently, the model is used to simulate the
Hadong siphon spillway. The research results
show the outstanding characteristic of the siphon
spillways that the negative pressure occurring in
the siphon makes it working. The Flow - 3D model
and the siphon spillways can be applied to
investigate hydraulics in Vietnam.

Keywords: Flow-3D model, siphon spillways,

computational fluid dynamics, model
verification, Navier - Stokes equations.

Hinh 1. Pdp tran xi phdng Bau Nhum, Qudng Tri
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Vé6i muc tiéu bd sung tinh toan thyc té cho cong
trinh dap tran kiéu xi phong trong diéu kién Viét Nam,
nhom tac gia gidi thiéu sit dung mé hinh dong chéay ba
chiéu va kiém chuan mé hinh bang thi nghiém vat Ii.
Mo hinh dong chay ba chiéu duoc dp dung dé mod
phong lam viéc cua dap tran xi phéng Hadong, Han
Quéc (Hinh 2), qua d6 thdy duoc tinh tng dung thuc
té cia md hinh. Pap tran Hadong sir dung 9 6ng xi
phéng véi duong kinh trong cua 6ng 1a 2,7m, luu
lwong xa 1én nhat 12 490m?/s.

Hinh 2. Pdp tran xi phong Hadong, Han Quaéc

2. Md hinh dong chay ba chiéu
2.1. Hé phwong trinh chii dao

M0 hinh dong chay ba chiéu la mot trong sé céc
md hinh tinh toan dong lyc hoc chat long
(Computational fluid dynamics - CFD) dugc st dung
phd bién hién nay. Hé phuong trinh cha dao [13] la hé
phuong trinh Navier - Stokes véi ba phuong trinh
dong lugng (1) - (3) va mot phuong trinh 1ién tyuc (4)
nhu sau:
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Trong d6: p 1a khéi lwgng riéng chat long; Ve 1a ty
1& phan thé tich bi chim; u, v, w Ia c&c thanh phan van
téc theo phuong x, y, z; Ax, Ay, Az la ty |é phan dién
tich bi chim theo phuong x, y, z; RSOR la thanh phan
ngudn do khéi lwong; RDIF la thanh phan khuéch tan
do réi; Gx, Gy, Gz la gia téc trong truong theo phuong
X, Y, Z; fx, fy, fz 1a gia téc do nhét theo phuong x, v, z;
bx, by, bz Ia thanh phan do lyc can trong vat thé rong
theo phwong x, y, z; uw, vw, ww la van téc cua cac
thanh phan ngudn:; us, vs, ws 1a van téc caa chét long
tai bé mat cia cac thanh phan ngudn; & 1a hé sé chuyén
ddi v& hinh hoc vat thé gitra hé toa do dé cac va hé toa
d6 cau; R 1a hé s6 chuyén dbi khi dung hé toa d6 cau
hoac hé toa do dé céc.

Ngoai ra, khi tinh toan dong chay réi, mé hinh tinh
todn ton that nang lugng giai hai phuong trinh k -
€ hoac hai phuong trinh k - ®. Theo do, hai phuong
trinh k - € vi vu diém tinh toan chinh xac hon véi bai
todn tuong tac dong chay qua dap tran [5, 6] duoc st
dung trong nghién cuu nay.

2.2. Ung dung chs yéu ciia md hinh

M6 hinh dong chay ba chiéu cé thé méd phong
duoc hau hét cac hién twong vat Ii trong tu nhién, bao
gom dong chay chat long nén dugc (compressible
fluid) va dong chay chit long khéng nén dugc
(incompressible fluid). M6 hinh c6 thé md phong tot
3 pha rin - long - khi, tir 6 mé phong su lam viéc
ddng thoi cua két cdu cong trinh (rin) voi dong chay
(long) va khdng khi. Mot wu diém nita 1a mé hinh c6
thé md phong khdng gian 3 chiéu [14-16] (tinh toan
theo ca 3 phuong X, y va z) nén tinh chinh xac cao hon
c4c md hinh dong chay 2 chiéu [17, 18]. Tuy nhién,
do mo hinh tinh toan 3 chiéu nén tiéu ton nhiéu tai
nguyén hon va thoi gian mé phong 1au hon cac mo
hinh 2 chiéu.

3. Kiém chuan mé hinh dong chay ba chiéu

3.1. Cdu tgo va nguyén ly hogr déng ciia ddp
tran xi phdng trong thi nghiém kiém chudn

Hinh 3 mo ta ciu tao cua dap tran xi phong dién
hinh dugc sir dung trong thi nghiém kiém chuan. Khi
muc nude thugng luu cao hon ngudng tran cua dap
(diém A), nu6c chay tran thong thuong trong 6ng xi
phong s& diy nudc va khong khi trong dng ra ngoai
lam xuat hién chan khong trong ng xi phong dé kéo
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nude thugng lwu 1én chay ngap dng xi phong. Trang
thai nay duoc goi la trang thai xi phong lam viéc. Khi
muc nude thuong luu thip hon ngudng tran, dé xi
phdng lam viéc, dng moi duoc sir dung. Khi muc nuée
thuong luru cao hon ngudng tran cua ong moi (diém
B), nudc s& chay tran thong thuong qua dng mdi dé
vao 6ng xi phdng roi chay xubng ha luu. Tuong tu,
sau mot thoi gian, chan khong trong dng xi phdng xuat
hién kéo nude thugng lwu 1én chay qua ngudng tran
cuia dap roi chay ngap 6ng xi phdng. Xi phong lai vao
trang théi lam viéc. Trén Hinh 3, D 1a duong kinh 6ng

xi phong, H 1a 6 chénh myc nude thugng luu - ha luu.

Piap tran thio nudc khi muc nude thuong luu nam
trong khoang gitra ngudng tran dap va éng moi.

3.2. Két qud thi nghigm kiém chudn

A £ C oA
thuong hru [ oOng xi phong

Hinh 4. Mgt bang va két céu xi phong trong thi
nghigm kiém chuén

Dé tién hanh kiém chuin mé hinh dong chay ba
chiéu cho két ciu dap tran kiéu xi phong, nhém tac gia
da tién hanh xay dung mo hinh vat li va md hinh mé
phong dong chay ba chiéu véi cung théng sé kich
thudc va diéu kién dau vao. Mé hinh vat If thi nghiém
kiém chuan dap tran xi phong duoc thyc hién tai
phong thi nghiém cua Vién nghién ciru Néng nghiép
Han Qudc, thanh phé Ansan, tinh Gyeonggi, Han
Qudc nhu thé hién trén Hinh 4.
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Puong kinh trong caa 6ng xi phong (D) 1a 10cm,
d6 chénh myc nuée thuong luu - ha lwu 16n nhat 1a
75cm (muyc nude thuong luu ngap hoan toan éng xi
phong) va nho nhat 1a 45cm (muc nude thuong luu tai
ngudng tran 6ng moi). Thi nghiém tién hanh thay doi
10 gié tri diéu kién dau vao 1a do chénh muc nudc
thuong - ha luu tir nho nhat (45cm) dén 16n nhit
(75cm), khi éng xi phdng ¢ trang thai lam viéc thi do
lwu lwong tran cua 6ng tai cira ra ha luu cho ting
truong hop. Két qua so sanh giira md hinh dong chay
ba chiéu va mé hinh vt Ii duoc thé hién trén Hinh 5.
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Hinh 5. So sanh két qud ciia md minh dong chdy ba
chiéu va két qud ciia thi nghigm vt Ii

Nhur thé hién trén Hinh 5, khi ng xi phdng & trang
thai 1am viéc, gi tri luu luong ting tir 56,46m3/h dén
72,74m3/h khi do chénh myc nude ting twong tng tir
45cm dén 75cm ddi véi két qua do dugc tir md hinh
vat Ii. B6i voi md hinh dong chay ba chiéu, két qua
md phong luu lugng ciing c¢6 xu hudng tang tir
56,93m3/h dén 73,44m3/h khi d6 chénh myc nudc ting
tuong ung tir 45cm dén 75cm. Két qua trén cho thay
md hinh dong chay ba chiéu mé phoéng rat tét so véi
md hinh vat Ii véi do sai khac 16n nhat 1a 2,81% khi
d6 chénh myc nudc tuong ung la 55¢cm.

4. Ung dung mé hinh dong chay ba chiéu mo
phéng xa li hd chira bang dap tran xi phong

M0 hinh dong chay ba chiéu duoc @ng dung mo
phong dong chay cho dap tran xi phdng Hadong, Han
Quéc (Hinh 2). Két ciu dap tran xi phong duoc thiét 1ap
trong md hinh dong chay ba chiéu nhu thé hién trén
Hinh 6. Buong kinh trong dng xi phng Ia 2,7m, chiéu
dai dng xi phong 1a 44,128m, duong kinh trong 6ng moi
14 0,8m, chiéu dai dng mdi 1a 11,13m. Po chénh muyc
nude thuong Iuu - ha luu tinh toan la 8,2m (muc nudc
thuong lwu nam trong khoang giita ngudng tran dap va
dng mdi nhu Hinh 7. a).
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0 s 2

Hinh 6. Két cdu ddp tran xi phong Hadong trong md
hinh dong chdy ba chiéu

a) t=0s

c) t=100s

d) t=150s

0 5! 110000 165000 220000

5000
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Hinh 7. Mé phéng ddp tran xi phdng Hadong trong mo

hinh dong chdy ba chiéu tgi cac théi diém:
a) t=0s; b) t=50s; c) t=100s; d) t=150s

-25.0 7.0 11.0 290 47.0 65.0
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Hinh 7. (a, b, ¢, d) thé hién két qua md phong
dap tran xi phdng tai mat cit doc cong trinh & céc
thoi diém t=0s, 50s, 100s va 150s. Ngoai kich thudc
theo phuong ngang (truc x) va phuong dung (truc
z), thang chia mau phia trén mai hinh thé hién gia
tri 4p suat tuyét dbi (don vi Pa). Luu y ring gié tri
&p suat khi quyén 1a 101.300Pa. Tai thoi diém t=0s
(Hinh 7.a), muc nudc thuong lwu nam dudi ngudng
tran dap va chay ngap 6ng moi. Khi éng mdi hoat
dong, nudc s& chay tir dng mdi vao trong éng xi
phong phia ha luu dé ddy nudc va khong khi trong
5ng xi phong ra phia ha lwu ciing nhu 1am dang muc
nuéc phia ha luu trong 6ng xi phong. Cung lac do,
su chénh léch &p suat gitra ngoai 6ng va trong dng
xi phong phia thuong luu sé& tao luc dé kéo nudc
phia thugng luu 1én chay qua ngudng tran cua dap
nhu thé hién trén Hinh 7.b tai thoi diém t=50s. Tiép
theo, nudc vira chay tran qua ngudng tran vira chay
ngap trong 6ng mdi lam muc nuée thuong luu tiép
tuc dang 1én dén dinh xi phdng (Hinh 7.c) tai thoi
diém t=100s va lam ngap hoan toan trong 6ng xi
phdng (Hinh 7.d) tai thoi diém t=150s. Ldc nay, xi
phéng chinh thuc ¢ trang thai lam viéc. Nhu quan
sat trén Hinh 7.d khi xi phdng ¢ trang thai lam viéc,
&p suit tai dinh xi phong ludn nho hon 4p suét khi
quyén (101.300Pa), duoc goi & &p suit am. Day
chinh 1a dic trung hoat d6ng cua 6ng xi phong va
tuan theo dinh luat Bernoulli trong tinh toan thuy
luc cong trinh. Van tdc tai ctra ra 6ng xi phong la
9,53m/s, twong tng voi luu lugng xa dat 54,54m?%/s.
4. Két luan

Bai bao di gii thiéu mo hinh dong chay ba chiéu
va g dung chii yéu ciia mo hinh trong linh vuc mo
phong dong chay. bBac biét, nhoém tac gia tap trung vao
viéc md phong va kiém chuan mé hinh cho cong trinh
dap tran kiéu xi phong. Day 1a kiéu dap tran tién tién
dugc ap dung phé bién trén thé gi¢i nhung han ché ¢
Viét Nam do diéu kién cong nghé thi cong lip dat.
Nhom tac gia ciing dd mo6 phong céc trang thai lam
viéc ciia dap tran xi phdng Hadong, Han Qudc dé thay
dugc thyc té hoat dong caa né cung véi ly thuyét tinh
toan. Tur do, bd sung d6 tin cay trong viéc tinh toén ap
dung loai hinh dap tran kiéu xi phong nay trong viéc
g dung tiéu thoat 1ii ho chira tim trung (tir 1 triéu
m?3 nude dén 100 trieu m?® nudc) tai Viét Nam. Trong
cac nghién cau tiép theo, viéc diéu khién luu luong
tran trong 6ng xi phong can dugc xem xét dé tranh
viéc xa 1t voi Iuu lwong qué 16n 1am ngap lut phia ha
lwu cua hd chira. Tinh toan danh gia hiéu qua dau tu
dap tran kiéu xi phong ciing s& dugc dé& cap trong
nhitng budc tiép theo.
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