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Tém tit

Bai bado gioi thiéu cong cu van khi trong mo hinh
dong chay ba chiéu (Flow - 3D) va img dung mé
phong diéu chinh heu leong xa nuée trong dap
tran kiéu xi phéng cho ho chira. Van khi trong mé
hinh dong chay ba chiéu cé cdu tao nhw mét 16
cho dong khéng khi di qua bang cdch thiét ldp dp
sudt bén ngodi cé gid tri bang dp sudt khong khi.
Van khi ddt trong ong thong khi tai vi tri dinh ddp
tran xi phéng - noi ¢é dp sudt am. Khi van khi mé
$€ bé sung dp sudt khéng khi cho dp sudt am tai
dinh ddp tran xi phéng, lam tang dp sudt va gidm
vin toc trong ong xi phéng. Do dé, luu lrong qua
dap tran xi phong giam di khi van khi mo. Nguwoc
lai, mudn tang luu lwong qua dap tran xi phong
thi diéu khién déng van khi tro lai. Ky thudt nay
tuy don gian nhung co hiéu qua lon trong viéc
diéu khién dong chdy qua ddp tran xi phéng, tranh
Iii lut xay ra khi viéc xa lii ddp tran ngoai tam kiém
soat.

T khoa: Mo hinh ddng chay ba chiéu, mé phong
dong chay, g?‘_a”p tran kiéu xi phong, tinh toan dong
lyc hoc chat long, van khi.

Abstract

This paper introduces the air valve tool in the
Flow-3D model and application to control the
outflow discharge of siphon spillways in
reservoirs. The air valve in the Flow-3D model is
the orifice in which the airflow can pass through
by setting up the external pressure as the
atmospheric pressure. The air valve tool is located
in the air vent at the siphon crest where the
negative pressure occurs. When the air valve
opens, the atmospheric pressure will contribute to
the negative pressure at the siphon crest, then the
pressure is increased and the velocity is decreased
in the siphon. Therefore, the outflow discharge of
siphon spillways may be reduced when the air
valve opens. Contrarily, the outflow discharge
may be increased when the air valve closes. This
technique is simple but efficient in the purpose of
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controlling the outflow discharge of siphon
spillways. Finally, the flood disaster may be
avoided by this efficient controlling technique.

Keywords: Flow-3D model, flow simulation,
siphon spillways, computational fluid dynamics,
air valve.

1. Gioi thiéu

M5 hinh dong chay ba chiéu dugc st dung rong rii
tai Viét Nam va trén Thé gi6i khi mé phong dong chay
qua céac két cau cong trinh thuy loi [1]-[6], cong trinh
bao vé bo bién va dé chan séng [7], [8]. Pap tran kiéu
xi phong 1a mot loai két cu cong trinh thuy loi duoc sir
dung phd bién trén Thé giéi [6]-[13], nhung sb it cac
tac gia dé cap dén trong nghién ciru tmg dung tai Viét
Nam [6]. Trong thuc té, dap tran kiéu xi phong c6 uu
diém 1a két cAu don gian, luu luong xa twong ddi 16n
nhung ciing ¢6 nhuoc diém 1a kho diéu khién luu luong
khi xa 1. Chinh vi vy ma trong qua trinh xa nudc da
gay 11 lut phia ha Iuvu, dién hinh 12 su kién 11 lut khi dap
tran xi phong hd Brent x Iii nim 1992 [10] va tai tinh
Nam Jeolla ndam 2003 nhu Hinh 1.

Hinh 1. Lii lut tao ra boi qua trinh xd nwoc dap tran

Xi phong tai tinh Jeolla Nam, Han Quéc nim 2003

Nghién ctru [9], [10] dua ra k¥ thuat dé didu khién
lwu lwong x4 trong dép tran xi phong bang cach dat
ong thong khi dé 1dy mot lwong khong khi vao trong
dng xi phong. Tuy nhién, ky thuat diéu khién trén chi
dugc tién hanh thi nghiém trén mo hinh vat Iy ma chua
¢6 nghién ciru md phong bang mé hinh toan. Gan day,
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nghién ctru [6] md phong dap tran xi phong bang mo
hinh dong chay ba chiéu, nhung k¥ thuat dat ong
thong khi chua duoc dé cap t6i.

Trong nghién ctru nay, cac tac gia sir dung cong cu
van khi trong mé hinh dong chay ba chiéu, dit trong
dng thong khi tai vi tri thich hop dé duwa khong khi vao
trong 6ng xi phong. Tir d6, tuy thudc trang thai van mo-
dong ma luu lugng dong chay qua déap tran duoc diéu
khién, dap img yéu ciu thao nude va diéu tiét xa 1i cho
ho chira.

2. Mé hinh dong chay ba chiéu va éng dung
mé phong dap tran kiéu xi phong

Mb hinh dong chay ba chiéu (Flow-3D) 1a mé hinh
giai hé phuong trinh Navier-Stokes néi tiéng trong mé
phong dong chay. Trong nghién ctru [6], m6 hinh dong
chay ba chiéu dd duoc kiém chuan véi sb liéu thi
nghiém ctia md hinh vat ly khi m6 phong dong chay
qua dap tran xi phong (Hinh 2). Trong nghién ctru nay,
mo hinh dép tran xi phéng tiép tuc duoc kiém chuin
v6i 101 giai giai tich dé thay duogc do tin cay cua két qua
mo phong cho bai toan nay. Tir két qua mé phong trong
nghién ctru [6], tng v&i chénh 1éch muc nudce thugng-
ha lvu H=0,75m ta thu duogc gia tri luu lugng dong chay
qua dap tran xi phong 1a 73,44m3/gio.

dng xi phong

thuong luu

chiéu dai ﬁ
ong xi phong

vir.ridoanr_,/\ —
bé cong

Hinh 2. Ciiu tgo ddp tran xi phong siv dung trong mé
hinh kiém chudn [6]
Ap dung phuong trinh Béc-nu-li, luu lugng dong
chay qua dép tran xi phong duogc tinh theo cong thuec:

7D | 2gH
4 |
f,+A—+f +1,
D

Q= (M

Trong d6: H 1a chénh léch myuc nudc thugng-ha
luu (= 0,75m); D 1a duong kinh trong 6ng xi phong

(=0,1m); f, 1a hé sb ton that cira vao (= 0,5); f,
1a hé s6 ton that cirara (= 1); f, 1a tong cac hé sd

ton that cua cac doan bé cong (f, = f, =0,318);

A 14 hé s6 Pic-xy (= 0,015); | la tong chiéu dai
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dong chay trong 6ng xi phong (= 2,44m). Thay s6
tinh dugc gid tri luu luong dong chay la
0=73,39m%/gio. Nhu vay, két qua kiém chuén cho
thay gié tri luu lugng dong chay ctia mo hinh dong
chay ba chiéu hoan toan phu hop vdi gia tri luu
luong trong 10 gidi giai tich véi sai s6 0,07%.

3. Céng cu van khi va ing dung diéu chinh lru
lwgng dép tran xi phong

3.1. Cong cu van khi

Hinh 3 mé ta vi tri ciia van khi dugc thiét 1ap trong
két cau dap tran xi phong. Van khi dwoc dat ¢ vi tri
cao nhat trong ong théng khi, thé hién khi van mé
ddng nghia vai viéc 6ng thong khi tiép xtc véi khong
khi. Theo nghién ctru [6], khi dap tran xi phong 6 trang
thai 1am viéc, 4p suat am s& xuat hién ¢ dinh dap - noi
6 cOt nude vi tri cao nhit. Vi vay, 6ng thong khi duoc
dit tai dinh dép tran xi phong dé nham muc dich bd
sung ap suit khong khi cho 4p sut am tai dinh dép,
do d6 1am giam vén tdc ciing nhu luu lwong xa nuéc
cua dép tran xi phong.

ong théng khi

— ong xi phong

o —

Hinh 3. Vi tri van trong dgp tran xi phong dwoc mé phong
trong mé hinh dong chdy ba chiéu

Trén dinh dap tran xi phong, mot dng thong khi
duogc kéo dai theo phuong diing c6 duong kinh 0,03 m.
Ong thong khi nay dugc diéu khién viéc mé 1iy khong
khi vao trong 6ng xi phong qua két ciu van khi. Vi tri
van dugc thiét 1ap qua toa do khong gian (x, y, z) trong
mo hinh va phai dugc dit trong dng thong khi. Két cdu
van trong md hinh tuong tu két cu 16 nhu Hinh 4.

Luu lugng khong khi qua két cdu van dugc tinh
theo cong thuc:

2(p1_ pz)
Yol

Qair = gCOA (2)

Trong d6: A 1a dién tich mit cat ngang 15; p la
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khéi lugng riéng ciia khong khi; & 1a hé sé nén
ctia khong khi. p; va p» tuong g 1a ap suat khong
khi bén ngoai va bén trong vi tri van. Gia tri 4p suat
bén ngoai trong nghién ctru nay la ap suit khong
khi (p,= 101.325Pa), gia tri ap suit bén trong duoc
tu dong tinh theo két qua mo phong. Cpla hé s6 ton
that dong khong khi qua 16 (hay hé s6 luu luong).
Vi cac gia tri trong cong thirc trén déu 1a hang sd
nén luu luong dong khong khi qua van dugc diéu
khién qua hé s6 Iuu lugng Cy. C6 nghia 1a hé sé Cp
nho ddng nghia vai luu lugng khong khi vao van it
va ngugc lai. Trong nghién ctru nay, gia tri Cy dugc
lay 16n hon 0 va nho hon 1.

Hinh 4. Céu tao van khi trong mé hinh dong chdy
ba chiéu

3.2. Ung dung diéu chinh lwu lwong ddp tran xi
phong
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Hinh 5. Thiét lgp diéu chinh thoi gian
van khong khi mo - dong trong mé hinh

Trong thyc té, xi phong lam viéc binh thuong khi
van khi doéng. Viéc tdc dong mé - dong van khi tai thoi
diém bat ky dwoc didu khién boi ngudi st dung. Trong
nghién ctru ndy, gia st ngudi sit dung tién hanh thiét
lap thoi gian van khi mé-dong bang cach dua gia tri
ap suat ngoai van khi bang gi4 trj ap suat khong khi
(101.325Pa) nhu Hinh 5. Theo d6, tir thoi diém ban
dau t=0s dén t=5s van dong, sau do van s& mo lay
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khong khi vao dng xi phong tir 5,1s dén 15s. Sau 15s
thi van s& dong tro lai va xi phdng lam viéc binh
thuong. Do tinh nhay khi tién hanh mo6 phong thi
nghiém ty 1& nho, gia tri hé s6 luu lugng Co=0,9 duoc
thiét 1ap cho thi nghiém nay.

Két qua md phong cho viée didu khién van mo-
dong dé 1y khong khi vao dwoc thé hién trén Hinh 6.
Trong Hinh 6, truc hoanh x va truc tung z c6 don vi la
mét (m), thang chia mau ap suat co don vi la pascal
(Pa) v&i dai chia tir 98.000 Pa dén 112.000 Pa.

Tai thoi diém ban dau (Hinh 6.a), myuc nudce thuong
luu duge 1ay sao cho chiéu sau cot nude tran qua dinh
dap xi phong 1a 7,5cm (6ng xi phong c6 duong kinh
10cm). Nude sé& chay tran qua dinh dap va dan lam cho
xi phong & trang thai lam viéc (trang thai ap suat am &
dinh dap tran, van tdc dong chay dat gia tri 16n nhat)
nhu Hinh 6.b sau thoi gian t=5s. Tai t=6s (Hinh 6.c),
van khi d4 mo, 4p sudt khong khi tran vao lam ting ap
suat phan dinh dap tran. Theo phuong trinh Béc-nu-li,
4p suit ting thi dong thoi van téc dong chay s& giam,
dong chay trong dép tran xi phong dan dén trang thai
6n dinh tai t=15s nhu thé hién trén Hinh 6.d. Nguoc lai,
khi van khi dong lai tai thoi diém t=15,1s, ngay 1ap tirc
&p suat tai dinh dap s& giam lam van toc dong chay ting
tro lai nhu trén Hinh 6.¢ tai t=16s. Cudi cling, ap suét
tai dinh dap sé 6n dinh véi gia tri &m (mau xanh dam
trén Hinh 6.1), van tde dong chay lai dat gia tri 16n nhét,
dap tran xi phong lai tré vé trang thai 1am viéc lic dau
khi van khi chua mo.

Duya vao mau sic trén thang chia ap suat & Hinh 6,
ta co thé thiy duoc gia tri 4p sudt trong dép tran xi
phong thay ddi tiry theo vi tri va trang thai hoat dong
khi mé - dong van khi. Gia tri van tbc cua két qua mo
phong ciing duoc thé hién tuong tu nhur gia tri ap sut.
Tuy nhién, do khuon khé ndi dung trinh bay bai bao
¢6 giéi han nén nhém tac gia thé hién tom tit qua trinh
nay qua gia tri luu lugng dong chay thay ddi theo thoi
gian tai mat cit giita dinh déap tran (ngay sau éng thong
khi) nhu Hinh 7. Trong Hinh 7, truc hoanh 1a thoi gian
mo phéng co don vi la gidy (s), truc tung 1a luu lugng
tran c6 don vi mét khdi/giay (m%/s).

Theo d6, gia tri luu lugng tang dot ngdt tu 0 dén
0,015m>/s (54m?/gi®) twong g khi thoi gian ting tir
0s dén 5s. Dap tran xi phong bit dau vao trang thai
lam viéc. Tir 5,1s dén 15s, sau khi van khi mé, luu
luong giam dot ngdt va dan 6n dinh ¢ gia tri rat nho
0,004m%/s (14,4m*/gi®). Sau thoi diém t=15,1s, van
khi déng 1am ap suat giam va luu lugng ting dat gia
tri 6n dinh 0,019m%/s (68,4 m*/gi®) tir thoi diém t=18s.




KHOA HOC - CONG NGHE

101500 105000

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

108500

0.020

0.018

0.012

0.008

m=exn SOrM mEcro< = o-crm

0.004

e)t=16s

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

98000 101500 105000 108500 112000

Ht=18s
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Hinh 7. Luu lwong xd trong dng xi phong

thay déi theo thoi gian

Tai thoi diém nay, dap tran xi phong ¢ trang thai lam
viéc hoan toan. Nhu vay, voi viéc diéu chinh van khi
mo - dong, luu lugng trong dédp tran xi phong duoc
didu khién mot cach don gian va chi dong.
4. Két luan

Bai bao da gioi thi¢u cong cu van khi trong mo hinh
dong chay ba chidu va img dung diéu khién lru lugng
xa nudc dap tran xi phong. Thi nghiém mo phong trén
mb hinh ty 1& nh6 dugc thiét 1ap, kiém chuén véi 10
giai giai tich cho thiy két qua chinh x4c ctia mé hinh.
Van khi duoc thiét 1ap cting v6i dng thong khi dat trén
dinh dap tran xi phong dé diéu khién viéc 1y khong khi
vao trong ong xi phong. Két qua thi nghiém mo phong
ctia md hinh cho thiy luru lwong trong dép tran xi phong
duoc diéu khién qua viéc diéu khién mé - dong van khi
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tai cac thoi diém khac nhau. Trong nhimg nghién ctru
tiép theo, luu luong dong chay trong dap tran xi phong
can dugc diéu khién qua viéc diéu chinh luu luong
khong khi thong qua van khi. DPong thoi, dng thong khi
trong dit trong xi phong tai vi tri nao 1a tdi wu ciing can
dugc nghién ctru sdu hon.
Lo&i cdm on

Nghién ctru nay duoc tai tro boi Trudng Pai hoc
Hang hai Viét Nam trong d¢ tai ma s6: DT21-22.63.
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