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Tém tit: Bai bdo trinh bay két qua mé phéng sé ddc trung luu hrong ciia xi phdng thao I img dung

trong cong tac xa nuwoc ho chwa. Xi phong thao li co wu diem la két cau don gian, luu lwong xda nudc

twong doi 16m nhung cé nhiege diém khé kiém sodt luu heong khi xa lii. Ky thudt tiép khi dwoc img dung

dé diéu chinh leong khi vao trong ong xi phéng, tir @6 cé thé diéu khién luu heong xa lii theo ¥ mudn,

tranh ngdp lut phia ha heu xi phdng thao li. Két qua mé phong cho thdy lwong khi ldy vao ong xi phong

1y 1é nghich véi heu leong xi phong théo lii. Tiwy theo gid tri chiéu cao cdt nwée tran tai dinh xi phéng,

gid tri luu lwong xa lii bién thién trong khodng gid tri heu lwong cia kich ban kin khi va ciia kich bdn

day khi.

Tir khoa: M6 phong s, xi phong thao 1, luu lwong x4 nudc, diéu chinh khi, k§ thuat tiép khi.

1. PAT VAN PE

Daép tran xi phong duoc st dung phd bién trén
Thé gi6i (Babaeyan-Koopaei et al, 2002;
Boatwright, 2014; Tadayon and Ramamurthy,
2013) nhung kha han ché tai Viét Nam (Nguyén
Ty Nién, 2010) do thiéu nhitng nghién ciru tmg
dung va phat trién. Két cdu dap tran xi phong co
nguyén ly hoat dong kha don gian, giam khoi
lugng x4y dung ddp ma van cé hiéu qua thao
nudc cao. Tuy nhién, khi xi phdng & trang thai
hoat dong hoan toan (chay day), viéc diéu khién
luu luwgng xa nudce kha kho khan, gdy ra ngap lut
phia ha luu dap. Dién hinh 13 hai trin lut ndm
1939 va 1992 do dép tran xi phong ¢ hd Brent,
nude Anh nhu Hinh 1.

Ky thuat tiép khi (thong qua van khi va ong
thong khi — Hinh 2) (Pham Van Khoi va nnk,
2022) duoce str dung dé bd sung ap suat khong khi
vao vi tri ma c6 ap suat nho hon ap suat khong khi
bén trong 6ng xi phong. V4i dong chay qua chat
long khong nén dugc, ky thuat nay giup diéu
chinh chiéu cao do 4p va chibu cao luu tbc
(Nguyén Tai, 1998). Mot s6 nghién ciru dd tmg

' Khoa Céng trinh, truong PH Hang hdi Viét Nam

dung k¥ thuat tiép khi dé bo sung ap suét khong khi
cho 4p suit am tai dinh xi phong, tir d6 giam luu
luong xa nudc (Babaeyan-Koopaei et al., 2002;
Boatwright, 2014; Jung et al., 2019). Tuy nhién,
céc nghién ctru dya trén mo hinh vat 1y nén rat ton
kém chi phi xdy dung va van hanh mé hinh. M6
hinh s6 duoc xem 13 ¢6 vu diém hon mé hinh vat Iy
khi tiét kiém chi phi nghién ctru va dé dang mo
phong da dang két cdu xi phéng. Tuy nhién, theo
hiéu biét ctia céc tac gia, chwa c6 nghién ciru nao
thuc hi€n mé phong s6 hién tuong thuy luc xi
phong thao il str dung k¥ thuat tiép khi.

Hinh 1. Xi phéng thdo lii ¢ ho Brent, nudc Anh
(Babaeyan-Koopaei et al., 2002).
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Nghién ctru nay st dung cong cu md hinh dong
chay ba chiéu (Flow-3D model) dé mé phong dic
trung luu luong cua xi phong thao lii trong truong
hop kin khi va diy khi (chay tran). K¥ thuat tiép
khi duoc st dung dé diéu chinh luong khi vao
trong ong xi phong, tir d6 co thé dicu khién hru
lugng cua xi phong théo 1i trong khoang gitra cac
duong ddc trung luu luong trong truong hop kin
khi va day khi.

2. MO PHONG SO DONG CHAY QUA XI
PHONG THAO LU

2.1. Thiét 1ap mé hinh s6 mé phéng

a. Két cdu xi phéng thao li

Trong cac nghién ctru trude cua tac gida (Pham
Van Khoéi va nnk, 2022; Pham Van Khoéi va Vi

Vin Nghi, 2021), cac dic trung thay luc (ap suit,
luu lwong...) cta xi phong thao 1 dugc moé phong
bang m6 hinh dong chay ba chiéu. M6 hinh dong
chiy ba chiéu cho thdy thé manh trong mé phong
tuong tac dong chay qua dap tran (Kumcu, 2017;
DS Xuan Khanh va nnk, 2018;Nguyén Cong
Thanh va Ha Pinh Phuong, 2014) va cac két cau
cong trinh thuy loi khac (Hien and Duc, 2020).
Pham Vian Khoéi va Vii Van Nghi, 2021 da thuc
hién thiét 1ap két cAu mo hinh sé dé kiém chuan
voi thi nghiém vat ly. Vi thé trong nghién ctru
nay, dé tang do tin cay, két céu xi phong thao 1

da thyc hién trong nghién ctru trude tiép tuc duoc
lua chon nhu Hinh 2.

Hinh 2. Két cau xi phdng trong thi nghiém vt Iy (Pham Van Khéi va Vii Vin Nghi, 2021)
va trong thi nghiém mo phong

Ong xi phéng c6 dudng kinh trong 14 0,1m
dugc bé cong 5 1an véi tong chidu dai la 2,44m.
Trong thi nghiém mo phong nay, két cdu dng xi
phong dugc bd sung 6ng thong khi co dudng kinh
trong 0,03m dat trén dinh xi phong (Pham Van
Khéi va nnk, 2022). Myc nuéc ha luu duge cd
dinh, muc nude thuong luu thay ddi sao cho chiéu
cao cOt nudc tran nhd hon duong kinh trong cua
6ng xi phong. Ludi chia duoc lay déu theo 3
phuong X (chiéu dai), Y (chiéu rong), Z (chiéu
cao) 1a 2cm. DPiéu kién bién duogc thiét 1ap theo
cac phuong nhu sau: phuong X: bién trai 1a ap
suit c¢b dinh (specified pressure) v6i cao do chit

long (fluid elevation) 1a muc nudc thuong hru,
bién phai twong tu bién trai nhung cao do chat
long 1a muc nudc ha huu; phuong Y 1a tuong
(wall); phuong Z: bién dudi 1a tuong, bién trén la
ap suat khong khi (101.325 Pa) voi ty 18 chit long
(fluid fraction) 1a 0. Piéu kién ban dau thiét 1ap
hai khéi nuée phia thugng luu va ha luu theo muc
nudc thuong luu va myc nudce ha luu (Hinh 2).

b. Lwa chon mo hinh va kich ban tinh toan

Mo hinh dong chay rbi két hop tron khi (Lé Thi
Thu Hién va nnk, 2020) dwoc st dung trong
nghién ctru nay. Ngoai ra, k¥ thuat tiép khi (Pham
Vin Khéi va nnk, 2022) dugc diéu chinh boi hé sé
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luu lwong khi (Co) dugc tmg dung dé didu khién
lru lwong khi vao dng xi phong, tir d6 c6 thé diéu
khién duoc luu lugng dong chay qua xi phong.
Nghién ctu nay thyc hién 4 kich ban (KB) mo

phong: kin khi (7 trudng hop-TH), day khi - chay
tran (6TH), it khi (5TH), nhiéu khi (4TH). Cac
kich ban mé phong trong nghién ciru nay dugc thé
hién trong bang sau:

Bang 1. Cac kich ban m6 phéng dong chiy qua xi phong thao li

Hé s6 luu S6 truong hop . ; Cao trinh Chiéu cao cot
. Cao trinh myc nude ] .
Kich ban luong van muc nuoc muc nuoc nudc tran
] thugng luu (m)
khi (Cy) thuong luu ha Iuu (m) (mm)
1,15-1,13-1,11-1,09 - 85-65-45-25-
Kin khi 0 7 0,4
1,073-1,07-1,067 8-5-2
N , 1,15-1,14-1,13-1,12- 85-75-65- 55-
Dbay khi 1 6 0,4
1,111-1,10 46-35
, 1,15-1,13-1,11-1,09 -
It khi 0,2 5 0,4 85-65-45-25-8
1,073
Nhiéu khi 0,7 4 1,15-1,13-1,11-1,09 0,4 85-65-45-25

c. Kiém chudan mé hinh

Mo hinh sé dong chay qua xi phong thao li
duogc kiém chuan trong truong hop khéng cd van
khi vé1 101 gidi gidi tich (Pham Van Khoi va nnk,
2022) va sb liéu thi nghiém vat ly (Pham Van
Khéi va Vil Van Nghi, 2021). Két qua cho thay
cac gia tri luu lvong ma mo hinh mé phdng chénh
1éch nhé so voi gia tri Iuu lugng tir 101 gidi giai
tich (0,07%) va tur thi nghiém vat Iy (2,81%). Tu
d6, mo hinh dugc xem la phu hop khi mé phdong
dong chay qua xi phong thao 1a.

2.2. Két qua md phéng

a. Kich ban xi phong kin khi (Cy = 0)

Hinh 3 (a, b, ¢) thé hién két qua mé phong sb
dong chay qua xi phong thdo 1i trong truong hop
kin khi ding mé hinh dong chay ba chiéu. Trong
Hinh 3, truc hoanh va tryc tung c6 don vi 1a mét
(m), thang chia ap suat bén trén c6 don vi 1a Pa.
Tai thoi diém ban dau (Hinh 3.a), chiéu cao cot
nudc tran h = 8,5cm. Ngay sau d6 5s (Hinh 3.b),
dong chay trong ng xi phong da day hét khi trong
6ng ra ngoai va chay ngap hoan toan trong ong.
Dong chay ngap hoan toan tiép tuc 6n dinh sau d6
nhu Hinh 3.c va dugc goi 1a dong chay kin khi.
Két qua mo phong luu luong dong chay thay do6i
theo thoi gian trong trudng hop nay dugc thé hién

la duong cong trén cung (Cy = 0) trong Hinh 5.
Trén dudng cong kin khi, luu lugng dat gia tri on
dinh (73,44 m’/gio) sau thoi gian t = 5s. Tuong
mg moi gia tri chiéu cao cOt nudc tran s& thu
duoc gia tri luu lugng tuong tng. Do do, cac gid
tri lvu lugng cho 7 TH trong KB1 duoc thé hién
nhu trén Hinh 6 (duong cong kin khi). Nhu két
qua md phdng trén Hinh 5 va Hinh 6, Iuu luong
tuong Gng véi chidu cao cot nude tran cua kich
ban dong chay kin khi 1a 16n nhat. Két qua mo
phong cho thiy phu hop véi dic trung thuy hrc
cua xi phong thao Iu.

b. Kich ban xi phéng day khi - chay tran (Cy = 1)

Hinh 3 (d, e, f) thé hién két qua mo phong sd
dong chdy qua xi phong thao lii trong trudong
hop day khi twong tng tai cac thoi diém nhu
trén Hinh 3 (a, b, ¢). Trong kich ban nay, ong
thong khi (dat tai dinh dap tran) m¢ hoan toan
dé lay khong khi vao bén trong dng xi phong
trong sudt qua trinh mé phong. Sau thoi diém
ban dau (Hinh 3. d), nudc s& chay tran qua dinh
xi phong sau 5s (Hinh 3.e) va sau 10s (Hinh
3.f). Luu luong tran thay d6i theo thoi gian
nhanh chong 6n dinh sau 2s véi gia tri rit nho
(10,84 m’/gio) thé hién trén Hinh 5 tai duong
cong day khi. Tuong tu, gia tri luu luong cia 6
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TH trong KB2 dugc thé hién trén duong cong
day khi trén Hinh 6. Nhu vdy, trong trudong hop
xi phong chay tran, dic diém dong chay twong
ty nhu dac diém dong chay qua dap tran thong
thuong va gia tri luu lugng twong ng voi chiéu

w0250 C0=0

103500 107750

95000 112000

0.75

0.0

103500 107750 112000

-1.0 0.3 0.4 1.1 1.8 25
X

c)t=10s

cao tran 1a nho nhat. Cac duong cong luu lugng
(Q) - chiéu cao cot nudc tran (h) trong truong
hop kin khi va day khi dugc xem 1a cac duong
dac trung thuy luc cua xi phong thio 1
(Babaeyan-Koopaei et al., 2002).
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Hinh 3. Ap sudt dong chay trong xi phéng thdo lii trwong hop kin khi va day khi vmg

voi chiéu cao cot nuoc tran ban dau 8,5cm

3. KET QUA MO PHONG KY THUAT
TIEP KHi PIEU KHIEN LUU LUQNG XI
PHONG THAO LU

Nhu vay, twong tmg voi mdi chiéu cao tran,
luu lwong qua xi phong thao il s€ dat gia tri 16n
nhit trong trudng hop kin khi va nho nhét trong
truong hop day khi. Trong thuc té, xi phong thao
i thuong gay I lut nghiém trong phia ha luu khi
xi phdng ¢ trang thai lam viéc kin khi, luu luong
dat gia tri 16n nhit. Bé khic phuc nhuge diém nay,

ky thuét tiép khi dugc ung dung s& lay mot luong
khi nhit dinh vao dinh dng xi phong dé diéu khién
luvu Iugng xa 1i xudng mirc mong mudn. Do d6, vi
lwong khi 1y vao nam trong khoang giita cta kich
ban day khi va kin khi, gid tri luu lugng dat duoc
cling s& nam trong khoang dic trung luu luong
nhu d3 moé phong ¢ phan 2. Hai kich ban it khi
(KB3) va nhiéu khi (KB4) v6i cac trudng hop
chiéu cao tran tuong ung dugc lua chon dé thé
hién két qua nghién ctru (Bang 1).
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Hinh 4. Ap sudt dong chay trong xi phéng thao Ui kich ban it khi (Cy = 0,2)
va nhiéu khi (Cy = 0,7) ung voi chiéu cao cét nwée tran ban dau 8, 5cm

Hinh 4 (a, b, ¢) va (d, e, f) thé hién két qua
md phong cho kich ban it khi (Cy = 0,2) va
nhiéu khi (Cy = 0,7) cia dong chiy qua xi
phong. Tai thoi diém ban dau (Hinh 4.a va Hinh
4.d), chiéu cao cdt nude tran h = 8,5cm duoc
thiét 1ap nhu mo phong & phan 2. Dén thoi diém
t = 5s (Hinh 4.b va Hinh 4.e), trudc khi van khi
mo, nude chay ngap trong dng va xi phong &
trang thai lam viéc hoan toan nhu trén Hinh 3.b.
Tai thoi diém t = 10s, sau khi van khi md, mot
lugng nho khong khi chiém chd nuéc khi ngudi
su dung thiét 1ap mot lwong nhd khong khi (Cy =
0,2) vao trong 6ng xi phong (Hinh 4.c). Tuong
tu nhu trén Hinh 4.f, khi lugng khong khi duoc

dua vao 16n hon (Co = 0,7), két qua cho thdy
mot lwong 16n khong khi chiém chd 16n trong
ong xi phong. Trong ca hai trudng hop trén, ap
suat 4m tai dinh xi phong da dugc thay thé bang
ap suat khong khi (101.325Pa) nhu thé hién trén
bang mau ap suét trén Hinh 4.c va Hinh 4.f.
Hinh 5 thé hién gia tri luu lugng thay ddi theo
thoi gian trong kich ban it khi (Cy = 0,2) va
nhiéu khi (Co = 0,7). C6 thé thiy gia tri luu lwong
giam dan khi ting lugng khi va nim giita mién
gia tri luu lwong kin khi va day khi. Nghia la
luong khi duoc 14y vao trong 6ng xi phong ty 1é
nghich véi gia tri luu lugng x4 1o dat dugc. Dac
trung nay ciing duogc thé hién rd trong Hinh 6.
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Hinh 5. Luu lwong xa nwdc xi phong thdo li thay
doi theo thoi gian khi sir dung ky thudt tiép khi

Hinh 6 thé hién bién thién luu luong (Q) theo
chidu cao c6t nude tran (h) trong kich ban diéu chinh
khi. BPuong quan h¢ Q~h trong kich ban it khi (Cy =
0,2) va nhiéu khi (Co = 0,7) nim trong mién gitta kich
ban kin khi (Co = 0) va day khi (Cy = 1) cho thy sur
phtt hop nhét dinh ciia cac két qua mo phong. Két
qua con cho thdy tinh nhay ciia k¥ thuét tiép khi cho
bai toan md phong xi phong thao 1i. Khi chiéu cao
cOt nudce tran 1on, gia tri luu lugng gidm kha r6 rét khi
diéu chinh lwong khi. Nhung khi chiéu cao cot nudc
tran nhd (h = 2,5cm), trong kich ban lugng khi dua
vao 1on, gia tri luu lugng giam vé tiém cén voi gia tri
Iuru lugng trong kich ban day khi (xi phong chay tran
thong thudng). Diéu nay cho thiy su phu hop trong
thuc t& khi luong khi liy vao xi phéng du 16n s&
twong tur nhu truong hop dng thong khi mé hoan toan
(Hinh 3.f). Hinh 6 con cho thdy sy phu hop véi db thi
duodng dic trung hwu luong (Q) - chidu cao cot nude
tran (h) trong trudng hop co diéu chinh khi trong cac
tai liu cia Babaeyan-Koopaei et al, (2002) va
Khatsuria (2005).
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Hinh 6. Ddc trung luu lwong xa nudc cua
xi phong thao li theo 4 kich ban nghién ciru

4. KET LUAN

Trong bai bao nay, dong chay qua xi phong
thao 1i dwoc md phong bang mo hinh dong chay
ba chiéu cho cac trudng hop kin khi va ddy khi.
K§ thuat tiép khi dugc tmg dung dé diéu khién luu
lrong xa nude xi phong thdo 1i trong truong hop
kin khi. Khi cung mot chiéu cao cot nudce tran, gia
tri luu luong xa nudce ty 1€ nghich voi luong tiép
khi va ndm trong khoang dic trung wu luong cta
kich ban kin khi va day khi. Ngudi st dung c6 thé
ding mé hinh dong chiy ba chiéu véi ky thuat
tiép khi dé diéu khién luu lwong xa nudc xi phong
thao 1. Trong tuong lai, m6 hinh vat 1y dép tran
xi phong cho k¥ thuat pha chan khong can duoc
thiét lap. Tir d6, xi phong thdo 1i s& duoc tmg
dung phé bién hon nira tai Viét Nam dé dem lai
hiéu qua kinh té - ki thuat trong linh vuc thuy loi.
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Abstract:
NUMERICAL INVESTIGATION OF AIR VENT TECHNIQUE TO THE OUTFLOW
DISCHARGE CHARACTERISTIC OF SIPHON SPILLWAYS

This paper represents the numerical investigation of discharge characteristics of siphon spillways in
application to simulate the outflow of reservoirs. Siphon spillways have simple structures and large outflow
discharges, but it is difficult to control their outflow discharges. The air vent technique is applied to control
the air quantities controlled inside the siphon, then it can control the desired outflow discharges and avoid
the flood disaster at the spillway downstream. The simulations show that the more air quantities controlled
inside siphons are, the less outflow discharges are. Depending on the water head, the outflow discharges
vary in the range between the outflow discharges of the no air case and of the full air case.

Keywords: Numerical investigation, siphon spillways, outflow discharge, air-regulated, air vent technique.
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