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Simulation of dam-break flows using Flow 3D model: A case study of Hoa
Binh hydroelectric dam

Pham Van Khoi*

Khoa Céng trinh, Trwdong Dai hoc Hang hdi Viét Nam

Tir khéa: TOM TAT
Baitodn vG dap Duwéi tac dong ciia dong dat hay lwong mwa 1én bat thwdng, nguy co v cac dap thuy dién
dang van hanh la hién htru. Tai Viét Nam hién nay, kich ban v& dap thuy dién Hoa Binh c6
anh huwdng téi viing ha lwu song Pa va séng Hong cin xem xét. Nghién ciru nay dung mé
hinh s6 Flow 3D mé phdéng dic trung dong chay sau v dap thuy dién Hoa Binh. Thong s6
dia hinh hién nay ctia khu vuc ha lwu d4p thuy dién dwoc dwa vao mé hinh sé ba chiéu Flow
3D cung céac diéu kién bién phu hop d€ md phéng nhw diéu kién thuc té. Sau kich ban v&
dap, mo hinh da thé hién két qua chiéu sau va van téc dong chdy lan truyén & khu vuc ha
lwu trong khodng 200 s. Tir két qua mé phdng, c6 thé dwa ra dw bao tham hoa ngap lut &
khu vwe ha lwu dip thuy dién Hoa Binh cling nhw khu viec @6 thi I6n nhw Thanh phé Ha Néi.
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Under the impact of earthquakes or unusually heavy rainfall, the risk of dam failures at
operating hydropower plants is real. In Vietnam, the scenario of the Hoa Binh Hydropower
Dam breaking and its effects on the downstream areas of the Da River and Red River needs
to be considered. This study uses the Flow 3D numerical model to simulate the flow
characteristics after the failure of the Hoa Binh Hydropower Dam. The current topographic
data of the downstream area of the Hoa Binh Hydropower Dam is incorporated into the
three-dimensional Flow 3D model, along with appropriate boundary conditions to simulate
real-world scenarios. Following the dam failure scenario, the model displays the depth and
velocity of the flow spreading in the downstream area within 200 seconds. Based on the
simulation results, it is possible to forecast the flood disaster in the downstream area of the
Hoa Binh Hydropower Dam as well as major urban areas such as Hanoi.

* Pham Van Khoi. Khoa Cong trinh, Trwong Pai hoc Hang hai Viét Nam.

Email: khoipv.ctt@vimaru.edu.vn

https://www.doi.org/10.55228/]TST.13(6).17-24

Ngay nhan bai: 7/10/2024; Ngay nhan bai stra: 30/10/2024; Ngay chip nhan ding: 08/11/2024
Ngay xudt ban tryc tuyén: 15/11/2024

pISSN: 1859-4263; eISSN: 3030-4261

17


https://tapchicongnghegtvt.vn/
mailto:khoipv.ctt@vimaru.edu.vn
https://jtst.ut.edu.vn/articles/67039132fb889e19a0660d95

Pham Vdn Khoi

M6 phéng dong chdy sau vé ddp diing mé hinh Flow 3D: Ung dung cho ddp thily dién Hoa Binh

1. Gidi thiéu

Tai Viét Nam, dap thuy dién ngoai chitc
nang chinh san xuit nang lwong dién phuc vu
phét trién kinh té con cé chirc ndng diéu tiét
ngudn tai nguyén nwéc qudc gia. Sau 30 ndm
hoat dong, véi vi tri lién ké Thi d6 Ha Noi,
dap thly dién Hoa Binh van giit dwoc vai tro
quan trong d6i v&éi nén an ninh nang lwong
quoc gia va an ninh néng nghiép khu vuc
DPong bang Bac Bo. Tuy nhién, dwdi tic dong
clda cac yéu td tw nhién nhw dong dit hay
mua lén bat thwong, nguy co vé dap thay
dién Hoa Binh 1a hién hitu va cin dwoc tinh
toan dw bao anh hwéng cia né mot cach ky
lwong [1]. Pac biét, quy mo dan so6 va co s&
ha ting hién nay cda d6 thi loai dac biét -
Thanh ph6 Ha Noi, phat trién nhanh chéng
tiém 4n rai ro cao néu tham hoa v& dap thay
dién Hoa Binh xay ra. So v&i md phong bang
mo hinh vat ly, mé phong béi mé hinh sé
dwgc xem la cach tiép cin tiét kiém chi phi
nhung van dam bao tinh chinh x4c cho céng
tac dw bao dac trueng dong chay sau vo dap.
Flow 3D [2] 12 m6 hinh s6 ba chiéu dwoc st
dung rong rai trong cong tdc moé phong dong
chay twong tac véi cac loai két cau dap [3],
[4], [5], [6], [7], [8], hay cong trinh bién [9],
[10], [11]. Tuy nhién, giéng nhw cAc md hinh
ba chiéu khac, thoi gian mo phong dai va tiéu
ton tai nguyén mdy tinh néu tinh todn cho
mién mé phong cé kich thudc 1én. Trong
nghién ctru nay, kich ban v& dap thay dién
Hoa Binh dworc thiét 14p, st dung mo hinh so
ba chiéu Flow 3D dé m6 phdng dic trung
dong chay cho khu vuc ha lwu, tir d6, cé thé
dv bao chinh xac cho ving mé phéng va lan
can, dac biét 1a Thu d6 Ha Noi, néu tham hoa
v dap xay ra.

Trong bai b4do nay, mo hinh sé Flow 3D va
kiém chuin dwoc gi¢i thiéu & phan 2. Phan 3
néu vi tri cua dap thuy dién Hoa Binh va cac
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théng s6 chd yéu. Phan 4 trinh bay thiét lap
mod hinh, két qua mo6 phdng va thao ludn. Két
luidn va hwéng nghién ciru tiép theo dwoc
dwara & phan 5.

2. M6 hinh Flow 3D va kiém chuin

M6 hinh ba chiéu Flow 3D [2] s& dung hé
phwong trinh Navier-Stokes bao gbém
phwong trinh lién tuc va phwong trinh dong
lwong:

V-(Au)=0 (1)

ot V

F

Auu):—%v-p+G+fv (2)

Trong dé, Vz(a/éx,ﬁ/ﬁy,ﬁ/ﬁz) 1a toan
t& vi phan, u= (u, v, w) twong tng la van toc
dong chay theo cac phwong x, y, z; p la khéi
lwong riéng nuéc; p la ap sudt; G la gia toc
ban than; f la gia toc nhét. Do dudng lwdi
trong mo hinh nhan dién kich thwéc hinh hoc
bang phwong phap ty 1, A 1a ty 1é dién tich
nwéc chiém ché va V. 1a ty 1é thé tich nwéc
chiém chd trong hé toa dd Descartes.

Chiéu siu nwéc dwgc xac dinh theo
phuwong phap chuyén doi thé tich chat long
VOF (volume of fluid) [12], [13] dwgc thé
hién qua phwong trinh:

v,
ot

+lv
V

F

(V, Au)=0 (3)

Trong do6, V,, la ty 1é thé tich chat 16ng
(nwéc) trong lwdi tinh todn, V,, =0,0< V|
<1lvaV,, =1twongrng thé hién cac pha khi,
giao dién va nuéc. Gia toc nhét f thé hién

lwc can do tinh nhét cda chit 16ng trong hé
toa dd Descartes ba chiéu:
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cat. Mo hinh chay rdi st dung hé s6 nhot dong lwe 4 va hai phwong trinh ton thit ning lwong

k — &, dwoc thé hién nhw sau:

ok 1 ok ok ok

P uA Lvoa Lvwa L =P +G.+D, -

at VF (u X ax v Y ay w. 4 azj T T k & (7)
oe 1 oe oe oe) C, ¢ g
9L uA L oroa Cvwa =24 (p +C. G )+D.-C, &
81‘ VF [T/l xax & yay w ZGZJ k ( T 3e T) £ 2¢ k (8)

Véi, P, 1a thanh phdn nang lwong dong hoc réi; G, la thanh phén lwc néi; D, va D,

twong tng la cac thanh phan khuéch tan; C,_, C,,, C,, 1a cac hé s6 dwoc sir dung.

M6 hinh s6 Flow 3D da dwoc ki€m chuin
cho cac bai toan mo6 phong dong chay qua
dap [4], [5], [6], [7]- Gan day, m6 hinh dwoc
kiém chuln cho cac bai toan: Dong chay sau
v& dap trén nén day phang; dong chay sau v
dap twong tac véi két ciu; dong chay sau vor
dap tao songleo - song rut - song phan xa véi
két cau [8]. Cac hién twgng dong chay sau v
dap trong cac bai toan trén déu dwoc thé hién
cia noi dung nghién cltru nay nén tac gia
khong dé cip trong bai bao.

3. Pap thay dién Hoa Binh va khu virc moé
phéng

Dap thuy dién Hoa Binh dwoc bat dau xay
dwng vao nam 1979 va hoan thanh vao nam
1994. Hién nay, dap trwc thudc dia phan
thanh phé Hoa Binh, tinh Hoa Binh (Hinh 1).
Theo Hinh 1, vung chan dap thuy dién hai
bén bd ha lwu song Pa 1a khu vuce tap trung
dong duc (khodng 100.000 ngudi) thude cac
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phwong: Tan Thinh, Phwong LAm, BPong Tién,
Thinh Lang, Hitru Nghi, Tan Hoa, Trung Minh.
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Vi tri
dap thay dién
Hoa Binh

Hinh 1. Vi tri dap thuy dién Hoa Binh trong dia gidi
hanh chinh thanh phdé Hoa Binh, tinh Hoa Binh.
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bap thuy dién Hoa Binh ngan ha lwu séng
b3, tao ra ho séng Pa cé dién tich 208 km?
v&i dung tich chira 9,45 ty m3 nwéce. Do do,
Thuy dién Hoa Binh va ho6 song Da cé vai tro
chién lwgc trong khu virc phia Bic Viét Nam
(Hinh 2). Theo Hinh 2, ngoai vai tro quan
trong trong viéc cung cip niang lwong dién
cho quéc gia, nguén nwéc séng Pa hop lvu
v&i ngudn nwdc séng Hong & Viét Tri (tinh
Phu Tho) gép phan diéu tiét nwéc cho khu
vuc Dong bang séng Hong, trong d6 c¢6 Thu
d6é Ha Noi. Hinh 3 thé hién ciu tao cta dap
cung khu vuc dwoc lwa chon dé mo phong ba
chiéu, str dung dir liéu dia hinh tir phdn mém
Google Earth vao thang 03 nam 2022.

Theo [15], cao do matdapla 125 m (so voi
muc nwdc bién), muc nwéce gia cwedng 120 m,
muc nwdc chét 80 m va muc nwée dang binh
thuwong 117 m. Vung mé phéng dwoc lwa
chon c6 chiéu rong 4 km, chiéu dai 6 km véi
téng dién tich mé phong 24 kmz2. iy la khu
vwc trung tim thanh ph6 Hoa Binh cling nhw
trung tam tinh Hoa Binh, tdp trung dong dan
cw va co s¢ ha ting thiét yéu.
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Hinh 2. Vi tri thanh ph6 Hoa Binh
trong khu vuc phia Bic Viét Nam [14].
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Hinh 3. Khu virc mé phong.

4. M6 phong dong chay sau vor dap thay
dién Hoa Binh
4.1. Thiét Ildp mé hinh

Viéc thiét 14p mé hinh mé phong dong
chay sau v dap thuy dién Hoa Binh nhw thuc
té 1a rat phirc tap. Trong nghién ctru nay, tac
gid da tién hanh thu thip so liéu thuc té vé
kich thwéc dap, cac thong s6 muc nwdc ho
thay dién va muc nwéc song Pa phin chan
dap (muc nuwéc truedc va sau dap). Quan
trong nhit la cong tac bién tip di liéu dia
hinh khu viec mé phdng. Nguon dir liéu chinh
dwoc st dung la nguén dit liéu mé cda
Google Earth. S6 liéu dia hinh, ciu tao dap
thu thap tlr Google Earth dwoc chuyén doi vé
dang s6 liéu chuén cia mé hinh Flow 3D (tép
dinh dang .stl). Sau d6, thiét 1ap kich ban méo
phdng cho truwong hop bit lgi nhat 1a phan
dap cao 125 m, rong 580 m bi v& hoan toan,
chi con lai vai dap & hai bén.

Cac diéu kién ban d4u vé muc nwéc dwoc
thiét 14p: Muc nwéce sau dap la 120 m, muc
nuéc trede dip dwoc thiét 1ap 1a chiéu siu
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nwéc song Pa khu v ctva dap. Tuy theo dac
diém dia hinh doan sdng, chiéu siu nwéc noi
thdp nhatla 5 m, su nhitla 17 m. Do chénh
1éch chiéu cao cot nwéc trede va sau dap la
115 m. Véi dién tich khu viec moé phéng rat
16n, dnh hwéng dén khéi lwong tinh toan va
thoi gian m6é phong. Nghién ctru lwa chon
kich thuwéc lwéi mo phdéng la 12,5 m, tao ra
tong s6 5.570.136 phan t&r mo6 phong. Hé so
nham dwoc lwa chon la 0,034 m-1/3s. Do dung
tich ho rat 16n, diéu kién bién phia sau dap
dwogc thiét 14p 1a bién nwéc véi chiéu cao
khong d6i 120 m. Bién day 1a twong, bién
trén la 4p suit khong khi (101325 Pa), cac
bién con laila bién hé dé€ dong chdy c6 thé tw
do chdy ra ngoai mién mo6 phdng. Két qua
thiét 14p mién mo phong trong mé hinh Flow
3D duwoc thé hién trén Hinh 4.

Hinh 4. bia hinh khu virc mé phéng dong chay
sau v& dap thuy dién Hoa Binh.

4.2. Két qud mé phdng va thdo ludn

Két qua mo6 phdng chiéu siu va van tdc
dong chay sau v& dap thuy dién Hoa Binh tai
cacthoidiémt=0s,50s,100s,150s,va 200
s dwoc thé hién twong &ng trén Hinh 5 va
Hinh 6. Trong Hinh 5, chiéu sdu dong chay
dwoc thé hién trén thang chia mau tir 0 m
dén 80 m. Chiéu sdu dong chay dic trung cho
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murc do ngdp lut ha lwu khi dong chay lan
truyén. Sau khi dap v 50 s, dong nuwéc sau
dap do6 xuéng song Pa & chin dap la chinh va
mot phan qua dé song nhw Hinh 5b. Tai t =
100 s (Hinh 5c¢), dong chay da tiép cin khu
vuc khic cong song Pa cach chan dap 4 km
v&i chiéu sdu nwéc khoang 40 m. Dong nwéc
tiép tuc vwot qua dé song va giy ngip lut
(trung binh 10 m) hai bén d6 thi ven séng.
Pén t=150s (Hinh 5d), dong chdy da don vé
khiic cong do strc can cua day nui véi chiéu
sau khoang 80 m. Dong chay tai khic cong
twong tac voi day ndi lam ngap lut toan bd
khu vwc xung quanh. Chiéu sdu nwéce tai chan
dap & thoi diém nay trén 80 m va tiép tuclan
rong pham vi ngap lut hai bén b song Da,
dac biét la pham vi cac phwong Tan Thinh,
Hitu Nghi véi chiéu sdu trung binh 15 m. bén
thoi diém t = 200 s (Hinh 5e), dong chay chu
yéu twong tac véi day ndi canh séng Da, tao
hién twong song leo 1én cac khe nui va gay
ngap lut nghiém trong & phwong Pong Tién
va Trung Minh, c6 noi chiéu sdu ngép lut 1én
dén 50 m.

Theo Hinh 6, vin t6c dong chay dwoc thé
hién trén thang chia mau tir 0 dén 50 m/s.
Van téc dong chdy dac trung cho tai trong
cia dong chay tac dong vao vat can trong qua
trinh lan truyén, tir d6, danh gia dwoc mirc do
pha hiy co s& ha ting ctia dong chay sau v
dap. Tai thoi diém ban dau t = 0 s (Hinh 6a),
van tc dong chay tai moi diém déu bang 0
m/s. Tait=50s (Hinh 6b), vin téc dong chay
phia h6 Hoa Binh & ctra dap trén 0 m/s vavan
tdc dong chay tai chan dap khoang 50 m/s.
Dic biét 16n 1a van toéc dong chay tai nhirng
diém dong chay bat dau lan truyén t&i (water
front) khodng 60 m/s. Pén thoi diém t = 100
s (Hinh 6¢), khi dong chay v dap bat dau lan
truyén t&i khic cong song Da, van téc dong
chay trung binh khoang 50 m/s tai khu vwc
ngap lut bén phai hinh vé thudc vé phwong
Tan Thinh, Hiru Nghi. Sau d6, dén thoi diém
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t=150svat=200 s twong rng trén Hinh 6d
va Hinh 6e, van t6c dong chay lén nhit van
duy tri khoang 41,67 m/s & khu virc bén phai
hinh vé va van téc dong chay trung binh
khoang 20 m/s & cac khu vuc con lai. Can ctr
vao két qua mo phong, c6 thé nhin thiy, néu
kich ban v& dap nay xay ra, khu vuc sé chiu
thiét hai vé mat co s& ha ting cht yéu thudc
vé phwong Tan Thinh va Hiru Nghi (ngoai hai
bén bo song Pa). Viéc xac dinh van toc dong
chay sau v& dap cé y nghia quan trong trong
dw bao toc d6 ngap lut ddi véi cac dd thilon
khac xubi dong song ba.

Doc theo song Pa dén nga ba song Hong &
Viét Tri, quang dwong tdi trung tam thanh
phé Viét Trila 70 km. Va doc theo séng Hong
tr Viét Tri t&i trung tAim Thanh phé Ha Néi,
quing dwong dong chay trén song Hong
khoang 60 km. K&t qua mo phong cho thay
van téc trung binh cua dong chdy khoang
41,67 m/s (twong dwong 150 km/h). Twr do,
trong cac nghién ctru tiép theo cé thé dw bao
thoi gian ngdp lut téi cac do thi Viét Tri, Ha
Noi sau khi vér dap thuy dién Hoa Binh theo
kich ban nay.

b)

Timo Frame: 49.99184

- -
Hinh 5. Két qua md phdng chiéu sdu dong chay sau v& dap thuy dién Hoa Binh
tai thoi diém (a) 0's, (b) 50 s, (c) 100's, (d) 150 s va (e) 200 s.
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Time Frame: 20000131

velocity magnitude
50.000
a1.667
33333

16.667
8333
0.000

Hinh 6. Két qud md phdong vén tdc dong chay sau v dap thuy dién Hoa Binh
tai thoi diém (a) 0's, (b) 50s, (¢) 100's, (d) 150 s va (e) 200s.

5. Két luan

Bai bao di trinh bay két qua mo phéng dac
trueng dong chdy sau v& dap, wng dung md
hinh s6 Flow 3D cho d4p thuy dién Hoa Binh.
M6 hinh sé Flow 3D thé hién cac dic trung
van toc va chiéu sdu dong chay cung dic tinh
dong chdy r6i dwoc mé phong qua hé
phwong trinh cht dao. M6 hinh s6 Flow 3D
da dwoc tac gia kiém chuin cho cac bai toan
twong ty. Cac théng s6 dap thuy dién Hoa
Binh va dia hinh vung ha lwu dap dwoc gidi
thiéu dé phuc vu thiét 14p cac diéu kién bién
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va diéu kién ban diu cho kich ban mo phong
bai toan v& dap ba chiéu. Két qua mé phong
cho vung ha lwu dap rong 24 km?2 véi hai
théng s6 chiéu sdu ngip lut va van t6c lan
truyén dwoc thé hién chi tiét trong nghién
ctru nay. Két qua cho thiy chiéu sau ngip lut
trung binh cta khu vyrc dong dan cw la 15 m
va van toc lan truyén 41,67 m/s. Tlr d6, c6
thé tién hanh md phéng dw bao ngip lut sau
v dap thuy dién Hoa Binh cho cac do thi lén
nhu Thanh phé Ha Noi trong cic nghién ctiru
tiép theo.
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Tuyén b6 khong xung dot lgii ich va cam
két ban quyén

Khong xuit hién nhirng xung dot tiém an
tlr nghién cru nay, va cam két bai bao chwa
tirng dwoc cong bé trude day.

Chia sé dir liéu theo yéu cau

Dir liéu sé khong dwoc cung cip theo yéu
cau.

Pham Van Khoi. Faculty of Civil Engineering,
Vietnam Maritime University.
khoipv.ctt@vimaru.edu.vn
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