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Tom tit:

Tinh toan mo phong dong chay sau v dap duoc thuc hién phd bién trén thé gisi, nhat Ia trong hoan canh bién
d6i khi hau dang dién ra ngay cang phirc tap va tac dong kho luong t6i tinh mang con ngudi ciing nhu co s&
ha ting. Bai bao trinh bay twrong tac dong chay sau v& dap véi cac trudng hop day nham phuc tap sir dung mo
hinh dong chay ba chiéu Flow 3D. M6 hinh giai tich va mé hinh thi nghiém vat Iy dugc tién hanh cho truong
hop day phang khéng nham dé kiém chuan két qua tir mé hinh Flow 3D. Hai truong hop day nham phuc tap,
tuong tng la day nham khéi tam giac va khdi hop chit nhat, duoc lya chon dé thé hién twong tac véi dong chay
sau v& dap. Véi truong hop day nham c6 khdi tam giéc, mo hinh sé da mé phong chinh xac dic trung dong
chay qua day nham va chiéu cao dong chay tran qua day c6 khdi tam giac. Véi truong hop day nham c6 khdi
hop chix nhat, van tdc dong chay trude va sau twong tac dwgc md phong khé pht hop véi két qua thi nghiém
mo hinh vat ly.

Tiur khoa: Bai toan mo phong v dap; Mé hinh giai tich; Mé hinh vat ly; M6 hinh dong chay ba chiéu; Bay
phurc tap.

Abstract:

Dam-break flow simulations are conducted all over the world, especially in the climate change phenomena
taking place, complicated and impacting humans’ lives as well as the infrastructures. This paper introduces the
interactions between dam-break flows and complex beds using the Flow-3D model. The analytical solution
and the physical experiment are implemented to the dam-break flow over the simple and nonrough bed case
to calibrate the numerical simulation. Two complex rough beds, which are the hump bed and the solid column
bed, are selected to simulate the interactions between dam-break flows and these structures. With the hump
bed, the Flow 3D model accurately simulates the flow characteristics over the rough bed and the flow height
overtopping the hump. With the solid column bed, the flow velocities before and after a collision are simulated
correctly when compared to the experimental data.

Keywords: Dam-break simulation; Analytical solution; Physical model; Flow-3D model; Complex bed.

1. Giéi thi¢u chay Iii & day ha luu tic dong 1én co so ha ting va
do thi, de doa tinh mang, nha ctra va tai san ctia con
ngudi. Dé mo phong v& dap, ngoai mo hinh gidi
tich [5], [6] va mé hinh vat Iy [7], [8], mé hinh sb
[9], [10] dwoc xem 14 ¢6 wu thé hon vi d& st dung
va it tén kém. Trong md hinh sd, tuy theo kich
thudc ctia mién tinh toan dé chia va lya chon cac

Bai toan mo6 phong vo dap (dam-break simulation)
duoc ing dung pho bién trong thyc té cho van dé dy
bao thién tai, img pho v6i bién ddi khi hau ngay cang
gia tang & khip cac qudc gia trén thé gisi [1]-[4].
bac biét, dong chay sau vo dap hinh thanh dong
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md hinh, nhu mot chiéu [1], [11], hai chiéu [12],
ba chiéu [13], [14]. M6 hinh mét chiéu va hai
chiéu thuong khong xét t6i gia tde theo phuong
dung nén két qua khong chinh xac nhu mé hinh
ba chiéu day du. M6 hinh sb dong chay ba chiéu
(Flow 3D) dugc lwa chon dé mo phong twong tac
dong chay sau vo dap voi cac truong hop day
nham phure tap trong bai toan ngap lut do thi thuc
té. M6 hinh sé Flow 3D gan day duoc sir dung dé
mo phong tuong tac song [15], dong chay [13]
v6i cong trinh kha phd bién ¢ Viét Nam. Trong
nghién ciru nay, md hinh s6 Flow 3D dugc gidi
thiéu & phan 2, két qua kiém chuan mo hinh s6
dugc trinh bay ¢ phan 3. Phan 4 thé hién két qua
mo phong tuong taic dong chdy va ddy nhdm co
dang khdi tam giac va khéi hop chir nhat, két luan
dua ra & phan 5.

2. M6 hinh Flow 3D

H¢ phuong trinh chu dao dugc ap dung 1a hé
phuong trinh ba chiéu Navier-Stokes, phuong
trinh lién tuc va phuong trinh dong lugng duoc
trinh bay nhu sau:
V-(Au)=0

ou

(1)
M LY (Auwy=-1V piGaf 2)
ot V. P ‘

Trong do, Vv =(o6/éx,8/dy,6/éz) la toan tir vi phén,
u=(u,0,w) tuong ing la van tde dong chay theo
cac phuong X, Y, z; p 1a khdi lugng riéng nudc;
p 12 4p suét; G 1a gia toc ban than; f, 1a gia toc
nhét. Véi mé hinh dong chay ba chiéu, duong
lugi s& nhan dién kich thudc hinh hoc két ciu
rong bang phuong phép ty 16. Do d6, A 1a ty 18
dién tich nudc chiém chd va V, 1a ty 1¢ thé tich
nude chiém chd trong hé toa do Dé cac.

Ky thuat chuyén d6i thé tich chit long VOF
(volume of fluid) duoc sir dung dé phan biét cac
pha long va khi thé hién qua phuong trinh:

v,
ot

1
+V—v-(vau)=0

(©)
f
Trong d6, V, 14 ty 1¢ thé tich chét long (nudéc)
trong ludi tinh toan, v, =0,0< v, <1lvav, =
1 trong tng thé hién cac pha khi, giao dién va
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nude. Véc to gia tdc nhat f, thé hién luc can do
tinh nhét cua chét long trong hé toa do Bé cac ba
chiéu [16] nhu sau:

0

[ o 0

pV.f =s — _a(Axrﬂ)+@(Ayrxy )+§(A2sz )} (4)
G 0 )

PV, f, =s,- a(Aer)+@(Ayrw)+§(flzryz)} (5)
o o 0

PVt s | A (A 2(4s)| ©

Trong d6 Si(i=x,y,2) 13 Gmg suat bién theo cac truc

toa d0, cac thanh phan ¢ 1a tng suét cat. M@ hinh
chay réi sir dung hé sd nhét dong luc . va hai
phuong trinh ton that niang luong k—& , dugc thé
hién nhu sau [17]:

6—k+i uA a—k+vA 6—k+wA a—k
ot V. tox Yoy ‘oz @)
=P, +G,+D, -¢
a—g+i uA a—g+vA a—g+wA a—g
at VF x@x ya‘/ z 82 (8)
C
=]—;€(PT+C3EGT)+D8—CZE%

Trong d6, P, lathanh phan ning lugng dong hoc
roi; G, la thanh phan lyc ndi; D, va D, twong
ing 1a cac thanh phan khuéch tan; ¢, ,c,. ,C, la
cac hé sb duoc sir dung.

3. Kiém chuan mo hinh

Pé kiém chuan mé hinh s6 Flow 3D, thi nghiém
mo phong dong chay v dap trén day phang nhan
dugc thiét 1ap trén ca mo hinh vét Iy va mo hinh
giai tich. Thi nghiém mé hinh vat ly dugc thyuc
hién thang 12 nam 2022 tai phong thi nghiém
Thuy lyc — Thuy vén, khoa Cong trinh, Truong
Pai hoc Hang hai Viét Nam nhu hinh 1. M6 hinh
giai tich cho dong chdy v& dap trén day khong
ma sat can cur theo tai li¢u [5].

Mo hinh vat 1y dang bé kinh cuong luc c6
chiéu day 1 cm, kich thudc phan chira nuée B x
L x H = 45 x 81 x 55 cm. Bé kinh ¢6 cau tao tir
04 tam kinh chinh, twong tng véi diéu kién bién
mat ddy, mat trudc, mat sau va mat bén trai 1a
bién twong. Mit trén va mit bén phai dé ho trong
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{mg v6i diéu kién bién phai 1a dong chay tu do.
Do dic diém hoat dong thuong xuyén, cura dap
duoc 1am bang vat lidu mica day 1 cm, céch
tudong dimg bén mot khoang | = 25cm. Dé chong
thAm cho ctra, vat liéu dat sét min duogc st dung
tai cac mép tiép xtc giira cira, mit day va hai mit
bén. Khi thyc hién thi nghiém mo phdng, ctra dot
ngdt nang 1én v6i thoi gian di ngén, thé tich nude
d6 xudng theo thoi gian tao nén dong chay sau v&
dap. Thi nghiém vat Iy dwoc tién hanh véi truong
hop chiéu cao cot nuéc ban dau ho = 6¢m, sau
dap 1a day kho, phang va nhan. Trén mat trudc c6
ké cac dudng ludi dé xac dinh toa do duong mit
nuée khi mdé phong. Mot may quay téc do du
nhanh duogc dit & mit trude dé ghi lai tung do
duong mat nude tai cac thoi diém khéc nhau.

. -

Hinh 1. Buong tung d6 mat nudc tai thoi diém 0,25
s cho trudng hop chiéu cao cot nude ban dau 6 cm
cua thi nghiém vat ly.

Thi nghiém md hinh s6 va md hinh giai tich duoc
thiét lap tuong ung véi diéu Kién bién va diéu
kién ban dau nhu mo hinh vat ly. Két qua kiém
chuan mé hinh sé véi mé hinh giai tich va mo

hinh vat 1y dugc thé hién trén hinh 2.
~+—=Flow-3D

giai tich thi nghiém

\\ |

~
o
Y=
-
hg

40 SI()
X (cm)
Hinh 2. Kiém chuan mé hinh sb — giai tich — vat ly
cho truong hop ho = 6 cm, day phang nhan.
Tai hinh 2, két qua tung d6 mit nudc sau v dap
trén day phang nhin (d6 nham = 0) tai thoi diém
t=0,25s caa md hinh sé va thi nghiém vat ly kha
twong ddng do mé hinh sé6 mé phong kha day du
hién tuong tu nhién caa dong chay. M6 hinh giai
tich do c6 nhiéu gia thiét don gian hoa ban chat
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hién twong dong chay dé thé hién bang cac ham
toan hoc cho nén két qua 1a tung do mit nudc
luon la duong cong tron, dac biét khi luéi tinh
toan du nho.

Tuy nhién, nhin chung két qua tung do mat
nudéc cua ba md hinh 1a kha phu hop, thé hién mo
hinh sé Flow 3D mé phong tét hién tuong dong
chay sau v& dap, cd thé ang dung md phong céc
thi nghiém khac tuong tu va phuc tap hon.

4. M6 phéng twong tac dong chay véi day ha
lwu phurc tap

4.1. Pay ha luu c¢é khoi tam giac

M® hinh sé dugc tng dung dé md phong dong
chay sau v& dap qua day c6 khi tam giac. Day
la thi nghiém md hinh vat ly ty 18 16n [1], mién
tinh todn dai 38 m, ctra dap cach day thuong luu
15,5 m. Chiéu cao nuéc phia dap 1a 0,75 m, sau
dap 1a day kho. Phia day ha luu dap xuat hién mot
khbi tam giac can nho cao 0,4 m, rong 6 m va
dinh tam giac cach cira dap 13 m. Cac thong sb
moé hinh duoc thiét 1ap: Bién trai la tuong, bién
phai 1a tu do, hé s6 nham Manning 40,0125 m™*?
s, kich thudc ludgi 1a 5 cm va thoi gian mo phong
1a 90 s. Két qua md phong chiéu cao dong chay
theo thoi gian cia md hinh s duoc so sanh voéi
két qua tir md hinh vat Iy [1] tai 04 diém do cach
cura lan lwot 4 m, 10 m, 11 m, 13 m nhu thé hién
trén hinh 3. Diém do 1 va 2 nam trén day bang,
diém do 3 nam trén mai déc trai cua khdi tam giac
va diém do 4 nam trén dinh khi tam giac.

bién

tuong dap

0.75m

| diém 1

15.5m

= 38m

Hinh 3. Mién tinh toan mé phong dong chay
trén nén day cé khéi tam giac [1].
Hinh 4 thé hién két qua md phong s6 va sb liéu
thi nghiém vt Iy cua chiéu sau dong chay theo
thoi gian. Nhin chung, két qua tir md hinh s6 kha
phu hop vai s6 liéu thi nghiém, cho thdy mé hinh
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s6 Flow 3D mé phong dugc tét cac hién tuong
tuong tac dong chay vai day phac tap nay.

A
07 diém do 1
—md hinh Flow 3D
0.6 thi nghiém vit ly
0.5
’5“0.4
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0.2
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0
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(d) Biém do 4 cach ctra dap 13 m.

Hinh 4. Két qua md phong chiéu sau dong chay trén
nén day ha luu vé6i khdi tam giac; két qua tir thi
nghiém vat ly [1] va mé hinh s6 Flow 3D.

Tai nhiing budc thoi gian dau, ngay sau khi vo
dap, nudc chay tu bé thuong luu vé ha luu nhu
dong chay 1i. Khi dong chay gap méi doc tréi cua
day tam giac, nudc leo 1én mai dc trai va vuot
qua dinh tam gic chay tran sang méi déc phai va
thoat ra ngoai bién tu do mot phan (hinh 5a tai
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thoi diém t = 10 s). Dudi tac dung cua day tam
gi4c, dong chay hinh thanh séng phan xa truyén
vé phia bién thugng luu. Song gip bién thuong
lwu phan xa lai nguyén ven va tao song téi truyén
vé phia day ha luu (hinh 5b tai thoi diémt =455
va hinh 5c tai thoi diém t = 75 s), qué trinh 13p lai
dén khi muc nude khong vuot qua duge dinh day
tam gi4c ha luu. Theo két qua md phong trén hinh
4 b, ¢, d trong tng & cac diém do 2, 3 va 4, trong
khoang 90 s md phong, hinh thanh 03 con song
phan xa tai cac thoi diém twong ¢ng t = 10 s, 40
s va 70 s. Tir két qua md phong cho truong hop
day khoi tam giéc phuc tap nay, md hinh sé cé
thé md phong chinh xac cho nhiing trudng hop
ngap lut phac tap hon phia ha luu nhu khu d6 thi
hay cong trinh co so ha tang.

pressure contours
100800 102275 103750 105225 106700
] 1 [ |
Z 080 i [ ]
005 L = A"\__‘
0.0 7.6 15.2 22.8 304 380
X
(@) t=10s
pressure contours
100800 102275 103750 105225 106700
| E | B
Z 0.80 T [ ‘
005 L | = = N
0.0 7.6 15.2 22.8 30.4 38.0
X
(b) t = 45s
pressure contours
100800 102275 103750 105225 106700
R | [
Z 080 l
f l i ‘
-0.05
0.0 76 15.2 228 30.4 38.0
X
(c)t="75s

Hinh 5. Két qua md phong trudng ap suat dong chay
qua day co khdi tam gi4c tai thoi diém 10's, 45s
va 75 s sir dung md hinh s6 Flow 3D.

4.2. Pay ha hru ¢6 khdi hp chir nhat

Véi truong hop day ha luu co khéi tam giac, thi
nghiém mé hinh sé duoc thiét 1ap 1a dang hai
chiéu, céc théng sb theo phwong y la gibng nhau.
Dé tiép tuc md phong hién twong ngap lut phia ha
lru cua c&c cdng trinh ha ting ba chiéu giéng nhu
thuc té, thi nghiém mé phong tuong tic dong
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chay sau v& dap vai khéi dac hinh hop chit nhat
dugc thuc hién trong nghién ciru nay. Thi nghiém
dugc thuc hién dua trén mé hinh thi nghiém vat
ly [19] mé phong tuong tac dong chay vai khdi
dac hinh hop chit nhat kich thuéc b x I x h =12 x
12 x 75 cm duoc dat & gan giira bé thi nghiém c6
kich thuéc B x L x H = 61 x 160 x 40 cm (hinh
6). Khdi nudc sau dap cho chiéu cao ban dau 30
cm, dai 40 cm va chiém hét bé rong 61 cm. Khéi
nude trude dap ¢ chidu cao 1 cm va chiém hét
phan bé chira con lai. Bién trén duoc thiét lap 1a
bién khong khi, cac bién con lai duoc thiét 1ap 1a
tuong cang. Hé s6 nham Manning duoc lay la
0,01 m3s,

tuon;

khoi hop
chix nhat

da T5cm

nwée
tuong

diém do
van téc

30cm

t
S58cm

Ve
Hinh 6. Mién tinh toan md phong twong tac
dong chay vai khéi hop chir nhat [18].

40cm S50cm

Khi ctra dap duogc mo, khdi nudc sau dap 46
xudng khdi nude trude dap hinh thanh nén dong
chay twong tac vai khdi hop chir nhat, sau do tién
vé bién tuong phai (hinh 7a). Sau twong tac voi
bién phai, song phan xa hinh thanh tiép tuc doi
nguoc tro lai twong tac vai khdi hop chir nhat
(hinh 7b). Bé do van téc dong chay trudc va sau
tuong tac, mot diém do dwoc dit cach mat trude
khdi hop mot khoang | = 14,6 cm, ¢6 toa do (x; y;
z) = (75,4; 31; 2,6) cm.

pressure

103000.000
102716.664
102433.336
102150.000
101866.664
101583.336
101300.000

@t=1s
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pressure

103000.000
102716.664
102433.336
102150.000
101866.664
101583.336
101300.000

(b)t=2s
Hinh 7. Két qua md phong truong &p suat
khi dong chay twong tac véi khéi hop
tai thoi diém 1s va 2s.

Két qua md phong dién bién cua van toc dong
chay tai diém do van téc theo thoi gian duoc thé
hién trén hinh 8. Theo do, tir 0 s dén 1,6 s dong
chay di chuyén tir cira dap sang bién phai va phan
Xa nguoc tré lai nhung chua téi diém do nén gia
tri van toc duong. Tir 1,6 s dén 2,5 s dong phan
xa di qua diém do, duoc thé hién bang gia trj van
tbc &m. CH thé thay duong biéu dién gia tri van
téc hoan toan phi hop voi két qua md phong &
hinh 7 va két qua tir thi nghiém vat Iy tai hinh 8.
Tir 6 cho thay, md hinh Flow 3D mé phong
chinh x4c déc trung dong chay trudc tuong tac va
sau twong tac voi khdi cot hinh chir nhat. Mé hinh
c6 thé tiép tuc mo phong veéi cac truong hop ngap
lut d6 thi vai nhiéu co sa ha tang két hop.

—mo hinh Flow 3D
o thi nghiém vit ly
--van toc =0

0.5 1 1.5
t(s)

Hinh 8. Két qua md phong bién déi van toc dong
chay trude va sau twong tac tai diém do van tic.

2 2.5

5. Két luan

Bai bao da trinh bay bai toan m6 phong tuong tac
dong chay sau v& dap vai truong hop day ha Iuu
phiic tap, c6 nham. Mé hinh sé Flow 3D duoc lya
chon dé md phong dic trung dong chay sau v&
dap va tuong tac voi day phuac tap. Trong nghién
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ctru nay, md hinh sé duoc kiém chuan bing mé
hinh thi nghiém vat ly va mé hinh giai tich cho
bai toan dong chay v& dap qua day phang, khdng
nham. M6 hinh s6 sau kiém chuan duoc tng
dung md phong tuong tac dong chay sau vo dap
véi day nham phuc tap c6 khoi tam giac va khéi
hop chit nhat. Véi bai toan mé phong thir nht,
md hinh sé Flow 3D did mé phong chinh xéc
chiéu su dong chay tran qua day c6 khdi tam
giac cling nhu song phan xa tur bién.

Vi bai todn m6 phong thir hai, tuong tac dong
chay ba chiéu véi khéi hop chir nhat duoc mo
phong phu hop véi thi nghiém vat 1y, dac biét 1a
tri s6 va chiéu cua van toc dong chay. M hinh sb
Flow 3D duoc lya chon c6 thé tiép tuc md phong
cho cac truong hop day phirc tap hon va bai toan
v dap trong thuc té.
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