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Tom tit

Nuéc nhay da dwoc sir dung réng rdi dé tidu tan
nang lwong duw thira sau khi dong chdy qua céng
trinh thoadt lii. Bai bdo nay trinh bay nghién citu
@6 sau lién hiép sau nwéc nhay va chiéu dai
nudt nhay trén day nhdm tam giac sw dung
cdng cu md phong s6 Flow-3D, Phan mém
Flow-3D &p dung két hop ho md hinh réi RNG
k-&va phuwong phdp thé tich chdt long (VOF) da
duoc 1iing dung phé bién md phong hién feong
thuy luc phiic tap trong cong trinh thzy. Nghién
Clheu dd duea ra bon mo hinh déy nham dua trén
su bé tri va ddic trung hinh hoc khéc nhau cua
cac ddi khoi nhdm trén dday kénh véi sé6 Froude
(Fry) thay doi tir 4,8 d@én 9,4. Két qua nghién
citu cho thay bon mé hinh déay nhdam méi ¢6 anh
hwong manh dén dic trung thuy lut Cia nudc
nhay: D¢ sau lién hiép sau nwoc nhay (y2) giam
tir 16-27% S0 Véi nuéc nhay truyén thong trong
ciing diéu kién thi nghiém; chiéu dai nwéc nhay
(L) giam khodng 30-53% so Véi chiéu dai nuéc
nhady trén ddy nhan.

Tw khoa: Nuwdc nhdy, day nham tam giac, mod
hinh Flow-3D, d@¢ sau lién hiép sau nwdc nhay,
chieu dai nwoc nhay.

Abstract

A hydraulic jump has been widely used to
dissipate excess energy downstream of the
spillway. This paper presents a study on the
conjugate depth and the jump length on the
triangular rough bed using the Flow-3D
numerical simulation tool, which uses a
combination of the RNG k-& model, and the
volume of fluid (VOF) method has been widely
applied to simulate complex hydraulic
phenomena in hydraulic works. The study has
proposed four rough bed models based on the
different arrangements and geometrical

SO 74 (04-2023)

characteristics of rough blocks on the channel
bottom, with the Froude number (Fr1) varying
from 4.8 to 9.4. The results show that four rough
bed models strongly influence the hydraulic
characteristics of hydraulic jumps. The
conjugate depth (y2) is reduced by 16-27%
compared to a smooth bed in the same
experimental conditions; the jump length (L;) is
about 30-53% less than the smooth bed.

Keywords: Hydraulic jump, triangular rough
beds, Flow-3D, Conjugate depth, Jump length.

1. Téng quan

Trong nhitng nam déy, nhitng nghién ctu vé
hién tugng nuéc nhay trén day nham la mot hudng
nghién cru maéi thu hat céc nha nghién ciru vé thay
lyc. Do anh huéng cia nén nham, d6 sau lién hiép
sau nudc nhay va chiéu dai nude nhay giam dang
ké va hau nhu khong gay ra hién twong xam thuc &
day kénh. Nho do, chi phi xay dung cdng trinh tiéu
nang giam.

Céc loai hinh day nham dugc nghién cau cho
dén nay c6 thé dugc phan thanh hai loai chinh: loai
thir nhat 1a diy nham duoc tao thanh tir cac phan tir
nham rai rac ¢6 dang khéi [1, 2]. Loai thi hai duoc
hinh thanh bai cac phan tir nham lién tuc duoc goi
I dai nham, nhu nghién ctu cta cac tac gia [3-5],
bao gom: Hinh sin, hinh tam giac, hinh chit nhat,...
Nhirng day nham nay thuong dugc nghién ciu chu
yéu trén cac mo hinh vat 1y duoc thuc hién trong
phong thi nghiém thong qua phép do va truc quan
hoa dong chay. Cach tiép can nay co thé cung cap
thdng tin hiru ich vé cac dic tinh dong nhung ciing
lam tang chi phi thi nghiém.

Gan day, nhidu nghién ctu thay lee da st dung
phuong phap md hinh toan dé nghién ctu hién
tuong nudc nhay trén day nhan cling nhu ddy nham
[6]. Két qua md hinh sb da dwoc danh gia va so sanh
pht hop véi két qua thi nghiém do céc tac gia cong
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bd [7, 8]. Do nhitng wu diém caa phuong phép s6
S0 vGi phuong phap thi nghiém nén trong nghién
cttu nay, ching toi lua chon phuong phap VOF va
mo hinh réi RNG k-¢ trong Flow-3D, lam cong cu
chinh thyc hién nghién ciu hién tugng nudc nhay
trén day nham.

Do dic diém hinh hoc cua day nham réat da dang,
két hop vai su bd tri khac nhau trén day bé tiéu nang
nén nghién cau nay dé xuat 4 mo hinh day nham
tam giac (xem Hinh 1). Cac phan tir nham dugc b
tri khac véi cac nghién ciru da dé cap o trén. Tir do,
nghién ctru anh hudng cta cAc moO hinh ddy nham
nay ddi véi dic trung thiy lec cha yéu cia nuéc
nhay c6 anh huong truc tiép dén quy mo va gia
thanh cda cac cong trinh tiéu nang nhu: d6 sau lién
hiép sau nudc nhay y,, chiéu dai nhay Lj véi s6
Froude (Fri =V, /.[gy; ; Vi, y1 12 van téc, d6 sau
dong chay trude nuéc nhay) thay ddi tir 4,8 dén 9,4.

2. Phwong phap nghién ciru
2.1. Mé hinh day nham nghién ciru

Céc mo hinh day nham tam giéc va dac diém hinh
hoc dugc trinh bay chi tiét nhu Hinh 1 va Bang 1.

Dong chay

[ MH1 ‘33:‘333333:‘:{3‘ Kénh din

L— Pham vi day nham _..‘

MH2 ’s | |
MH4 o |

Hinh 1. So d@é hinh hoc mé hinh ddy nham (MH)

Ghi ch: t, s lan luot |4 chiu cao va chiéu rong phan
tir nham; L 1a khoang céch giira cac phan tir nham.

Bdng 1. Thong sé déu vao ciia cac md hinh
Tham sb hinh hoc

Tham sb dong

day nham chay
STT t S Ls Y1 Fry
(cm) (cm) (cm) (cm) (@)
MFH1 15+30 0,0
MH2 530 0,
VA3 20 15+3,0 4,8+9,4
2,0:3,0 2,0+6,0
MH4
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Céc dic trung thiy lec cia nude nhay 6n dinh,
tu do trén ddy nham tam giac dugc thé hién chi tiét
trén Hinh 2 (y1, y2 lan lugt 1a d6 su dong chay trudc
va sau nudc nhay; Lj 1a chiéu dai nuée nhay).

2.2. M6 hinh Flow-3D

Nghién ctru nay sir dung Flow-3D tiép can mo
phong hién tugng nudc nhay trén day nham bang
cach két hop phuong phap VOF va ho mé hinh réi
RNG k-&[7-9]. Mt nuéc tu do duge xac dinh bang
cach st dung phuong phap VOF[10].

Chiéu dai mde nhay, L,
Khu vire mrée nhay

Miit thodng

¥2  Huwdng dong chay

Day kénh

0 02 04 06 08 1 12
[ —

IT]mgn;z Jru Pham vi bé tri day nhim ""Ha lru kénh

Hinh 2. Nwéc nhdy én dinh trén ddy nhdm tam gidc

2.3. Lwdi va diéu kign bién mo phéng sé

Mién khong gian caa md phong sé dugc tao
thanh tir hai khéi lugi: Khéi lugi tong thé duoc thiét
lap cho toan bo mién khong gian md phong sb (tir
dau kénh dén cudi kénh dan) va khéi lui bén trong
dugc st dung cho ving day nham va ving nudc
nhay vi viing nay ché dé thuy luc phuc tap can c6
luéi min hon. Luédi duoc st dung trong cac md
phong sé nay 1a mot ludi co cau tric véi cuing kich
thudc ludi ba chidu (Ax = Ay = Az), nhu trong Hinh
3. Dua trén nhiéu nghién ctru truéc va kich thudc
hinh hoc cia md hinh, nghién ctru nay xem xét ludi
6 kich thudce nhu trong Bang 2.

Bdng 2. Thong sé cdc lwdi mod phéng sé

Kich thwéce 6 luoi Kich thwée 6 luoi
(khéi trong) (khéi téng thé)
(mm) (mm)

AX=Ay=Az=2,0 AX=Ay=Az=4,0

Didu kién bién caa mod phong sé duoc thiét 1ap
nhur sau: Bién thugng luu kénh ddng thoi gan van toc
Vi1 va d¢ sau dong chay xiét y1. Bién ha luu kénh sir
dung myc nudc ha luu véi do sdu dong chay 1a yo.
Diéu kién bién mat thoang chit long duoc thiét 1ap 1a
ap sudt khi quyén. Pay cua kénh gan 1a tudng cb
dinh, cac didu kién bién dbi xing duoc sir dung cho
cac diéu kién bién bén trong khdi ludi. Chi tiét vé cac
diéu kién bién nay duoc hién thi trong Hinh 3.
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l Bién mat thoang (p.)

Bicn Ludi trong  Ludi tong thé Ble:l
¥ halmu

thwong hru
(M1, )

=
Day kénh

Hinh 3. Mién tinh toan va diéu kién bién

3. Két qua va thao luan
3.1. Kiém chang két qua mo phéng sé

Dua trén dir liéu thi nghiém cua Samadi-
Boroujeni, et al. [4] kiém chiang mé hinh Flow-3D
trong bai bao nay bang céch so sanh ty & do sau lién
hiép sau nudc nhay (yo/y1) trong md hinh MH2 véi
dir liéu thi nghiém [4]. Hinh dang cia mé hinh vat
ly duoc sir dung dé kiém chiing tuong ty nhu mé
hinh MH2 chay bang phuwong phap md phong sb.
C6 thé thay tir Bang 3 rang két qua tinh toan cua ty
I& d6 sau lién hiép sau nuGc nhay (y2/y:) phu hop
vé6i két qua cua dir liéu thi nghiém. Sai sé twong ddi
14 5,74% cho thiy két qua md phong sé 1a chinh xac
va phu hop.

Bdng 3. Két qud thi nghiém va md hinh Flow-3D

L Giatri moé
o Gia tri thi . L
Tén mo hiem [4] hinh Flow-  Sai so
hinh  Monem 3D %)
(yzrry1)
(yz+ry1)
MH2 5,75 6,10 5,74

(y2 la dp sau lién hiép miedc nhay trén dday nhdn)
3.2. Dg sau lién higp sau nwéc nhay
Do sau lién hiép y» duoc sir dung dé thiét ké
chiéu cao tudng bén cua cong trinh tiéu ning giup
giam anh huong caa dong chay ha luu cdng trinh
thoat 1t 1én bo sdng hay bo kénh.
Hinh 4 thé hién két qua mé phong sé dbi véi do

MH1 y (m) w— ==
FLow:30 Pal ’ )000 004 009 013 017
Mit thoang

LE"/«" m"’"m\ltm”h ,,,,,,,,,,

- | &———— Pham vi b6 tri ddy nham ——»
FLOW-30 | == =

MH3 y(moo 005 009 014 018

| g

sAu y, caa cac md hinh MH1-MH4, trén hinh thé
hién rd rang hién tegng nudc nhay xay ra trén day
nham (ving dong chay xiét dau kénh, viing dong
chay 6n dinh ha Iuu va ving chuyén tiép tir dong
chay xiét sang dong chay ém dugc goi 1 ving nuéc
nhay). D¢ sau lién hi¢p y» c6 thé bj anh huéng béi
diéu kién dong chay ban dau (y1, Fri) va cac dic
diém hinh hoc cta day nham (t, s, Ls). Bé danh gia
muc d6 anh huong cua cac thdng sb trén ddi véi do
SAU Y2, nghién ctru nay str dung phuong phéap db thi
thé hién mdi quan hé giira d6 sau lién hiép khong
tha nguy@n (ya/ys, Yolyz«) V6i cac tham sé (Fry, thys,
sly1, Lsly1) nhu thé hién trén Hinh 5. Hinh 5a thé
hién méi quan hé ty 1& do sau ya/y1 v6i sb Froude
dau kénh Fry, gid tri y2/y1 dong bién véi su gia ting
cua s6 Fry, quy luat nay ciing tuong ddng véi nudc
nhay trén day nhan, véi s6 4,8 < Fr1 <9,4 gia tri o
sAu y2 ludn nho hon so véi day nhin khoang 20%,
m6 hinh MH3 va MH4 cho thay hiéu qua giam d6
sAu y, tot hon MH1 va MH2. Méi quan hé ciia tham
s6 d6 sau yalyz« v6i cac dic diém hinh hoc cua day
nham (t/y1, sly1, Ls/y1) nghién ctru dwogc thé hién chi
tiét trén Hinh 5b, ¢, d, cac hinh trén chi ra rang cac
tham s6 vé hinh hoc ciia day nham c¢6 anh huong
khong dang ké toi sy giam d6 sau lién hiép y2. Vi
vay, d6 sau lién hiép nudc nhay trén ddy nham phu
thuoc chu yéu vao sé Froude dau kénh Fry ma
khong phu thudc vao dic diém hinh hoc cua dang
day nham. Két qua cua nghién ctru nay ciing cho
thiy su phu hop tot véi két qua thu duoc tir céc
nghién ctru truéc d6 Ead and Rajaratnam [3] va
Samadi - Boroujeni, et al. [4]. Ngoai ra, bai bdo nay
ciing str dung phuong phap hdi quy boi dé xac dinh
anh huong cua cac tham sé trén doi véi do sau lién
hop (y2/y1). Phan tich hdi quy boi cho thdy khdng
c6 méi quan hé chat ché nao gitra ty 18 do sau (y2/y1)
va cac ddc diém hinh hoc day nham. Diéu nay c6
thé 1a do sy sap xép dinh phan tir nham ngang bang
Vi day kénh.

FLOW-3D MH2 y (l)l) 0.00 0.04 0.09 013 018
row.zo MH4 V() m— =

0.00 0.04 0.09 0.13 0.18

Hinh 4. D¢ sau lién higp y2 ciia mo hinh véi Fr1 = 6.7 va y1 = 2,0cm
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Hinh 5. Quan h¢ giia ty 1¢ dé sau yaly1 véi Friva céc tham sé (t, s, Ls)

Li(m) = —
(a) RO |— 4 00 08 15 23
,MH1

V(m/s)

=

L Vo

(b)
6_ ,,,,,,
: = = MHI
| Dy nhan o MH2
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Hinh 6. Chiéu dai nwéc nhdy Lj trén ddy nhim tam gidc

3.3. Chiéu dai nwéc nhday

Chiéu dai nuéc nhay 1a mot trong nhiing thong
s6 chinh dugc st dung trong tinh toan thiét ké chiéu
dai bé tiéu ning hay pham vi gia cb long song (long

kénh) dé chdng xai 1¢ cho cong trinh va viing ha luwu.
Do d6, n6 ciing quyét dinh chi phi xay dung cua céng
trinh tiéu nang. Chiéu day nudc nhay duge xac dinh
dwa trén cac két qua caa md hinh sé, n6 1a khoang
cach tir chan nuéc nhay téi mat cit sau nudc nhay,
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tai @6 dong chay gan nhu 6n dinh (xem Hinh 6a).

Do dai khong tht nguyén cua chiéu dai nudc
nhay (Ljly2+) dugc biéu thi dya trén cac so Froude
ban dau (Fry), nhu trong Hinh 6b. Nghién ctu chi
ra rang ty Ié chiéu dai Lj/y, gan nhu 1a hang s6 véi
gid tri trung binh khoang 3,0 khi Fr1 > 6,8 va thay
d6i 1on tir 2,8 dén 4,2 v6i 4,8 > Fry > 9,4. Trong khi
do, ty 1¢ chiéu day Lily>- d6i voi nude nhay trén day
nhén 13 6,0.

Cac mo hinh day nham tam gidc trong nghién
ctru nay c6 hiéu qua giam chiéu dai nudc nhay rd
rang. Trung binh chiéu dai giam 48,5% so véi chiéu
dai nuéc nhay trén ddy nhin cing diéu kién dong
chay dau vao. Két qua cua nghién ciru nay rat pha
hop véi két qua cong bd boi Ead and Rajaratnam
[3], va Samadi-Boroujeni, et al. [4] 3. Hinh 6b chi
ra rang MH1 c6 hiéu qua giam chiéu dai nugc nhay
nho nhat véi s6 Fri < 6,8, MH4 cho hiéu qua giam
chiéu dai nudc nhay tét nhat.

5. Két luan

Nghién ctru nay da mé phong thanh cong hién
tuong nudc nhay trén bon loai hinh day nham tam
gi4c bang mo hinh thiy lyc Flow-3D. Két qua cua
nghién ctru nay chi ra rang cac tham sé hinh hoc cua
c4c md hinh day nham (t, s, Ls) ¢6 anh huong gan
nhu khong dang ké dén viéc giam do sau lién higp
sau nudc nhay va chidu dai nuéc nhay. Do sau lign
hop phu thudc rat manh vao sé Froude dau kénh, Fry.

Nghién ctu nay chi ra rang bén mé hinh day
nham tam giéc da co hiéu qua lam do sau lién hiép
va chiéu dai nudc nhay. Vi su thay ddi cua Fry tir
4,8 dén 9,4 thi do sau lién hiép (y2) giam khoang
20% so voi nudc nhay truyén théng., Bong thoi,
chiéu dai budc nhay (L) trung binh nho hon 48,5%
S0 V6i nudc nhay trén ddy nhan.
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