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UNG DUNG PHAN MEM FLOW-3D TINH TOAN VAN TOC
VA AP SUAT TREN PAP TRAN THUC DUNG MAT CAT HINH CONG

D5 Xuan Khanh', Lé Thi Thu Nga', H6 Viét Hung'

Tém tit: Bai bdo nay sir dung phan mém Flow-3D mé phong dong chdy qua ddp tran thiee dung
mdt cdt hinh cong, vmg dung cho thiy dién Pong Nai 2. Hai yéu té chinh cia dong chay qua ddp
tran 1 vdn téc va dp sudt diege tinh todn va phdn tich kj théng qua bon mé hinh dong chay réi khdc
nhau. Két qud cho thdy rang, mé hinh dong chay réi RNG c6 két qua mé phong tét hon so véi cdc
mé hinh con lai la K, K-epsilon va LES khi so sanh véi két qua do dac trong phong thi nghiém, voi
luew heong O = 150.76 Is. Cdc chi tiéu so sanh ¢ mike tot véi hé sé Nash la 0.86 va phan tram sai s6
trung binh la 10.9%. Mé hinh ciing dwoc kiém dinh véi mot cap luu lwong khdc, khi Q = 184.13 s

va cho két qua mé phong dwoe danh gid la phiv hop véi s6 liéu thuc do.
Twr khéa: Flow 3D, dap tran hinh cong, RNG, m6 phong dong chay.

1. MO PAU

Trong céac cong trinh thuy loi, thuy dién, dap
tran c¢6 miat cat thuc dung hinh cong thudng
duogc su dung dé xa Iii, ddm bao an toan cho
cong trinh. Xac dinh chinh xac van tdc va ap
suét trén mat dap tran dé thiét ké hinh dang mat
cit tran ludn 1 van dé khé khan, hip din nhiéu
nha khoa hoc. Trong thoi gian qua, cac nghién
clru vé truong van tdc va phan bd ap sut trén
mat tran chi yéu dugc thuyc hién nho md hinh
vat 1y voi chi phi kha 16n va mat nhiéu cong
strc. Gan day vé6i sy phét trién cua cac phuong
phap sb, dic biét 1a sy ra doi cia CFD
(Computiational Fluid Dynamic) - phuwong phap
s& dugc st dung két hop voi cong nghé mod
phong trén mdy tinh dé giai quyét cac bai toan
vé co hoc va mdi trudng, dd gitp cac nghién
ctru vé dong chay qua dap tran dat duoc két qua
dang ké. Nhitng phdn mém thudc ho CFD nhu
Flow-3D la cong cu htru hi€u gitip cho vi¢c mod
phong dong chay trén mit tran duoc chi tiét va
chinh xac hon. Flow-3D 1a phan mém thuong
mai, md phong dong chay 3 chiéu duoc phat
trién boi cong ty Flow Science, Inc, My. Phan
mém nay dugc st dung trong cac nghién ciu
qudc té nhu Kumcu (2016) va Sadegh D. K.

' Bé mén Thuy lyc, Truong Dai hoc Thuy loi

(2016). Trong cac nghién clru nay, cac tac gia da
ap dung mo hinh Flow-3D dé danh gia dong
chay qua tran tai dap Kavsak, Tho Nhi Ki va
dap Balaroud, Iran. Két qua cho thiy, van tdc,
d6 sau dong chay, ap suét ¢ su twong dong 16n
gitra thue do va tinh toan. Bén canh do, cac nha
khoa hoc trong nudéc nhu Pham Van Song
(2014) hay Nguyén Cong Thanh va nnk (2014)
cling str dung Flow-3D nhu mot cong cu dé tinh
toan, cai tién md tiéu ning cho cong ving tridu
hay tinh toan niang lugng da ti€u hao khi dong
chay qua bac nuéc. Tuy nhién, viéc kiém dinh
dd chinh xac ciia mo hinh nay van 1a mét cau
hoi 16n can dugc thyc hién bang nhitng cong
trinh cu thé.

Vi vdy, muc tiéu cta bai bao nay 1a img dung
phin mém Flow-3D mé phong dong chay qua
dap tran thyc dung hinh cong khong chan khong,
ap dung cho tran xa Iii ctia thuy dién Dong Nai 2.
Qua do danh gia kha nang cua cdc mo hinh dong
chay rdi trong Flow-3D. DP9 chinh xac cua két
qua tinh toan van tdc va ap sudt trén mat tran s&
duoc kiém dinh thong qua céc sd lidu thue do
trén mo hinh vat 1i trong phong thi nghiém.

2. PHUONG PHAP NGHIEN CUU

Trong bai bdo nay phuong phdp mod hinh
toan két hop véi mo hinh vat 1i d duoc sir dung
dé tinh toan va kiém dinh két qua.
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2.1. M6 hinh toan

M6 hinh Flow-3D sit dung phuong trinh
Navier-Stoke lam phuong trinh chu dao.
Phuong trinh nay 1a su két hop cta hai phuong
trinh bao toan khéi luong va dong lugng.

(1)
Ou, _0
6x

2
El faxj pox, axjaxj

Trong d6: u; 1a thanh phan van tdc theo 3
phuong x, y, z; P 1a ap suit; v 1a hé s6 nhét dong
hoc. Phuong trinh 1 va 2 chi ¢ thé giai duoc
bang toan hoc trong mot sd bai toan dong chay
c6 diéu kién don gian. Trong thuc té, dong chay
trong cic cong trinh thuy loi hau hét 1a dong
chay réi, dic biét 1a dong chay qua dap tran. Dé
gidl dugc hé phuong trinh Navier Stoke trong
truong hop dong rdi nguoi ta phai str dung mot
s6 phuong phap phd bién sau: a) Phuong phap
md phong dong rdi bang cach tinh toan truc
tiép, Direct Numerical Simulation (DNS): Day
1a phuong phép dua ra 16i giai chinh xac nhat
cho phuong trinh Navier-Stoke boi nd xét dén
moi cap do rdi ciia dong chay ma khong can su
tro giup ctia bat ki mot gia thiét nao. Tuy nhién,
DNS gap nhiéu kho khin trong viéc hién thuc
hoa 10 giai vi n6 doi hoi mot hé théng may tinh
du manh va so d6 giai du chinh xac dé giam bt
sai sb; b) Phuong phap md phong dong chay,
Large Eddy Simulation (LES), phuong phap nay
coi dong rdi 1a dong chay cua nhitng xo4dy nudc
16n. Nguyén ly chu dao cua phuong phap LES
la dya trén sy don gian héa phuong phap DNS;
c) Phuong phap trung binh hoéa Reynolds
(RANSs). Phuong phap nay chi tap trung vao gia
tri thong ké cua dong chay ma khong quan tdm

ou, _ou, 10 2 o,

—4u, ——=—-——(p+—pkd,)+v—>r
o, ooy D3 PK0) ox o,

Pé dong kin (giai) dugc RANS, chiing ta can
phai xac dinh dugc 07, thdng qua mot vai gia
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dén gia tri tac thoi cta ching. Do d6, trong
RANSs tit ca cac cap do roi cua dong chay s&
dugc trung binh hoa. Trudc tién ta s& thiét lap
phuong trinh Reynold cho céc gia tri trung binh,
phuong trinh niy s& c6 nhirng thanh phan chuwa
xac dinh. Nhitng thanh phan nay s& duoc tinh
dua trén nhitng gia tri trung binh di biét thong
qua nhitng gia thiét (closure assumptions).
Trong cac phuong phap trén thi phuong phap
RANs duoc str dung phd bién nhit. Dé phat
trién hé phuong trinh RANS, cic tham sb dic
trung cua dong chay gom van tdc, ap suit tai
mot diém phy thudc thoi gian duoc chia 1am 2
phan: thanh phan trung binh va cac dai luong
mach dong, cu thé nhu sau:
ui(xi’t):ﬁ(xi’t)"'u’(xi’t) (3)
pi(xi’t):ﬁ(xi’t)-i_p’(xi’t) 4)
Trong d6: iz va P 1a cac thanh phan vén tdc
va ap suit trung binh theo thoi gian. u”, p’ 1a cac
thanh phan vén téc va ap suat mach dong xung
quanh gia tri trung binh. V&1 hai phuong trinh
trén, h¢ phuong trinh RANs s€ c6 dang trung
binh nhu sau:

6u

=0 5
ax (5)
7 m 6
%Jrg ou;. _i@ o'w, “,“, S g (6)

o Uox,  pox,

Trong do: uu’, 1a dai luong khac khong va la

8x 6x Ox .

J

dai lugng quan trong nhat trong mo phong dong
chay rbi, nd6 dugc goi 1a ng sudt Reynolds
(Reynolds stress) va c6 quan hé véi ung sut
tiép r6i nhu sau

T, =u'u'; —%ké‘ﬁ (7

Phuong trinh Navier Stoke trung binh
(RANS) s& dugc chuyén thanh dang (8) sau day.

_ij+gi (8)

thuyét, nhu gia thuyét vé tuyén tinh hay khong
tuyén tinh d6 nhét réi (linear or non linear eddy
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viscosity), hay gia thuyét vé mo hinh tng suét
Reynolds (Reynolds stress model, RSM). Tu
nhitng gia thuyét nay cac nha khoa hoc sé& thiét
lap ra rat nhiéu mo hinh tinh toan dong réi, c6
thé ké dén dudi day.

- MO0 hinh mdt phuong trinh (K equation):
gidi quyét mot phuong trinh dbi luu chay rdi

ok ouk
—+—=-u'
ot 6xj !

Trong do: v, 1a xody nhot (eddy viscosity) hay

do nhét réi (turbulent viscosity). Hé s6 khép kin
3
2

Véquanhébé tro 8:CDkT,CD =0.08,0, =1.

- Mo hinh hai phuong trinh (K-Epsilon
equation): M5 hinh chay réi hai phuong trinh 13
mdt trong nhitng md hinh phd bién nhét cua cac
md hinh chay rdi. Theo dinh nghia, mé hinh
chay rdi hai phuong trinh bao gdém thém hai

Phuong trinh k:

ok owk 0 v, ok | ——ou,
—t——=—|(v+—)— |-u'u', —-¢
ot oOx, Ox ox, ! ox,
Phuong trinh

.0¢ oug 0O & ——Ou,
Ei—+——=

"ot ox

1

V. 0¢g

=—|(v+L)—|-C,Zu'u',—-C
8x[( og)ax,} Yk oy, Tk

(turbulent transport equation) thuong la dong

ning chay ri. Ngudn géc mé hinh mot phuwong

trinh chay roi 13 mé hinh mot phwong trinh ctia
Prandtl

1 2

v,=k?l=C,—

g

)

(10)

phuong trinh d6i luu d&é mé ta cho tinh chay réi
cua dong chdy. Thong thuong mot trong cac
bién d6i luu 13 dong ning chay réi (turbulent
kinetic energy) k, bién dbi luu thir hai khac nhau
phu thudc vao kiéu cia md hinh hai phwong
trinh. Lwa chon phé bién 1a tiéu tan rdi
& (turbulent dissipation)

v, :Cﬂk—2 (11)
E

(12)

& (13)

Trong d6: C, =0.09;5, =1.0;0, =1.3;C,, =1.44;C,, =1.92 ;

- Mo hinh RNG (Renormalization-Group):
M0 hinh nay dung chung 2 phuong trinh vé1 mo
hinh K-epsilon, tuy nhién nhiing gia tri hang s6
thuc nghiém trong phuong trinh K-epsilon sé€
dugc tim dudi dang hién (explicit method).
Trong Flow 3D, mé hinh RNG duoc khuyén
khich str dung va dugc cho re‘ing c6 do chinh xac
hon so v&i cac md hinh dong rdi khac (Kermani
et al. 2014, Sadegh et al. 2016).

2.2. M6 hinh vat ly

M6 hinh vat ly dugc xay dung tai Phong thi
nghiém Thay Iyc tong hop Truong Pai hoc
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Thity loi. Tai ddy, mo hinh mit cit tran véi ti 18
1:50 duoc thiét ké va lip dat trong mang kinh
chit nhat gdm 2 khoang, 1 try pin & gitra va 2
ntra try pin 2 bén, dugc mo ta chi tiét trong Hinh
1. Van tdc dong chay trén tran duoc do tai vi tri
sat miat tran tai 9 diém doc theo tuyén o gilra
khoang tran. Thiét bi dién tir P.EMS cua Ha Lan
v6i ddu do E40 va E30 dugc sir dung dé do van
tdc. Ap suét trung binh, 4p sudt mach dong trén
tran va mili phun duoc do bang thiét bi dién tr
SDA- 830C do Nhat ban ché tao cing cac thiét
bi dién tu khac.
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Hinh 1. Mat cat tran va so do bo tri cac diém do

2.3. Phwong phap danh gia

Pé danh gia két qua tinh cia mo hinh toén,
chung to1 st dung hai tri s6: hé s6 Nash, NSE
(the Nash — Sutcliffe efficiency) va sai sd trung
binh, Xy, v&1 cac cong thirc tinh duodi day.

zn (Xabs i Xsim i)2
NSE =1-&— - (14)
Zizl (Xabs,i - Xabs )
X

1 obs,i - sim,i

X’b :—z:l:] X

n obs,i

*100 (15)

Trong do: X, ; 1a gia tri thyc do; X, lagia
tri thuc do trung binh; X, . la gia tri m6 phong;
n 1a s6 lugng gia tri tinh toan.

Hé s6 Nash 1a hé sb thé hién su tuong quan
gitra gia tri thuc do va gia tri tinh toan. M6 hinh
toan cho két qua tdt khi c6 Nash 16n gan bang 1
va sai sd trung binh nho.

3. KET QUA NGHIEN CUU

Dong chay qua dap tran 1a dong chay rdi va
chiu anh hudéng cua trong luc 1a chinh. Do d6
trong Flow-3D can lya chon mé hinh dong chay
chiu anh huong cua trong lyc va mo hinh dong
chay r6i. Viéc lua chon kich thudce ludi hop 1y
cho 6 tinh toan 1a mot nhiém vu rat quan trong.
Gia tri nay anh huong khong chi dén do chinh
xac ciua mo hinh ma con ca thoi gian tinh toan.
Do do, s6 luong 6 tinh toan can duoc khéng ché
it nhat c6 thé nhung van phai dam bao du do
phan giai thé hién mbi quan hé gitra dong chay
va vat can nhu tru pin va md bén. Kich thude 6
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Hinh 2. Hinh anh tran dwoc mé phong
trong Flow-3D

tinh todan Ax=Ay=Az=0.0lm trong nghién
ctru nay dugc lua chon qua céac ti€u chi sau: a)
nho hon bé rong tran va do sau muc nudc nho
nhit trén tran; b) tham khio cac nghién ctru da
thuc hién trudc day (Kermani et al. 2014,
Sadegh et al. 2016, Kumcu et al. 2016).

Pé thiét 1ap mo hinh dap tran, cin dinh dang
mit cit tran trén Autocad, sau d6 xuit file duéi
dang *.stl va nhap truc tiép vao Flow-3D (Hinh
2). Xac dinh céc diéu kién bién nhu sau: dong
chay trong mién tinh toan dugc dat trong hé toa
do Dé cac 6 mat, v6i thir tu lan luot 1a: bién
thuong lwu (Xmin) duwgc gan 1a diéu kién bién ap
suét voi chiéu cao cu thé cua cdt nude tran H:
Xmin= P (Hydrostatic Pressure), bién ha luu
(Xmax) 12 bién cua dong chay ra (Outflow) s€
duge gan: Xma= O (Outflow), bién thap nhit
trén truc Z (ddy kénh ha luu) s& duoc gan diéu
kién bién nhu mdt tuong cing: Znin= W (Wall),
bién cao nhit trén truc Z s& duoc gan nhu mdt
bién ddi xting: Zmm= S, bién theo phuong Y
gdm tuong bén trai véi Ymn= W (Wall) va
tuong bén phai Y= W (Wall). Trong do: X la
phuong doc theo chiéu dong chay tir thuong luu
dén ha luu tran; Y 1a phuong vudng goéc véi
dong chay, tur tuong canh bén trai sang tuong
canh bén phai; Z 13 phuong thang dung theo do
sau dong chay.

Trong bai bao nay, phan mém Flow-3D di
dugc 4p dung thir nghiém nhdm xac dinh van
tbc dong chay va phan bd ap suat trén mat dap
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tran cta thiy dién Pong Nai 2. Cac md hinh
dong roi khac nhau s& dugc tinh toan véi luu
luong qua dap tran 1a Q = 150.76 //s va cot nude
tran H = 0.232 m. Két qua tinh toan cua 4 mo
hinh dong chay rdi dugc thé hién trong cac muc
dudi day. Dua trén két qua tinh toan, cac tac gia
s& Ira chon moé hinh dong rdi t6t nhat phuc vu
viéc md phdng dong chay qua tran.

3.1. Vén toc dong chay

Nha may thay dién Pong Nai 2 1a bic thang thir
3 trén song Pong Nai, c6 nhiém vu chinh 1a khai
thac tiém ning thiry dién, két hop sir dung tong hop

a)

= K-Epsilon

8.00
7.00

6.00 =4=RNG

(m/s)

£ 5.00 K =¢=LES

A(g 4.00 Thyc nghiém
-
£ 3.00

/J‘%
s e

200
i

1.00
0.00

0 1 2 3 4 5 6 1 8§ 9
Vi tri cdc diém trén tran

ngudn nudc va dam bao chéng 1i cho ha du. Tran
tong thé ctia cong trinh thuy dién Pong Nai 2 Ia
dap tran thyc dung mat cit hinh cong khong chan
khong. Toan bd dap tran gdbm 5 khoang, chiéu rong
mdi khoang 15m, try pin v md bén phia thuong
lvu dang luwon tron, phia ha Iy vudng goc, chiéu
day tru pin va md bén 1a 3,5m, c6 bd tri khe van.
Viéc tinh toan chinh xac van tdc dong chay qua dép
tran dong mot vai tro v cung quan trong, dam bao
an toan cta ca hé théng cong trinh. Két qua tinh
toan van toc dong chay duoc trinh bay trong bang
va do thi dudi day.

b)

0.80

~0.70

~ 0.60 ~fi=K-Epsilon =4=RNG
= 0

£ 050 K —6=LES

(5 0.40 Thuc nghiém

&

& 0.30

=

2 0.20

= a———_
< 0.10 /‘/ﬂ'

0.00 ——= »>
0 1 2 3 4 5 6 1 8 9

Vi tri cdc diém trén tran

Hinh 3. So sanh: a) vdn téc va b) dp sudt thue do véi tinh todn bang cdc mé hinh dong roi

Bing 1. So sanh giira gia tri vin toc thuc do va tinh toan bang 4 mé hinh dong roi

M6 hinh dong ri RNG K K-epsilon LES
Chi tiéu so H¢ 56 Nash 0.86 -1.53 0.84 0.72
sanh X 10.9% 42.6% 11.4% 15%

C6 thé thiy rang, mé hinh Flow-3D cung cip
mot goc nhin d& dang va day du hon vé truong
van téc dong chay qua tran, so véi md hinh vat
1y, thong qua viéc mo6 phong dong chay theo 3
chiéu x, y, z. Hinh 3a va bang 1 cho thiy, mo
hinh dong réi RNG va K-epsilon déu cho két

qua tt, trong d6 md hinh dong rdi RNG c6 két
qua tot nhat. Bang 2 tong hop gia tri van tdc do
dac trén mo hinh vat 1y va két qua tinh toan
bang mdé hinh RNG trong Flow-3D tai 9 diém
trén mat tran.

Bing 2. Cac gia tri van téc thuc do va tinh toan theo mé hinh RNG

TT Vin tdc thue do Vin téc tinh toan (m/s) -
(m/s) u v w Vin toc tong hop
1 1.016 1.071 0.006 0.737 1.300
2 | 2.140 1.692 -0.002 0.187 1.702
3 |2212 1.962 -0.003 -0.957 2.183
4 12922 2.010 0.003 -1.956 2.805
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TT Vin tdc thue do Vin téc tinh toan (m/s) _
(m/s) u v W Vén toc tong hop
5 ]3.288 2.030 0.012 -2.508 3.208
6 | 3.320 2.373 0.006 -2.560 3.491
7 |3.790 3.410 -0.036 -1.534 3.739
8 |3.859 3.744 -0.028 -0.059 3.744
9 |3.650 3.693 -0.010 1.501 3.986

4.000

~3.500
£3.000 | | a
2 2.500
"€ 2.000
& 1.500
1.000 .
0.500 ® Gia tri van toc tinh toan
0.000 @
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Khoang cich dén chan twdng canh (m)

*
»

¢ Gia tri van toe thuc do

Hinh 4. So sanh van téc thuc do va tinh todn
theo mo hinh RNG

Bang 2 cho thiy: Van tdc u theo phuong X
c6 xu huéng ting dan doc theo chiéu dai dong
chay dén trudc miii hat. Van tdc v theo phuong
Y c6 gié tri rat nho, khong anh hudng nhiéu dén
van tdc tong hop. Diéu nay 1a phu hop béi vi tri
cac diém do ndm gitra tran, it chiu anh hudng
cua try pin, hudéng dong chay vudng goc vai
truc Y. Ngoai ra, do tinh chat ddi xtng ciia tran
theo phuong Y nén trudng van toc tai cdc mit
cit & giira 1a gin nhu nhau, trir nhitng mit cat
sat try pin. Hinh 4 mo ta sy thay d6i vé hudng
ctia van téc dong chay trén tran va mii hat. Van
tbc w theo phuong Z c6 nhiing gia tri 4m va
duong xen ldn nhau thé hién nhiing hudng
chuyén dong khac nhau. Nhiing gia tri 4m 1a
phtt hop, phan anh rd tinh chit roi cta dong
chay khi & vi tri mai tran (tr V3 dén V8). Mat
khac, nhitng gia tri duong 1a do anh hudng cua
thiét ké tran v&i phan vét phia trude tran (V1,
V2) va miii hat (V9) 1am van tdc tai nhirng vi tri
ndy c6 hudng 1én trén. Hinh 4 so sanh két qua
tinh toan vén toc theo md hinh RNG véi s6 lidu
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thuc do. C6 thé thay, cac gia tri nay co sy dong
nhat cao, thé hién qua 2 chi tiéu: hé s6 Nash la
0.86 va sai s6 trung binh bang 10.9%.
3.2. Ap suit trén mit tran

Tuong ty nhu van tdc, ap sut trén tran duge do
tai 9 diém, gia tri cua nd cling dugc tinh toan
bang cac mo hinh dong rdi khac nhau va so sanh
v6i 86 lidu thi nghiém (Hinh 3b). Co thé thay
rang, ca 4 mo hinh dong rdi déu cho két qua xap
xi nhau, hé s Nash dao dong tu 0.71 dén 0.73
va sai sb trung binh ndm trong khoang 30-39%
(Bang 3). Gia tri 4p suat nho nhat xuét hién tai
diém sb 5 trén mit tran. Trong thuc té, ap suét
trén tran ludn 13 mot van dé duoc quan tam
trong qua trinh thiét ké va van hanh dap tran, két
qua & Bang 3 cho thdy cac mo hinh dong rdi
trong Flow-3D di mo phong twong dbi tot ap
sudt trén tran.

Bang 3. So sanh ap suit tinh toin va thye do
bang 4 md hinh dong roi

Mo hinh dong r6i | RNG K | K-epsilon | LES
Chi Héso | 0.72 0.71 0.73 0.72
tituso | Nash
sih | X, | 30% | 3% | 39% | 35%

Tur nhitng két qua thu dwoc khi md phong
dong chay qua tran bang cac md hinh dong rdi
khac nhau, c6 thé thdy moé hinh dong roi RNG
c6 két qua tot hon ca. Tuy nhién, dé kiém tra
tinh phu hop ctia m6 hinh trong viéc mo phong
dong chay qua tran voi cac diéu kién khac nhau,
diéu kién bién cia md hinh duoc thay doi va
tiép tuc tinh toan cac gia tri van toc va 4p suat
trén mat tran. Két qua tinh toan véi md hinh
dong réi RNG, véi luu luong qua tran 14 184.13
I/s va cot nuéc H = 0.261 m, duoc thé hién
trong muc 3.3 duoi day.
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3.3. Kiém dinh mé hinh dong réi RNG

Két qua tinh toan van toc dong chay va cot
nudc ap sut trén mit tran so vé6i thuc do, khi luu
luong Q = 184.13 I/s dugc trinh bay trong hinh 6
va bang 4. Két qua tinh van tdc theo RNG ¢ hé
sO Nash 13 0.72 va sai sd trung binh chi 12.5%.
Két qua tinh ap sudt c6 hé sb Nash bang 0.64 va

sai s6 trung binh 1 37%. Sau khi kiém dinh, c6
thé nhan thdy md hinh Flow-3D da thanh cong
trong vi¢c mé phong dong chay qua dap tran thuc
dung véi cac cap luu lwong khac nhau. Cac chi
tiéu so sanh déu & muc dat trd 16n, mot sb truong
hop 14 tét. Tuy nhién, két qua tinh toan ap suét co
sai s& cao hon so véi tinh toan van tdc.
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& 400 .
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Vi tri cac diém do trén tran

Hinh 6. So sanh vdn téc va ap sudt thie do véi tinh toan theo RGN

Bing 4. So sanh gia tri van toc, ap suit thue do véi két qua tinh toan theo RNG

TT szt Vi tri Vin toc (m/s) Cot nuwée ap suit (m) ‘

cat thuwc do | tinh toan | thuc do tinh toan ‘
1 | V1 | Diém dau duong cong tran 1.612 1.550 0.2199 0.2968
2 |V2 Dinh tran cao nhit 2.524 1.655 0.1334 0.204
3 | V3 | Maitran 2.675 2.283 0.0262 0.1034
4 | V4 | Maitran 3.169 2.816 0.0131 0.059
5 | V5 | Maitran 3.361 3.156 0.0083 0.0354
6 | V6 | Maitran 3.484 3.352 0.0772 0.0638
7 | V7 | Diém thip nhat 3.667 3.641 0.1689 0.1516
8 | V8 | Cong 3.977 3.343 0.1847 0.1646
9 | V9 | Miii phun 3.687 3.738 0.1959 0.202

4. KET LUAN VA KIEN NGHI

Bai bao da trinh bay két qua tinh toan véan
tdc va ap sudt trén mat tran thuc dung cia thuy
dién Pong Nai 2, khi st dung bén mé hinh
dong rdi khic nhau trong phin mém Flow-3D.
Mo hinh RNG cho két qua mé phong tét hon so
v61 cadc mo hinh con lai 1a K, K-epsilon va LES.
Két qua tinh toan cho thiy mé hinh dong rdi
RNG c6 su turong quan tot gitra gia tri van tdc
thuc do va tinh toan, thé hién qua 2 chi tiéu: H¢
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s6 Nash dao dong tir 0.86 dén 0.72; Sai s
trung binh 1a 10.9%. Khi tinh toan 4p suét, hé
s0 Nash dat tir 0.72 dén 0.64. Do han ché vé do
dai cua bai bdo, ¢ day cac tac gid chi trinh bay
két qua tinh toan van tdc va ap suat dé danh gia
vé cac md hinh dong rdi trong Flow-3D. Mb
phong d6 sdu dong chay qua tran véi cac cip
luu lwong khac nhau s€ dugc trinh bay ki hon
trong bai bao tiép theo. Phuong phap nghién
ctru dong chiy qua tran bang mo hinh sb co
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tinh vu viét hon so v61 mo hinh vat li, béi sy qua tran toan di€én hon so vd1 mo hinh vat 1i.
thun tién, hitu hiéu va chi tiét trong cac thong  Tuy nhién, md hinh vat li van 1a mdt cong cu
tin ¢ dugc khi phan tich dong chay. M6 hinh  hiru hiéu song hanh va bo trg cho mé hinh s6
Flow-3D cung cdp mdt goc nhin vé dong chay  cai thién kha ning tinh toan ctia minh.
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Abstract:
THE SIMULATION OF FLOW VELOCITY AND PRESSURE
ON AN OGEE SPILLWAY USING FLOW-3D

This paper aims to simulate the flow over ogee spillways by using Flow-3D software, which is applied
for Dong Nai 2 hydropower station. The flow velocity and pressure were calculated and analyzed
through four different turbulent models. The results indicated that the RNG model is better than K, K-
epsilon and LES models, when they were both compared with observed data in case the discharge
was 150.76 l/s. The Nash — Sutcliffe efficiency (NSE) and the percent difference of RNG model are
0.86 and 10.9%, respectively. The model was also validated through other discharge, Q = 184.13
l/s, and presented good agreement with experimental results.

Keyword: Flow 3D, Ogee spillway, RNG, Flow simulation.
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