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Tém tit: Hai module dong réi va tron khi ciia mé hinh thuy dong luc hoc Flow 3D duoc sir dung dé mé
phong dong chay qua cum cong trinh tran xa lii, hé x6i kénh dan ha luu Ta Ruc — Khanh Hoa. Cdc dic
trung thity lee ciia dong chday nhw mye nede, heu toc, dwoc tinh todn so sanh véi sé liéu thue do. Chiéu
dai dong phun dwoc xem xét bang ca cong thire kinh nghiém, két qua tinh tir Flow 3D réi so sanh véi
thwe nghiém va chi ra rang viéc sir dung mé hinh todn cho két qua hop Iy hon. Ba phwong dn géc hdt
miii phun ciia tran xa lii ciing dwoc xem xét, lwa chon thong qua ddnh gid chiéu dai dong phun, phdn bo
vdn téc, dp sudt ciia dong chay tai hé xéi nham khang dinh viée can thiét phdi ké ti tinh chat tw trén

khi ciia dong chdy c6 vén téc 1om trén cdc cong trinh phike tap.
Tir khéa: Flow-3D, tran xa i, hd x6i, dic tinh thuy luc.

1. PAT VAN PE

An toan dap va cac cong trinh phu trg nhu tran
xa Ii, céng, v.v... luén dong mot vai trd quan
trong trong quan 1y Iuu vuc, hd chira & Viét nam.
Su hu hong clia cac dang cong trinh nay sé dan t&i
nhitng thi¢t hai, hau qua khé ludong ca con ngudi
va vat chit ¢ ha luu cong trinh do séng li v& dap
gay nén. Vi vay, viéc nghién ctru déc tinh thay luc
cua dong chdy qua cac cong trinh nay irng vi cac
cap lam viéc khac nhau luén can duoc xem xét.
M0 hinh toan, tir 1au ludén duogc coi la cong cu hitu
hi¢u trong mo phdng céc bai todn thiy dong luc
hoc. Pac biét, voi sy phat trién cua cong nghé
thong tin, cic phin mém tinh thuy luc ra doi co
kha nang mo6 phong dong chdy cd d chinh xac
16n khi c¢6 ké toi tinh réi, tinh nhét cua chit long,
ké toi sy tuong tac gitra pha 16ng v6i pha ran hay
hién tugng tron khi. Gan day, Flow 3D dugc coi 1a
mot cong cu hiru hi€u trong nghién cuu cac bai
toan thuy lyc phtrc tap. Flow 3D md phdng dong
chay dang 3 chiéu dya trén mo hinh toan RANs dé
giai hé phuong trinh Navier-Stokes, bao gdm cac
md hinh dong réi, tron khi dé bat dwoc hién tuong
tir tron khi cua dong chay qua tran, déc nuéc, bé
tiéu nang. Kumcu, (2016). Demeke va nnk (2019)

" Bé mén Thuy lyc - Truweong Dai hoc Thuy loi
? Sinh vién 16p 59CI - Truong Pai hoc Thity loi
’ Céng ty TNHH MTV QLCT Thiy loi Palak

st dung m6 hinh Flow 3D md phong dong chay
qua hé théng cong trinh tran xa 1ii, kénh din ha
luu, Salmasi va nnk (2018) lai dung mo6 hinh
Fluent két hop thuc nghiém nghién ctru dong chay
qua cic bac nude. Pic diém thuy lyc cia dong
chay trén bac nhu: myc nudc, van tde, vi tri diém
phan tich phin khong tron khi tron khi,
(interception point) dugc phan tich k§ trong F.A
Bombardelli et al, (2011), K. Morovati et al
(2017), Z. Dong et al, (2019). Tuy nhién, theo
hiéu biét ciia cac tac gia nhitng phan tich chi tiét
vé dic diém thuy lyc ciia dong phun tir tran xa Id
tuong tic v&i dong chdy trong kénh dan ha huu
chua dugc phén tich k. Pac biét, viéc lya chon
goc hat miii phun va kich thude hd x6i cia hau hét
cac cong trinh thay loi & Viét Nam chu yéu duoc
xac dinh béng thuc nghi€ém hay cac coéng thirc
kinh nghiém ma chua cé tinh toan nao bang mé
hinh toan ba chiéu xac dinh cac dic diém thuy luc
ctia phan dong chay sau tran. Vi vdy trong bai bao
ndy, cac tac gia str dung mo hinh dong réi két hop
tron khi @& moé phong dong chay qua cum cong
trinh tran xa I, hd x6i, kénh ha lvu Ta Ruc -
Khanh Hoa. Nhitng phan tich chi tiét cac dac diém
thiy luc cua dong phun twong tac voi dong chay
sau tran nhu vén téc, ap suit, tinh on dinh dong
chay thong qua ty 1€ tron khi dugc chi ra nham lua
chon goc phun hop 1y nhét ctia tran nay.
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2. PHUONG PHAP NGHIEN CUU
M6 hinh thuy dong luc Flow 3D dua trén
phuong phap thé tich hiru han giai hé phwong

%+Vx(pmum)—vX(Ume) =0

Trong d6 p, va u, twong Gng 13 khéi luong
riéng trung binh va van tdc trung binh. S6 hang
thir ba bén vé trai goi 1a rdi khuéch tan né chi hoat
dong khi dong rdi sinh ra do khéi lugng riéng

a(pmum )
ot

vl P la ap suat, t la tensor Ung suat
Reynolds, u,, va g 1a véc to luu toc va vec to gia
toc trong truong.

Céc bot khi di vao bé mat cua dong chay khi
dong chay c6 su xao tron manh lié€t do luc gay ra

1/2
kA {%F—_Fd)} néu F > F,
pH/‘

0 néu F,<F,

oV =

trong do:

o .
F; :pwk; F:i :pwgnLT-i_%

T

Véi Ly 1a chiéu dai dong rdi; p, 1a khéi lugng
riéng cua nudc; g, 1a thanh phin gia tc trong
truong vudng goc voi bé mit dong chay; oy, 1 hé
s6 strc cang bé mat.

Trong nhiéu md hinh dong réi cia Flow 3D nhu
mo hinh mét phuong trinh k, hai phuong trinh k-¢

trinh bao toan khdi luong va dong lugng Navier-
Stokes 3 chidu. Véi dong chay tron khi, phwong
trinh lién tuc duoc viét nhu sau:

(1

khong 14 hang sb.
Phuong trinh dong lugng cia dong chdy tron
khi dugc mo ta nhu sau:

+Vx(pu,u,)=-VP+p g+Vxt=0

2

dao dong cia dong chay cho rdi, xody (biéu thi
béng luc F;) 16n hon lyc can béng F, sinh ra do
trong lyc va suc cang bé mit. Vi vay, thé tich khi
di vao dong chay 6V c6 thé duoc xac dinh bing
cac phuong trinh todn hoc sau:

3)

4

hay Renormalization Group (RNG) thi m6é hinh
RNG duogc coi 1a hitu hiéu hon ca khi mo6 phong dac
tinh cta dong chdy qua céc cong trinh thuy lgi nhu
dap tran, doc nude (Kumeu, 2016). Vi vay, trong bai
bao ndy md hinh dong réi RNG duge sir dung.

2. TRAN XA LU TA RUC - KHANH HOA

Biang 1. Thong s6 ciia tran xa lii, hé x6i, kénh ha lvu Ta Ruc - Khianh Hoa

Hang muc cong trinh Thong sb

Cao trinh ngudng tran +48.5m

B& rong tran nudc (nxb) 3x8m

Chiéu dai, chiéu rong ddc nude mat cat hinh chit nhat 100m; 28m

Hé s6 nham n; d6 dc déc nudce 0.017; 12%
Cao trinh miii phun goc hat 20° +35.5m

Cao trinh day hd x6i +13.8m

Kich thuéc hd x6i mit cit hinh thang 20mx32.3m(35.6m)
Cao trinh day kénh ha luu, bé rong kénh +22.0m; 54m
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Tran xa lii cia hd chira Ta Ruc thudc tinh
Khanh Hoa. Ho chtra nuéc Ta Ruc duoc xay dung
s& dap ng nhu ciu cdp nudc sinh hoat cho nhan
dan va nhu cau sir dung nudc cia cac nganh kinh
té trong khu vuc, thuc day phat trién kinh té xa
hoi, gop phan xo6a do6i giam nghéo, phat trién vanh
dai kinh té Van Phong va khu du lich Nha Trang -
Cam Ranh. Cac théng s6 ciia cum cong trinh nay
dugc mo ta trong Bang 1.

Mo hinh thi nghiém vat 1y tran xa 1t Ta Ruec,
tinh Khanh Hoa dugc xay dung tai Phong thi
nghiém Thuay lyc téng hop, Truong Pai hoc
Thiy lgi, (Hinh 1). Dong chay qua tran chu yéu
phu thudc vao gia tdc trong trudng nén md hinh
duoc xay dung theo tiéu chuin Froude. Cac gia
tri thyc do trén mo6 hinh dugc nhan véi ty 1€ mé
hinh d ra cac kich thudc trén nguyén hinh, sau
d6 so sanh véi cac két qua twong tng trong mod

hinh toan, (Bao céo két qua thi nghiém thuy luc
tran x4 10 Ta Ruec, 2009). Hai truong hop thi
nghiém dugc lay dé so sanh véi két qua cua Flow
3D mo ta trong Bang 2.

Hinh 1. M6 hinh thi nghiém tran Ta Ruc

Bang 2. Cac trwong hop tinh toan trong mo hinh vat ly va mo hinh toan

Truong Luu luong Tan suét Cao trinh myc nudc thugng | Cao trinh myuc nudc ha luu,
hop Q (m’/s) P(%) lwu Z1 (m) Zu (m)
1 996 0.2 55.96 26.04
2 779 1.0 55.04 25.76

M6 hinh Flow-3D verson 11 dugc st dung dé
mod phong dong chdy qua tran Ta Ruc & nguyén
hinh. Dung AutoCAD-3D mé phong cong trinh,
sau d6 xuit ra file dang stl rdi dwa vao Flow 3D
(Hinh 2). Cac block cua tran xa 1ii Ta Ruc dugc
chia nhu sau: Block 1 gdém tran va dbc nuéc
duoc chia thanh cac ludi co6 kich thudc
0.5mx0.5mx0.5m; Block 2 1a hd x6i dugc chia
thanh cac ludi co kich thudc
0.75mx0.75m=0.75m; Block 3 1a kénh dian ha
lvu duoc chia thanh cac ludi c¢d kich thudc
ImxImxIm. Bién cua bai toan theo cac
phuong: X: Bién trén block 1 1a Specified
pressure véi Fluid elevation 1a myc nudc thuong
lvu Z1p bién dudi block 1 1a Outflow; Y: Wall;
Z: Bién duoi la Wall, bién trén la Specified
pressure v6i Fluid fraction 1iy bang 0. Diéu kién
ban dau cua bai toan duoc thiét 14p cin clr vao
Bang 2.

Hinh 2. M6 hinh cum cong trinh Ta Ruc
trong Flow 3D

4. KET QUA VA THAO LUAN

4.1 So sanh véi s6 liéu thue do

Céc dac trung thuy luc cua dong chdy qua tran
xa i Ta Ruc da dugc nghién ciru trong bai bao
ctia Nguyén Vin Tai va nnk, (2017) bang mo hinh
toan hai chiéu dya trén phuong trinh nudc néng.
Anh hudng cua try pin hinh thanh séng xién trén
déc ciing duoc nhin thdy trong két qua tinh bang
Flow 3D, (hinh 3) rat phu hop véi két qua thi
nghiém 1an thuc té.
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Hinh 3. Hinh anh 3D dong chdy qua tran xuong hé xéi va kénh dan ha heu

(tir trdi qua: Hinh anh thiee té, thi nghiém va mé hinh todn)

Ngoai ra, dé kiém tra do tin cdy cua md hinh
Flow 3D trong m6 phong dong chay qua tran, cac
sb liéu cao dd muc nudc tinh toan tai 10 diém do
tai tim tran dugc so sanh véi sb liéu thuc nghi¢m
nhu & Bang 3. O day, hé s6 Nash duoc dung dé
danh gia két qua tinh theo mo hinh toan so v&i mo
hinh vat ly. Cong thic tinh hé s6 Nash duogc xac
dinh theo phuong trinh (5):

N 2
Z(Xtt _Xtd,.)

E=1--+1

> (X, X

i=l1

)

trong d6 Xy va X tuong ung la myuc nudc,
lru toc tinh toan va thuc do tai cac vi tri
nghién cuu; 1 1a chi s6 gié tri tinh todn va thuc

do tai diém thtr i; N 1a sé gia tri trong chudi
nghién ctru.

Nhin chung, cic sai s giita mo hinh toan va
mo hinh vat ly khoang 1-5%. Nhitng sai khac nay
phan nhiéu 14 do anh huéng cua kich thuée ludi
tinh toan. Kich thuée ludi c6 cau tric 1a 0.5m trén
tran nén diém lay két qua theo phuong phap sé chi
gfin sat voi sb lieu thuc do. Hé sb Nash cua muc
nudc, van tde trong truong hop khong tron khi lan
lwot 13 0.95806 va 0.9341; trong truong hop co ké
tron khi, hai hé sé nay lan luot 1a 0.95836 va
0.93275. Vi viy, khong c6 su khac biét nhidu giita
két qua tinh theo mo hinh cé tron khi va khong
tron khi trén tran va déc nuée.

Biang 3. Cao dd murc nwéc, vin tdc tinh toan va thwe do khi Q=996m*/s

. | Toa | Caodo ZMH (m) = zMH(m) VMH@ms - VMH
biém R ] Vihgedo ) (m/s)
s | % 43y | Zihye o (M) Khong | (m/s)
x(m) z(m) Co khi Khi Co khi Khong khi
V2 | 387 | 4850 | 5264 @ 54.004 = 54.003 8.21 8.414 8.428
V3 | 706 | 47.00 | 5092 | 52502 | 52.502 8.99 9.694 9.690
V4 | 882 | 4604 | 4952 | 51502 | 51.503 9.60 10.051 10.038
V5 | 1027 | 4540 | 4868 = 50256 = 50253 | 1020  10.552 10.539
V6 | 13.55 | 4424 | 4696 = 48502 | 48.500 | 11.18  11.743 11.740
v7 | 3073 | 4076 | 4376 = 43.000  43.001 | 1401 = 15540 15565
V8 | 4754 | 3876 | 4080 @ 41342 41342 | 1569 = 16389 16.415
vo | 7695 | 3572 | 3756 | 37900 @ 37.831 | 1652 = 18180 18210
V10 | 89.94 | 3436 | 3604 = 36390 36390 | 1733 18500 18510
Vil | 9829 | 3552 | 3724 | 37582 | 37.505 | 18.00 | 18.418 18.363

4.2 Lya chon géc hit mii phun hop ly bang
md hinh dong rdi két hop tron khi

28

D¢ thiét ké duoc ho x0i can tinh toan voi nhi€u
cap luu lugng khac nhau dé vé duong bao ho xoi.
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V&i mdi cap luu lugng can xac dinh cac thong sb
hinh hoc nhu: chiéu sdu hd x6i d,, chiéu dai phong
xa L,. Chiéu sau hé x6i d, ciing 1a mot dai luong
quan trong khi thiét ké hd x6i. Tuy nhién, do
khong day du tai liéu dia chit cua khu vue Ta Ruc
nén cac tac gia khong xem xét tdi gia tri nay. Ba
phuong an goc hit miii phun a, 1a 10°% 20° va 30°
duoc tinh toan véi cac cap luu lugng trong Bang 2
va ca cip luu luong nho nhit Q = 500 m*/s nham
Iya chon géc hat hop 1y nhit cho cong trinh. Bén
canh do6, cac tac gia s& phan tich 1am rd sy can
thiét phai st dung thém mé hinh tron khi khi tinh
toan loai bai toan nay.

Nguyén Canh Cam va nnk, (2006) chi ra ring
néu coi qui dao cua dong phun nhu qui dao cua
dong tia thi chiéu dai phong xa L, duogc xac dinh

VZ 2
Lp = %(l‘gao +\/Z)
Z,8

. 2
voi A=tgo, +4
2V* cosa;

(6)

voi V 1a van téc dong chay tai miii phun.

Hinh 4. Qui dao cua dong phun

Mit khac, theo Pham Ngoc Quy, (2006), khi
xem xét dén ham khi trong dong chay, cong thirc

theo phuong trinh: tinh chiéu dai phong xa lai dugc tinh theo:
L =K 7Z ¢’sin2a |1+ |1+ Z 4 ! (7
P ° Z,-Z, @’sin’ a,

trong d6: K,: HE s6 ham khi phu thudc vao sb
Froude tai dau mii phun F,,, (khi F,, <35, K, = 1.0;
khi F,, > 35, K, = 0.8-0.9), trong ca 3 truong hop
goc hét s6 Froude tai ¢au mili phun déu nho hon 35
nén K, = 1.0; ¢: H¢ s6 luu tdc cuia tran va déc nuéc;
Z,: Cot nude toan phan 6 tinh d&én luu tée toi gan so
véi myc nuoc ha luu; Z,,: Khoang cach tinh tir dau
miii phun dén mét nudc ha lwu, (hinh 4).

Béng 4 cho két qua van tdc tai mili phun, chiéu
dai dong phun L, theo ca ly thuyét va mo hinh
toan c6 ké tron khi va khong ké tron khi tmg véi 3
goc hat khac nhau khi luu luong Quax=996 m?/s.

Cong thirc (5) cho chiéu dai dong phun tinh nho
hon nhiéu so véi két qua mé hinh toan. Khi o, =
20°, L, = 34.28m nho hon két qua thuc nghiém
khi chiéu dai phong xa trong khoang tir 36 m dén
43 m. Cong thic (6) cho két qua hop 1y hon. Véi
Iru Tugng Q = 500 m*/s va 799 m?/s ta ciing c6 két
luan tuwong ty. Chiéu dai dong phun ting khi goc
hit ting va khi c6 ké t6i tinh tron khi s& cho két
qua nho hon 1a khong tron khi. Vi vay, ngoai st
dung céac cong thirc kinh nghiém can phai kiém tra
lai theo mé hinh toan dé tim duoc chiéu dai phong

xa chinh xac.

Biang 4. Chiéu dai phéng xa ciia dong phun theo cong thirc thwe nghiém va mé hinh toan

N° L, (thyc nghi¢m) L, (Flow 3D)

Qo Theo Eq (6) Theo Eq (7) khong tron khi tron khi
10° 30.23 30.86 41.2 40.2
20° 34.28 37.56 45.1 41.1
30° 37.87 41.1 47.6 43.8
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Hinh 5. Hinh énh 3D dong phun tir mili phun vao hé x6i thue nghiém va mé hinh todn khi géc hat bang 20°
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X

Hinh 6. Nude nhay trong hé x6i, géc hdt 20° khéng xét trén khi va c6 xét tron khi

Mat khac, thuc nghiém chi ra rﬁng voi luu
luong qua hé théng Q = 996 m’/s, cao trinh mat
thoang ciia nudc trong hd x6i dao dong quanh gia
tri 27.0m, (Bao céo thi nghi¢m Mo hinh vat ly
Thuy lyc tran xa I hd chtra nude Ta Ruc, tinh
Khanh Hoa, 2009). Hinh 6 cho thay chi ¢6 két qua
tinh tir mo hinh toan c6 ké tron khi méi phu hop
véi thuc do nhu ¢ hinh 5. Vi vay, can thiét phai st
dung mo hinh trdn khi trong mé phong dong chay
¢0 su x40 tron manh.

Vin tdc trong hd x6i dao dong trong khoang tir
6.2 dén 12.5 m/s, trir chd bé mit tiép xuc giita dong
phun va myc nuéc ha luu, (hinh 7). Gia tri nay
cling phu hop voi két qua thuc nghiém tir 4.8 m/s
dén 12.8 m/s. Tuy nhién, xem xét biéu d6 phan bd
van toc trong hd x6i ta thay, 16p nude trong hd xo6i
g vé6i truong hop 10° 1a thap nhit, din toi dong
tia khi cham mat nudce ha Iuu con di xuyén xuéng
day nén day tai day h6 x6i van toc dong phun Ién
t6i 13 m/s, diéu nay co thé gay xoi 1o day.

125 18.8 25.0

| I

45.0

15.0

101.4 115.0 128.6 " 142.2 155.8

Hinh 7. Phdn bé vin toc trong ho x6i g véi gée hdt 20°, 30° va 10°
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Hinh 8. Ty 1é trén khi trong ho x6i g véi gée hat 20°, 30° va 10°
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Hinh 9. Phén bé dp sudt trong ho xéi irng véi gée hat 20°, 30° va 10°

Mit khac, truong hop goc hit 20° lai cho 16p
dong chay sat mit c6 van toc kha 16n va phat trién
rong, ty 1& thé tich tron khi ciing 16n hon nhiéu so
voi goc hit 30° (hinh 8). Piéu nay din tdi trudng
hop goc hit 20° 1am cho dong chay mit trong hd
x6i bat 6n dinh va gay bat loi hon cho bd kénh.
Phan bd ap suét trong bé kha twong dong trong 2
treong hop 20° va 30° (hinh 9). Vi vay, cdn clr
vao nhitng phan tich vé phan bd 4p suét, van tdc,
d6 x40 tron dong chay va chibu dai dong phun &
trén thi goc hat 30 d6 s& hop Iy hon goc 20 do.

5. KET LUAN

Viéc st dung md hinh toan ba chiéu két hop
c4c module dong réi va tron khi 13 can thiét khi

TAI LIEU THAM KHAO

nghién ctiru dong chdy qua céac cong trinh thuy loi
c6 sy xao tron 16n. Bai bdo da chi ra sy phu hop
cua viéc su dung mo6 hinh todn md phong dong
chdy qua tran xa 10 Ta Ruc-Khanh Hoa véi cac
cap Iuu luong khac nhau so véi sé liéu thi nghiém
vé muc nude, luu toc. Bén canh do, cling phan
tich mot sb cong thuc thyc nghiém dung dé xac
dinh chiéu dai phong xa ctia dong phun va dé nghi
nén két hop véi ca tinh toan mé hinh toan trong
xac dinh dai lugng nay. Ngoai ra, nhitng phan tich
chi tiét vé biéu dd phan bd Iuu téc, ap suét, ty 18
tron khi trong hé x6i gitip chung ta c¢6 su Iya chon
chinh xac goc hét ciia mili phun theo quan diém
thay luc.
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Abstract:
STUDYING FLOW OVER TARUC SPILLWAY BY BOTH TURBULENT AND AIR
ENTRAINMENT MODULES OF FLOW 3D

Two turbulent flow and air entrainment modules of Flow 3D hydrodynamic model were used to simulate the
flow through the hydraulic work included the spillway, the channel chute and the erosion tank of Ta Ruc -
Khanh Hoa. The hydraulic characteristics of the flow such as water level, velocity are well matching with the
measured data. Three alternatives of sneezing angle of channel chute’s toe of 10°, 20° and 30° are also
considered to find out the optimal case based on the assessment of jet flow length, velocity, pressure
distribution at erosion pit. The necessary of the air entrainment model combined with turbulent one in
simulating high flow velocity on complex hydraulic constructures was also confirmed.

Keywords: Flow 3D; spillway; hydraulic characteristics; air entrainment
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