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Tém tit

Nude nhay la mét hién twong thiy lyc rdt quan
trong doi véi hinh thire tiéu nang dong chay day,
no duwoc ap dung rong rdi ¢ ha luu cong trinh
thoat lii trong dau méi hé thong thiy loi - thity
dién, nén dwoc quan tam va nghién cieu tiv rdt sém
trén cd mé hinh thi nghiém va Iy thuyét. Mdc di
mét s6 ddc diém chii yéu cia nwde nhay lién quan
dén quy mé cong trinh tiéu nang da dwoc xdc dinh
bang céng thirc nhie: PG sdu lién hiép sau nwdc
nhay, chiéu dai mede nhay, ton that nang leong.
Tuy nhién, mét s6 déc trung khdc cia nwde nhay
nhw: truong dong chay, dp sudt, dong roi, co ché
ton that nang lwong hay trén khi van chwa nhin
dwoc nhiéu su quan tam va thé hién chi tiét. Vi
vay, nghién cuu nay ung dung moé hinh tinh toan
déng luc hoc chdt long (CFD) mé phéng hién
tuwong nuoc nhay én dinh, tw do trén kénh nhdn,
ddy nam ngang, mdt cat chiv nhdt véi sé Froude
dong chay xiét thay doi tir 4,61 dén 8,97. Nghién
cieu dd xdc nhdn mé hinh sé mé phong tot hién
twong nudc nhay voi sai s6 nhé hon 5% so voi két
quda tinh todn 1y thuyét va thwc nghiém. Két qua
nghién ciru dd bé sung, hoan thién va lam ro su
thay déi ciia cdc déc trung khdc cia nude nhay
theo dong chay va sé Froude ma thi nghiém hay
Iy thuyét con han ché. Ngodi ra, két qua bai bdo
cung cdp thém tdi liéu tham khdo cho linh viec thity
luc cong trinh tiéu nang.

Tu kh('la: M6 hinh CFD, dac trung nudc nhay,
kénh dan.

Abstract

Hydraulic jump is an important hydraulic
phenomenon for dissipating energy in bottom
flows, and it is widely applied downstream of
flood discharge structures in irrigation and
hydropower systems. As a result, it has received
attention very early and has been extensively

studied  experimentally  and  theoretically.

Although several hydraulic jump characteristics
relating to the size design of energy dissipation
works, such as conjugate depth, jump length, and
energy loss, have been quantified by mathematical
formulas, other features of hydraulic jump, such
as the flow field, pressure, turbulence flow, energy
loss characteristics, and air entrainment, have not
either received as much attention or been detailed
extensively. Therefore, this study applied the
Computational Fluid Dynamics (CFD) method to
simulate the phenomenon of a stable, free
hydraulic jump on a smooth, horizontal-bottom,
rectangular channel, with the supercritical
Froude number ranging from 4.61 to 8.97. The
research has validated that the numerical model
simulated the hydraulic jump phenomenon quite
accurately, with an error of less than 5%
compared to theoretical calculations and
experimental results. The study results have
supplemented, completed, and clarified the
variations of other hydraulic jump characteristics
according to the flow and Froude number, for
which experimental or theoretical approaches
have been limited. Additionally, the paper results
provided valuable references for the energy
dissipation hydraulic engineering field.

Keywords: CFD model, hydraulic jump
characteristics, channel.

1. Pat vin dé

Tiéu ning dong chay day bang hinh thirc nuéc
nhay duoc sir dung rat phd bién trong cong trinh thao
lii co cot nude vira va thap dbi véi hé thdng dau mdi
cong trinh thuy 191 - thiy dién, do nd cé hi¢u qua tiéu
tan nang lugng 16n, qua d6 giip dam bao an toan ha
Iuu khi cong trinh van hanh thoat 1a [1].

Hién tuong nudc nhay trén kénh dan, day nhan, nam
ngang, mit cat chit nhat da duoc nghién ciru bang thyc
nghiém va Iy thuyét tir sém boi Peterka [2]. Cac dic
trung thity lyc clia nudc nhay bao gdm: P sau lién hiép
sau nue nhay, chidu dai nude nhay, tén thit nang lwong
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da dugc xac dinh qua cac cong thure tinh toan dya trén
phuong trinh lién tuc va dong luong cua chat 1ong, ciing
nhu céc cong thire thye nghiém da duge dé cap trong cac
tai liéu vé thity luc cong trinh [3-7].

Thi nghiém mé hinh thuy luc ¢6 thé coi la phuong
phép truyén thong, két qua do dac tir thi nghiém c6 do
tin cdy cao va phan anh xac thuc cac van dé thuy lyc
cong trinh. Tuy nhién, phuong phap nay ¢ han ché,
lam gia tang chi phi khi thuc hién nhiéu thi nghiém. Do
do6, thong thuong thi nghiém thuy luc co ban lua chon,
xé4c dinh mét sé dic trung chi yéu cua nude nhay ap
dung cho thiét ké cong trinh tiéu nang nhu: Chiéu sdu
lién hiép sau nudc nhay (y»), chiéu dai nuée nhay (Lj),
chiéu cao nudc nhay, bién dang van toc dong chay trén
mot sé mat cit do dac ma chua lam o hay biéu dién
tryc quan hoa, chi tiét cac dac tinh dong chay nhu:
Truong dong chay, dic tinh dong chay rdi, cau triic
xody, dic diém gy ra ton that nang lwong, hién twrong
tron khi. Ngoai ra, viéc st dung phuong trinh lién tuc
va phuong trinh dong luong trong nghién ctru nudc
nhay theo huéng 1y thuyét dé thiét lap cac cong thirc
xac dinh d¢ sau lién hié€p sau nudc nhay (y») da coi anh
hudng ctia lyc ma sat gy ra boi tinh nhét cia chat long
ddi voi long dan 1a khong dang ké va bo qua [4, 5.

Ngay nay, su phat trién manh mé ciia khoa hoc
may tinh véi cudc cach mang cong nghiép 4.0 da thiic
déy cho phuong phap CFD ngay cang phat trién va
g dung rong rai trong cac linh vuc cta doi séng ndi
chung va linh vyc cong trinh thuy néi riéng [8]. Mot
s6 phan mém thuong mai va phi thwong mai vé CFD
ph6 bién hién nay nhu: Flow-3D, Ansyfluent,
OpenFoam, xFlow, ... M&i mé hinh thity lyc c6 nhiing
vu va nhuoc diém riéng. Tuy nhién, mé hinh Flow-3D
¢6 kha nang manh mé& trong xtr Iy nhidu véan dé thuy
luc phtrc tap dbi v6i dong chay qua cong trinh thoat
11, cong trinh ti€u nang [9]. Vi vay, trong pham vi bai
bao nay, tac gia lya chon mé hinh thiy lyc Flow-3D
[10] mb phong hién tugng nudc nhay tu do, on dinh
trén kénh dan day nhdn, mit cét chit nhat, nim ngang

v6i s6 Froude dong chay xiét thay dbi tir 4,61 dén 8,97.

Két quéa mo phong tap trung lam rd, thé hién tryc quan,
chi tiét va lam ndi bat cac dic trung khac cua nudc
nhay so voi phuong phap thi nghiém truyén thong va
1y thuyét van con han ché.

2. Noi dung, phuwong phap nghién ciru

2.1. Ly thuyét mé hinh CFD

Mo hinh s6 Flow-3D duoc ung dung rong rai mo
phong cac van dé thity lyc cong trinh, day 1a mo hinh
CFD thity dong Iuc hoc 3 chiéu, dva trén phuong phép
thé tich hiru han giai hé phuong trinh bao toan khéi
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lwong va dong lugng Navier-Stokes. Hé phuong trinh
Reynolds Averaged Navier-Stokes dugc viét dudi
dang:

5_p+ a(pu;)

a oy =0 (1)

olpuj) olpuuy) P o au; ouj
= ()| e —— 140
ot E)xi 3)(1- ox Xj OXi

Trong d6: ¢ 1a thoi gian; ui, u; 13 cac thanh phan van
tbc; 11, 14 1an Iuot 12 hé s6 nhét dong luc hoc cua chat
long va hé sb nhét dong réi; p 1a mat do va p la ap suét
thay tinh.

Flow-3D tich hop mot s6 mo hinh mé ta dic tinh
dong chay t6i nhu: k-& LES, RNG k-¢, ... Trong do,
mo hinh r6i RNG k-& dugc coi 14 hidu qua hon khi
md phong hién tugng nude nhay [9]. Ngoai ra, nghién
ctru 4p dung phuong phap thé tich chat long xac dinh
mit thoang chat 1ong cho dong chay [9].

2.2. M6 hinh va cdc trwong hgp mé phong

Nghién ctu duge thuc hién vai 06 truong hop mo
phong trong diéu kién dong chay nhu thé hién ¢ Bang 1.

So dd nudce nhay 6n dinh, ty do trén kénh:

Puong nang lugng

________ 7
T e I v
2 Nudc nhay . el e
n A -
29 /$0Pﬁ e
g (\\Xbc /’j,"(
o,
v = g
R =T Mit ranh gigi
v— ]yw == Dong chu
Piu kénh ©) Kénh dan lang tru 0] Ha luu kénh

Hinh 1. So' dé nwéc nhéy trén kénh ling tru

Bing 1. Truwomg hop tinh todn va diéu kién dong chdiy

T q V1 Vi Re1.10°  Fry
(m’s)  (m) (m) @) ()
TH1 0,075 250 7426 461
TH2 0,090 300 8911 553
TH3 0,105 350 103,96 6,45
TH4 0,125 003 417 12376 7,68
TH5 0,140 467 13861 8,60
TH6 0,146 487 14455 897

Trong d6: ¢ 1a luu lugng don vi, y;, vi, Fry, Re; lan
Iuot 1a do sau, van téc, s6 Froude, ) Reynold dong
chay tai mit cat trudc xay ra nudc nhay.
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2.3. Mién tinh todn va cdc diéu kién bién

Mo phong sé dugc thuc hién trong mién khong
gian tao thanh tir khdi lu6i bao quat pham vi tir dau
kénh dén ha luu kénh. Mién khong gian nay duoc roi
rac hoa thanh cac 6 ludi c6 ciu trac véi kich thude ba
chiéu nhu nhau. Dya vao kich thude hinh hoc mit cét
kénh dan chir nhat, cac diéu kién dong chay xiét (ys,
V) st dung trong md phong ciing nhur mot s6 két qua
nghién ctru trude vé hién tugng nude nhay [9, 11, 12],
nghién ctru nay lua chon kich thudc ludi tinh toan Ax
= Ay = Az =2mm. Nghién ctru str dung kich thudc ludi
nay dé thuc hién cac trudng hop mé phong sé va kiém
tra két qua mo phong s6 véi s6 lidu 1y thuyét dé xac
nhan ¢& ludi chon 14 pht hop v6i md phong sb.

Diéu kién bién ap dung cho cac truong hop mé
phong duoc thiét 1ap nhu sau: Thuong luu kénh duoc
thiét 1ap dong thoi muc nudce y; va van toe dong chay
vz; ha luu kénh dan 1a myc nude y»; mit thoang cia
chét long tiép xuc v6i khong khi co 4p suét bang ap
sudt khi quyén; bién day kénh duogc gia thiét 1a twong;
hai bién thanh kénh 13 tuong ¢b dinh.

3. Két qua va théo luan
3.1. Pdnh gid két qua moé phéng sé

Dé danh gia do pht hop cia mo hinh s véi hién
tuong nudc nhay, nghién ctru sir dung két qua mé hinh
s6 so sanh véi két qua tinh toan bang 1y thuyét cua
nudc nhay 6n dinh tu do [6]. Cu thé, bai béo st dung
s6 lidu do sau lién hiép sau nudc nhay dé kiém tra sai
s6, kiém dinh mé hinh thay lyc:

Bing 2. Két qui so sanh dé sdu lién higp sau nwéc nhay

- Fr1 yal y1 (m) y2/yi(m)  Saisb
() Lythuyét[6] Mophong %
TH1 4,61 6,03 5,83 3,31%
TH2 5,53 7,33 7,10 3,18%
TH3 6,45 8,63 8,27 4,25%
TH4 7,68 10,37 9,87 4,82%
TH5 8,60 11,67 11,27 3,43%
TH6 8,97 12,20 11,67 4,37%

Bang 2 cho thiy, sai sb tinh toan gitra két qua mé
phong va tinh toan 1y thuyét nude nhay ddi véi do sau
lién hi€p sau nudc nhdy nho hon 5%. Vi vdy, mo hinh
Flow-3D véi kich thudc ludi duoc Iya chon 2mm phu
hop dé mo phong hién tuong nudce nhay.

3.2. D¢ sdu lién hiép sau nwoc nhdy

Hinh 2 trinh bay chi tiét cac két qua md phong cho
chc trudng hop nghién ciru tuong Gmg véi sy thay doi
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cia sb Fr;. Két qua nghién ctru thé hién 13 va truc
quan sy chuyén tiép tir dong chay xiét (& ddu kénh, y;)
v6i dic trung sb Fr; thay d6i tir 4,61 dén 8,97 sang
dong chdy é€m hinh thanh & sau nudc nhay (ha luu
kénh, y,) v6i sd Fro< 1. Tai mat cit sau nudc nhay
mét nudc gén nhu nam ngang, tai d6 xac dinh duoc
chiéu sau lién hi¢p sau nuéc nhay y,. Tir Bang 2 cho
thiy mé hinh Flow-3D mé ta khé chinh xac d6 siu y»,
v6i sai s6 nho.
Fr, — 4,61 — flow dep:1 Selected (m) _

0.00 0.04 0.09 013 0.18

flow depth Selected (m)
Fr =553 [ = =
z - 0.00 0.05 0.11 0.16 0.21
_——

flow depth Selected (m)
Fr; =645 | - T
0.00 0.06 0.13 0.19 0.25

flow depth Selected (m)
Fr; =7,68 [ _—= = —=
z 0.00 0.08 0.15 0.23 0.30

flow depth Selected (m)
Fr; = 8,60 | n ]
0.00 0.08 0.17 0.25 0.34

flow depth Selected (m)
Fr; =8,97 _ - —
0.00 0.09 0.18 0.27 0.36

Hinh 2. 2D mé phéng dp siu dong chdy trén kénh dén
3.3. Chiéu dai nwéc nhay

Chiéu dai nuée nhay L; dwoc xac dinh 1a khoang
céch tir chan nudc nhay tdi tai mat cit sau nudce nhay
(tai 46 duong dong ciia dong chay gan nhu song song
v6i nhau) nhu thé hién trén Hinh 3.
< ! __r+ i
: Nudc nhay

15 2

;
DBuong dong Ha luu kénh

0 3
Pau kénh
Hinh 3. Xdc dinh chiéu dai nwéc nhay
Tir két qua méd phong, chiéu dai nude nhay da
duoc xac dinh va so sanh voi cong thuc thuc nghiém
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nhu thé hién trong Bang 3. Bang 3 cho thiy mo hinh
Flow-3D mo ta chiéu dai nuéc nhay véi do chinh xac
cao, sai s6 nho hon 5% so véi thuc nghiém.

Bing 3. Két qud so sanh chiéu dai nwéc nhay

T Fr1 Lj/ y1 (m) Li/y1(m)  Saisbd
“) Thuc nghiém mo6 phong %

TH1 4,61 26,33 25,33 3,80%
TH1 5,53 32,33 31,00 4,12%
TH2 6,45 38,67 37,00 4,31%
TH3 7,68 46,67 4533 2,86%
TH4 8,60 53,00 50,67 4,40%
THS 8,97 55,33 53,67 3,01%

3.4. Trwong dong chady

FI'1 = 461

I

Fr1 = 5,53

Fr1 = 6,45

Fr, =7,68

Fr, = 8,60

} Diu kenh } Ha Iuu kenh
h 2o | [ SL.O 1.0 20 3.0 4.0 5.0

Fri=8,97 |

Hinh 4. Két qua 2D mé phéng trwong vin téc

Dong chay xiét ¢ du kénh véi van toc ¥ 1om,
mang dong nang cao thong qua hién twong nudc nhay
chuyén hoa thanh dong chay ém, xudi vé ha luu kénh
v6i van tée V2 nhod va cha yéu 1a thé ning dong chay
y2, qua d6 gitp giam tac dong bat loi cua dong chay
dbi vé6i ha luu cong trinh thao 1i. Qua trinh chuyén
tiép vé dong ning dong chay, su thay ddi cia truong
van toc dong chay 16n 2,5 < V; (m/s) < 4,87 tir dau
kénh (trude nude nhay) doc theo kénh din xudi vé ha
lru dwoc mo ta cu thé trong Hinh 4 v6i cac s6 Fr; thay
ddi trong pham vi nude nhay tu do, 6n dinh. Hinh 4
mo ta rd rang pham vi xuat hién nudc nhay, dong thoi
thé hién rd rét dong chay xody tai khu nuéc nhay. Cu
thé, duong mau xanh dam tir chan nue nhay kéo dai
1én muc nuéc ha luu kénh thé hién véi van tde
V=0m/s phan chia khu vuc nu6c nhay thanh hai phan:
Phan phia duéi 1a dong chay xudi dong (dong chu),
chiém wu thé chinh, dam bao dong chay hinh thanh
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lién tuc trén kénh din; phan phia trén, chuyén dong
nguoc lai voi hudng chinh ciia dong chay hay con goi
la dong chay ngugc hay khu nudc xoay.

Bai bao xem xét su thay ddi cua bién dang van toe
ctia dong chu trong pham vi nuée nhay so vé6i két qua
nghién ctru dugc thyc hién boi Ead and Rajaratnam
[13] véi cung diéu kién dong chay dugc thé hién nhu
Hinh 5 va 6.

0.12
¥ THI (Fr, - 4.61)
. @ TH2 (Fr,=553)
1 A TH3 (Fr, = 6.45)
0.09 1 ) D TH4 (Fr, = 7.68)
» € THS (Fr, = 8.60)
- ™ TH6 (Fr, = 8.97)
006 The e
Yok 4=
5 ¥oh e
£ Xo A e
= X o A b=
X o a0
0.03 ¥ o A0 V=
* ] AD L] Vinax
X L A (]
__________ X o, ml e
X @ AOD L]
0.00 SR PSP N S
0 1 2 3 4 5

Hinh 5. Phan bé vin téc dong chii tai mt cat x/Lj = 0,2
Hinh 6 m6 ta bién dang van tdc chudn hoa & khu
vuc nude nhay dugc rit ra tir két qua mé hinh thuy luc
(g v6i cac s6 Fr; khac nhau cho thdy phu hop tot voi
két qua cong bd boi Ead and Rajaratnam [13].

2.5
—— TH]I (Fr, = 4.61)
i TH2 (Fr, = 5.53)
2097 —— TH3 (Fr, = 6.45)
—— TH4 (Fr, = 7.68)
—— THS (Fr, = 8.60)
1.5 —e— THG (Fr, = 8.97)
1";\ —— Thi nghiém [13]
1.0
0.5 4 \ , Ty
(b la chiéu sau dong chay tai diém
¢6 van t6¢ 0,5%Vmax) :
0.0 — =L
0.0 0.2 0.4 0.6 0.8 1.0

ViV

max

Hinh 6. Bién dang chuin héa vin téc dong chdy chii

3.5. Phén bé dp sudt

Phan b 4p suét ciia dong chay trude nude nhay va
sau nudc nhay theo quy ludt phan bd ap suit thiy tinh
dugc thé hién kha rd rang trén Hinh 7. Tai ving chan
nudc nhay xuat hién ving c6 ap suét rt nho gan nhu
bang 4p suat khi quyén (pa), didu nay dwoc giai thich
do tai chan nudc nhay dong chay xiét dot ngot ting do
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sdu va giam van tbc nén cudn theo khong khi trén bé
mit chat 16ng vao dong chay, tao thanh cac bong khi
di chuyén trong dong chay.

Fri = 4,61

|

Fr; =5,53

Fr; =6,45

Fr, =7,68

I

Fr; = 8,60

p (N/m?)

] 500 1000 1500 2000 2500 3000 3500

FI'[ = 8,97

|

! biu kenh ) Ha luu kénh
Hinh 7. Két qui 2D mé phong truong dp sudt trén kénh
3.6. Dic trung dong chdy roi

Dic trung dong rdi trong nude nhay c¢6 thé duge
thé hién rd rang, tryc quan thong qua két qua mé hinh
thity luc. Hinh 8 cho thdy sy thay d6i cia dong ning
dong chay rdi (Turbulent kinetic energy- TKE) doc
theo dong chay véi cac sb Fry bién doi.

FI‘[ = 4,61

FI‘[ = 5,53

Fr; =645

FI‘[ = 7,68

i

Frl = 8,97 e

—

$ Biu kénh } Ha wu kenh
Hinh 8. Két qud 2D mé phéng dong réi (TKE) trén kénh

Quan sat trén Hinh 8, cac dac trung TKE duogc
phéan thanh ba khu vuc doc theo dong chay: Khu vuc
trudc nude nhay TKE co sy thay ddi nho tai sat day
kénh, do dong chay xiét chiu anh huong ma sat day
kénh va d¢ 16n TKE < 0,2)/kg; khu vuc sau nudc nhay
hay ha luu kénh TKE gin nhu khong thay dbi (dong
chay ém ha luu, van tc nho nén anh huong day kénh
hay cdu trac dong chay khong dang ké), d6 16n TKE~
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0J/kg; tai khu vuc nudc nhay TKE c6 sy thay ddi rat
16n, khong déng déu, pham vi mat thoang co su bién
ddi nho nhét, sau d6 dén pham vi day kénh, TKE c6
cuong d6 manh va tip trung tai pham vi bao quanh
ranh gidi gitra khu nudc xody ciia nudc nhdy va dong
chu trén kénh (xem bd sung Hinh 1), tai bién nay c6
sy thay ddi lién tuc cac phan tir chit 1ong vira tham gia
vao khu nuéc xody, dong chu. Vi vay, mirc do hdn
loan céc phan tir chét 16ng rt cao. Ngoai ra, theo chiéu
dong chay TKE c6 cuong d6 manh trong pham vi ntra
chidu dai nudc nhay, sau d6 cuong d6 giam dan khi
chiéu sau dong chay tang. S Fr; cang ting thi TKE &
khu vyc nude nhay cang 16n.

3.7. Tén thit ning lwong (Ei/E)

Dong chay xiét chuyén trang thai thanh dong chay
ém thong qua nudc nhay dic trung bdi su ti€u tan
nang luong 16n, voi sy thay d6i sd Fr; tir 4,61 dén 8,97
thi t6n thit nang lugng bién dbi trong pham vi rong tir
45% dén 70% [6], s& Fr; cang 16n thi hidu qua tiéu tan
ning luong cang tot. Hinh 9 so sanh mirc do ton that
ning lugng giita két qua mo phong s6 va Iy thuyét tinh
toan, hinh nay cho thay gié tri sai s rat nho giira hai

két qua nay. 166
0.8 A
1
1
I -
—_ 1
e 0.7 4
€ Sai 6 1-6.6%
=9 al SO :
g 1
1
<= 0.6 !
w |
ur’ |
0.5 |
1
Puong phu hop gilta |
1
04 1y thuyét va mé phong '
E T T T T T T T
04 0.5 0.6 0.7 0.8

E /E, (Ly thuyét)
Hinh 9. Tén thét ning lwgng giiva mé phéng va ly thuyét

Fr; =4,61
— T

Ung suéit kéo [1/s] msmm==m=—r——r=

FI'] = 8,97

f Piu kénh Ha luu kénh

Hinh 10. 2D phén bé ikng suit kéo trén kénh din

Hinh 8 va 10 minh chimg rat rd vé anh hudng cia
s6 Fry dén sy tiéu tan ning lugng ctia dong chay trong
khu vuc nudc nhay. Véi s6 Fry 1on thi mic d6 hdn
loan cua dong chay rdi cang manh mg, tmg suat kéo
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xudt hién, chu yéu tap trung & khu vuc ranh giéi giita
dong chu va khu vyc nuéc cudn phia trén dong chu
(xem Hinh 8) s& sinh ra cdc xody dan t6i hiéu qua tidu
tan nang lugng trong dong chay tét hon.

3.8. Diic diém tron khi trong nwéc nhay

Nudc nhay cuén theo khong khi vao dong chay, tai
chan nude nhay khong khi bi cudn vao manh liét, sau
d6 di chuyén trong pham vi 16n & khu vyc nude xody,
mot bd phan khong khi s€ thoat ra mat thoang chét
long trong pham vi nudc nhay, phan con lai dudi tac
dung cua dong chay trén kénh nén n6 bi cubn vé ha
lwu kénh (xem Hinh 11). Hinh nay thé hién rd rang voi
s6 Fr) cang 16n khong khi bi cudn vao dong chay cang
manh li¢t va anh huong kéo dai téi ha luu kénh. Tu
Hinh 11 va Hinh 12 xét véi truong hop s Froude gan
tuong tu nhau (Fr; = 7,5 va 7,68), nghién ctru nhan
thy c6 sy twong dong vé hién twong tron khi vao dong
chay khi xay ra hién tuong nudc nhay trén kénh.
BT TCE I—

Fr; =7,68

Fr; = 8,60 =
B S N

(Volume fraction of entrained air) e ——
0.0 0.1 02 0.2 0.3 0.4

Hinh 11. Két qud 2D mé phéng trén khi trong nuwde nhiy

Hién tuong tron khi 4 Mang thi nghiém
Hinh 12. Thi nghiém nwdc nhdy Fri= 7,5 [14]

4. Két luan

Mo hinh thity Iyc Flow-3D sir dung md hinh rdi
RNG k-¢ va phuong phdp VOF 1a mot phuong phap
tiép can phu hop dbi v6i mé phong hién tugng nudce
nhay trén kénh dan lang tru mit cit chit nhat ddy nhin
nam ngang, cic dic trung chi yéu ctia nude nhay nhur:
D6 sau lién hiép sau nudc nhay, chiéu dai nudc nhay
¢6 sai s6 nho hon 5%.

Két qua nghién ctru tir mé hinh sé di dinh luong,
b6 sung, chi rd va lam sang to sy thay doi truong gia
tri cac dic trung khac ciia nu6c nhay nhu: phan bd
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truong dong chay, ap suat, dong rdi, hién twong tron

khi d6i v6i dong chay tir trang thai chay xiét sang

trang thai dong chdy ém, doc theo dong chay trong

kénh dan vé6i su bién ddi cua sb Fr; tir 4,61 dén 8,97.

Tén that nang lugng dong chay dugc minh ching rat

16 qua dic tinh rdi va ung suat kéo xuat hién trong

dong chay, diéu ma phuong phap 1y thuyét con han

ché. Ngoai ra, két qua nghién ctru gop phan 1a tai liéu
tham khao hitu ich dbi voi linh vuc thay luc cong trinh
tiéu nang.

Loi cdm on
Nghién ctru dugc hé tro thuc hién boi Vién Cong

trinh thuy loi - thuy dién, Pai hoc T xuyén, Trung

Quéc.
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