UNG DUNG MO HINH DONG CHAY ROI TRONG TiNH TOAN DONG CHAY TU DO
QUA DAP TRAN

Nguyén Cong Thanh'

Tom tat: Doi véi dong chdy qua ddp tran cia cdc cong trinh thiy loi, dong chdy thuong c6 tinh
nhét va dg réi twong déi cao. Viéc mé phong dong chdy qua ddp tran truée ddy bang phwong phdp
S6 thurong dp dung phuwong phap phdn tir hitu han véi tinh chat cia chat long la khong nhot, dong
khéng xoay... Vdi sur phat trién ciia may tinh hién nay ciing nhw si phat trién ciia cdc nghién civu vé
mé hinh dong chay réi, viéc mé phéng dong chdy qua ddp tran ndi riéng va dong chay tw do néi
chung bang mé hinh toan da c6 nhing budc phdt trién dang ké. Bai bao nay sé trinh bay téng hop
mgt sé6 md hinh dong chdy réi phé bién, img dung mé hinh ing sudt réi Reynolds va phwong phdp thé
tich hitu han vao viéc mé phéng va tinh toan dong chay tw do qua ddp tran mat cat WES. Két qud
giita mé phong sé va thi nghiém mé hinh da duoc kiém tra va sw sai khdc nhau la khéng déang ké.

Tir khoa: Dong chdy réi, ddp tran, mo hinh dong chdy réi, phwong phdp thé tich hitu han.

1. MO PAU

1.1. Hé phwong trinh Navier-Stokes trong
tinh toan thiy déng luc hec chdt léng

Can cur vao dinh luat 2 Newton, h¢ phuong
trinh bao toan dong lwong cua phan tir chat long
khong nén duoc chuyén dong trong hé toa do
Descartes ba chiéu dudi dang chi sé duogc viét
nhu saul!
1op, 0o

My Mg o)

ot OX; p OX axj

Trong d6 u, la thanh phan luu téc theo 3
phuong X,y,z. p la 4p suat, v 1a hé so nhot

. 1a 3 thanh phan
ngudén ctia phan tir chit long theo 3 phwong
X,Y,Z. oy la thanh phin tng suét nhét xac dinh

theo
Newton,

s, - (au 8“} U; VA U, I cAc thanh phin

dong hoc, t la thoi gian va S

cong thic oy =2v5;. Véi chat long
Sjla tenso van tbc bién dang

OX; OX

luu tdc theo cac phuong ( ij = x,y,z).

Phuong trinh bao toan khdi luong cho chat
long nhét, khong nén dugc viét trong hé toa do
Descartes ba chiéu nhu sau

a .
uy , My 9Y: | _ 4 or divu =0 2)
OX oy 0z

! Bai hoc Xdy Dung (Hién dang IaANCS tai Dai hoc Ha Hdi -
Trung Quoc)

Hai phuong trinh (1) va (2) két hop thanh h¢
phuong trinh Navier-Stokes cho chat 1ong nhét,
khong nén duoc dung dé mo phong chuyén
dong ciia phan tir chat 1ong, gdm 4 phuong trinh
V6idansb 1a u,v,w va p

1.2. Hé phuong trinh Reynolds Navier-Stokes
trong tinh toan thay dgng luc hoc chat long

Hé phuong trinh (1) va (2) chi c¢6 thé giai
dugc bang toan hoc trong mot sb bai toan dong
chay tang c6 diéu kién bién don gian nhu dong
phiang Poiseuille, dong phing Couette, dong
Hele-shaw, dong chay tang c6 ap trong 6ng tru
tron® .v.v.... Trong thuc té, dong chay tu do
qua dap tran 1d dong chay nhét (c6 thé xem 1a
khong nén duogc) véi do r6i cao. Nhu vay, cac
thanh phan luu tdc va ap suét tai mot diém c6 do
I6n, phuong chiéu bién d6i lién tuc theo thoi
gian va khdng gian. Ngoai thanh phan doc chiéu
dong chay con c6 thanh phan luu tdc, ap suat
ngang dong tao nén hién tuong xao tron ngang
clia cic phan tir chat 1ong. V& ban chit chuyén
dong cuia dong chay réi 1a dong khdng 6n dinh.
Do vay, dé giai duoc hé phuong trinh (1) va (2)
trong trudng hop dong chay rdi, nguoi ta
thuong dung mot sb phuorng phap nhu saul®:

M6 hinh dong chay réi cho hé phuong trinh
trung binh Reynolds Navier-Stokes (RANS)

M6 phong dong chay réi 1a chuyén dong cta
cac xody nudc (LES)
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M6 phong dong chay réi bang cach tinh toan
truc tiép cac thong sd trung binh caa dong chay
va cé4c thanh phan dao dong cua luu téc va &p
suat (DNS)

Trong nhiing phwong phap trén thi phuong
phap md hinh dong chay rdi cho hé phuong trinh
RANS la dugc sir dung rong rdi trong ky thuat
tinh todn hién nay. Dé phat trién hé phuong trinh
RANS (do Reynolds phét trién nam 1985™)), cac
tham s dic trung ctia dong chay gom luu téc, ap
SuAt tai mot diém phu thudc thoi gian dugc chia
lam 2 phan: trung binh va cac dai lwong mach
dong, cu thé nhu sau:

U=U+U V=V+V W=W+W,p=p+p (3)

Trong do6 G,\‘/,W,B la cac thanh phan luu toc
va &p suat trung binh thoi gian. u' V' ,\W , p' 1a cac
thanh phan luu téc va &p suit mach dong xung
quanh c&c gia tri trung binh. Thay thé phuong
trinh (3) vao (1) va (2), sau mét s6 budc bién doi,
hé phuong trinh RANS duoc viét nhur sau:

Phuong trinh lién tyc:

ou ov ow

oXx oy oz

Phuong trinh bao toan dong lugng (viét dudi
dang chi sd):

u 0w _g _10p doy_duw) (5

ot OX;

0 (4)

Trong d6 o =2vSiVvéi Sy 1a van téc bién
dang trung binh va E la tenso ung sut
Reynolds
- pu7 —puvV' - pu'w
VU —pv? - pvW (6)
- pw'u' —pVTV' —pu7

_puilujlz _pvlul

Hai phuong trinh (4) va (5) két hop thanh h¢
phuong trinh RANS md phong chuyén dong réi
cia phan tir chat long khong nén dugc phu
thuoc ca khong gian va thoi gian. Nhan thiy hé
phuong trinh ndy cé 4 phuong trinh nhung co
10 4n sb, 46 1a 4 dai lvong u,v,w, p va 6 thanh

phan Gng suit réi Reynolds uu;, do vay can
phai c6 thém 6 phuong trinh nita dé co thé tim
dugc cac dai lugng dac trung cua dong chay la
luu toc va ap suat.

1.3. Md hinh dong chay réi

Pé c6 thé tinh toan dwoc hé phuong trinh (4)
va (5), md hinh dong chay rbi duoc phat trién dé
mo ta dugc 6 thanh phan Gng suat réi Reynolds.
Céac phuong trinh can dugc thém vao dé dong
kin hé phuong trinh RANS. Muc do phirc tap
ciia mot md hinh dong chay rdi duge danh gia
bang sé lwong phuong trinh vi phan va sé luong
cac hang s6 thuc nghiém thém vao dé mo ta
dong chay rdi. Cian ctr vao sd lugng cac yéu td
trén, md hinh dong chay rdi dwoc phan thanh
bén murc d6 co ban va theo tht tu phirc tap theo
Jaw va Chen ! nhu sau:

M0 hinh dai s : Pay 1a mo hinh don gian
nhat cia mé hinh dong chay rdi. Mé hinh nay
dira trén gia thiét cua Boussinesq vé hé sé nhdt
réi u, (gid tri ndy khac véi h¢ s6 nhét dong luc
hoc u) dé tinh toan cic gia tri ing sudt nhét
Reynolds. Pai dién cho m6 hinh nay la mé hinh
chiéu dai x&o tron.

M6 hinh mot phuong trinh : Nhitng m6 hinh
nay ciing van dya trén gia thiét cua Boussinesq
nhung da phat trién thém mot phuong trinh dé
mé ti dai Iluong dong ning  rdi
k =%u;u;:%[(u')2 +(v')? +(W)?*]. M6 hinh
cia Prandtl & Kolmogorov hay mé hinh cua
Spalart-Allmaras 1a nhirng mé hinh phé bién
thudc dang nay.

M6 hinh hai phuong trinh : M6 hinh nay gom
hai phwong trinh. Mot phuong trinh mé ta dai
luong u, dugc thong qua dai lugng hé sO phan
tan réi & hay hé sd phan tan riéng @ va mot
phuong trinh mo ta dai lwong dong ning rdi k.
Nhirng phuong trinh ndy c6 thé duoc suy ra tir
thuc nghiém hoic ciing c6 thé nhan duoc tir Iy
thuyét. Hai mo hinh k —& va moé hinh k —wla
hai md hinh pho bién trong mo hinh réi voi 2
phuong trinh. Ngoai ra con c6 thé ké dén nhiing
mo hinh khac thudc dang nay nhu mé hinh ung
suit dai s, mo hinh ung suat Reynolds khong
tuyén tinh.v.v...

M6 hinh bac hai : Vi mé hinh nay, tat ca cac
thanh phan cua tng suit réi Reynolds duge mo
ta bang cac phuong trinh vi phan timg phan nhu
mo hinh tng suit chuyén dong, mé hinh dai sd
g sut Reynolds.v.v...
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1.4. Ung dung md hinh dong chdy réi trong
md phéng dong chdy qua cdng trinh thay lgi

Pap tran 12 mot trong nhirng cong trinh phd
bién trong hé théng cong trinh thay loi. Nghién
ctru vé dong chay qua dap tran thuong két hop
gitta 1y thuyét va thi nghiém mé hinh thay luc.
Viéc nghién cau 1y thuyét thudng duge ap dung
VGi cac bai toan 2 chiéu, diéu kién bién don gian
va dong chay 1a 6n dinh. Thi nghiém mé hinh
thiry luc c6 thé ap dung cho bai toan 2 chiéu va
3 chiéu véi diéu kién bién phtic tap. Tuy nhién
né ciing c¢6 nhugc diém 1a chi phi cao, thoi gian
kéo dai va két qua phu thudc nhiéu vao chat
lugng cua thiét bi do cling nhu muc do tuong tu
cia md hinh. Trong mot vai thap ky gan day,
viéc ing dung mé hinh todn va phuong phap s6
trong céng trinh thuy lgi d& dugc nghién ctu
nhiéu nhu trong cic tai liéu Savage va
Johnson™®, Angela, Peter va Jin Yee-Chung™®!,
Yang Xuejun™!... va d& cho nhimg két qua kha
quan. CUng véi su phat trién cua cong nghé may
tinh, cac bai toan da duoc giai tir so d6 don gian
dén phirc tap, tir bai todn 2 chiéu sang bai toan 3
chiéu, tir viec mé phong dong chay 1a dong chay
thé khong nhét dén cac mo hinh dong chay rdi.
Dong chay thuc té qua dap tran la dong chuyén
tiép dan dan tir dong chay ém sang dong chay xiét,
anh hudng boi luc ly tim do mat tran la cong,
dong chay c6 bé mat tu do. .. do vay viéc lya chon
mot md hinh phil hgp dé ¢6 thé md phong chinh
X4C dong chay qua dap tran ciing 12 mot van dé

can xem xét. Trong bai bao nay, mo hinh réi bac 2
duoc st dung két hop v6i mé hinh VOF (volume
of fluid model) dé mo phong dong chay tu do qua
dap tran. Két qua ctia mé phong sé duoc kiém tra
so sanh Vé luu lugng, duong mit nude qua tran va
phan b ap sudt trén mat tran caa dap tran c6 mat
cat dang WES theo USACEY. Bai toan s& dugc
thyre hién voi so d6 hai chiéu (2-D).

2. MO PHONG DONG CHAY TU DO QUA
PAP TRAN

2.1 Kich thwéc hinh hec va céac thong sé
co ban

bap tran trong nghién ciru nay la dap tran
tiéu chuan c6 mit cat dang WES v&i mai thuong
lvu thang dting, phuong trinh md ta toa do cua
mit cong tran theo USACE™? nhu sau

Y i(il v6i K=2 va n=1.85 @)

Hd K d

Hq 12 cot nudce thiét ké mat cit. X va Y la
toa dO cua mat cit tran va dé don gian, trong
bai bao nay lay Hy = 25 cm véi chiéu cao dap
la P = 35cm. Bai toan s& dugc xét véi so do bai
toan phang (2-D). Chi tiét mat cat tran va céc
thong sé xem hinh 1. Pé thuan tién trong viéc
so sanh két qua, tinh toan s& duoc thuc hién véi
3 truong hop cot nudc lan luot 1a Ho = (0.5-
1.0-1.33)Hy twong tGng voi Hy = (12.5-25-
33.25)m Toa d6 cac diém duoc dung dé tinh
toan va so sanh dudng mit nudc, ap suat duoc
trinh bay trong bang 1.

Bang 1.Toa do vi tri cac diém tinh todn trén mdar tran

Points 1 2 3 4 5 6 7 8 9 10 11
X (cm) 0 2.5 ) 7.5 10 12.5 15 175 20 22.5 25
Y(cm) 000 018 064 135 229 347 486 6.46 8.27 10.29  12.50

P1X=0.00H«
Y=0.5H.

Hinh 1. Mdt cdt dap tran tiéu chudn dang
WES vdi Hg = 25cm

2.2 M6 hinh #ng sudt Reynolds

Pé ting do chinh xac két qua cua bai toan,
md hinh réi bac hai s& duoc tng dung trong bai
bao nay. Mot trong nhitng mé hinh thudc loai
ndy 1a md hinh ung suit Reynolds. Theo
Ansys™® md hinh tng suit Reynolds (RSM) 14
mot trong nhitng md hinh phirc tap nhat trong
cac md hinh dong chay ri. M6 hinh nay xét dén
anh hudng cua do cong cua dong chay, tinh
X04y Va su bién doi gap cua tenso van tdc bién
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dang hon so véi mé hinh mdt phuong trinh va
hai phuong trinh. Vi vay, RSM cho két qua du
bao chinh xac hon trong nhirng dong chay phirc
tap. Hé phuong trinh chuyén dong cua cac thanh
phan g suat Reynolds — pm c6 thé nhan
dugc tir cac phuong trinh (2) dwoc nhan véi cac
thanh phan véan téc u,'va sau do ding phuong
phép trung binh ctia Reynolds. Chi tiét vé cach
bién dbi co thé xem trong Wilcox™. Hé phuong
trinh RSM duoc viét tong quat nhu sau:

%(pru'j)"'cij = DT,ij + DL,ij -

—P; —Gij +(1)ij —g; —F; +S

source

Trong d6 ¢, za%(puku-i u'j) goi 1a dai luong

k

doi luu, D, =—§i(pu'iu'ju'k + p(5kju'i+5iku'j)) goi
Xk
la  dai  lwong  khuéch  tan  1di,
0

:{uau-i u-J}ggi a dai lugng khuéch

D, .

ox | oX,
. A 1o ou; au. .1
tan phan tu, p, =P[U'i U'kg’w'j U, . Ijg(_)l la

k Xk

Stress production, G, =pﬁ(gim+gju'i_9) goi

la Buoyancy Production, g, = p(?'i+w'iJ goi

i ax'
la dai luwgng bién dang do 4&p suat,
& zzyaix: a‘)’('ki goi 1a dai lwong phan tén,
F,=—2pQ, (0 Uz, +U Uz, ) goi la dai

luong do tinh xody cua dong chay giy ra. S6
hang cudi cling 1 ngudn cua dong chay va do
c6 thé 1a sy thém vao hay giam di vé ap sut,
van tdc, v.v...Chi tiét cac dai luong ndy c6 thé
xem tai tai liéu Ansys™. Hé huong trinh (8) két
hop vaGi hé phuong trinh (4) va (5) tré thanh mot
hé dong kin va cac an sb s& duoc giai.

Noi chung dé giai hé phuong trinh trén, cac
phuong trinh vi phan sé duoc roi rac thanh cac
phuong trinh dai s6 va phuwong phap sb s& duoc
&p dung cling Véi cac so d6 giai khac nhau vi du
nhu phuong phap thé tich hiru han, phan tir hitu
han hay sai phan hitu han. Mién tinh toan duoc
chia thanh cac phan tir 2 chiéu hay 3 chiéu tly

thuoc vao so do tinh toan. Céc 4n sb s& duoc
giai tai cac nit hodc tAm cua ludi phan tir tly
thudc vao phuong phap tinh.

2.3. 8o do tinh todn va diéu kign bién

Theo két qua nghién ciu ctia Dae Geun
Kim™! anh hudng cua viéc dung phuong phap
s6 v6i ty 16 phong to hay thu nho mé hinh thi
cling khong anh huéng nhiéu dén két qua tinh
toan. Do vay, viéc ap dung vdi cac kich thude
d4 néu ¢ phan trén (hinh 1) cua déap tran 1a chap
nhan duoc trong qua trinh md phong. Chi tiét vé
diéu kién bién va cac kich thuée cia mod hinh
dugc thé hién trong hinh 2. Viéc tao Iudi phan
tir va tinh toan duogc thuc hién boi phén mém
Ansys V12.0.6. Phuong phap sé duoc ding &
day la thé tich hitu han va thuat toan PISO dugc
sir dung dé giai hé phuong trinh (4), (5) va (8)
trén. Ludi phan tir 1a ludi tam giac va céc tiéu
chuan vé chat lvong ludi phan tir nhu ty sd bién
léch, ty sb dic trung déu dam bao yéu cau. Chi

tiét co thé xem tai Ansys™.
B2
3 Symmetry
% Mgt gt &
H
s
2 8
£ g
E s
: ]
200 cm 300 em
Hinh 2. Kich thude va cde diéu kién bién cho
mo hinh

3. KET QUA TINH TOAN

3.1. Luu lwong qua dgp tran

Cong thtc tinh toan lwu lwgng qua dap tran
c6 mat cat dang WES véi mai thuong luu thang
dung trong truong hop khong c6 co hep bén co

thé duoc xac dinh theo cong thuc saul®®l:

Q=mL2gH"* véi m=m_(H,/H,)**

Trong d6: m 1a hé sd luu luong Gng véi cot
nude thue té trén tran, m, 12 hé s6 luu luong tng
V6i cot nude thiét ké Hy (m, = 0.4956) , L 1a chidu
dai ngudng, H, la cot nudc toan phan cé ké dén
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luu toc toi gan. Do bai toan 1a 2-D nén cd thé coi
L=1m. Két qua tinh toan tir cong thirc (9) va két
qua phuong phap sb trong 3 truong hop tinh toan
duoc thé hién trong bang 2 nhu sau:
Bang 2.S0 sanh luu lwrong qua tran theo cong
thize (9) va phuwong phdp sé

Tir bang trén thiy rang sai 1éch giita tinh toan
lru Iwong bang 1y thuyét va phuong phap sd co su
sai khac khong dang ké, trong pham vi cho phép.

3.2. Puwong mdt nuwdc qua dap tran

Két qua thi nghiém dudng mit nudc qua dap
tran tiéu chuan mat cat WES véi 3 truong hop tinh
toan duoc 14y tir USACE! hay Ven Te Chow!™").

H/H Phuong trinh (9)  Phuong  Sai s6 Toa do cua diém thi nghiém duoc 1y theo bang 1.
d . £ A 2 1.A 2 IO A 5 \
° o Q (mls) phap so % Trén co so két qua cua qua trinh mé phong, duong
05 0.443 0.087 0.0878 1259 mat nude theo phuong phap so cling dugc lay
. . . . -1. 0 A 7 ‘R A , \ -
1 04956 0274 0.975 0.220 theo toa d6 cac diém trén. Su so sanh duong mat
. . . -V. 0 4 R
nuoc gitra thi nghiém va phuong phap so6 duoc thé
133 0519 0441 04356  117% L Loc BIU@ MINSNICM v PhUong Php SO e
hién trén hinh 3 va bang 3.
040 L ,,,,,,, Phuong phap HP,H(:BO —+—Phuong phap
_ s8 (Ho/Hd=0.5) (HorHd=1.33)
0.20 I B Thinghiém —m—Thi nghiém
- (Ho/Hd=0.5) (Ho/Hd=1)
0.00 u
l A'“. i 1 A (TIW(;!gL\[éT ==Pl:u('o-ng pl_wé;))
- 0.20 . - Ho/Hd=1 s6 (Ho/Hd=1
g a " // Phuong phap —<—Thi nghiém
0.40 s6 (Ho/Hd=1) (Ho/Hd=0.5)
060 / X - ‘ (Th‘,"gﬂiém —#—Phuong phap
Ho/Hd)=1.33 sé(Ho/Hd:D.S)
1/ K A
-0.80 > Pbu’wng phap —e—Thi nghiem
¥ * (SI-?O/Hd=1.33) (Ho/Hd=1.33)
0 0.2 0.4 0.6 0.8 1 1.2 XlHd 0 0.2 0.4 0.6 0.8 1 XIH.,l'Z

Hinh 3. Purong mat nudc qua tran ing voi
cac truong hop Ho/Hg = (0.5+1.0+1.33)

Cac gié tri trong bang va trén hinh déu thé
hién cac dai lugng khong thir nguyén X/Hy va
Yo/Hqy. Trong d6 X la toa do diém tinh toan, Y,
la cao d0 muc nudc léy theo truc toa d6 nhu
hinh 1. Ttr hinh 3 va bang 3, c6 thé thiy rang sy

Hinh 4. Ap sudt trén mat tran ing véi cac
truong hop Ho/Hg = (0.5+1.0+1.33)

sai khac nhau trong két qua tinh toan duong mit
nuoc gitra hai phuong phép c6 su sai khac nhau
rat nho, chénh léch 1a bé. Trong trudng hop cot
nudc thiét ké thuc t& Hy bang 20m thi sy sai s6
nay cting chi la trong khoang 0.25m.

Bdng 3.S0 sanh dwong mdt nwée giita phwong phdp sé va thi nghiém

Ho/Hg= 0.5 Ho/Hg=1.0 Ho/Hg=1.33

STT X/Hq Yn/Hq Yn/Hqg Yn/Hqg Yn/Hqg Yn/Hqg Yn/Hqg
(ex) (nume) (ex) (nume) (ex) (nume)

1 0 -0.371 -0.383 -0.755 -0.767 -1.000 -1.012
2 0.1 -0.336 -0.334 -0.718 -0.717 -0.960 -0.958
3 0.2 -0.300 -0.302 -0.681 -0.683 -0.919 -0.921
4 0.3 -0.250 -0.258 -0.634 -0.642 -0.870 -0.878
5 0.4 -0.200 -0.196 -0.586 -0.582 -0.821 -0.817
6 0.5 -0.138 -0.130 -0.526 -0.518 -0.763 -0.755
7 0.6 -0.075 -0.070 -0.465 -0.460 -0.705 -0.700
8 0.7 -0.018 -0.019 -0.393 -0.394 -0.637 -0.638
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Ho/Hyg= 0.5 Ho/Hg=1.0 Ho/Hg=1.33
STT X/Hq4 Y o/Hqg Y o/Hqg Y o/Hqg Y o/Hqg Y o/Hqg Y o/Hqg
(ex) (nume) (ex) (nume) (ex) (nume)
9 0.8 0.040 0.039 -0.320 -0.321 -0.569 -0.570
10 0.9 0.149 0.161 -0.233 -0.221 -0.490 -0.478
11 1 0.258 0.250 -0.145 -0.153 -0.411 -0.419

(ex : thi nghiém, nume : phuong phap s6)

3.3. Két qud tinh toan ap sudt phan bé trén
mat tran

Hinh 4 thé hién két qua phan bd ap suat
trén mat tran ing va4i cac truong hop tinh toan
va thi nghiém khéac nhau. C6 thé thay ring, so
véi dudng miat nudce, két qua phan bd ap suat
c6 su sai khac 16n hon khi so sanh giita két
qua thi nghiém va phuwong phap s6. Trong céc
truong hop cdt nudc trude tran nho (Ho/Hg
<=1) thi két qua thi nghiém 1én hon so v&i
phuong phap s6. Doi voi truong hop He/Hg =
1.33, hai két qua ndy kha gan nhau, sy sai

khac 1a khong dang ké. Tuy nhién, vé mit
tong thé, sy sai khac giita 2 phuong phéap
khdng qué Ién, sai s6 van nam trong pham vi
cho phép. Néu cot nude thiét ké Hq trong thuc
té bang 20m thi su sai khac vé ap suat giira thi
nghiém va phuong phap sb trong pham vi 1m
cot nudce. Chi tiét vé su sai khac nay dugc thé
hién trong bang 4.

CAc gié tri trong bang va trén hinh déu thé
hién cac dai lugng khéng thir nguyén X/Hg va
Hp/Hq4. Trong d6 X 1a toa do diém tinh toén,
Hp 1a chiéu cao do 4p tai diém tinh toan.

Bdng 4.S0 sanh &p sudt trén mat tran giita phirong phdp sé va thi nghiém

Ho/Hyg= 0.5 Ho/Hy=1.0 Ho/Hyg=1.33

STT X/Hg Hp/Hg Hp/Hq Hp/Hq Hp/Hq Hp/Hg Hp/Hg
(ex) (nume) (ex) (nume) (ex) (nume)

1 0 0.200 0.190 0.030 -0.009 -0.310 -0.321
2 0.1 0.180 0.164 0.037 0.034 -0.250 -0.248
3 0.2 0.170 0.142 0.062 0.033 -0.190 -0.219
4 0.3 0.150 0.120 0.060 0.022 -0.180 -0.203
5 0.4 0.140 0.099 0.045 0.011 -0.180 -0.189
6 0.5 0.120 0.082 0.030 0.007 -0.180 -0.169
7 0.6 0.105 0.067 0.031 0.003 -0.150 -0.143
8 0.7 0.090 0.057 0.036 0.004 -0.120 -0.112
9 0.8 0.080 0.045 0.037 0.010 -0.090 -0.073
10 0.9 0.070 0.038 0.040 0.018 -0.070 -0.024
11 1 0.060 0.032 0.040 0.032 -0.050 0.046

3.4. Mgt sé két qud trén toan mién tinh toan

Mot trong nhirng wu diém cua phuong phéap sb
do 14 co thé cho két qua tinh toan phan bd luu téc,
&4p suat.v.v... trén toan mién tinh toan ma trong
thuc té s& gdp kho khan trong viéc do dac tai
phong thi nghiém do sy chinh xac phy thudc vao
thiét bj do. Hinh 5 va 6 thé hién phan b ap suét
va luu toc trén toan mién tinh toan (hinh 2). Cin

ctru vao cac két qua trén ching ta s& ¢ thé co
duoc hinh anh tong thé vé diéu kién 1am viéc thuc
té ctia cong trinh, dic biét voi nhitng bai todn co
so db va diéu kién bién phuc tap. Trén co s¢ do s&
c6 dugc sy danh gia va diéu chinh, dam bao mirc
do an toan cho cdng trinh, giam thiéu duogc thoi
gian va chi phi xay dung mo hinh vat 1y, nang cao
hiéu qua thiét k& va quan 1y van hanh cdng trinh.
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Hinh 5. Phan bé ap sudt tink truong hop
Ho/Hg =1

4. NHAN XET-KET LUAN

4.1. Nhdn xét

—Tur cac két qua tinh toan trén, c6 thé nhan
thiy rang trong trudng hop dung phuong phap
s6 va md hinh dong chay réi md phong dong
chay tu do qua dap tran cho két qua kha sat vai
thi nghiém mé hinh vé ap suat, luu luong,
duong mit nude va sai s6 trong pham vi cho
phép. Két qua kiém chirg trén nham nang cao
su tin cdy trong viéc st dung phuong phap sé dé
mé phong dong chay tu do qua dap tran ndi
riéng va trong cong trinh thuy loi noi chung.

~Viéc ap dung mé hinh dong chay rdi cho
phép ngum nghién ciru mo6 ta duoc dong chay
thuc té qua dap tran cling nhu su bién doi cac
thong s6 cua dong chay rdi theo chiéu dong
chay. Ngoai ra viéc tng dung phuwong phap sd
gilp chdng ta c6 thé tinh toan dugc cac thong sb
ciia dong chay nhu phan bd 4p suat, luu toc,
dong ning réi.v.v...trén todn mién tinh toan ma
trong thuc té s& gip kho khian trong viéc do dac
tai phong thi nghiém.

4.2. Két lugn

—Dong chay qua cong trinh thiy loi thuong
la dong chay c6 do 1di cao, trang thai chay phirc
tap va anh hudng boi nhiéu yéu t6 dau vao. Do
vy, viéc 4p dung cac md hinh dong chay rdi
trong tinh toan 1a can thiét, n6 phan anh duoc

TAI LIEU THAM KHAO

Hinh 6. Phan bé lieu toc triong hop
Ho/Hg =1

c4c trang thai chay thyc té caa dong chay hon so
Vi viée ap dung gia thiét vé dong chay thé. Tuy
nhién viéc Iya chon moé hinh dong chay rdi con
tly thudc vao diéu kién thuc té cta bai toan
nham giém thiéu thoi gian tinh toan.

—C6 thé tng dung phuong phéap sb véi cac
mé hinh dong chay réi vao viéc mo phong dong
chay tu do qua cong trinh thiy loi nhdm giam
dugc chi phi vé thoi gian va tién bac so voi viée
xay dung mo hinh vat ly.

~Véi viée phat trién ctia cac md hinh toéan
cling nhu kha ning manh mé ctia may tinh hién
nay thi viéc tinh toan cho cac bai toan c6 so dd
ba chiéu, diéu kién bién phtc tap, anh hudng
cia yéu t6 khong gian.v.v...déu co thé giai
quyét dugc. Tuy nhién viéc danh gia duoc sy
chinh xac két qua cia mé phong can phai co cac
két qua thi nghiém mé hinh dé kiém ching.
Ngoai ra, day ctng la cong cu hiru ich cho
nguoi nghién ciru, ki su thiét ké.v.v...trong viée
nghién ctru, thiét ké cong trinh. Nguoi thiét ké
c6 thé nhanh chong thay d6i diéu kién bién
nham tim ra duoc phuong an tdi tuu cho cong
trinh. Nhitng nha nghién ciru ¢6 thé dua trén céc
két qua chi tiét vé& ap sudt, luu tdc, Gng sut
réi.v.v...nham tim ra nhiing quy luat cua dong
chay khi ma viéc do dac trong phong thi nghiém
khong du diéu kién thuc hién.
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Abstract:
THE APPLICATION OF TURBULENT MODEL TO SIMULATE
THE FREE FLOW OVER SPILLWAY

In fact, the flow over spillway has a viscosity property and high turbulence, etc. To simulate
exactly the flow over spillway, we must consider these quantities in numerical model. The recent
development in computer software has advanced the use of computational fluid dynamics in
analyzing flow over spillway or free surface flow. In this study, some turbulent models were
presented, using Reynolds stresses model and finite volume method to simulate the flow over
spillway with a standard WES profile. It is shown that there is a reasonable good agreement
between numerical results and experimental ones.

Keywords: turbulent flow, turbulent model, spillway, finite volume method.
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