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Nghién ctru trwong dong chdy khi cé6 mdt ctia vdt cdn trong moi trwong
bién c6 thé dwoc thwc hién nho cdc phwong phdp mé phdng CFD
(Computational fluid dynamics) hodc cdc mé hinh tinh todn ly thuyét dwa
trén phwong trinh dong chdy Navier - Stokes. Cé nhiéu phwong phdp va mé
hinh mé phong hién dang dwoc ste dung dé gidi quyét bai todn nay nhw mé
hinh Standard k - g Wilcox k - o, SST k - w...Trong d6, mé hinh mé phéng
dong chay roik- a)SST dugc st dung démo phong dong chdy.Dé mo phong
vdt thé rong trong moi tru'ang bién, tdc gia str dung ly thuyét moi tru'ang
rong [porous media). D6 rong cla vt thé dwoc thay doi lién tuc trong moi
ldn tinh mé phong nho thay d6i hé 56 kéo Cre: nhdm tdng tinh da dang d6i
twong nghlen cttu. Két qud tinh todn mé phong cho phep khang dinh sw
phdn hoa ctia dong chay khi gap vdt thé rong, sw gzam vdn téc clia chdt
long khi di qua vdt cdn nay va sw xudt hién ctia mot truong dong ludn
chuyén phla sau vdt thé rong khi d6 rong ctia vit thé nho M6 hinh nay ciing
cho phép xdc dinh dwoc cwong do réi I, u'ng sudt cat T trong mién tinh
todn. Cdc két qud sau dé dwoc so sdnh véi cdc nghién ciru ciing chi dé va
mat s6 két qua tinh todn ly thuyét dé danh gid tinh khd thi va do chinh xdc
ctia moé hinh mé phdng.

© 2019 Trwong Dai hoc M6 - Bia chit. T4t ca cic quyén dwoc bdo dam.

1. Mé& dau

nghién ciru trong diéu kién thuc, gidam thiéu anh
hwdng xau téi moi trueong v.v,... Dic biét nd con

Phwong phap mo phong dwoc xem la phwong
phap nghién ctru v6 cung hiéu qua nho kha nang
xt Iy dwoc nhitng bai toan khé ma phwong phap
thi nghiém hay thwc nghiém khong giai quyét
dwoc. Phwong phap nay giup tiét kiém thoi gian
tién hanh, gidm kinh phi cho nguyén vitliéu, tranh
dwoc nhitng rii ro, nguy hiém cé thé gap phai khi

“Tdc gid lién hé
E - mail: nguyenthihaiyen@humg.edu.vn

cho phép giadi quyét nhitng vin dé c6 doi twong
nghién ctru rat kho hodc khéng thé tiép cin dwoc
trong diéu kién thuec.

Hién nay tai Viét Nam c6 rat it céng trinh
dworc ghi nhan st dung phwong phap mé phdng
dé nghién ciru chuyén dong cia dong chay chat
16ngqua cac vat thé rong (hay vat thé c6 do rong)
- d6i twong nghién ctru cua bai bao. Hau hét cac
phwong phdp tiép cin dién hinh d€ giai bai toan
mo phong dong chay bién déu dwa trén phwong
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trinh Saint - Venant trong khong gian 2 chiéu viét
cho mit phang ngang (Candel, 1995). Phwong
trinh nay cho biét vin toc ciia dong chdy trung
binh trén chiéu siu cot nwéc va dw doan hiéu qua
twong tac dong/ciu tric dong trén dién rong.
Phwong phap moé phéng dong chdy dwa trén
phwong trinh nay c6 tinh chinh xac cao, giam dwoc
thoi gian tinh todan mé phéng cho may tinh. Tuy
nhién, né6 khong cho phép nghién ctru chuyén
dong theo phuong thang dimg cua chit long va
nhitng bién déng ctia dong chay trong thoi gian
ngan. Do do, cAc phuong trinh phi hop s& dwoc
x4y dung trong cac phan tiép theo ctia bai bao dé
gidi quyét bai toan nay.

Nghién ctru trwomg dong chay khi c6 sw c6
mat clia vat can c6 thé dugc thue hién qua cac mo
phéng CFD (Computational fluid dynamics) va cac
tinh toan ly thuyét theo ap dung cho dong chay
theo phwong thing ding. C6 nhiéu phwong phap
moé phdng hién dang duoc sir dung dé gidi quyét
bai toan nay nhw phwong phap Latice Boltzmann,
DNS (Direct Numerical Simulation), LES (Large
Eddy Simulation), RANS (Reynolds Averaged
Navier - Stokes)...Trong do, thuat toan st dung
UDF (User - Defined Function) tich hgp cho phin
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mém Fluent 1a phwong phap twong do6i don gian
nhung c6 tinh chinh xac cao, théi gian chay mo
phong khéng nhiéu va cho phép quan sat truec tiép
qua trinh mdy tinh todn; déng thoi cho phép trich
xudt phong pht cac két qua sau mdi lan chay.

Dé dic tA mot mot vat thé rong trong bai toan
ndy, phwong phap phwong tién rdéng (porous
media) dwgc kién nghi stt dung béi kha nang don
gian héa cau tric rong rong clia vat thé (Bi et al.,,
2015).Tuy nhién, viéc tim ra cac hé s6 dic trung
cho mdi trrdomng rong nay 1a rat khé va mang tinh
twong d6i.Trong bai bao, chung t6i str dung hé so
Cree A€ biéu dién cho kha ning can dong chay cia
vat thé rdng. Dua trén so sanh vé cdc md hinh md
phong dong chay réi hién nay, ching t6i chon ra
mot mo hinh phi hop nhit dé tién hanh mé
phéng.

2. Cac phwong phap CFD (computational fluid
dynamics)

2.1. Uu, nhwoc diém cua cdc mé hinh mé
phdng dong chdy réi

Dong chay réi dwoc dac trung béi cac trueong
bién thién van toc (Bang 1).

Bdng 1. Cdc m6 hinh mé phdng dong chdy roi.

M6 hinh Uu diém Nhuoc diém

Mo hinh dong|Dé thuc hién, khong yéu cAu qua nhiéu tai nguyén st Khong str dung dwgre vdi cac dong

hén hop dung trong qua trinh tinh todn, cho phép mé phongén  |chdy c6 sw phin ly dong hodc cé sw

(mixing - dinh trong thoi gian dai. Thich hop cho m6 phong caclép [xuit hién dong ludn chuyén

length model) |tAng truot/16p cit mong (shear - layer). (separation/recirculation).
Phuong phap nay cho ket qua tOF doi v d? ngﬂcha.y © Pinh nghia chiéu dai scale phtrc
adverse pressure gradient (gradient ap suat batloi - dong S R n

Spalart - PSS . \ 2 tap sé€ dan dén dang hinh hoc mo6

Allmaras chay c6 ap suat tinh tang theo hwéng dong chay dP/dx héne phite tan. e4v khé khin cho

' >0). Thich hgp cho tinh toan khi dong hoc ngoai bién PRONS PALC AP, £3y K10 X

(external aerodynamics), qua trinh tinh toan mé phdng.

Standard k- & DPon gidn, khi mo phdong chi cin cung cip cacthéngtin - |D6i vdi cic dong chdy cé gradient

. d4au vao va/hodc cac diéu kién bién can thiét. Cé thé dung |ap suat batloi, c6 sw phan tich
(mo hinh k- ¢ PR N 2 R X \ 1s A oA
tidu chus cho rat nhiéu loai dong chay twong dwong. Mot trong dong va dong luan chuyén, mo6
éu chuan). nhitng m6 hinh dwgc cong nhén cé hiéu qua nhat. hinh nay cho két qua kém.
, Khong can st dung cac ham damping function cho ché do

Wilcox k- @ hav c6 hé s& Is nh khi eii tich phan done chi A1 . . Loy

(standard k- chay c6 hé so Reyno s nho khi giai tich phan dong c ay. M6 hinh nay dw dodn qua sém va
biéu kién bién réi da dwoc dinh nghia truwdc tai bién doi  |cwong dai sw phan tach dong.

@)- v6imé hinh ndy (k = 0, 0—00).
\/}(?C ke:t hg;p nhieu 7phu'o'ng trinh mo\phong Ch? phsp 9 Do sir dung két hop nhiéu phwong
hinh nay két hop str dung phwong trinh k - @gan bién va tFinh nén md hinh nav phie ta

SSTk- am phuwong trinh k - gtai cac viing chay roi xa bién mién tinh hom vA veu ciu nhid u}fca?i n ‘ér;
toan. Phwong trinh nay thich véi tuyét voi voi ca dong tinh toé}rll homn. s
chdy c6 hoac khong c6 gradient ap suat batloi. '
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Khi cac bién thién van tdc & mirc d6 nho véi
tin s bién thién lén thi viéc tinh todn ching
twong déi phirc tap. Trong tinh todn mo phong
dong chdy rdi, mot trong nhirng muc tiéu chinh la
x4y dung dwoc md hinh mé phong dé dw doan cac
dai lwong can tinh (cac thanh phan rng sut roi).
Cung véi do phire tap cua cia cac mo hinh dong
chay (nhw m6 hinh dai s6, m6 hinh mét phwong
trinh, m6 hinh hai phwong trinh va mé hinh bac
2), ta c¢6 cac mo6 hinh twong tng véi cac wu nhugc
diém va kha ndng &ng dung nhit dinh tiy thudc
vao quy moO nghién ciu (Versteeg and
Malalasekera, 2007).

2.2. M6 hinh mé phéng dong chdy réi K -
omega SST (k - @ shear stress transport)

Puwoc phat trién bdi Menter, giong nhw cac
mo hinh k- eva k - @, m6 hinh SST k - wla m6 hinh
gidi 2 phwong trinh dwa trén khai niém do nhét
roi (turbulence viscosity). Trong d6, mot phwong
trinh m6 td dong nang réi (turbulence kinetic
energy), k, va phuwong trinh con lai thé hién téc do
tiéu tAn roi w (turbulence specific dissipation). M6
hinh nay dwoc cho 1a c6 kha ning khic phuc dwoc
nhuoc diém ctia mé hinh k - wbdi mot s6 dac tinh:
Mo hinh nay thue chit 1a sw két hop cia mé hinh
dong chay roi k - ® tiéu chuin va mo hinh k - enho
viéc tron 1an caAc ham tinh véi nhau. Ham nay dwoc
thiét ké nhan gia tri 1 tai cAc vung bién, khi d6, mo
hinh k - w sé dwoc kich hoat, va nhan gia tri 0 &
khoang khong gian mién tinh toan cach xa bé mat,
khi @6, mo6 hinh k - edwoc st dung. Do d6, mo6 hinh
nay c6 thé dwoc ap dung cho nhiéu d6i twgng khac
nhau ma van cho két qua dang tin cdy. M6 hinh nay
gidi cac phwong trinh sau (1), (2).

P P
52 (Pk) + o (pku;) (1)
ax}(rka )+Gk—Yk+5k

(pw) +o- (pwul) (2)

= a%(rwj—:) + Gy — Y, + S,

Trong do: Gk thé hién su phat sinh dong ning
roi do gradient van tdc trung binh giy ra; G, thé
hién sy hinh thanh cta w; I, I},1a d6 khuéch tan
hiéu dung ctia k va @. Yxva Y, la sy gidm dan ctia k
va wdo tac dung cia dong chay roi; D, la dai lwong

khuéch tan chéo; Sk va S, phu thudc vao dinh
nghia ciia ngudi dung (ANSYS, 2012).

3. Tinh toan dong chay chuyén dong qua méi
truorng rong

3.1. Mé hinh Iy thuyét dong chdy chuyén déng
qua méi trwong réng

Nhuw d3 trinh bay & trén, bai bao tap trung vao
tim hi€uva tinh toan van tdc va phin b6 dong theo
phuong thing ding trong khong gian 2D. Mién
nghién ctru gbm mot dong chay trong mat thang
dirmg chay qua déi twong rong ABCD duorc t6i gian
vé hinh dang c6 dang hinh chi¥ nhit (Hinh 1). Mién
nghién ctru c6 day dang phing. Chiéu dai AB cda
ddi twong rong dwoc tinh bang I = x, - x4, dd siu
ngdp nuéc dwoe ky hiéu la I, Ly1a do sau cot nwde
ctia mién nghién ctru.

D Khing khi c
— 3 B - i
N1FG Ll — :
—_— Nirdc ‘ f‘ :: 4 |
A‘l - LJ
» Nudc | ———
i .
) = a ! — , )
A L
I bay bién - ,
! - - .
J"a JCr X Xy kS
Ving roi

Hinh 1. Mién nghién cttu dong chdy qua vt thé

réng ABCD trong mdt phang ding. Trong dé, u,

la vdn téc dong chdy bén trong vat thé réng, us la

vdn téc dong chdy bén dwdi vt thé, ug la vdn téc

dong chdy sdt bé mdt & phia sau vdt thé, u la vdn
tdc dong chdy phia sau vt thé.

Dong chdy chat 16ng trong trwong hop nay
dwoc gia thiét la dong chdy dong nhat, khong nén
dwoc va dwoc dic trung bdi van toc trung binh
V = (@(x,y), 7(x,y)) va ap sudt P(x,y). D& loai
bé thanh phan trong luc trong cac tinh toan, dai
lwong ap suat thdy tinh dwoc st dung trong
nghién ctru, véi dp sudt thiy tinh P = P + pgy.
Dua trén phwong trinh Navier - Stokes viét cho
dong chay khéng nén dwoc, dong chdy qua mién
tinh toan dwoc dac trung béi:

- Pinh luét bao toan khoi lwong:

V.V =0 (3)
- Binh luat bao toan dong lwong :

p(VV).V = —VP + pAV + V.7t + nF (4)
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Vi pu la d6 nhét dong luc cla chatlong, pla
mat do ctia chat 16ng va ¢ 13 tensor (tng suit cia
dong chay rdi, g 1a gia téc trong trwong, y 1a d6 sau.
bai lwong nF trong phwong trinh (4) 1a dai lwgng
thé hién anh huéng cla vat thé roéng (porous
medium) d6i véi dong chdy, dwoc dac treng béitd
hop céc vi vat thé chira trong khong gian ABCD.
Trong d6 n 1a tong s6 vt thé trén mot don vi thé
tich, lwc kéo tac dung 1én méi vi vat thé la:

—F = Cpsp|V|V (5)

Trong d6, Cp 1a hé s6 kéo tac dung 1én mdi vat
thé. D€ thé hién tac dung cua tong hop cla cac vat
thé chira trong khong gian ABCD, hé s6 kéo hiéu
dung Crer dwgre dinh nghia (Patursson et al., 2010).
Pay 1a hé s6 quy wéc quy dinh riéng cho nghién
cliru nay.

Hé s6 nay biéu dién 4nh hwéng clia cac vat thé
ran dang cau trong khong gian ABCD v&i gia thiét
chiing phan b6 déu va vat thé dirmng sau khong bi
che 14p bdi vat thé dling trudce, Cper = n(X) 1, sCp
, Cret€[0, od]. Thay Cret vao phwong trinh (4) ta c6
cac phwong trinh chiéu theo phwong x, y lan luot
la:

- Theophwong x:
_ou _o0u 10P a 0 —7—
U—+v—=—--—=——u?2-—uv'+
dx ay pox Ox dy (6)
V(az_a 62_17) _ 1Cnet U2+ 7211
dx2 = 0y? 2 1y
- Theo phwong y:

_0v , _0v _ 10P 0 =5 073
uax+vay— >3y axu ayuv +(7)
o%u  9%u 1Cnet [F3 1 =3~

V(axz ayZ) 2 1y ut+vtu

Phuong trinh lién tuc (continuity equation)
dwoc viét dudi dang:
ou , 0v
a + @ = 0 (8)
Trong d6, u', v' la bién thién vén toc
(Fluctuating velocity). Theo nghién ctru ciia Poizot
va cac dong su (Poizot et al., 2016) trwomg hop vat
thé khong c6 tinh thdm, khong c6 dong chay bén
trong vat thé, trwong dong chay qua dwoc phin b
thanh 3 viing chinh: Dong chay gin nhw dong nhat
phia truwéc vat thé, dong chdy manh bén duwéi va
mot viing xody phia sau vat thé. Bai bdo nghién
ctru dong chay chay qua vat thé rong véi hé chd
Cree thay doi tlr vO cling nho dén vo cung 1én. Khi

hé s6 kéo Ce: tir nhd dén trung binh, ching téi dw
doan mién x,< x< xb phan b6 thanh bén phian
chinh nhw sau:

- Dong chay van toc nho bén trong vit thé
ABCD, i,,;

- Dong chdy c6 van téc 16n bén dudi vat thé
ABCD, #ig;

- Dong chay hén hop (mixing - layer) nam
gitra 2 vung dong chay trén;

- Phén bién sat day.

Trong nghién ctru nay, phan dong chay tai lép
bién (boundary layer) chwa dwoc xét dén va sé de
cip dén & nhirng nghién ciru sau. Cic phwong
trinh ly thuyét cho phép tinh dinh lwong dwoc mot
s6 thong s6 nhuw ap suat trong mién nghién cttu, P,
cwong d6 roi I hay van téc trung binh tai mét vi tri
bat ky trong cot chat 16ng thudc mién nghién ciru.
Tai thoi diém hién tai, mé hinh ly thuyét chwa dé
cap dén truong hop Creclom. Tuy nhién, mé hinh
mo phong cho két qua véi Crecbat ky.

3.2. M6 phong dong st dung mé hinh mé
phong dong chdy réi k - @ SST

D€ tinh todn dong chady dwgc mod ta boi cac
phuong trinh (6, 7, 8) dwoc dé cip bén trén, chiing
t6i stt dung md hinh réi k - @ SST. Mién tinh toan
dwoc 14y c6 kich thudc phi hop véi cac mo hinh
mo phong trong phong thi nghiém: Ly = 40m, L, =
1.2m,1,= 0.8m, a = 0.4m, X, = 10m, X, = 20m. Hé s
Reynolds ~ 105 nén mién mo phéng dwoc chia
lwéi min. dé két qua tinh todn c¢é d6 chinh xac cao.
Dong chay vao dwoc chon c6 dang ham mi
(empirical power - law):

0 S8
un) =) =30a (2) )

Véan t6c trung binh dwoc chon tinh U, =
0.5m/s2. Khoang cach v6 hwéng téi bién mién tinh
toan, y* = 30+ 60. Hé s6 nén C,. dwgc 1y trong
khoang [0, 500]. Cwong do réi (turbulence
intensity) I tai ddu vao ctia mién tinh toan dwoc lay
trong khoang gia tri twvong dwong véi treong hop
dong cé cwong d6 roi trung binh, 1% < I < 5%. Cac
diéu kién bién dwoc lwa chon véi cac dac diém gan
nhat véi diéu kién thue.

4. Két qua

Cac mo phong chay 6n dinh véi thoi gian
trung binh khong qua 16n. Duwéi diy la mét sé
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két qua thu dwoc sau khi chay mé phong véi vt
thé c6 do rong thay déi trong bién d6 rong, hay Cpe:
thay déi lan lwot tir nho dén rat1ém.

4.1. Van téc dong chdy di ra khéi vt thé réng

Khi so sanh ty s6 dong chdy phia sau vit thé
rong véi van tdc trung binh ca dong chay vao
ug/U. trong tinh toan ly thuyét va tinh toan mé
phong, ta thiy c6 sai léch khong qua 16n < 6%
(Hinh 2) (diéu nay c6 thé giai thich do ca tinh toan
ly thuyét va mo6 phong déu bo qua mét s6 cac yéu
t6 dnh hwdng tai bién). K&t qua nay ciing dwoc so
sanh véi két qua mo phong st dung OpenFoam
v6i cing mién tinh to4n va vat thé rong (Verjus
and Angilella, 2016). Diéu nay chirng té tinh kha
thi cia cd mo6 hinh ly thuyét va mé hinh m6 phéng
trong trueong hop Cret nhd. Thém vao dd, moé hinh
mo phong con cho ta nhiéu két qua trwong hop
Cret 10m, &ng véi vat thé c6 dd nho dén gan dic, sw
phan b dong trong truedng hop nay khong khac
nhiéu so v&i cic nghién ctru trede do cla

< Uinf = 0.5 m/s (CpenFoam)

< # ¥ Uinf= 045 mfs (OpenFoam)
<= B B Uinf = 0.5 m/s (Fluent)
Theary
R e e e S
o 1 a 4 5 [

(a) Chm
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Escauriaza va Poizot (Escauriaza and

Sotiropoulos, 2011; Poizot et al., 2016).

4.2. Ung sudt cdt
U'ng sudt cit tai day ctia mién tinh toan dwoc
; A . u _,. N oaa p
tinh theo coéng thirc 7, = ,u%, véi p la do nhot

déng lwong cia chatlong. Pailwong nay cé y nghia
rat 16m trong nghién ctiru bdi né c6 kha ning cho
phap dw doan hién twong x6i mon. Nhin vao biéu
do c6 thé thiy sw xuathién cta vat thé rong c6 dnh
huwéng 16m dén (ng suit cat tai bé mit day bén
dwdéi vat thé. Thém vao do, khi do rong ctia vat thé
giadm, Ce gidm, thi (rng suit cit cang ting (Hinh 3).

4.3. Cdu tric dong

Trong truomg hop Cuee nhé (& day Crer = 5),
dwong dong c6 dang gan nhuw song song, diéu nay
cho thiy dong chay khong c6 bién dong nhiéu tai
moi vi tr{ trén miéng mé phéng khi do rong ctia vat
thé 1én (Hinh 4). Khi ting dan dd rong cta vat thé

E o -

= X :

S . :

= :
SO0 [AE Ut =o5ms ]
2k — Theoretical self-similarity] |
01k ...........................

[} | 1 1 1 | | 1 1

(b) Coct

Hinh 2. Biéu do so sdnh ty s6 van téc u0/Uowvéi dwong nét divt la dwoc ly thuyét (b), va vdi két qud
mad phdng str dung OpenFoam (a). Trong dd, dwong nét lién la dwong tinh todn mé phéng. Trwong
hO‘D Cnetnhél Cret=0+6.

Pa
[

Tw,
T
\

T
Cnet 5
Cnet 30 -
Cnet 30 ———
Cnet 100 =——— -
Cnet 200 7
Cnet 300 =— 7]
Cnet 500 ——— T
, Cnet 600 ——— 7|

q I N N TR S B
02 4 9

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
X, m

Hinh 3. Ung sudt cdt tai ddy t,,theo phwong x, ttng véi nhidu gid tri do réng khdc nhau ctia vat thé mo
phdng. Vit thé cé chiéu dai 10m, x €[10, 20].
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ta c6 thé dé dang quan sat thiy c6 sw xuit hién ciia
mot dong ludn chuyén (recirculation cell - dong
luan chuyén dwoc xem 1a tic nhan gy nhiém ban
viing mat bén clia vat thé rong ndm gan n6). Pong
thoi, cling ¢ thé quan sat dwoc sy xao trén manh
clia dong chay tai cac vi tri bén dwéi vat thé rong
(Spalart and Watmus, 1993; Verjus et al., 2016).

4.4. Sw giam vdn téc ciia dong chdy bén trong
vdt thé rong

Két qua tinh toan mo phdng cho thiy c6 sw
giam van toc ctia dong chay chat 16ng khi di qua
vat thé rong (Hinh 5). Néu so sanh luu lwong cia
chat 16ng di qua vat thé rong Q. véi tong luu
lwong cta dong chay tai cing mot mat cat thang
ding qua vat thé ta c6 thé xac dinh dwoc sw giam
van t6c cia dong chay cu thé co thé tir 10% dén
80% tuy theo do 16m ctia Crer. NOi cach khac, khi do
rong clia vat thé giam thi dong chay di qua vat thé
rong it. K&t qua nay twong ddng véi mot sé nghién
clru trwdre day véi cac phwong phép tiép cin khac
(Swift et al, 2006 va Enayagamoorthy and
Hyeyun, 2011). Piéu nay cho thay hwéng ti€p can
12 ding d4n va hoan toan c6 thé sir dung dwoc cho
cac nghién ctru tiép theo.

4.5. Cworng dé rdi (turbulence intensity)

Hinh 6 thé hién dong chdy roi c6 xu hwéng
ting bén dwéi day cta vat can (d6i twong rong).
V&i Cree nho, bé day ctia 16p dong chay hon hop
tang tuyén tinh theo phwong x. Trong truong hop
Cnet 16m, két qua mo phdng cho biét quy luit ting
tuyén tinh vé kich thwéc ctia viing chay hon hop bi
pha v& va ciu tric cia ving nay ngay cang phic
tap. Nguyén nhén 1a do dnh hwdng cla vit thé
rong va sw xudt hién ctia dong luu chuyén.

Do cwdng d6 roi c6 anh hwdong 16n dén hé so
kéo cua hat (Particle drag coefficient, Cs) (Geyer et
al,, 2004) nén thong tin c6 dwoc vé cuwong do roi [
trong cdc m6 phdéng nay rit cé y nghia cho cac
nghién cru vé van chuyén hat trong moéi truong
twong tu.

5.Kétluin

Do muc dich tim hiéu vé dong chayqua vat thé
rong theo phwong thing, nghién ciru str dung két
hop md hinh mo phdng dong chay roi k - @ SST va
ly thuyét vé phwong tién rong (porous media). D&
dic ta 4nh hudng clia moi treong rong dén dong
chdy, hé s6 hiéu dung C,.: dwoc dinh nghia. Che
cang cao thi d6 rong ctia vat thé cang giam,

-

Cnet=35

Cnoet =30

Cnet =70

Cnet = 500

Hinh 4. Streamline ctia dong chdy c6 Crettte nhé dén rdt Iom.
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Hinh 5. Van téc dong chdy trong vat thé réng.
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Hinh 6. Cwdng d réi I ciia dong chdy véi Cre: € [5, 500].
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kha nang can dong cang lém, lvu lwong dong di
qua vat thé cang nho. Két qua mo phdong cudi ciing
kha twong thich véi mo hinh ly thuyét va mo hinh
mo phong cung mién khi str dung mot s6 phwong
phép tiép cn khac. M6 hinh mé phéng xay dung
mé& ra nhiéu hwéng nghién clru méi cé thé ap
dung cho nhiéu linh vwc khic nhau va cong tac
giang day. M6 hinh nay cé thé dwoc str dung dé
nghién cttu sw chuyén dong cta cic hat ran
chuyén dong trong mién tinh toan, nghién ctru sw
nhiém ban phia sau vat thé rong do sw xuit hién
ctia dong lwu chuyén (Recirculation cell) phia sau
d6i twong rong khi d6i twong nay c6 do rong du
nho. Ngoai ra, két qud mé phdéng con cung cip
thong tin cho phép xac dinh dworc cac vi tri trong
mién tinh to4n cé (ng sut cat 7,, 16m c6 thé st
dung dwoc dé nghién ctiru hién twong x6i mon
trong cac trwong hop dong chay chay qua cac vat
thé réng trong moi trudmg bién. Bai bdo mé ra
nhiéu y twdng va trién vong nghién ctiru khéc, cac
van dé nay sé dwoc gidi quyét trong cic nghién
ctru tiép theo.

Tai liéu tham khao

ANSYS, Inc, 2012. ANSYS FLUENT tutorial guide.
Published in the U.S.A.

Candel, S, 1995. Paris Dunod cop. 86-Liguge.
Aubin. Collection

Chunwei, B, Yunpeng, Z. G. D., 2015. Development
of a coupled with fluid structure model with
application to a fishing net in current
Hydrodynamics - Concepts and Experiments.
InTech.

Cristian, E, Fotis, S., 2011. Lagrangian model of
bed - load transport inturbulent junction flows.
Journal of Fluid Mechanics.

Geyer, W. R, Hill, P. S, and Kineke, G. C., 2004. The
transport, transformation and dispersal of
sedimentby buoyant coastal flows. Continental
Shelf Research.

Henk, K. V., and Weeratunge, M., 2007. An
introduction to computationaluid dynamics:
the finite volume method. Pearson Education.

Philippe, R. S., Jonathan H. W.,1993. Experimental
and numerical study of aturbulent boundary
layer with pressure gradients. Journal of Fluid
Mechanics.

Robinson, S., David, M., Fredriksson, W., 2006.
Drag force acting on biofouled net panels.
Aquacultural engineering.

Romuald, V., and Angilella, ]J. R, 2016. Critical
stokes number for the capture of
inertialparticles by recirculation cells in two -
dimensional quasisteady flows. Physical
Review.

Subhas, K. V., Hyeyun, K, 2011. Numerical
modeling of aquaculture dissolved waste
transport in acoastal embaymen.
Environmental Fluid Mechanics.

Yoder, D. A, DeBonis, ]. R, 2013. Modeling of
turbulent free shear flows. NASA/TM.

Ystein, P., Robinson, S, Igor, T. M, 2010.
Development of a porous media model
withapplication to flow through and around a
net panel. Ocean Engineering.

Poizot, E, Verjus, R, Nguyen, H. Y, Angilella, ]. R,
2016. Shelf-contamination of aquaculture cage
in shallow water. Springer 16(4). 793-805.


https://scholar.google.com.vn/citations?user=V_PryhEAAAAJ&hl=vi&oi=sra
https://link.springer.com/journal/10652/16/4/page/1

Nguyén Thi Hdi Yén va nnk. /Tap chi Khoa hoc Ky thudt M6 - Pia chdt 60 (1), 107 - 115 115

ABSTRACT

Modelisation of flows in the vicinity of a porous structure

Yen Hai Thi Nguyen, Thinh Van Nguyen, Tuan Thanh Nguyen, Phuong Cuc Vu
Faculty of Oil and Gas, Hanoi University of Mining and Geology, Vietnam

To investigate a coastal flow in the vicinity of a porous obstacle, several approaches are proposed such
as CFD computational fluid dynamics and/or theoretical calculations based on Navier - Stokes equations.
With the non - stop development of information technology, there are many turbulence models suggested
to solve this current such as Standard k - g Wilcox k - w, SST k - w...etc. In which, the SST k - w model has
proved its efficiency in solving problems related to this type of flow. Besides, in order to characterize the
emmerged structure in marine environment, the theory of porous media is utilised. In this study, the
effective drag coefficient C.: of the porous obstacle varies from 0 to infinity to minic a vas range of porosity
of this object. Results of numerical simulations enable us to confirm a separation of the flow and a
declination of its velocity within the porous structure and allow us to witness the apperance of a
recirculation cell at the rear of the structure when Cyecreaches a critical value. Thus, velocities or flowrates
inside and below the porous medium could be estimated. For the sake of accuracy and realiability of the
numerical simulations, these results are then compared to relevant studies and to some theoretical
calculations.



