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NGHIEN CUU TAC PONG CUA MAT PQ THAM THUC VAT
VEN KENH DAN PEN PAC TiNH DONG CHAY

Vii Huy Cong
Truong Dai hoc Bach khoa - Bai hoc Ba Nang

Toém tat: Su hién dién cia tham thuc vt ven kénh dan anh hwong dang ké dén cdau tric va ddc
tinh dong chay. Trong nghién ciru ndy, mét mdang thuee vt dweoc don gian héa bang cdc hinh tru
tron va diegc mé phong théng qua mé hinh sé dé phan tich tic dong doi véi dong chay. Hai kich
ban voi cac mat do thuc vat khac nhau da dwoc nghién ciru. Két qua cho thdy mat do tham thuc
vdt anh huéng Ién dén dé léch ciia dong chay va do gia tang vén toc trong long song noi khéong
co tham thuc vat. Nguoc lai, trong vung co tham thuc vat, van téc dong chay giam dang ké. Sw
thay déi vin toc ndy cang ré rét khi dong chay di chuyén vé phia ha lwu, véi vin toc gidm dan
trong vung tham thyc vat va tang manh trong khu vue khong co tham thuc vat. Nghién ciru ciing
cho thdy sw xudt hién cdc xody miede & phia sau tham thire vdt cé kich thwée twong dwong voi bé
day tham thuc vat. Céc xody mede kiéu “Kelvin-helmholtz” ciing dwoc phadt hién & mép ngodi
ciia khu vue tham thue vat. Nhitng két qua trén da gép phan lam séng té hon tac dong cia tham
thuwee vt déi véi dong chdy va cung cdp théng tin quan trong trong viéc thiét ké va bdo vé kénh
mot cach dan hiéu qua.

Tix khéa: Mo hinh s6, thuc vdt, hinh tru tron.

Summary: The presence of riparian vegetation significantly affects the structure and
characteristics of flow. In this study, a vegetation patch was simplified as cylindrical shapes and
simulated through a numerical model to analyze its impact on the flow. Two scenarios with
different vegetation densities were investigated. The results show that vegetation density
significantly influences the deviation of the flow and the increase in velocity in the river section
without vegetation. Conversely, in areas with vegetation, the flow velocity decreases
significantly. This change in velocity is more pronounced as the flow moves downstream, with
the velocity decreasing in the vegetated region and increasing sharply in the non-vegetated area.
The study also reveals the formation of vortices behind the vegetation, with sizes equivalent to
the thickness of the vegetation. Kelvin-Helmholtz vortices were also observed at the outer edge
of the vegetated area. These findings contribute to a better understanding of the impact of
vegetation on flow dynamics and provide important information for the design and protection of
channels in an effective way.

Keywords: Numerical model, vegetation, cylinder.

1. DAT VAN DE x61 mon va bao v€ bd kénh trudce tic dong cia
dong chay ma con hip thu va diéu hoa ning
luong dong chay, dong thoi hd tro qua trinh
ling dong bun cat, gop phan cai thién chat
lugng dong nudc va duy tri h¢ sinh thai ven
kénh (Singh et al., 2021, Ali 2023). Bén canh
do, tham thuc vat con dong vai trd quan trong
trong viéc diéu chinh qua trinh van chuyén

Tham thuc vat ven kénh dan dong vai tro thiét
yéu trong vi¢c bao v¢ va duy tri sy 6n dinh cta
bo kénh. Chung khong chi gitip giam nguy co
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tram tich lo limg, dong thoi anh hudng dén su
di chuyén cua cac thanh phén sinh hoc, hda
hoc va chit dinh dudng trong dong chay (Zong
& Nepf, 2011). Tac dong cua tham thyc vat
lén dong chay rat phuc tap, phu thudc vao
nhiéu yéu td nhu cAu trac, mat do, van tdc
dong chay va hudéng dong chay tac dong. Cac
dong luc dong chdy trong kénh cé tham thyc
vat da trd thanh cha dé nghién ctru rong rai,
v6i phan 16n cac nghién ciru duge tién hanh
thong qua cac thi nghiém trong phong thi
nghiém. Mot sb thi nghiém nhim mé ta cu
trac dong chay va sy trao ddi tai ving tiép giap
gitta tham thyc vat va kénh hé da duoc thuc
hién bédi White & Nepf, (2007, 2008) ciing
nhu Zong & Nepf (2010). Sau d6 Zong &
Nepf (2011) dd mé rdng cac nghién ciu trudce
day dé tim hiéu sau hon vé sy ddi luu cia cac
hat trong mang tham thuc vat. Két qua chi ra
rang sy phan tin ngang cua tram tich lo ling
Xay ra rd rét tai ving chuyén tiép giita tham
thuc vat va kénh hé. Bennett et al., (2008) da
tap trung nghién cuu tac dong cua vi tri va
hinh dang cac tham thuc vat ven song dén
dong chay, dong thoi dé xuat viée sir dung cac
mang thyc vat dé phuc hdi va bao vé bd kénh.
Gan day Zhang & Liu (2023) da két hop thi
nghiém va moé hinh s6 dé moé phong sy x6i
mon trén suon ddc c6 tham thuc vat. T cac
nghién ctu trude ddy, co thé thay rang viéc st
dung cac mang hinh try tron dé nghién ctu
tham thyuc vat da duoc ap dung rong rai (Han et
al., 2023, White & Nepf, 2007; Zong & Nepf,
2010; Zong & Nepf, 2011). Tuy nhién do tinh
phtrc tap trong tuong tac gitra thyc vat va dong
chay, tac dong cua mat d¢ tham thuc vat 1én cac
dic trung dong chdy van chua dugc nghién ctru
chi tiét. Nhimg nghién ctru can co6 dé hiéu rd
hon vé tac dong cta tham thyc vat dbi vai dong
chay va cung cip nén tang khoa hoc quan trong
cho cac chién lugc bio vé va quan 1y moi
truong song ngdi mdt cach hi¢u qua.

Vé6i su phat trién nhanh chong cua cong nghé
thong tin, ddc biét 1a cac mo hinh sd, viéc mo
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phong tuong tac gitra thuc vat va dong chay da
tr& nén kha thi va hiéu qua hon bao gid hét.
Trong nghién ctru nay, tac gia tap trung vao
mo phdong danh gid tdc dong cua mat d¢ tham
thue vat dén sy thay d6i dong chay khi di qua
chung. M6 phéng nay duoc thiét ké dua trén
thi nghiém cta Zong & Nepf (2011) dé kiém
dinh va xac thyc. Két qua nghién ctru khong
chi 1am ro mdi quan h¢ gitra mat do tham thuc
vat va cac yéu t6 thiy luc quan trong nhu van
tbc dong chay va sy hinh thanh cac xody nudc,
ma con dic biét nhdn manh vai trd cia cac
X04y xuét hién & mép thuc vat

2. THIET LAP MO HINH

Viéc st dung phan mém Fluent dé mo phong
dong chay qua mot hinh tru va mang nhiéu
hinh tru da dugc tac gid 4p dung thanh cong
trong cac nghién cuu trude day (Vu, 2023; Vi,
2017; Vu et al., 2016). Trong nghién ctru méi
nhat Vu, (2023) da tap trung khao sat dong
chay qua mang hinh try duoc b tri trong kénh
din. Két qua nghién ctru cho thfiy, hé $6 luc
can thu duogc tor mé phdong phu hop chit ché
voi dir liéu thye nghiém cia Nepf (1999), qua
do kh'fmg dinh d§ chinh xac va tinh dang tin
cdy ctia mo hinh dugc thiét 1ap. Dé dam bao
tinh tin cdy trong nghién ctru hién tai, tac gia
tiép tuc ap dung cac thiét 1ap di duoc kiém
chung trude do, bao gdm cac diéu kién bién va
thiét 1ap mé hinh réi. Hinh 1 minh hoa so do
nghién ciru chi tiét.

Trong nghién clru mdt mang céc tru tron tugng
trung cho tham thuc vat duogc bd tri doc theo
bo kénh. Mién tinh toan c6 kich thude 13 m x
1,2 m tuong tu nhu Zong & Nepf (2011),
nhim dam bao di khong gian dé dong chay
phat trién 6n dinh va giam thiéu anh huong
clia cac bién dén két qua mo phong. Truc x
duoc dat theo hudng dong chay, voi x = 0 dat
tai mép thuong luu cua tham thuc vat; truc y
vudng goc v6i dong chay va diém y = 0 dit tai
bo kénh. Ving tham thuc vat duoc bd tri kéo
dai tir x=0 dén x=8 m theo hudng dong chay
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vatiry =0 dén y = 0,4 m theo phuong vudng
gdc. Khoang cach tir mép ngoai cua vung tham
thuc vat dén bién trén clia mién tinh toan 14 0,8

m, dam bao mdt khu vuc du rong dé quan sat
va phan tich su thay d6i cua dong chay trong
khu vuc nay.
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Hinh 1: Mién tinh toan va diéu kién bién

Tham thuc vat bao gém cac hinh tron dugc bd
tri xen k&, c6 duong kinh D = 6mm. Tham s
mat do thuc vat, aD, dugc dé xuét boi Nepf
(1999) va dugc su dung boi Zong & Nepf
(2011). Trong d6 a = nD véi n 1a s luong
cac hinh try trong mang (sé tru tron/cm?).
Trong nghién ctru nay hai truong hop mat do

Béang 1: Thong

dugc xem xét, voi cac giad tri a =0.04 va a
=0.21. S6 lugng hinh try tuong tmg cho hai
truong hop nay lan luot 1a 2133 va 10666
hinh try. Hai truong hop nay sau day dugc
goi tit 1a phan bd thua va phan bd day. Cac
thong s6 chi tiét cua ting trudng hop duoc
trinh bay trong Bang 1.

s0 tham thyc vat

. Tham sé mat do Khoang cach gitra hai 2 IO
Truong hop a=nD hinh tru (cm) Tong s6 hinh tru
Phén b6 thua 0.04 2,8 2133
Phén b day 0.21 1,2 10666
Céc diéu kién bién trong md phong duge thiét Implicit Method for Pressure Linked

lap nhu sau: Piéu kién khong trugt (no-slip
condition) dugc ap dung cho bién dudi cua
mién tinh toan, dam béao ri‘mg van toc tai bé
mit tiép xuc bang khong. Diéu kién khong
truot nay cling dugc ap dung cho cac hinh try
dé mo phong chinh xac su twong tac giita dong
chay va cac cAu trac tham thuc vat. Tai bién
dau vao, diéu kién van toc dugc thiét lap dé
mo phong dong chay déu, véi van toe dau vao
la 11.6 cm/s twong ung voi thi nghiém cua
Zong & Nepf, (2011). Tai bién dau ra, diéu
kién ap suat duoc ap dung dé duy tri sy can
bang cua dong chay. Phuwong phap "Semi-
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Equations" (SIMPLE), mot phuong phap phd
bién trong co hoc chat 16ng tinh todn, dugc
st dung trong phin mém Fluent dé giai
quyét moi lién két gitra 4p sudt va van tdc
trong cac bai toan dong chay khong nén
dugc. M6 hinh 1éi SST k-w duoc ap dung vi
hiéu qua cua nd trong viéc mo phdng cac
dong chdy phuc tap va tuwong tac voi cac vat
thé ran, nhu da dugc giai thich trong nghién
cuu cua (Vu et al., 2016).

Qua trinh chia ludi mo hinh dugc thuc hién

theo cach tuong ty nhu trong nghién ctru cua
Vu, (2023). Mién tinh toan duoc chia ludi
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bang cac phan tir tam giac. Ludi dugc chia min
tai khu vuc c6 tham thuc vat dé nim bét chi
tiét sy bién doi cua dong chay, trong khi tai
cac khu vuc gin tuong bén cua kénh, ludi
dugc 1am thua hon dé giam thiéu sb lugng tinh
toan. Chi tiét vé cach chia lusi dugc thé hién
trong Hinh 2.

~ N
(2 @,

Hinh 2: Lwoi tinh mé hinh voi cac 6 lwoi nho
hon ¢ khu vuc xung quanh tham thyc vat

Linn tha

Vin 1 [mv's

Khodng cich theo plurong x [m]

Hinh 3: Sy thay doi cac thanh phan vin téc u,
v tgi mat cat y = 0,2 m di qua tham thyc vat

Pé dam béao do tin cdy va tinh chinh xac trong
mo phong s, cong tac kiém tra vé do phan
gidi cua ludi tinh da dugc thuc hi¢n. Ba truong
hop ludi véi @6 phan giai khac nhau da duogc
xem xét: ludi thd gdm 2.130.635 phan tir, ludi
trung binh gdm 3.029.233 phan tir, va ludi min
gdém 5.795.005 phan tir. Hinh 3 minh hoa su
thay d6i cua hai thanh phan van tdc theo
phuong dong chay (u) va phuong vuong goc
v6i dong chdy (v) tai mat cat y = 0,2 m, thu
duogc tir ba trudong hop ludi nay. Pong thoi, két
qua thi nghiém cua Zong & Nepf, (2011) cling
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dugc dua ra dé so sanh. Két qua cho thiy ca ba
truong hop ludi déu twong dong va phu hop
t6t voi dir liéu thi nghiém. Do d6, dé giam tai
nguyén may tinh dong thoi vin dam bao do
chinh xac, truong hop ludi thdé da duoc lua
chon cho cac mé phong tiép theo.

3. KET QUA VA BAN LUAN

3.1. Su thay déi vé vén téc
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Hinh 4 thé hién sy thay d6i van tdc twong {mg
v6i hai trudng hop tham thuc vat phan b thua
va day. D6i voi truong hop tham thuc vat
thua, trong khodng x = 0 m dén x =2 m, van
téc dong chay ban dau duy tri & mtc khoang
0,05 m/s, sau d6 giam xuéng dudi 0,01 m/s tai
cudi tham thuc vat (x = 8 m). Nguoc lai, voi
truong hop tham thuc vat day, sy suy giam
van téc xay ra rd rét ngay tiu dau. Trong
khoang x = 0 m dén x=2 m, vén toc dong chay
giam manh xubéng mic 0,005 m/s va duy tri &
mirc rit nhd ndy trong sudt chiéu dai tham
thuc vat.

Trong khu vuc 6 vuéng dugc danh diu trén
Hinh 4, quan sét cho thay tai vi khong c6 tham
thuc vat (vi tri bo bén kia kénh), van tde dong
chdy tang nhanh hon trong truong hop tham
thuc vat day. Nguoc lai, dbi voi tham thuc vat
thwa, sy gia ting van tdc nay dién ra cham
hon. Hién twong nay cé thé dugc 1y giai boi
tac dong can tré manh cua tham thyc vat day
d6i voi dong chay, khién ning lugng dong
chay tap trung nhiéu hon vao khu vuc khong
c6 tham thuc vat. Trong khi do, ¢ truong hop
tham thyc vat thua, mic do can tréd dong chay
thip hon, din dén su phan tan déu hon cua
dong chdy trén toan bd kénh, lam giam su
chénh léch van tc gitta khu vuc gitra kénh va
cac vung c6 tham thuc vat. Pac bi¢t, trong
truong hop tham thuc vat day, mot vung van
tc nho xut hién & khu vuc phia trudc tham
thuc vat va sat bo kénh (trong khu vuc hinh
elip), két qua hinh thanh mot xoay ngugc nho.
Hién tugng nay xay ra do dong chdy bi can tré
manh, din dén su léch dang ké vé phia gitra
kénh va c6 dong chay nguoc ¢ phia bo kénh.
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Hinh 4: Su thay doi van toc: (a) tham thuce vt thiea va (b) tham thye vét day

Hinh 5 thé hién thay ddi van téc theo phwong
y tai cac mit cat lan luot [ax =2 m, x =4 m, X
=6 mvax=_8m. Trong pham viy=0—-4m,
tuong ung voi khu vuce ¢6 tham thuc vat, van
téc dong chay rat nho tai tit ca cac mat cit.
D6i v6i truong hop tham thuc vét thua (hinh
5a), van tbc trong ving nay giam dan tir 0,05

(a)

021§ 3
3 e )
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000 ;
0.075 _
o050 -4
008 3
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Vin 1de [m's)
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m/s tai mit cit x =2 m xuéng con 0,01 m/s tai
mit cit x = 8 m. Nguoc lai, trong truong hop
tham thyc vat day hon (Hinh 5b), van tbe gﬁn
nhu b?mg 0 tai tit ca cac mat cit, phan anh 1o
rét mic do can tré dong chay cao hon cua
tham thuc vat day dac.
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3 v i ms
0200 = 9 ¢ o,
S 3 e X=_1n o7 I
— 0175 3 = ~ %
e i « ¥=4m 77 >
£ %4 ¢ x=fim a,,/
v 3 gue
2 0128 3 e *=8m A
= 01003 2
8 i V4
> Lo7s 3 ’
0050 3 74
0028 3 ——
0 S o - - -
1 uz 04 s 0K 1 12

Khodng cich theo phisnsg v [in]

Hinh 5: Su thay déi van toc tai cdc mdt cdt x =2, 4, 6, 8 m doi véi tham thuee vit (a) thua, (b) day

Trong khoang tr y = 0,4 m dén y =0,7 m, vin
tdc dong chay ting manh, sau d6 dat trang thai
6n dinh khi y > 0,7 m dbi véi tat ca cac mit
cat. Déi v6i tham thuc vat thua, van tdc tang
d6ng nhit tai tit ca cac mit cat theo phuong x
(xem hinh 5a). Nguoc lai, véi tham thyc vat
day hon, van tdc trong pham vi nay ting dan
theo tht tu cac mit cit tir x =2 m dén x = 8 m.
Nhitng két qua nay cho thdy tham thuc vt
khong chi lam giam van toc dong chay bén
trong n6 ma con anh huéng dén sy phan bd
van toc theo phuong vudng goc véi dong chay.
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Khi 1,2 >y > 0,7 m, van tdc tai cac mat cat x =
2m,x=4m,x=6mvax=_8m thé hién 15
su khac biét gilra hai truong hop tham thuc vat
thua va tham thyc vat day. Véi tham thyc vat
day, van téc trong ving ndy gan nhu bang
nhau & tat ca cidc mat cit va dat gia tri khoang
0,225 cm/s. Piéu nay c6 nghia trong ving
kénh ho, van tdc dong chay it thay doi doc
theo chiéu dai kénh. Nguoc lai, dbi v6i tham
thue vat thua, van tde tal mat citx =2 m la
nhoé nhit nhung ting dan theo chiéu dai kénh
va dat gia tri lon nhét tai mat citx =8 m.
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3.2. Su xuit hién ciia cac xo4dy nwéc

O ca hai truong hop tham thuc vat thua va
day, cic xody nudc déu xuét hién ¢ phia sau
tham thuc vat, voi kich thuée twong duong bé
rong cua tham thuc vat. Hién tugng nay dugc
giai thich bai su chénh 1éch van téc dong chay.

CONG NGHE

Cu thé, tai khu vuc ngay sau tham thuc vat,
dong chay c6 van toc thip, trong khi tai ria
tham thuc vat, dong chay lai c6 van tdc cao
hon. Sy chénh léch nay tao ra cac dong chay
nguoc, dan dén sy hinh thanh cac xody nudc
(xem hinh 6a, c).
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Hinh 6: Hinh vanh vec t¢ thé hién cdc xoay xudt hién xung quanh tham thyc vat

Mot hién tugng tht vi quan sat duge do 1a sy
xudt hién cac xody nudc & mép ngoai ria cua
tham thyc vat, dugc nhan dinh 1a cic xoay
Kelvin-Helmholtz (xem hinh 6a, b). Day la
mot loai xody hinh thanh & viung c6 sy chénh
léch van téc gitra hai 16p dong chay. Cac xody
Kelvin-Helmholtz thudong hinh thanh khi mot
16p dong chay c6 van toc cao di chuyén trén
mot 16p dong chay co van téc thap hon. Su
khac biét nay tao ra su bat 6n dinh gitra hai 16p
dong chay, din dén viéc hinh thanh cac xody
cudn tai ria cta tham thyc vat, noi cé sy phan
tach 1o rét gitta khu vuc bi can trd (c6 tham
thuc vat) va khu vuc khong bi can trd (vung
ho ctia kénh). Sy xuat hién clia cic xody nay
dong vai tro quan trong trong vi¢c nghién cuu

van chuyén bun cat va cac chat lo limg xung
quanh tham thyc vat, boi chung anh hudng dén
qué trinh phan tan va lang dong clia cac hat.
Hinh 7 minh hoa két qua mé phong “particle
tracking” theo ddi sy di chuyén cua cac hat
trong dong chay. Céc hat nay duoc gia dinh c6
khéi luong twong duong véi nude. Két qua
cho thiy tai mép ngoai ciia tham thuc vat, cac
hat c6 thé bi dong chay day ra khoi tham thuc
vat nhung sau d6 c6 thé lai bi hut quay tro lai
bén trong tham thuc vat. Hién tugng nay cho
thdy vai trd clia cic xody nudc trong viéc luan
chuyén vat chét tai ria tham thuc vat, déng thoi
g6p phan hinh thanh cac ving xdo tron manh
giltta dong chady bén trong va bén ngoai khu
vuc tham thuc vat.

s\:"..}

Hinh 7: Mé phong “particle tracking” theo déi sw chuyén déng cia cdc hat
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4. KET LUAN

Nghién ctru nay st dung mé phong sé dé danh
gia tac dong ctia mat d¢ tham thuc vat dén su
thay ddi ctia dong chay xung quanh chung. Két
qua cho théy su khac biét rd rét gitra tac dong
cua tham thyc vat day va thua. DPdi v6i tham
thyc vat day, van tde dong chay bén trong
tham thuc vat gidm nhanh chong, trong khi
van toc & ving kénh hé ting nhanh va dat gia
tri on dinh sém hon so véi truong hop tham
thuc vat thua. D6i voi tham thuc vat thua, su
thay ddi van toc dién ra cham hon, cho théy
mirc do can tré cia tham thyc vat ddi véi dong
chay it hon.

Két qua mod phong “particle tracking” va hinh

TAI LIEU THAM KHAO

anh véc to van tdc cho théy su xuit hién cua
cac xody Kelvin-Helmholtz lién tiép doc theo
ria tham thue vat. Cac xody nay dugc phin bd
kha déu va c6 xu hudng ting kich thudc dan
vé phia ha luu. Ngoai ra, mot xody 16n phia
sau tham thyc vat cling dugc ghi nhan, véi
kich thuéc twong duong v6i bé rong cua tham
thuc vat. Nhimng két qua nay nhin manh vai trd
ctia mat do tham thyc vét trong viéc diéu chinh
dong luc hoc dong chay va hinh thanh cac
x04y nudc quan trong xung quanh tham thyuc
vat. Cac xody nay co thé dong vai tro trong
viéc van chuyén trAm tich va cac chit lo ltng,
anh huong dén sy phan bd vat chét trong hé
sinh thai song ngoi.
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