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THAM PINH MO HINH SWASH
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Tém tit
Bo bién khu viee Pong bang séng Cieu Long dang phai doi mat véi nguy co x6i 16, anh
huweéng nghiém trong dén hé sinh thdi rimg ngdp mdn trong mot vai thap ky tré lai day, déic
biét, trong thoi ky nuwde bién déang va bién doi khi hdu. Ciing voi nhitng cong trinh cimg cé
san, nhw dé bién va ké bién, twong mém dang dwoc s dung dé hé tro cho nhitng noi rimg
ngap man bi thu hep manh. Nghién ciru nay sé gidi thiéu co ché suy giam dong chay cia
twong mém theo quy mo phong thi nghiém va qua trinh tham dinh mé hinh todn SWASH,
trong mo phong tuwong tdc giita song va tuong mém. Thi nghiém Darcy-Forchheimer dung
dé xdc dinh hé s6 can cuia twong mém & cdc diéu kién dong chay khdc nhau, thong qua s6
Reynolds. Hé s6 can sé cé gid tri lom trong diéu kién dong chay tang, khi Re < 400 va giam
dén mike 6n dinh tai 3,8 khi Re > 800. Quy ludt quan hé giita hé s6 can va sé Re ciing da
dege tim ra va lam co s6 cho viée tham dinh mé hinh twong tdc giiva song va twong mém
trong SWASH. Cing véi dir liéu thu thdp dwoc tir mé hinh vt 1y, mé hinh todn cho thdy
mukc dg tin cdy ciia mé hinh trong mé phong tiwong tdc song va twong mém (hang rao) la
khd cao khi so sanh hai mé hinh véi nhau. Két qua cho thdy dé léch cua chiéu cao séng
trude twong mém la 3,2 % va chiéu cao song sau twong mém la 4,6 %.
Tir khoa: Tudng mém; Pong bang song Ciru Long; Rimg ngip man; SWASH;
Thi nghiém Darcy-Forchheimer.
Abstract

Recovering mangroves with wooden fence along Mekong deltaic coast: physical
mechanism and SWASH model

The Mekong deltaic coast has been suffering from erosion that negatively affects
the mangrove forest for the past decades, especially in the era of sea-level rise and
climate change. Building alongside traditional coastal structures, porous structures,
i.e., wooden fences, become sufficient support for restoration mangroves that are
already squeezed significantly. This study presents the flow and wave reduction
mechanism due to the wooden fence and validation for wave-fence interaction in
the SWASH model. The application of the Darcy-Forchheimer experiment delivers a
proper drag coefficient that is dependent on the Reynolds number. This coefficient has
high values at the laminar flow condition, Re < 400, and becomes stable as 3.8 at the
high turbulence, Re > 800. The relationship between the drag coefficient and Re has
finally been found, which is the base for the SWASH model’s validation of wave-fence
interactions. With the data from the physical model, this model shows high confidence
during the comparison. The results show low errors for incoming and transmission
wave heights as 3.2 % and 4.6 %, respectively.

Keywords: Wooden fence; Mekong deltaic coast; Mangroves; SWASH; Darcy-
Forchheimer experiment.

84

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 40 - nam 2022



1. Mé& dau

Pdng bang song Ctru Long (PBSCL)
duge biét dén 12 vya lua va 1a noi sinh
song ctia hon 17 triéu ngudi & khu vuc
mién Nam, Viét Nam. Trong mdt vai thap
ky tré lai day, khu vuc bo bién PBSCL da
va dang phai ganh chiu nhiéu thiét hai vé
kinh té va hé sinh thai, trong dé c6 rimg
ngdp man (RNM) do su gia tang cua xdi
16 bo bién.

RNM duge biét dén la dang thuc vat
c¢6 thé séng trong moi truong nude man
va nudce lg, thong thudng dugc phan bd
chu yéu ¢ vung nhiét dd1 va can nhiét doi
[1]. RNM con dugc biét dén 1a mot dang
dé bién ty nhién khi chung c6 thé 1am suy
giam nang lugng séng va dong chay mot
cach dang ké do két cau tu nhién cua than
va ré. Pong thoi, bun cat ¢ thé duoc ting
cuong ¢ phia trong RNM va mé rong dién
tich bai triéu [2, 3]. Tir d6, hinh thanh nén
khu vuc chong x6i 16 hiéu qua [4]. Tuy
nhién, RNM lai rat nhay cam véi moi
truong xung quanh nhu chét luong nude,
thuy sinh vat, va sy hién dién cua cac
cong trinh chong x6i 16 truyén thong nhu
dé bién, tudong dimg va ke.

Céac cong trinh bao vé bo bién nhu
hé théng dé bién, tuong chin séng, dap
phd song va cac ke mo han sé mang lai
mot su dam bao nhit dinh cho duong bo
trong viéc 1am giam chiéu cao séng ciing
nhu viéc tdng cuong bun cat cho mot
khu vuc néi riéng [5]. Tuy nhién, viéc su
dung nhitng cong trinh truyén théng nhu
da néu ¢ trén s€ khong hoan toan mang
lai su 6n dinh cho duong bo, vi chung sé
lam mat c4n bang tu nhién cua duong bo.
Trong nghién ctru cia Dugan va cong su
(2011) [6], ho cho rang sy hién dién cua

Nghién ciru

cac cong trinh “cing” nay s€ lam thay
dbi qué trinh thuy luc dudng bo. Vi du,
ché do song va dong chay tai khu vuc xay
dung cong trinh. Schoonees va cong su
(2019) [5] nhdn manh rang sy thay dbi
ché do thuy dong luc s€ dan dén su boi
lang & phia don song (thuong ngudn) va
x6i 16 & phia bi chin song (ha luu) tai
khu vuc ¢ cong trinh cémg. TAt nhién,
su thay d6i nay s& dan dén viéc hé thong
sinh vat va thyuc vat tai noi c6 cong trinh
s€ b1 de doa cling nhu bi suy giam, tuy
thugc vao muc d6 16n hay nhé cia cong
trinh. Doc bd bién PBSCL hién da c6 dén
80 km trong téng s6 744 km dudng bo da
dugc bé tong hoa dé ngan x6i 16 bd bién,
theo thong ké cua Vién Khoa hoc Thuy
loi mién Nam (2020) [7]. Mic du céc dan
chimg déu chua chimg minh rd mic do
anh huéng 16n dén RNM tai PBSCL, tuy
nhién, RNM di bi suy giam 1én dén 50 %
téng dién tich ring trong vong mot thap
ky vtra qua [8 - 10].

Trong nhitng ndm gan day, su chuyén
giao cong nghé bao vé by bién ciing da
duoc thay d6i, vi du nhu sy chuyén d6i
sir dung cac phuwong phap mém nhu trong
RNM hoac cai thién dun cat trong vi¢c
chdng x6i 16 do bio, hay st dung phuong
phap xay dung cong trinh “mém” két hop
cing v6i cong trinh cing truyén thong dé
nang cao kha nang boi ling bun cat va
phuc hoi hé sinh thai, ddc biét 1a RNM,
trong viéc chdng x6i 16 [5]. Trong thyc té
doc b bién PBSCL, viéc duy tri va phuc
hdi RNM di va dang dugc tién hanh véi
phuong phap xay dung cong trinh mém,
nhu tudng mém (hang rao tre va gd), phia
truéc dé bién dé day nhanh phuong 4n
trong RNM mdi.
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Hinh 1: Vi du vé twong mém (hang rao tre) tai Bac Liéu, Viét Nam [11 - 13]

Tudng mém hay con cé tén goi khac
hang rao cdy hodc tre, dugc két cAu tir hai
thanh phan chinh: phan khung va phan
16i. Phan khung ¢6 cau tao tir 02 - 03 hang
coc tre (g5), dung doc, c6 duong kinh tur
08 dén 10 cm va phan 15i 14 nhitng bé coc
tre (canh cdy), nim ngang, c6 duong kinh
tir 01 d&én 02 cm [11 - 21] (Hinh 1). Theo
danh gia so bd, phan khung c6 két cau
kha thua va kha nang giam nang luong
song va dong chay kha thap néu so sanh
v6i phan 16i cia trong mém, véi két cau
dac hon mac du cé duong kinh canh kha
nho. Nhimg nghién ctru vé tuong mém
trudc day nhu cac tac gia Albers va Von
Lieberman (2011) [14], Schmitt va Albers
(2014) [16], Van Cuong va cong su (2015)
[17] dé cap dén déu danh gia su suy giam
1én dén 50 % cuia ning lugng song thong
qua chiéu cao, gy ra boi trong mém va
vai trd 16n trong viéc bdi lang ¢ phia ha
lwu cua twdng mém. Tuy nhién, nhimg
nghién ctru nay chua cho thdy co so suy
giam nang luong séng, cling nhu tim ra
nhitng thong sb quan trong cua tudng
mém trong viéc mé rong nghién ciru va
ung dung trong mo6 hinh todn.

Trong nghién ctru ndy, nhém tac gia
gidi thidu co ché giam séng va dong chay
ctia tuong mém thong qua céc thi nghiém

vat ly nham tim ra hé s6 can phu hop
dé tham dinh va kiém tra md hinh toan
SWASH. Ngoai ra, mot mé hinh vat ly dé
lam co sé tham dinh mé hinh toan ciing
s€ dugc mo ta. Ngoai ra, cac két qua vé hé
sO can trong nghién cru nay s& duge tng
dung trong cac nghién ctru vé van chuyén
bun cat qua twong mém véi quy mo 16n
thong qua mo hinh toan SWASH.

2. Phwong phap nghién ciru
2.1. M6 ti twong mém

Trong Hinh 1, ching ta ¢ thé thay
rang, phan 13i cua tuong mém c6 két cau
rong va c6 kha nang déng vai trd chinh
trong co ché giam song. Thiét ké cua 16i
trong mém duoc dua trén thiét ké ngu
nhién va dugc thi nghiém vadi ty 1€ phong
thi nghiém 1a 5,0 - ty 1¢ gitra duong kinh
that cua vat li¢u 161 ngoai thuc dia (D,
= 0,02 m), v6i duong kinh miu trong thi
nghi¢m (D, = 0,004 mm) [12, 22, 23].
Céc duong kinh nay dugc chon tir thong ké
duong kinh ctia 630 mau ty 1¢ thi nghiém,
c6 dudng kinh tir 0,002 dén 0,006 m. Trong
Hinh 2, phan 15i theo thiét ké ngiu nhién
dugc mo phong kha dong nhét. Tuy nhién,
thiét ké nay dya trén dic diém khong dong
nhat ctia canh ciy ngoai thuc dia, d6 1a
duong kinh khong ddng nhat va do thang
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khong dong nhat gitta hai dau canh cay.
Chinh vi vay, kha nang c6 16 rong 16n va 16
rong nho trong phan 15i s& rat cao. Trong
thi nghiém, dé tranh cc hién tugng khong
mong mudn xay ra, viéc tao ra mot thiét ké
c6 tinh déng nhit nhidu nhat c6 thé 1a can
thiét dé giai thich co ché vat Iy mot cach
chinh x4c. P9 rong cia 16i ciling s& dugc
tinh todn phu hgp theo cong thure:

nD?
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Trong do:

n 1a d6 rong cua phan 15i;

N1a s6 lugng coc (canh cdy/tre) trong
mot m?;

Mat do cua cdc mau cung do rong
duogc trinh bay trong Bang 1.

Bang 1 trinh bay hai thi nghi€ém vai
02 muc tiéu chinh: x4c dinh hé s can va
tham dinh mo hinh toan. Trong d6, mau
v6i quy md phong thi nghiém theo thiét
ké ngau nhién dugc dung dé xac dinh hé
s can va tham dinh m6 hinh.

Hinh 2: Thiét ké chinh ciia 16i twong mém trong thi nghiém vat Iy [12, 13]
(a) dai dién cho thiét ké ngéu nhién ciia l6i, dwoc ditng trong thi nghiém dong chdy va song
(b) mdu thuwe nghi¢m trong thi nghiégm dong chdy va séng

Bing 1. Trinh tw thi nghi¢m 16i twong mém

et K tme R DPuong Mat dg b9 Loai thi on
TT | Thiét ke 161 Quy mo kinh (m) (coc)) réng | nghiém Muc tiéu
I | Ngdunhién | Thinghiém | 0,004 8011 | 90% |Dong chay Xagédigﬁ hé
2 | Nefunhién | Thinghiem | 0,004 8011 | 90% | song | |ndmdinh
mo hinh
2.2. Thi nghiém dong chdy qua Trong do:

twong mém

2.2.1. Cong thirc tinh todn

Trong thi nghiém dong chay dé xac
dinh hé s6 can cua 15i tuong mém, cong
thire tinh luc can lén mot hé coc cua
Morison [24] dugc su dung:

Fy = 5 pDNTou (N/m?) @)

Cp: 12 hé sb can cua hé que (hodc hé
vat liéu rong);

u: (m/s) 1a van téc dong chay va (kg/
m?) 1a mat d nudc.

Hé s can (Cp) thong thudng s& bi
anh huéng boi tinh chat cia coc, nhu
dd nham, hinh ddng mat cat ngang, diéu

kién dong chay, su sap x€p cia coc va
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mat d6 coc [25, 26]. Pong thoi, hé sé can
ciing phu thudc vao ché do dong chay
xung quanh coc, thong qua sé Reynolds
(Re=uD/3, v6i (m?/s) 1la d nhdt dong
hoc ciia nudc). Trong diéu kién cua mot
hé rdng, s6 c6 thé duoc tinh véi van tbe
qua hé rong va cé cong thirc 1a Re=uD/9.

Vé co ban, luc can ciia mau rong cé
thé duogc chia ra lam 02 loai. Thr nhit 1a
luc can dén tir ma sat va ap luc cua toan
bd mau. Thir hai [a ma sat tai mit tiép xuc
clia timg vat liéu. V&i gia thiét didu kién
dong chay rdi (Re > 300) va bo qua ma
sat bé mit thi luc can (F,) sé& chi ¢6 thanh
phan thir nhat va 13 thanh phan chinh vao
luc can cia toan bd mau. Dén day, luc
can cua mot mau rong cé thé duge tinh
toan nho chénh léch ap luc cua chat long
(khong nén duoc) qua mot mau rong cia
thi nghiém Darcy-Forchheimer [27], va
chénh léch nay c6 cong thirc sau:

= L0 3)
gp 6x
Trong do, 7 1a chénh I¢ch ap luc phat
sinh tir chénh 1éch cot nudc dp (kgms?).
Khi d6, luc can c6 thé duge viét lai tir

cong thuce (2) va (3) nhu sau:

= DNCpu?
29
2.2.2. M6 ta thi nghiém
Pé ¢6 thé tinh toan duoc luc can
theo phuong trinh (4), thi nghiém xac
dinh chénh I¢éch thuy luc dugc thirc hién
tai phong thi nghiém k¥ thuat thuy luc
tai Truong Dai hoc Cong nghé Delft, Ha
Lan. Trong thi nghiém nay, mdt may bom
thuy luc véi kha ning cung cdp mot luong
xa thay d6i tir 3 x 107 dén 26 x 10 (m*/5),
dugc tinh toan tir van téc dong chay kha
thi ngoai thuc dia, tir 0,05 dén 2,5 m/s

88

)

[19]. Lugng xa tir mdy bom cung cip
dong chay 6n dinh di qua éng dung mau
c6 kich thudc 4 = 26 x 26 cm. MAu tuong
16i s& duoc dat trong 6ng dung miu va bé
rong c6 thé dugc thay d6i chiéu rong (B).
Dé do chénh léch 4p luc (), 04 dau do
ap luc (PS1 dén PS4, Hinh 3b, 3c) duoc
¢ dinh & hai dau mau. Céac cot nude dai
dién cho dau do ap luc (Hp,l., voiite 1 dén
4 dai dién cho 04 dau do) duogc hién thi
nhu trong Hinh 3a. Tat ca cac thiét bi trén
duoc dat trong mdt bé nudc c6 kich thude
(2 X 2 x 2 m) va b tri nhu trong Hinh 3.

Van téc dong chay qua mau dugc
tinh theo cong thire sau:

()

Uy =~ (/)

Trong do:

A 1a dién tich mat cit ngang ctia dng
dung mau;

u_1a vin toc dong chay di qua mau,
dugc cho 13 van tdc thuc bén trong mau
[28, 29].

Thi nghiém dong chay s€ dugc thuc
hién cho mdt mau thiét ké ngiu nhién, véi
bé rong thay déi tir 26,5 cm dén 58,0 cm.
Khi bat dau do, lugng xa s€ dugc ¢ dinh
cho dén khi cac cot nuée duogc 6n dinh,
cac dau do ap luc s€ dugc ghi lai theo
dinh dang Voltage v&i tan s6 ghi 1a 100
Hz. Céc dir liéu nay cé thé duoc chuyén
d6i qua don vi chiéu dai, thong qua quan
hé hdi quy tuyén tinh. Khi dé, 4p luc ton
that khi dong chay di qua mau dugc tinh
nhu sau:

I=—F (6)
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Hinh 3: (a) Thiét [gp thi nghi¢m xdc dinh hé sé cin ciia mau 16i irong mém. Hinh (b) va
(c): Bo tri dau do ap luc nwoc phia trén ciua mau (b) va dwoi dday ciua mau (c) [12]

2.3. M6 hinh twong tic song va
twong mém

2.3.1. M6 hinh vat ly

Mo hinh vat ly mé phong tuong tac
giita séng va twong mém duoc thuc hién
tai mang song, trong phong thi nghiém k¥
thuat thuy lyc tai Truong Pai hoc Cong
nghé Delft, Ha Lan. Mang song cé kich
thudce 1a 38,0 x 0,8 x 1,0 m, dugc mo ta
nhu Hinh 4. Mang song dugc thiét ké
dua trén bo bién thoai ¢ ving bo bién
PBSCL. Tong hop do dbc 1/10 va 1/20

nhim tao ra mot vung cd thé tao ra song
v&, trude khi song tién vao bd viing thoai
gﬁn bo. Tuong mém duoc dit tai vi trf x
= 28,0 m, ¢6 cau tao giéng véi thue té.
Phan khung duogc cAu tao tir cac éng nhua
PVC (Hinh 4), tron va d6 day thap, nham
giam hiéu tmg séng do khung nhiéu nhat
c6 the, phan 16i dugc thiét ké ngéu nhién
nhu mé ta @ muc 2.1, Hinh 2. Bén phia
trdi cia mang séng la may tao song, dugc
thiét ké dé hap thu séng phan xa tir cong
trinh phia bén phai va c6 thé tao ra song
phi tuyén bac hai.

Dau do song:
x,=192m
X, =19,5m
X,=19.9m

Dau do séng:
x;=30,0m
Xy=304m
X,=30,7m 5

Dau do song:
x,=248m

x;=251m T
x,=255m

M

"y e

13m

60m 80m

Il

1| il

140m

19,0m

i

245m 2.0m 300m 36.0m

Hinh 4: Két ciu mé hinh twong tic soéng va twong mém trong mdng song
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Céc kim do song dugc dat phia trudc
va sau tuong mém, vi tri cta cac kim do
dugc mob ta trong Hinh 4. TAt ca cic sb
liéu thu dugc tir kim do séng co tan s6 ghi
1a 100 Hz, ¢6 don vi 1a Voltage va 6 thé
chuyén qua don vi mét, thong qua hé hoi
quy tuyén tinh. Theo moé ta trong Hinh 4,
03 kim do tir 19,2 m dén 19,9 m, dung dé
tinh séng dén lam di liéu cho mé hinh toan
SWASH. Ba kim do tir 24,8 m dén 25,5 m,
dung dé tinh séng dén va séng phan xa. Ba
kim do tir 30,0 m dén 30,7 m, dung dé xac
thyc séng truyén qua tudng mém. Song
dén va song phan xa duoc phan tich theo
phuong phép cua Zelt va Skelbreia (1993)
[30]. Chiéu cao séng co nghia duoc tinh
nhu sau: Hpo = 4/m,. Trong d6, m,, 1a mo-
men bac khong cua dao dong muc nudc.
Céc diéu kién song dugc tao ra bdi may tao
song 1a khong déu véi pho JONSWAP, c6
hé sb dinh tang cuong 1a y = 3,3. Céc diéu
kién séng dugc mo ta trong Bang 2.

2.3.2. M6 hinh toan SWASH

Mo hinh toan SWASH 1a m6 hinh
mé duoc phat trién boi cac nha khoa hoc
tai Truong Pai hoc Cong nghé Delft, Ha
Lan. M6 hinh da duoc tng dung rat nhiéu
trong cac nghién ctru vé soéng gan bo
(vung nudc nong), véi do chinh xac cao
[31 - 35]. Trong nghién ctru vé mé phong
turong tic séng va tudng mém, mo hinh
SWASH s¢& duoc thiét lap dua trén mo
hinh vat ly ¢ muc 2.3.1 va dir liu séng
truyén qua hang rao, dung dé kiém tra tinh
chinh xdac cua mo6 hinh SWASH.

1
f = —=C,DNH,k

sinh3 (kaHf) +3 sinh(ka'Hf) + cosh’ (kaHf) -3 Cosh(kaHf) +2

Mot s6 thiét 1ap can thiét cho mo hinh
nhu sau: DY phan gidi theo khong gian
(Ax) dugc tinh véi ty 1€ 14 1/100 cua budc
song (Lp). T’rong nghién clru nay, Ax =0,01
(m). Vi the, s€ co tong 4000 diém ludi
trong tong s6 40 m chiéu dai mang song.
Vi kim do séng dé tinh chiéu cao song dén
bat dau tir 19,0 m nén bién séng dé thim
dinh sé duoc dat tai x = 19,0 m. Muc nudc
ban dau dugce tinh béng 0,0 m. Budc thoi
gian 13 0,001 s. Hé s6 nham ddy duoc thiét
1ap mic dinh bang 0,019 (m3s) [32]. Cac
thiét l1ap khac dugc mo ta rd trong nghién
clru cua Zijlema, Stelling va Smit (2011)
[32].

Trong SWASH, m6 hinh m6 phong
hé théng coc (Vegetation) dugc st dung dé
md phong twdng mém. Thiét 1ap ¢b dinh
cho tuong mém va chiéu cao trong mém
(H/) l1a 0,3 m, mat do coc cua tuong mém
(N) 1a 8011 coc/m?, d6 rong 1a 90 %. Gia
thiét, séng ngau nhién dén tuong mém,
chiéu cao séng truyén trong mé hinh duoc
tinh toan dga trén phuong trinh vi phan
tuyén tinh. Néu chiéu cao song phia trude
tuong mém duge gia thiét 1a 7, thi chiéu
cao song truyén s& dugc tinh nhu sau:

H 1
H - 11px (7)

Trong d6, hé s6 § duoc tinh toan
theo nghién ctru cia Suzuki va cong su
(2019) [36] sau khi téng hop thanh phan
luc ngang va doc trén coc. Dua vao tinh
toan cua Mendez va Losada (2004) [37],
hé s duoc mo ta nhu sau:

@)

3Vr
Trong d6, hé s6 aHf (m) 1a myc nudc
tinh toan tir chan tuong mém dén vi tri

ngdp nudc; k 1a s6 con song. Theo do,

90

[sinh(2kd) + 2kd]sinh(kd)

trong tinh todn truyén séng cia mo hinh,
ngoai cac gia tri dugc co dinh nhu: chicu

cao song, duong kinh coc va cac thong
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s song thi hé s6 can Cp dong vai tro 16n
trong viéc giam nang lugng song dén. Vi

vay, h¢ sO nay s€ dong vai tro la h¢ so

Nghién ciru

tham dinh cho mé hinh. Budc tham dinh
s€ dugc mo ta trong muc 3.2. Déng thoi,
cac thiét 1ap chinh cho trong mém va céc
kich ban song dugc mo ta trong Bang 2.

Bing 2. Diéu kién song va thiét ké twong mém

. , . D§ sdu nuoc Bérong |Matddcoc| .., »
TT | Chiéu cao song (m) | Chu ky (s) (m) (m) (coc/) Do rong
1 0,035; 0,055; 0,075 1,1 0,15 0,28
2 0,030; 0,050; 0,070 1,2 0,15 0,28
3 0,030; 0,050; 0,070 1,4 0,15 0,28
4 0,030; 0,055; 0,070 1,3 0,20 0,40
5 0,030; 0,050; 0,070 1,6 0,20 0,40 8011 90 %
6 0,030; 0,050; 0,070 1,8 0,20 0,40
7 0,030; 0,045; 0,055 2,7 0,25 0,66
8 0,030; 0,050; 0,070 2,4 0,25 0,66
9 0,030; 0,055; 0,070 2,1 0,25 0,66

3. Két qua nghién ctru
3.1. H¢ s6 cdn

Trudc hét, d6i v6i dong chiay qua mot
mau rong, ton that ap luc c6 thé duoc thé
hién thong qua ton thit dong chay tang va
dong chay rdi. Nhitng ton that nay ty 1é
thudn voi van téc dong chay (u ) va binh
phuong cua van tdc dong chay (u2) [38,

39]. Méi quan hé giira chénh 1éch ap luc
(/) va van téc dong chay (u,) dugc mo ta
trong Hinh 5a. C6 thé thdy ring, chénh
léch thuy luc déu tang khi van toc dong
chay ting va kha dong nhat d6i vi tat ca
cac d6 day ciia mau 161 tuong mém. Piéu
nay cho thdy rang, chénh léch cot nudc
duong nhu khong phu thudc vao do day
ctia mau khi thi nghiém.

Chénh Iéchlép Iyre cuia ede bé rong miu 1di . H§ s{i ein
¢ B =265 cm ¢ B = 26,5 cm
Ll ® B =390 cn | | ® B = 39.0 cn
* B=580cm o | % * B=530cm I
= :', ____m =3,87+ {%)121.2-31
1 oy :
¢ , +
" ¢ #
3 ¢ IR
o ® i ¥
# kS o
. A
i
o ‘%"‘"- 8 00%
® ! PT Y Lo LS LA
o Y ge.g.*.& # :
-
»*
- “‘. ! ! . ! _ }
1 [ 0l 014 0z a8 03 01y 04 200 400 00 B0 1000 1200 1400 160K W 2000
11, [m) 8] Re,
(a) ()

Hinh 5: (@) Quan h¢ chénh léch thuy lyc va vin toc u_ (b) Quan hé giita h¢ sb cin va sé Reynolds

Tir phuong trinh (4), hé s6 can cta mau c6 thé duoc viét lai nhu sau:

Cp

291
" DNu?

©)
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Trong cong thirc trén, dé dang nhan
thdy tuong quan ty 1¢ nghich giita h¢ sd
can v6i binh phwong van toc dong chay
hay binh phuong sé Re =u D/n§, dudng
kinh coc va mat d¢ coc. Nhu da trinh bay
o phén mo ta thi nghiém, mot hé sO can s&
dugc tinh toan tir mot van toc khi 1am thi
nghiém. Tuy nhién, do khong cd quan sat
bén trong 15i tuong mém, nén cac ddnh
gia s& duoc bién luan dwa vao ban chat
moi quan hé ¢6 san giita hé s6 can va s6
Reynolds. Cu thé, khi van tdc nho, diéu
kién dong chay c6 thé trong trang thai
phan téng, luc nay s Re s& nho, mic do
can dong chay ctia mau 16i sé rat 1on. Vi
thé, hé s6 can cua mau tir 5,0 dén 7,0 khi
Re nh6 hon 400. Khi van téc dong chay
nho, mirc d6 phén ting ctia dong chay bén
trong mau ciing s& thay doi theo do day.
C6 thé thay trong Hinh 5b, khi Re < 600,
Cp khong dong nhat véi cac do day cia
mau, do mic d6 ngau nhién sé& ting thém
khi d6 day ciia mau tang va Cp cang 16n
dbi voi mau cang day. Tuy nhién, Cp s&
giam dan khi vén téc dong chay tang lén.
Khi diéu kién dong chay rdi xay ra, Re >
1000, Cp, s& it bi phu thudc vao dong chay
xung quanh hé coc ma chung chi bi anh
huéng boi mat d6 ciing nhur mirc do ngau
nhién cua mau. Vao thoi diém nay, Cp s&
dan 6n dinh & gia tri khoang 3.8. Puong
hoi tu theo ham s6 mii lién két Cp va Re
dugc mo ta trong Hinh 5b va c6 cong thirc
biéu thi nhu sau:

Cp = 3,87 + (177,2/Re,) % (10)

3.2. Két qua tham dinh mé hinh

Tur cach trinh bay ¢ phuong trinh (7)
va (8), chidu cao song dén s& giam sau
mdi mot khoang cach (x) cua tudong mém
va day ciling 1a cach moé hinh SWASH

thyc hién. Piéu nay dan dén viéc van toc
dong chay do séng giy ra s& giam sau moi
khoang cach (x). Hinh 6a cho thdy chiéu
cao séng giam bén trong tudong mém s& dan
dén van toc dong chay giam (Hinh 6a-H1
va 6a-H2). Pong thoi, theo dudng hoi tu
trong Hinh 5b, s6 Re giam do vén toc dong
chay giam dan dén viéc gia tang hé s6 can.
Nhu vay, hé sb can phu hop sir dung dé
tham dinh s& phu thudc vao vi tri cia diém
dugc trich xuét gia tri van téc dong chay
bén trong tuong mém. Dbi véi tat ca cac
truong hop, vi tri duogc lya chon dé tinh Cp
phu hop 1a vi tri x = 28,05 m, ngay sau khi
song truyén qua twong mém. Tai vi tri nay,
s0 Re s& duoc tinh tir van toc dong chay
va Cp sé& duoc tinh dya vao cong thue cua
dudng hoi tu Cp va R, nhu da néu ¢ trén.
Dbi v6i mdi mot trudong hop, khi chiéu cao
song truyén trong mo hinh toan khép véi
chiéu cao song truyén tir mé hinh vat ly
thi Cp, da tinh d6 1a gia tri phu hop. Luu y
rang, s& mat it nhat 01 1an kiém tra dé c6
thé tinh duoc Cp phu hop.

Hinh 7 va Hinh 8 1a két qua so sanh
gitta m6 hinh toan va moé hinh vat ly theo
1an luot hai ndi dung 1a chiéu cao song c6
nghia va dao dong muc nudc. Theo hai két
qua ndy, ching ta c6 thé thay dugc mirc
dod tin cdy cua mo hinh SWASH trong tinh
toan va mo phong tuong tac gitia song va
trong mém. Hinh 7 cho thdy mé hinh toan
va mé hinh vat 1y khép véi nhau vé H
& tit ca cac dau do. Tuy nhién, dao dong
muc nude tai dau do 7 trong Hinh 8 thi
chua khép véi nhau ¢ hai mé hinh. Diéu
nay c6 thé do trong mé hinh toan, dao dong
muc nudc dugc tinh todn dua theo phuong
phap can bang ning luong, nhung khong
¢ nghia két qua nay khong chinh xéc vi
pho séng gitta hai mé hinh kha khép nhau.

92

Tap chi Khoa hoc Tai nguyén va Moi truong - S6 40 - nam 2022



i 4+
0,08 ‘
= = "
= | *
_T_E 1 Dy ¢ &
= 04t * 4 4
0,0
L]
275 K N5
LIrs
ik EEESEEEN
\\
%
0 H""ii-‘_‘.,* e
L ‘
275 - M

X-axis (m)

(@)

L
(H1)
B R S Y
b |-
&)
15—
(H2)
4
15 x
29 0

Nghién ciru

& M hinh todn
i Oh= ;H?+[1H yLzs)

4000 ] w00

Re,

(b)

L

Hinh 6: (a) Chiéu cao song (H1) va vian toc dong (H2) do song bén trong twong mém, sé

liéu dwoc tao tiv mé hinh SWASH. Hai bién ciia twong mém dwgc biéu thi bang hai vach

den tir x = 28,0 dén 28,66 m. Tru’o’ng hop mophong laH =0,07 m; T =2.1s; d=0,25 m;
B=0,66 m; Cp p=42; (b) H¢ 50 can dwogc chon aé tham dmh dua vao dwong hji tu

Hy = SS(ems T, = 14 {sh d = 15 (em); B = 28 (em)

H =50 gemp: T, = 1.2 () d = 20 (em); B =28 (em)

Hy =50 (em); Ty = 1.1 (sh; d = 25 (em): B = 2R (em)

Hn

H,= 5.0 ll‘l!.ll'. T.. = 1*{9}:

S m)

1 imd

oidy

A

d=15{emk B =40 (em)

by

i R

H, =50 (emp T, = 1,6 (s):
ek

o Py

R

d =20 {em); B =40 {em)

U]

»

H, =58 (em); T, = 1.3 (s
I m

L

d =25 jem); B =40 (em)

H_

e
I
=45 fem): To= 2.7 ixk d = 15 fem); B = 66 (vm)

H_ (m)

‘_.a.u_—._.--..)

% (i)

™

Wy = 50 (em) T = 2,4 (x); o = 20 (em); B = 66 fem)

(hy

e
| "
=50 {eml; T, = 21 (s); d = 25 (cm); B = 66 (em)

Fm

xim)

'

'

'

'

'

'

'

'

'

'

T
—

% {m)

Hinh 7: So sdnh két qud ciia H , gita mé hinh vt ly (tam gidc xanh) va mé hinh todn

(dwong lién den)

Dao dijng mype mue

#im)

i (m)

—Mi hmh \rﬁl I\
— M4 hinh todn

Ihin gian is)

Phis sing
| {a): Diudo 3, x=199m

B {m"Hz)

- rn-'1m

| (e} Pdudo T:x=300m

F m M)

Viin s (1he)

Hinh 8: So sdnh két qud dao dong mwe nwéc va phé song tai cdc dau do twong teng giiva
mo hinh vit ly va mé hinh todn

93

Tap chi Khoa hoc Tai nguyén va Moi truong - So 40 - nam 2022



Nghién cuu

Dé c6 mot cai nhin chinh xdc hon
thi chi s6 SI va BIAS [35] dung dé kiém
tra murc dg tin cdy cia mo hinh dugc tinh
todn va mo ta trong Hinh 9. Cong thuc
tinh SI va BIAS nhu sau:

\/ Z 1(H1t/10 phong Héo dac)z

(11)
N i
N Zi:l HDo dac
0.1 /-/'.‘.
0.09 (a): Chiéu cao song dén a
BIAS =-0.8 mm; /,-/
008+ SI=0.032 #~

0.07 | |
0,06 | !
[} 05 1

[H.J-I' 1

M hinh todan (m)

003t
0.02

L v 1
0.0l /

0
[} 0.02 0.04 [LXS] 0.08 0.1

M6 hinh vit ly (m)

1 WV , .
BIAS = NZ- 1(Hi46 phing — Hpodac)  (12)
1=

C6 thé thiy rang, mo hinh todn
c6 muc do tin cdy kha cao khi khong co
nhiéu sai léch gita hai mé hinh. Vi du nhu
mirc d6 sai gitta chiéu cao song dén va
chiéu cao séng truyén gitta hai mé hinh
lan luot 12 3,2 % va 4,6 %.

0.1 -

009t (b): Chiéu cao song truyén
BIAS = 0.5 mm; /S
008 SI=0.046 4

007

0.06

0.05

0,04

Mo hinh todn (m)

[]1!1 r

0.02

0.01 ¢

0 0.02 0.04 006 0.08 0.1
Mo hinh vat ly (m)

Hinh 9: Chi sé SI va BIAS

4. Két luan

Trong nghién ctru nay, nhdm tac gia da
mo ta thi nghiém dong chay qua 161 tuong
mém va 02 mé hinh twong tac giita séng va
tuong mém. Thong qua thi nghiém dong
chay Darcy-Forchheimer qua tuong mém
(hang rao tre/gd), nhom tac gia thiy rang
thdy hé s6 can (Cp) dong vai trd quan trong
trong co ché suy giam niang luong dong
chay. Két qua thi nghiém ciing cho thay,
hé s6 can cua tuong mém phu thudc nhiéu
vao diéu kién dong chay bén trong mau 15i
tuong mém. O diéu kién dong chay tang,
khi s6 Re < 400, gi4 tri hé s6 can 1a khé
16n, tuy nhién, hé s6 can s& giam dan va
tr& nén 6n dinh khi ¢ diéu kién dong chay
roi, khi s6 Re > 800. Mdi quan hé giira Cp,
va Re kha ddng nhit v6i nhitng nghién ctru
trude day, nhu ctia Sumer (2006) [26] va
cua Keulegan (1958) [40].
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Tuong tac gitta song va tudng mém
ciing duoc dé cap thong qua mo hinh vat ly
va md hinh toan. O day, voi su co mat cua
tuong mém, ning luong song, thong qua
chiéu cao song, da bi suy giam mot cach
dang ké. Chiéu cao song giam tai trong cac
kich ban giam 16n nhét 1a 50 %, tir 8 cm
dén 4 cm. Tuy nhién, trong két qua nghién
ctru ndy, séng phan xa do tuong mém chua
duoc dé cap va sé duoc nghién ctru sdu
trong tuong lai. Hon nita, céc chi s ding dé
thdm dinh mé hinh ciing cho thiy tinh chinh
x4c ctia mo hinh. Cu thé, st dung dir li€u tir
mo hinh vat 1y va cac thong sb tuong mém,
bao gém: duong kinh coc, mat d§ va h¢ $6
can ctia mau 16i dd dung trong thi nghiém
Darcy-Forchheimer, mé hinh todn da dugc
thdm dinh va mang dén do tin cdy cao trong
cac nghién ctru trong tuong lai.

Mic du nghién ctru cho thdy hé sb
can (Cp) dong vai trd 16n trong co ché
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giam song va dong chay qua tuong mém
va cac mau van chi theo quy mo phong
thi nghiém kha nho, (ty 1€ dai 5,0), nhung
viéc nghién ctru dé tim ra Cp cho mau ¢
ty 18 thuc té van rat can thiét. Hon nita, mo
hinh toan ciing s& cung cdp thém nhiing
gia thiét dé nghién ctru vé tinh kha thi khi
xdy dyng tuong mém (hang rao) dé phuc
héi rimg ngdp min, nhu tinh giam song
pht hop cho rimg va van chuyén bun cat.

Loi cam on: Nhom téc giad xin chan
thanh cam on cac cong su & Truong Dai
hoc Cong ngh¢ Delft, Ha Lan da giup
hoan thanh thi nghiém dong chay va mé
hinh vat ly trong phong thi nghiém k¥
thuat thuy luc.
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