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Tém tit: Trong bai bdo nay, phwong phdp phan tir hitu han Taylor-Galerkin dwge dp dung dé roi rac
héa hé phirong trinh Saint-Venant cé ké van toc chiéu dimg ¢ day long dan, véi do chinh xdc bdc ba
theo thoi gian va khéng gian. M6 hinh todn dwoc kiém dinh béi hai vi du: Dong chay on dinh trén kénh
6 Vit can va dong chay vé ddp trén kénh doc. Két qua cho thdy tinh hiéu qud va chinh xdc ciia mé hinh
todn. M6 hinh vit 1y dwoe xdy dung nham tao ra vin toc chiéu dimg & ddy kénh dé kiém chimg tinh
dung dan cia mé hinh. Két qua do dac vé sur bién doéi muc nude doc mang thi nghiém duwoc thuc hién
Voi cdc cdp heu lwong khdc nhau. Két qud nay dwoc so sanh véi két qud tinh todn theo mé hinh todn cho

thdy sw phit hop tot khi chi s6 Nash trong cdc truong hop lén t6i gan 90%.
Tir khoa: Saint-Venant, Taylor-Galerkin, thi nghiém, x4o tron ddy long dan.

1. PAT VAN PE

Hé phuong trinh vi phan phi tuyén Saint-
Venant (hay con dugc xem la hé phuong trinh
nudc néng mot chidu) di va dang duge st dung
rong rai trong viéc mé phong dong chay khong
6n dinh mot chiéu trén long din hd. Trong
nhitng nim gan ddy, da c6 nhiéu nghién ctru vé
viéc giai hé phuong trinh nay khi xét té1 dong
chay chiu anh hudéng cua trong lyc hay luc
Coriolit (Lai va nnk, 2012; Pilotti va nnk, 2011).
Tuy nhién, anh hudng ctua sy xdo tron ¢ day
long dan do c6 dong chay bo sung ¢ day thi
chua dugc xem xét. Vi vay, cac tac gia da xét
t6i thanh phan ndy va bo sung vao sb hang
ngudn cta hé phuong trinh Saint -Venant. Mt
khac, viéc Iya chon phuong phép sé phu hop dé
giai hé phuong trinh nay ciing 1a van dé duoc
nhiéu nha khoa hoc quan tdm nghién ciru. Lai va
nnk(2012) ding phuong phap phan tir hitu han
discontinuous Galerkin dé giai; Pilotti va
nnk(2011) lai dung phuong phap sai phan hiru
han Mac-Cormack dé c6 duoc nghiém chinh xac
bac hai theo khong gian va thoi gian. Tuy nhién,
s6 hang ngudén moéi chi xét t6i anh hudng cia do
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dbc ddy va ma sat. Vi vay, trong ndi dung bai
bao nay, cac tac gia da dung phuwong phap phan
t htru han Taylor-Galerkin dé roi rac hoa hé
phuong trinh Saint-Venant c6 ké sy x4o tron &
day long dan, véi do chinh xac bac ba theo thoi
gian va khong gian. Sau d6 dung ngoén ngir 1ap
trinh Fortran dé xdy dung chuong trinh tinh.
Tinh chinh xac, tinh 6n dinh va hiéu qua cua so
dd s6 dugc kiém dinh bang mot sd vi du co
nghiém gidi tich hay thuc do ciing dugc chi ra
trong bai bao nay.

Bén canh d6, dé danh gia kha ning ctia md
hinh toan trong viéc mo phéng anh hudng ctua
dong chay bd sung theo chiéu dimg, mé hinh vat
ly duoc thiét lap va do dac tai Phong Thi
nghiém trong diém Quéc gia. Két qua vé dudng
mdt nudc gitra tinh todn va thuc do kha phu hop
khi chi s6 Nash trong cac truong hop thi nghiém
1€n t&1 90%.

H¢ phuong trinh vi phan dao ham riéng cua
dong chay mot chiéu khi c6 ké dén xao tron &
day long dan dugc giai sd bang phuwong phap
phan tir hiru han Taylor-Galerkin va lap trinh
bang ngdédn ngit Fortran (Huynh Phuc Hau,
Nguyén Thé Hung, 2017). Bé kiém ching tinh
chinh xac cua mé hinh toén, thi nghi€ém trén mo
hinh vat 1y da dugc thyc hién va trinh bay trong
bai bao nay.

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 61 (6/2018) 91



2. MO HINH TOAN A=hb,+0.5h>m ; by: bé rong day; m: tong 2 hé
2.1. H¢ phuong trinh Sant Venant c6 k& 34 maj dc; R: ban kinh thuy lyc (m).

dén xao tron &' day long dan Dong chay bo sung tai day 1ong dan gy xdo
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o a tron, co van toc w va gia toc a = =
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2.2. Roi rac theo thoi gian
Thuc hién khai trién véc to 4n p,r bang chudi Taylor theo t 1an cin bén phai diém thoi gian t=t";
dén bac ba, nhan dugc:

t At ? it At ’ 1t
pn+1:pn+At'pn+(2) pn+9+(6) Py +O((At)3)
L (0 1 . (1 0 y
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Trong d6: 0 1a trong sb 4an, p, 1a dao ham bac nhat theo thoi gian cta p dénh gia tai t=t". Va

tuong tu nhu vay, p” , la dao ham bac hai:
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Thay thé (8) va (9) vao phuong trinh (7):
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2.3. Roi rac theo khong gian
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Goi chiéu dai phan tir mot chiéu bac 2 1a 2L, ¢6 3 nat 1,2,3. Chon gdc toa do dia phwong tai nat
dau 1, hudng x duong tir nat dau 1 dén nat cudi 3. Chon ham ndi suy bac 2, ta co:
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Ap dung tich phan trong s6 cho phuong trinh
(10) & trén, ap dung tich phan timg phan cho
dao ham bac 2 ta dugc hé phuong trinh dai )
tuyén tinh dé xac dinh phuong trinh hé ma tran
phan tir, sau khi ghép ndi dugc hé phuong trinh
tong thé, gan diéu kién bién dé giai ra vec to an
sO & ting budc thoi gian.

Céc tac gid da su dung ngon nglr 1ap trinh
Fortran90 xdy dung chuong trinh tinh dua trén
md hinh toan da chon. Phwong phap sb di duoc
kiém dinh tinh bao toan khéi lugng, khong xuit

{0.2—0.05()(—10)2
Zb =

Truong hop 1: Dong chay trén kénh chuyén
1a chuyén tiép, khong co song gian doan. Do sau
ha luu 1a 0,66m, luu lugng don vi phia thuong
lvu 13 ¢ = 1,53m’/s.m.

Truong hop 2: Dong chay trén kénh chuyén
1a chuyén tiép, c6 song gian doan. PO sdu muc
nuéc ha Iuvu 0,33m, luvu lugng don vi phia

khi 8m < x<12m
0 khi (x <8)U(x>12)

hién nhiéu dong, tinh chinh x4c cia két qua
phuong phap s6 v.v... Mot s cac vi du nham
kiém dinh tinh dung dan cua mé hinh duoc chi
ra trong muc 2.5.

2.4. Kiém dinh md hinh toan

a. Dong chdy on dinh trén kénh cé vit cin

Vi du nay nhim mé phong dong chay 6n
dinh trén kénh c6 vat can (Hou va nnk, 2013).
Kénh dan mat cit chir nhat dai 25m, d6 nham
coi nhu bang 0. Cao d0 day kénh dugc dinh
dang bang biéu thuc:

(1D

thuong lwu 1a ¢ = 0,18m’/s.m.

Két qua qua trinh myc nudc va luu lwong
don vi tinh theo phuong phép s6 duogc so sanh
v6i két qua giai tich cho thy c6 su phi hop cao.
Vi vay, m6 hinh todn do céc tac gia Iya chon co
khi ning mo phong dong chay on dinh trén
kénh c6 dia hinh phuec tap.
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Hinh 1. Qua trinh myc nuoc va luu lwong don vi trong hai trueong hop 1 va 2

b. Dong chay vé dap trén kénh déc

Thi nghi¢m nay dugc thyc hién tai phong thi
nghiém US Army Engineer Waterway
Experiment Station (Bellos va nnk, 1987) nham
kiém tra kha ning ciia md hinh trong viéc mo
phong dong chay do v& déap trén kénh ddc. Kénh
ling tru mat cat chit nhat dai 122m, rong 1,22m
c6 do doc day S, =0,005, hé sé6 nham Manning

0,12
x=70.1m

—tinh toan

o thuc do

§um §
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g g

ldy bang 0,009. P6 sau myc nudc trude dap la
h; = 0,305m, kénh ha luu 1a khé. Puong qua
trinh d0 sdu nudc tai cac vi tri x=70,Im va
85,1m duoc chi ra trén hinh 2. Két qua gitra mo
hinh to4n va thuc do chi ra rang mé hinh toan da
chon cho két qua hoan toan phu hop véi thuc do
v6i chi s6 Nash twong tng 14 87,25% va 89,1%.

x=85.4m

—tinh toan

e thuc do
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Hinh 2. Qua trinh myc nuoc tai cac vi tri x=70,1m va x=85,4m.

Nhirng vi du trén cho thiy, phuong phép s cac
tac gia lwa chon hoan toan phu hop. Dé danh gia
su anh huong ctia nhiu dong sinh ra do c6 dong
b6 sung theo chiéu dimg tai day kénh. Cac tac gia
da xdy dung mo hinh vat ly. Két qua do dac muc
nude duoc so sanh véi két qua tinh todn theo mo
hinh toan dugc trinh bay trong muc 3.

3. MO HINH VAT LY

3.1. M6 ta thi nghiém

Thi nghiém kiém chimg mé hinh toan vé dong
chay hé mot chidu ¢ su x4o tron & day long dan
duoc thuc hién tai Phong thi nghi€ém trong diém
quéc gia vé dong luc hoc song, bién.

M6 hinh thi nghiém: Mang kinh mit cét

94

ngang chit nhat rong 50 cm, cao 1m, dai 15m.

Pé tao didu kién bién 1a van téc chidu ding
tai day dong chay, Mang kinh dugc chia thanh 2
phan: phan dong chay trén va dudi duoc ngin
cach bdi 16p bé tong day Sem va 16p vira xi
ming day 25cm xoa phang. Phan dudi goi la
duong ham c6 bé rong 0,44m, chiéu cao 0,15m.

Thiét bi do luu lwong s dung trong thi
nghiém 1a dap luong thanh mong tiét dién chir
nhat c¢6 bé rong b=0,6m; chiéu cao dap luong
P=0,75m.

Cong thirc do lwu lwong: O =mbH \2gH
véi hé s luu lugng m = 0,402+0,054.H/P, trong
d6 H: chiéu sau nudc trén dinh dap luong (m).
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Hinh 3. Mang thi nghiém
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Hinh 4. Théng s6 kj thudt mdng kinh thi nghiém

3.2. Tién hanh thi nghiém

Mit cit s6 1 (MCI1) cach tam khe dédy
350cm vé thuong luu. MC2 cich tam khe
300cm vé thuong luu. MC3 cach tam khe
200cm vé thuong lwu. MC 4 cach tam khe
100cm vé thuong lvu. MC5 tai tam khe day.
MC6 cach tdm khe 100cm vé ha lwu. MC 7
cach tam khe 200cm vé ha luu. MC8 cach tim
khe 300cm vé ha luu. MC 9 cach tam khe
400cm vé ha luu. MC10 cach tdm khe 450cm
vé ha luu. Gitta MC 4 va MC6 chia nho thanh
cdc mit cat cach nhau 10cm do giita hai mat

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 61 (6/2018)

cit nady myuc nude bién doi nhiéu.

Cac cép luu lugng téng Q: 70; 75; 80; 90; 95;
100; 105 (I/s).

Céc cap luu luong dong chinh phia trén Q:
45; 50; 60; 65; 70; 75(1/s).

Luu lrgng b sung Q, = Q-Q;

Chiéu siu duoc do bang thudc thép, may
thity binh va mia. Mdi mit cit ngang do 3 thuy
truc dé léy tri s& trung binh.

4. KET QUA THi NGHIEM VA
THAO LUAN

4.1. Két qua do d6 sAu muc nuéc
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Bang 1. Dy siu muc nwéc khi Q=75+105(1/s); Q, =30 (I/s)

Tén Do sdu myc nude (cm) tai cap luu leong
STT mit téng Q (Us) Ghi chi
cit 75 80 90 95 100 105
1 MCI 22,64 | 2284 | 2374 | 2397 | 2431 | 24,87 | Cachtamkhe 350cm vé thuong luu
2 MC2 2349 | 23,67 | 2409 | 2517 | 2554 | 26,04 | Cachtam khe 300cm vé thuong luu
3 MC3 2354 | 2382 | 2439 | 2524 | 2589 | 26,49 | Cachtam khe 200cm vé thuong luu
4 MC4 22,64 23,49 24,49 24,84 25,49 26,04 | Céch tam khe 100cm vé thuong luu
5 MC5 2099 | 21,99 | 23,09 | 23559 | 24,14 | 2529 Téam khe
6 MC6 10,34 11,24 | 11,79 | 12,64 | 12,89 | 13,49 Céch tam khe 100cm vé ha luu
7 MC7 9,99 10,79 | 11,54 | 12,57 | 12,76 | 13,67 Céch tam khe 200cm vé ha luu
8 MC8 9,64 10,44 11,24 12,46 12,62 13,81 Céch tam khe 300cm vé ha luu
9 MC9 9,77 9,89 1,16 | 11,97 | 12,34 | 13,27 Céch tam khe 400cm vé ha luu
10 MCI10 9,74 9,84 11,11 11,87 | 1229 | 1324 Céch tam khe 450cm vé ha luu
Bing 2. Py siu murc nwéc chi tiét gitra méit cat 4 va 6
MC | Q=75-45-30 | Q=80-50-30 | Q=90-60-30 | Q=95-65-30 | Q=100-70-30 | Q=105-75-30
1-4 22,65 23,50 24,50 24,85 25,50 26,05
2 22,65 23,50 24,50 24,80 25,50 26,05
3 22,65 23,50 24,50 24,75 25,45 26,05
4 22,70 23,45 24,50 24,75 25,50 25,95
5 22,65 23,45 24,50 24,75 25,45 25,95
6 22,80 23,40 24,40 24,75 25,55 25,90
7 23,00 23,35 24,40 24,65 25,50 25,95
8 22,70 23,25 24,30 24,70 25,40 25,90
9 22,35 22,85 24,10 24,50 25,30 25,80
10 22,20 22,65 24,00 24,30 25,00 25,75
11-5 21,00 22,00 23,10 23,60 24,15 25,25
12 19,50 19,50 20,55 21,50 22,50 23,50
13 17,00 17,65 18,75 19,20 20,05 20,50
14 14,15 14,95 16,25 16,90 17,90 18,50
15 12,00 13,00 14,50 15,30 15,80 16,50
16 11,25 12,10 13,50 14,35 14,70 15,50
17 10,85 11,60 12,90 13,50 14,20 14,70
18 10,70 11,45 12,50 13,10 13,80 14,25
19 10,55 11,30 12,10 12,80 13,50 13,95
20 10,50 11,20 11,90 12,65 13,25 13,65
21-6 10,35 11,25 11,80 12,65 12,90 13,50

4.2. So sanh két qua thi nghiém va két qua
gidi s6 trén md hinh toan
Thi nghiém nham kiém chtng thuét toan va
chuong trinh tinh da thiét 1ap (Huynh Phac Hau,
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2016, 2017); qua két qua so sanh giita thi
nghiém va tinh toan & cac hinh 5 dén 10 (sai s6
tuong d6i max 1a 5,5%) cho thiy tinh ding dan
cua thuat toan va chuong trinh tinh.
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Hinh 5. Chiéu sdu nwéc véi luu lwong dong chinh phia trén Q=45(1/s),
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Hinh 6. Chiéu sdu nwéc véi luu lwong dong chinh phia trén Q=50(1/s),
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Hinh 7. Chiéu sdu nwéc véi luu lwong dong chinh phia trén Q=60 (I/s)
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Hinh 8. Chiéu sdu nwéc véi luu lwong dong chinh phia trén Q=65(1/s),
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Hinh 9. Chiéu sdu nwéc véi luu lwong dong chinh phia trén O=70(1/s)
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Hinh 10. hiéu sau nuée véi leu lwong dong chinh phia trén Q=75(1/s),
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5. KET LUAN

Bai bao ndy di giai quyét mo hinh toan dong
chay ho mot chiéu Saint-Venant dudi anh hudng
boi van tdc theo chiéu dung tai ddy. Vi phuong
sO 14 phan tir hitu han Taylor-Galerkin, két qua
thu dugc c6 do chinh xac bac ba theo thoi gian
va khong gian. Chuong trinh tinh dugc kiém
nghiém tinh dang dan va hiéu qua thong qua 2 vi
du c6 nghiém giai tich va thuc do. Sau d6, mot

thi nghiém dugc thuc hién & phong Thi nghiém
Trong diém Qudc gia va Pong luc Song bién dé
kiém chung thuat toan va chuong trinh tinh xay
dung cho mo hinh toan dong chay hd mot chiéu
dudi anh hudng boi van tdc theo chidu dung tai
day. Két qua thi nghiém dugc ding dé so sanh
v6i két qua giai s6 trén mo hinh toan, cho thay c6
su phu hop t6t, diéu nay cho thiy thuat toan va
chuong trinh tinh cé dd tin cay cao.
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Abstract:
STUDY A NUMERICAL MODEL FOR SOLVING THE ONE DIMENSIONAL FLOW
ACOUNTING FOR VERITCAL VELOCITY AT THE BOTTOM OF CHANNEL

This paper is investigated the Taylor—Galerkin finite element method to solve Saint-Venant
equations accouting for additional discharge at the bottom of channel. The numerical solution with
third order accuracy in space and time is validated by some reference test cases. A physical model
is implemented at Key Labolatory of River and Coastal Engineering to verify the capacity of the
proposed numerical model in terms of capturing correctly water hydrographs with different cases
of discharges. The very good agreement between numerical rerults and experimental ones of can be
observered.

Keywords: Taylor-Galerkin, Saint Venant, Expreriment, bed disturbance.
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