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ANH HUONG CUA KICH THUOC O LUOI TOI _
KET QUA TINH TOAN THUY LUC DONG CHAY LU

Lé Thi Thu Hién, Lé Thanh Hung
Truong dai hoc Thuy Loi

Tém tit: Kich thude 6 luGi la mét trong nhitng yéu té quan trong anh hwdng t6i tinh chinh xdc
ciia két qua tinh thiy hec bang mé hinh todn. St dung phdn mém tinh todn thiy lic 2D-FV do
cdc tac gia tw xdy dung dira trén phwong phdp thé tich hitu han dé giai hé phirong trinh nuéce
néng phi tuyén hai chiéu (2D-NSWE) trén ludi c6 cdu tric. Bai bdo phdn tich, danh gid dnh
huong ciia kich thuée é ludi toi két qua tinh todn thiy lwc nhuwe: @6 sau, luu lwong ciia dong chdy
[ti trén dia hinh phuec tap.

T khoa: Kich thwoc lwoi, mé hinh toan, chwong trinh 2D-FV, ddc trung thiy luc

Summary: Grid size is one of the most important factors affect to the accuracy of hydraulic
results obtained by mathematical models. Using the 2D-FV hydraulic computation software built
by the authors based on the finite volume method to solve 2D nonlinear shallow water equations
(2D-NSWE) on a structured grid. The paper estimates influencing of grid size on hydraulic

results such as water depth, dischage of flood flow on complex terrain.
Keywords: Grid size, numerical model, 2D-FV model, hydraulic character

1. PAT VAN PE

Str dung mo hinh todn mé phong céac bai toan
thiy lwc nhu: sy lan truyén song 1 trén dia
hinh c6 d6 dbc phirc tap; song gian doan... da
duogc thuc hién rong rai trong thuy loi. Voi
nhitng bai toan thiy lyc hai chiéu hay ba
chiéu, kich thuéc 6 luéi clia mién tinh toén
lubn 1a yéu t6 c6 anh huong 16n toi dd chinh
xac ciia két qua tinh bang moé hinh toan. Pic
biét, trén nhirng dia hinh phirc tap, cao do day
bién d6i nhiéu.

Valiani va nnc (2002) da dung hai loai 6 ludi
thd va min chia luu vuc hd Malpasset (Phép)
dé tinh qué trinh muc nudc tai cac diém
nghién ciru, [1]. Wang (2011) chia mién tinh
toan cling ctia hd nay thanh ludi vudng véi cac
kich ¢& khac nhau dé tinh sy lan truyén 1a va
két luan rang, ludi 40m cho két qua tot nhat so
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v6i1 thue do chir khong phai ludi cé kich thudce
nho hon 30m, [2]. Lé Thanh Hung (2017) lai
khao sat sy anh hudng cua 4 loai 6 luéi t6i két
quéa tinh sy lan truyén song lii do tinh hudng
v& dap Nam Chién (Son La), [3]. V& 1y thuyét,
chia Iuéi co kich thudc cang nho thi két qua
cang chinh xac, tuy nhién, khi s6 6 tinh toan
cang 16m thi thoi gian tinh s& cang nhiéu, tham
chi cdc may tinh c4 nhan thong dung khong xtr
Iy dugc. Vi vay, viéc danh gia anh hudng ctua
cac kich thudc 6 ludi téi cac dang két qua thuy
luc nhu: myc nudc, luu luong dé tim ra kich
thudc 6 ludi hop 1y 14 rat can thiét.

Trong nd1 dung bai bao nay, cac tac gid dung
mot sO vi du dé danh gia anh huéng cua kich
thudc 6 ludi téi két qua tinh thuy luc nhu muc
nuée, luu lwong dong chay li bang chuong
trinh tinh toan 2D-FV do chinh cac tac gia xay
dung bang ngdn ngit 1ap trinh Fortran.

2. PHUONG PHAP NGHIEN CUU
St dung chuong trinh tinh 2D-FV dya trén

TAP CHI KHOA HOC VA CONG NGHE THUY LOI1 SO 40-2017 107



[ RHOAHOC
phuong phap thé tich hiru han (FVM) loai
Godunov gidi h¢ phuong trinh nudc néng phi
tuyén (NSWE) trén lu6i Catersian da duoc gioi
thiéu trong [3], [4], [5]. Piéu kién 6n dinh cua
phuong phap sé dugc ldy theo Courant-
Fredrichs-Lewy (CFL). V6i lu6i Cartesian, budc
thoi gian At bi rang budc boi phuong trinh (1):

ol g, [+ ek

Ax Ay

-1

. (1)

At = Cr| max

trong do:

Cr 1a s6 Courant co gia tri trong khoang 0 < Cr
<1, cac két qua tinh toan trinh bay & muyc 3, hé
s6 Cr dugc lay bang 0,9.

i, ¥, h 1a cac gia tri Iuu tdc va do sdu trung
binh tinh theo Roe, (1981), [6].

Cong thuc (1) chi ra rang khi Ax va Ay cang
nho thi budc thoi gian tinh At s€ cang nho, nén
thoi gian chay may tinh s€ cang lau.

n(xt)=hy + A.(— sTsin 2t + (12/4 — sz)cos 2st)—

trong d6 thong s6 B 1a hang s6 va s = p> —17/2; p=+[8gh,/a’ , A=
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3. KET QUA TINH TOAN

3.1. Séng dao dong trong chio parabol co
ma sat

Véi mién tinh toan c6 kich thudc 10000m x
10000m, dia hinh ddy mé ta bang phuong
trinh (2) dugc chia lam 4 loai 6 ludi co kich
thuéce 1an lugt 25m; 50m; 100m va 200m. Két
qua ctia phuong phap s duoc dua ra la myc
nude tai cdc thoi diém t = 1000s va t = 6000s
duoc so sanh voi két qua chinh xéc cua
nghiém giai tich.

z,(x) = hy(x/a)’, (2)

trong d6 cac thong sd hy va a 1a cac hang sb.
Nghiém giai tich duoc dua ra lan dau bai
Sampson va nnc [7] phu thudc vao hé s ma
sat day T, trong trudng hop ndy sd hang ma sat
S;=-t-h-u.

Nghiém giai tich vé muc nuéc dao dong cua
bai todn nay tuan theo bi€u thuce (3):

B2e—rt e—rt/2 ‘L'B )
- Bscos st +—sin st |x, (3)
4g g 2
aZBZe—Tt
8g’h,
30
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Hinh 1: Sy dao dong muc nuoc trong chao parabol tinh voi hai logi luoi 100m va 50m

Chi s6 Nash-Sutcliffe (E) dugc sir dung dé
danh gia do chinh x4c ciia két qua tinh muc
nudc theo chuong trinh 2D-FV so véi két
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qua chinh xéac tuong Uing véi cac kich thudce
luéi khac nhau:
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trong d0 Xanalytical,i 1& €14 tri chinh xac tinh theo
(3), con Xmodeli 12 nghiém tinh theo phuong
phap so ¢ cac vi tri khac nhau 1.

E=1-

Tir két qua & bang 1 cho thiy: Vé&i 4 kich
thudce udi tir min dén thd: 25m; 50m; 100m va
200m chi s6 Nash tai thoi diém t = 1000s va t
= 6000s khong c6 sy khac biét lo6n. Nghia la
ludi thd van c6 thé cho két qua mé phong muc
nude tuong d6i tét. Vi vdy, trong nhiing bai
toan c6 dia hinh phtc tap, néu chi can két qua
lién quan dén muc nude co thé dung ludi thod
dé tinh.

[E—

B [cos(272(x = 0,5) +1)- (cos(27y) +1)] néu (x—1,5)" + (y—1) <(0,5m)’

N
|
S oo
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Bing 1: Chi s6 Nash twong ng voi cac
kich thudc ludi khac nhau

c. .| E(%) | E(%)
Ax | S00 MG | h00s) | (t=6000s)
25 | 400x400 | 9947 | 98,65
50 | 200x200 | 99,43 | 98,29
100 | 100x100 | 98,64 | 98,04
200 | 50x50 | 98,12 | 97,79

3.2. Séng gian doan trén bé mit ¢6 mém nui
Pé danh gia anh hudng cua kich ¢& ludi tinh
toan t6i hai loai két qua 1a myc nudc, luu lugng,
vi du dudi day do Castro va nnc (2009) gidi
thi¢u duoc st dung, [8]. Trong mién tinh toan
hinh chir nhat c6 kich c& [0; 2]m X% [0; 2]m, cao
do day dugc cho boi phuong trinh (5):

)

néu (x—15) +(y =1 > (0,5m)’

Van toc ban dau bang 0, bién dong tai vi tri x = Om va x = 2,0m; hai bi€n con lai 1a bién md.

Muc nude ban dau duoc cho boi biéu thic (6).

L1 néu (x—125) +(y—1)* <(0,1)

)= 6
1) {0,6 néu (x—125) +(y—1) >(0,1f ©

Cat doc hinh dang cOt nudc ban dau va dia
hinh day duoc thé hién trén hinh 2.

Trén hinh 3 cho thdy: Két qua tinh bang
phuong phap sé theo chuong trinh 2D-FV do
cac tac gia xay dung trung khép véi két qua
cua Castro va nnc (2009), [8]. Mat khac,
trong két qua tinh toan qua trinh muc nudc
v6i 3 kich thudce ludi: 0,0050m; 0,0025m;
0,0020m cho thay khong c6 su sai khac nhiéu
tai vi tri day co vat can.

Tuy nhién, két qua tinh luu luong don vi lai
cO su khac bi¢t ro rét tai vi tri nay. Tai x =
1,35m, chénh léch két qua tinh lvu luwgng don
vi clia ludi thd nhat va min nhat lén téi -

0,2m’/s.m trong khi anh huéng cua hai kich
thudce ludi nay té1 myc nude tai cung vi tri
nay khong dang ké.

Hinh 2: Muc nuéc ban dau va dia hinh day
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Hinh 3:Qua trinh myc nuoc va luu lwong ung voi Ax = 0,005m; 0,0025m va 0,002m

3.3. Séng vo dap trén dia hinh phirc tap

Vi dy nay ding dé kiém tra kha ning ciia mo
hinh trong viéc xtr 1y cac van dé kho uét do
dia hinh bién doi phirc tap. Pia hinh dugc dinh
nghia bang hé cac phuong trinh sau dé chia
mién tinh toan thanh 3 1ong hd.

Zb(xa J’) =mink;, (x, J’)» Zpy (x, J’)» Zb3(x> J’)]a (7

trong do:

2(0) = ;620500)2 ! 4y020 ;
Zua(.7)= 2);25 b ;2550)2 ;

sl )= b ;222550)2 ! 2y225 -0

Hai vat can dugc mo phong bang biéu thirc:

(x+25()2_y_2
50 50| (8)

2,5\, y) =10neu [(x—20@2 +(y+10)2]£103

3] m{< ) 80-

Véi diéu kién ban dau, muc nudc trong hd 1a
35m & vi tri x < -100m, phan con lai day kho
(hinh 4). Tét ca cac bién 14 bién dong véi hé sb
nham Manning bang 0,033. Thoi gian tinh
toan 1a 500s. Két qua tinh sy lan truyén séng
vy dap trén mién tinh toan cé kich thudc
1000m x 400m dugc tinh véi 3 kich thudce hudi
khac nhau 2,5m; 5m va 10m. Hinh 4 chi ra su
lan truyén song v& dap tai cac thoi diém khéc
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nhau. Sau 10s dong chay do v& dap lan truyén
t6i ho chira 2 va sau 40s dong nudc di xudng
hd 3 va dén 500s, myc nudc trong 3 hd dat vi
tri On dinh. Két qua nay chi ra rang trong diéu
kién dia hinh rat phic tap, mo hinh toan van
c¢6 kha ning cho két qua hop ly khi khong sinh
ra nhidu dong. Bang 2 lai chi ra cac két qua
tinh tuong tng véi 3 kich thude ludi nay, bao
gém: thoi gian chay mdy tinh; luu luong 16n
nhit vi muc nudc 16n nhat tai dap; thoi gian
lan truyén song i toi diém nghién ctru P(x =
250m; y = Om) (hinh 4). Véi kich thuée ludi
2,5m, thoi gian chay may lén té1 40 phat so
v6i 12 phat coa Iudi 16n gip doi 5,0m. Ludi
8m va 10m thoi gian nay chi la 3 phat va 2
phat. Bén canh d6, so sanh cac két qua thuy
lue v6i kich thude nhd nhdt Ax = 2,5m, phﬁn
tram sai s dugc xac dinh theo biéu thirc (9):

:XAxi_XAxmin x100%, 9)

Axmin

%

err

trong do:

X la dac trung thuy luc; Xaxmin 12 dac trung
thity lwc tinh vé6i kich thudc ludi nho nhét.

Bang 2 cho thiy, sai sd cua luu lugng 16n
nhét tai dap ung voi cac kich thude ludi 5,0m
so v6i ludi min nhat 2,5m nho hon nhiéu
(-2,33%) so voi ludi 8,0m va 10,0m (-6,92%
va +11,07%). Vi vay, trong truong hop nay
ludi 5,0m c6 thé dugc dung dé tinh lan truyén
song 1a.
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Hinh 4: Sw lan truyén song gidn doan trén kénh c6 dia hinh phirc tap tai
t = 0s; 10s; 100s va 500s vng voi kich thuoc luoi Ax = Ay = 2,5m

Bang 2: Cac dac trung thay lwe &ng vo6i cac kich thude ludi khac nhau

Ax () E’;’y’ ﬁ::'y‘ Quas Sai 6 | Hima Sai s T'l‘g’d%‘;‘“ Sai s
i, | @i | ew | | e | S o)
(400x160) 40 9799,29 20,33 18,82
(200x80) 12 9570,68 | -2,33 | 20,05 | -1,38 20,34 +8,08
(125%50) 3 912120 | -6,92 | 19,79 | -2,65 19,95 +6,00
(100x40) 10883,96 | +11,07 | 18,09 | -11,02 | 12,82 | -31,88

3.4. Kich ban vé dap vom Nam Chién

Pap vom Nam Chién trén sudi Chién, huyén
Mudng La, Son La 14 dap vom duy nhit ¢ Viét
Nam tinh dén nay. Lé Thanh Hung (2017) da
ding phuong phap s6 tinh sy lan truyén song
lii theo kich ban v& dap hoan toan trén mién
tinh toan c6 kich thudc 1én dén 14000m x
12000m, [3]. Vi vay, viéc tim ra mdt kich
thudc ludi phi hgp khong tén nhiéu thoi gian
chay mdy tinh ma vin cho dugc két qua hop 1y
1a can thiét.

Véi ban @ DEM 90m x 90m khu vuc 1ong hd
Nam Chién nhu hinh 5. Noi suy chia mién tinh
todn nay ra lam 7 kich thudc ludi khac nhau:
Ax = 10m; 20m; 25m; 30m; 40m; 50m va
90m. Myc nudc ban dau trong hd ¢ cao trinh
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945m, ha luu kho va coi dap vom va tuc thoi,
hoan toan. Két qua tinh Iuu luong dinh 1ii 16n
nhat tai dap duoc the hién trén bang 3.

Hinh 5: Ban @6 DEM long hé Ngm Chién
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Bang 3: Luu lwong dinh lii 16n nhat tai dap véi cac kich thuéc lwéi khac nhau

AX | Qmax10® (m’/s) (n=0,06) % sai s0 Qumax-10° (m’/s) (n=0,04) % sai s0
10 114,41 115,55

20 123,11 +7,6 124,58 +7,8
25 121,78 +6,4 123,23 +6,6
30 128,65 +12,4 128,73 +11,4
40 119,60 +4,5 120,00 +3,8
50 132,26 +15,6 133,83 +15,8
90 106,52 -6,9 122,83 +6,3

RS rang, ludi cang thd, sd 6 tinh toan cang it
thi thoi gian tinh toan s€ cang gidm. Tuy
nhién, tir nhitng két qua trén cho thiy, khong
phai ludi co kich thudc cang nhé s& cho két
qua cang chinh xac. Ludi 20m va 30m cho sai
s6 1a +7,6% va +12,4% tuong ung voi do
nham n = 0,06 va két qua nay la +7,8% va
+11,44% khi n = 0,04. Tuy nhién, khi Ax =
40m, gi4 tri sai s nay chi 1a +4,5% va +3,8%
tuong ung voi 2 d§ nham trén. Ludt S0m cho

2392000

két qua khac biét nhat so v6i lugi 10m (hon
15% tng voi1 ca hai d§ nham), trong khi ludi
tho nhat 90m lai cho két qua thién nho. Vi vay,
ta c6 thé tinh toan su lan truyén song i cho ca
mién tinh toan 16n bao gém ca ha luu hd Nam
Chién khi Ax = 40m. Hinh 6 13 két qua tinh su
lan truyén song 1i do v& dap vom Nam Chién,
tinh voi 46 nhdm n = 0,06 tai hai thoi diém t =
500s va t = 1500s tuong ung voi kich thude
ludi Ax = Ay = 40m.
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Hinh 6: Ban d6 ngdp lut theo tinh huéng vé ddp Nam Chién liic t = 500s va 1500s

4. KET LUAN

Do chinh xac cia két qua tinh theo phuong
phap s6 ludén 13 muc tiéu hang dau khi mo
phdéng cac hién tugng thuy luc theo phuong
phap nay. Anh hudng cua kich thude 6 ludi toi
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két qua tinh myuc nudc chi ra rang co sy khac
biét khong nhiéu giira kich thudc ludi min va
ludi tho (muc 3.1, 3.2). Tuy nhién, khi xét anh
huong nay téi luu lugng thi c6 sy khac biét
dang ké, dic biét khi dia hinh thay d6i phirc
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tap nhu vi du trong muc 3.2 va 3.3. Ap dung
chuong trinh tinh 2D-FV cho mét truong hop
thuc té 1a v& dap hd Nam Chién, Son La tuong
ung véi 7 kich thuéc ludi khac nhau chi ra
rang: Su anh huéng cua kich thude ludi toi luu
luong 16n nhét tai dap 13 rat rd rang. Ludi 40m

[__KHOAHOC
cho két qua tot hon ca ludi nho hon 1a 30m va
20m va ca ludi 16n hon 50m, 90m khi so sanh
v6i két qua tinh theo kich thudc ludi min nhét
10m. Viéc tim ra kich thudce ludi hop ly s€ dua
ra dugc két qua c6 do sai sé cho phép, dong
thoi tiét kiém thoi gian chay may tinh.
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