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Tdm tat: Kich thudc d ludi la mot trong nhicng yiu td quan trpng dnh hudng tdi tinh chinh xdc 
cua kit qud tinh thuy liec bdng md hinh todn. Sic dung phdn mim tinh todn thuy luc 2D-FV do 
cdc tdc gid tu xdy dung dua tren phuang phdp the tich hieu hgn di gidi he phuang trinh nude 
ndng phi tuyen hai chieu (2D-NSWE) trin ludi cd cdu true. Bdi bdo phdn tich, ddnh gid dnh 
hudng cua kich thudc d ludi tdi kit qud tinh todn thuy luc nhu: dp sdu, lieu luang eita dong chdy 
la tren dia hinh phicc tgp. 
Tu khda: Kich thudc ludi, mo hinh todn, chuang trinh 2D-FV, dac trung thdy 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. Dy\T VAN ©E 

Su dung md hinh todn md phdng cae bdi todn 
thiiy lyc nhu: sy lan truyin sdng lu tiSn dia 
hinh cd dp ddc phiic tap; sdng gidn doan... da 
dugc thyc hipn rdng rai trong thuy lgi. Vdi 
nhiing bai todn thiiy luc hai chilu hay ba 
chilu, kich thudc d ludi eiia miSn tinh toan 
ludn la ylu td cd dnh hudng ldn tdi do chinh 
xdc cua kit qua tinh bang md hinh todn. Ddc 
bif t, tien nhung dia hinh phiic tap, cao do ddy 
biSn ddi nhieu. 

Valiani vd nnc (2002) da dung hai l o^ d ludi 
thd va min chia luu vye hd Malpasset (Phdp) 
dl tinh qud trinh myc nude tai cdc diem 
nghiSn ciiu, [1]. Wang (2011) chia miSn tinh 
todn ciing cua ho ndy thanh ludi vudng vdi ede 
kieh ed khdc nhau dS tinh su Ian truySn lii vd 
kit lupn rdng, ludi 40m cho ket qud tdt nhdt so 
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vdi thuc do chii khdng phai ludi ed kich thudc 
nhd hon 30m, [2], Le Thanh Hung (2017) lai 
khdo sat su dnh hudng cda 4 logi d ludi tdi ket 
qua tinh sy lan truyen sdng lii do tinh hudng 
vd dap Ndm Chiln (San La), [3]. VS \^ thuyet, 
chia ludi cd kich thudc cdng nhd tiu ket qua 
cdng chinh xdc, tuy nhien, khi sd d tinh todn 
cdng ldn thi thdi gian tinh se cang nhiSu, thdm 
ehi cac may tinh cd nhdn thdng dyng khdng xd 
ly dugc. Vi vdy, vipc ddnh gid dnh hudng eua 
cac kich thudc d ludi tdi cdc dang ket qua thuy 
lye nhu: mye nude, luu lugng de tim ra kieh 
thudc d ludi hgp ly Id rdt can thiet. 
Trong nOi dimg bai bdo ndy, cdc tdc gia dCmg 
mpt sd vi dy dl danh gid dnh hudng ciia kich 
thudc d ludi tdi kit qud ti'nh thuy lyc nhu mye 
nude, luu lugng ddng chdy lii bdng chuong 
trinh tmh todn 2D-FV do chinh cac tdc gia xdy 
dyng bdng ngdn ngft l^p tiinh Fortian. 
2. PHirONG PHAP NGHIEN ClTU 
Sd dyng chuong trinh tinh 2D-FV dua tren 
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phucmg phap the tich hiiu han (FVM) loai 
Godunov gidi he phuong trinh nude ndng phi 
tuySn (NSWE) tten ludi Catersian da dupe gidi 
thieu tiong [3], [4], [5]. DiSu kien dn dinh cua 
phuang phdp sd dugc ldy theo Courant-
Fredrichs-Lewy (CFL). Vdi ludi Cartesian, budc 
thdi gian At bi rang budc bdi phuang trinh (1): 

At = Cr Bl J± 
Ax Ay 

. (1) 

trong do: 

Cr la sd Courant cd gid tri trong khoang 0 < Cr 
<1, cdc ket qua tinh todn trinh bay d mye 3, he 
sd Cr dupe lay bSng 0,9. 

u, V, h la eac gia tri luu tdc va dp sdu trung 

binh tinh theo Roe, (1981), [6]. 

Cdng thiic (1) ehi ra rdng khi Ax vd Ay cang 
nhd thi budc thdi gian tinh At sS cang nhd, nSn 
thdi gian chay may tinh se cdng Idu. 

3. KET QUA TINH T O A N 

3.1. Sdng dao ddng trong chao parabol cd 
ma sat 

Vdi miln ti'nh todn cd kich thudc 10000m x 
10000m, dia hinh ddy md ta bdng phuang 
trinh (2) dugc chia 1dm 4 lo^i d ludi cd kich 
thudc ldn lugt 25m; 50m; 100m va 200m. Kit 
qud cua phuang phdp so duge dua ra Id muc 
nude tai eac thdi diem t = 1000s va t = 6000s 
dugc so sdnh vdi ket qua chinh xac eua 
nghipm gidi tich. 

z,{^)=h,ix/ay, (2) 

trong do cac thdng sd ho vd a la cdc hdng so. 
Nghiem gidi ti'ch duge dua ra ldn ddu bdi 
Sampson va nnc [7] phu thude vdo hp sd ma 
sat ddy T, trong trudng hgp nay sd hang ma sat 
Sy =-T-h-u. 

Nghiem giai tich ve myc nude dao ddng ciia 
bdi toan ndy tudn theo bieu thuc (3): 

?]{x,t)=ho+A.{-STsm2st + (T^/4-s^)cos2st) S5C0S5/ + —sin5/ x , (3) 
4g g V 2 7 

trong do thdng s6 B la hdng sd va j = yjp^ - T ^ / 2 ; p = -JSgh^/a^ , A = j 

•5000 -3000 -1000 1000 3000 5000 
•5000 -3000 -1000 x(m) 1000 3000 5000 

Hinh 1: Su dao dpng muc nude trong chdo parabol tinh vdi hai logiludi 100m vd 50m 

Chi s6 Nash-Sutcliffe (E) dugc sir dyng d l qud chinh xac tuang iing vdi cae kich thudc 
ddnh gia do chinh xac cua ket qua tinh myc ludi khac nhau; 
nude theo chuang trinh 2D-FV so vdi kit 
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E = l- ZIM^ -x„. J 
T.S^. - ^ ™ 

,(4) 

trong dd Xanaiyticai,i Id gid tri chinh xac tinh theo 
(3), cdn Xmodei.i la nghiSm tinh theo phuong 
phdp sd d cdc vi tri khac nhau i. 

Tii ket qud d bdng I cho thdy: Vdi 4 kich 
thudc ludi tii min din thd: 25m; 50m; 100m va 
200m ehi sd Nash tai thdi diSm t = 1000s va t 
= 6000s khdng cd sy khde biet ldn. NghTa la 
ludi thd vIn cd thS cho ket qud md phdng muc 
nude tuong ddi tdt. Vi vdy, trong nhiing bdi 
toan cd dia hinh phuc tap, nSu chi edn ket qud 
lien quan den myc nude cd the diing ludi thd 
detinh. 

Bang 1: Chi so Nash tuong iing vdi cdc 
kich thudc ludi khac nhau 

Ax 

25 
50 
100 
200 

400x400 
200x200 
100x100 
50x50 

E(%) 

(t=1000s) 
99,47 
99,43 
98,64 
98,12 

E(%) 
(t=6000s) 
98,65 
98,29 
98,04 
97,79 

3.2. Sdng gian doan tren be malt cd mom nui 

DS ddnh gid dnh hudng ciia kich eo ludi tinh 
todn tdi hai loai kSt qud Id muc nude, luu lugng, 
vi du dudi day do Castro vd nnc (2009) gidi 
thieu dugc su dyng, [8]. Trong mien tinh todn 
hinh ehu: nhat cd kich cd [0; 2]m x [0; 2]ni, cao 
dp day dugc cho bdi phuang trinh (5): 

\Ucos(ln{x-0,5) + \)'(cos(2ny)+i)] neu(:c-l,5)' + ( y - l ) ' <(0,5m)' 

[o nSu (x -1 ,5^ +{y-\J> {0,5mf 

(5) 

Van toe ban ddu bang 0, bien ddng tai vi tri x = Om vd x = 2,0m; hai bien cdn lai la bien md. 
Muc nude ban ddu duge cho bdi bieu thiic (6). 

r}(x,y) = 
U neu (x-i,25f+{y-if : 

p,6nSu(x-I ,25) '+G'- l) ' 

:(0,if 
(6) 

Cat dpc hinh dang cdt nude ban ddu va dia 
hinh ddy duge the hien tren hmh 2. 

Tren hmh 3 cho thdy: Ket qud tinh bdng 
phuang phdp sd theo chuang trinh 2D-FV do 
eac tac gia xdy dyng trung khdp vdi ket qud 
eiia Castro vd nnc (2009), [8]. Mat khac, 
trong ket qud tinh todn qud trinh muc nude 
vdi 3 kich thude ludi: 0,0050m; 0,0025m; 
0,0020m cho thay khdng ed sy sai khdc nhilu 
tai vi tri ddy cd vat can. 
Tuy nhien, ket qud tinh luu lugng dan vi lai 
cd sy khac biet ro ret tai vi tri nay. Tai x ^ 
1,35m, chenh lech ket qud tinh luu lugng dan 
vi cua ludi thd nhat vd min nhdt len tdi -

0,2m /s.m trong khi anh hudng cua hai kich 
thudc ludi ndy tdi myc nude tai eung vi tri 
ndy khdng dang ke. 

Hinh 2: Muc nude ban ddu vd dia hinh day 
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Hinh 3:Qud trinh muc nude va luu luang iing vdi x = 0,005m; 0,0025m vd 0,002m 

3.3. Song vd ddp tren dia hinh phuc tap 

Vi dy nay diing de kiem tra khd ndng eua md 

hinh Uong viee xu ly ede vdn dS khd udt do 

dia hinh biln ddi phiic tap. Dia hinh dugc dinh 

nghia bdng hS cac phuang trinh sau dS chia 

miln tinh todn tiianh 3 Idng hd. 

Z/,(x,y)=min^f,i{x,y),z^2{x,ylzbAx,y% (?) 

trong dd: 

^bX^'y) 
{x + 250f 

^bAx^y)= 

y . 
400' 

' " '^' 225 225 ' 

(x-250y^^_,„ 
1225 225 

Hai v^t c ^ duoc mo phong b ^ g bieu thij;c: 

,(x,y)=mL{x,yUO-^^^-l 

a;(x,:»')=10«e«[(x-20()'+(v+IC^]<](f 

(8) 

Vdi dilu kipn ban dau, myc nude trong h6 Id 
35m d vj tri x < -lOOm, phdn edn l^i ddy khd 
(hinh 4). Tat ca ede bien la bien ddng vdi hp so 
nhdm Manning bang 0,033. Thdi gian tinh 
toan la 500s. Ket qud tinh sy lan truySn sdng 
vd d^p tiSn miSn tinh todn cd kich thudc 
1000m X 400m dugc tinh vdi 3 kich thudc ludi 
klide nhau 2,5m; 5m vd lOm. Hinh 4 ehi ra sy 
lan truyen sdng v5 d^p tai ede thdi dilm khdc 

nhau. Sau lOs ddng chdy do vd ddp lan truySn 
tdi hd chiia 2 vd sau 40s ddng nude dd xudng 
hd 3 vd din 500s, myc nude trong 3 ho dat vi 
tri dn dinh. Ket qua nay ehl ra rdng tiong fiSu 
kien dia lunh rdt phdc tap, md hinh todn van 
cd khd ndng eho kit qua hgp ly khi khdng sinh 
ra nhieu dgng. Bdng 2 lai ehi ra ede ket qud 
tmh tuong iing vdi 3 kich thudc ludi ndy, bao 
gdm: thdi gian chay may tinh; luu lugng ldn 
nhdt vd muc nude ldn nhdt t ^ d$p; thdi gian 
lan truyin sdng lii tdi dilm nghiSn cuu P(x = 
250m; y = Om) (hinh 4). Vdi kieh thude ludi 
2,5m, thdi gian chay mdy len tdi 40 phiit so 
vdi 12 phiit eiia ludi ldn gap ddi 5,0m. Ludi 
8m va 10m thdi gian nay chi Id 3 phiit vd 2 
phdt. BSn cEinh dd, so sdnh cdc ket qud thiiy 
lyc vdi kich thudc nhd nhdt Ax = 2,5m, ph3n 
trdm sai sd dugc xac dinh theo biSu thiic (9): 

% . . = ^^'~^^- X100%, (9) 

trong do: 

X Id ddc trung thiiy luc; Xaxmin l^ ddc tiimg 
thuy lyc tinh vdi kich thudc ludi nhd nhat. 

Bdng 2 cho thdy, sai sd ciia luu lugng ldn 
nhdt tai dap iing vdi ede kich thudc ludi 5,0m 
so vdi ludi min nhdt 2,5m nhd ban nhieu 
(-2,33%) so vdi ludi 8,0m vd IO,Om (-6,92% 
vd +11,07%). Vi vdy, trong trudng hgp nay 
ludi 5,0m cd thi dugc ddng dl tinh lan truyin 
sdng lu. 
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Hinh 4: Si^c lan truyen song gidn dogn tren kinh cd dia hinh phuc tgp tgi 
t ^ to; 10s; 100s vd 500s iing vdi kich thudc ludi x = y = 2,5m 

Bang 2: Cac ddc tnmg thuy lyc ung vdi cac kich thudc ludi khac nhau 

x(m) 

(400 160) 

(200 80) 

(125 50) 

(100 40) 

ThM gian 
chay may 

(phiit) 

40 

12 

3 

2 

(m'/s) 

9799,29 

9570,68 

9121,20 

10883,96 

Sai so 

(%) 

-2,33 

-6,92 

+11,07 

(m) 

20,33 

20,05 

19,79 

18,09 

Sai so 

(%) 

-1,38 

-2,65 

-11,02 

ThM gian 
lii den 

(s) 

18,82 

20,34 

19,95 

12,82 

Sai so 

(%) 

+8,08 

+6,00 

-31,88 

3.4. Kich ban vfr ddp vom N^m Chien 

Dap vdm N^m ChiSn tren sudi Chien, huyen 
Mudng La, San La la d^p vdm duy nhdt d Viet 
Nam tinh din nay. Le Thanh Hiing (2017) da 
dung phuang phap sd tinh sy lan truySn sdng 
lii theo kich bdn vd dap hodn toan tren miSn 
tinh todn cd kieh thudc len dSn 14000m 
12000m, [3]. Vi vdy, viee tun ra mdt kich 
thudc ludi phii hgp khdng tdn nhieu thdi gian 
chay may tinh ma vdn cho dugc ket qud hgp ly 
la cdn thiet. 

Vdi bdn do DEM 90m 90m khu vye long hd 
Nam Chiln nhu hinh 5. Ndi suy chia miln tinh 
todn nay ra lam 7 kich thude ludi khac nhau: 
Ax = 10m; 20ra; 25m; 30m; 40m; 50m vd 
90m. Muc nude ban dau trong hd d cao trinh 

945m, ha luu khd va coi dap vdm va tuc thdi, 
hoan toan. KSt qud tinh luu lugng dmh lii ldn 
nhdt tai dap dugc the hien tren bdng 3. 

Hinh 5: Bdn dd DEM long hd Nam Chien 
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Bang 3: Lmi Iirfng dinh lu Ion nhat t^i dap vol cac Idch thudc lirdi khac nhau 

&x 
10 
20 
25 
30 
40 
50 
90 

Q„„.10' (mVs) (n=D,06) 
114,41 
123,11 

121,78 
128,65 
119,60 
132,26 

106,52 

% sai so 

+7,6 
+6,4 
+12,4 
+4,5 

+15,6 
-6,9 

Om.j.lO' (m'm (n=0,04) 
115,55 
124,58 
123,23 
128,73 
120,00 
133,83 

122,83 

% sai sd 

+7,8 
+6,6 
+11,4 
+3,8 
+15,8 

+6,3 

Rd rdng, ludi cdng thd, sd d tinh todn eang it 
thi thdi gian tinh todn se cang giam. Tuy 
nhien, tii nhiing kit qua tren eho thdy, khdng 
phai ludi cd kich thudc cang nhd se cho kit 
qud cang chinh xdc. Ludi 20m va 30m cho sai 
sd Id +7,6% va +12,4% tuang iing vdi dO 
nhdm n = 0,06 vd kit qua nay la +7,8% vd 
+11,44% khi n = 0,04. Tuy nhien, khi Ax = 
40m, gid tri sai s6 ndy chi Id +4,5% vd +3,8% 
tuong ling vdi 2 dO nhdm trSn. Ludi 50m cho 

ket qud khdc biSt nhdt so vdi ludi lOm (hon 
15% dng vdi cd hai dO nhdm), trong khi ludi 
thd nhdt 90m lai cho kit qud thien nhd. Vi vdy, 
ta cd thi tinh todn sy lan truyin sdng lii cho cd 
mien tinh todn ldn b^t gom ed h^ luu ho Nam 
Chiln khi Ax = 40m. Hmh 6 Id kit qud tinh sy 
lan truyin sdng lii do vd ddp vdm Nam Chiln, 
tinh vdi do nhdm n = 0,06 tai hai thdi diem t = 
500s va t = 1500s tuong iing vdi kieh thudc 
ludi Ax = Ay = 40m. 

SOaOOO S1000D 512000 514000 5I6OOO SISOOO 520000 508000 510000 512000 514000 516000 516000 520000 

Hinh 6: Bdn do ngdp lut theo tinh hudng vd dap Nam Chien luc t = 500s vd 1500s 

4. KET LUAN 

Dd chinh xac ciia kSt qud tinh theo phuang 
phdp sd ludn la myc tiSu hdng ddu khi md 
phdng eac hien tugng thiiy lyc theo phuang 
phap nay. Anh hudng cua kich thudc d ludi tdi 

kSt qua tinh myc nude chi ra rdng cd su khac 
biet khdng nhilu giua kieh thudc ludi min vd 
ludi thd (myc 3.1, 3.2). Tuy nhien, khi xet anh 
hudng ndy tdi luu lugng thi cd sy khde biet 
ddng kl, dac biet khi dja hinh thay ddi phiic 
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tap nhu vi dy trong myc 3.2 vd 3.3. Ap dyng cho kit qua tdt ban ca ludi nhd ban Id 30m vd 
chuong trinh tinh 2D-FV cho m^t trudng hgp 20m vd cd ludi ldn ban 50m, 90m khi so sdnh 
Ihyc te la va ddp hd Ndm Chiln, Son La tuong vdi ket qud tinh theo kich thude ludi min iihat 
ling vdi 7 kieh thudc ludi khdc nhau chi ra lOm. ViSc tim ra kich thude ludi hpp ly se dua 
rang: Sy dnh hirdng ciia kich thudc ludi tdi luu ra dugc ket qud cd dO sai sd cho phSp, ddng 
lugng ldn nhat tai ddp Id rdt ro rang. Ludi 40m thdi tilt kiSm thdi gian chpy mdy tinh. 
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