KHOA HOC CONG NGHE

ANH HUONG CUA KICH THUGC O LUGI TOI
KET QUA TiNH TOAN THUY LUC DONG CHAY LU

L& Thj Thu Hién, L& Thanh Hing
Truomg dai hoe They Lot

Tom tat: Kich thudc 6 luci Ia mét trong nhitng yéu 16 quan trong dnh hudng 16i tink chinh xde
ciia két qua tink thiy luc bdng mé hinh todn. Sic dung phiin mémt tink todn thiy lyc 2D-FV do
cdc tdc gid tw xdy dung dywa trén phuong phdp thé tich hitu han dé gigi hé phwong trink meée
néng phi tupén hai chiu (2D-NSWE) trén luéi ¢é cdu mmic. Bai bdo phdn tich, dank gid dnh
huwomg ciia kich thudc 6 ludi 61 két qud tinh todn thily hec nhue: d6 sau, heu heong ciia dong chdy
i trén dia hinh phikc tap.

Tir khéa: Kich thude liedi, mé Winh todn, chuwong trinh 2D-FV, dic 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 Ii hallow water eq

(2D-NSWE} on a siructured 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.DAT VAN BE

Sir dung md hinh toan mé phong cac bai toan
thiy lyc nhu: sy lan truyén song 1 trén dia
hinh ¢4 d6 dc phuc tap; song gian doan... 48
duge thuc hién réng rai trong thuy loi. Voi
nhimg bai todn thuy lyc hai chiéu hay ba
chidu, kich thude 6 ludi cia mién tinh todn
luén 13 yéu t6 c6 anh huéng lén 161 &3 chinh
xdc cla két qua tinh bing mé hinh todn. Pac
bidt, trén nhing dja hinh phic tap, cao 46 déy
bién dbi nhidu.

Valiani va nne (2002) dd ding hai lozi 6 ludi
thd va min chia Juu v hd Malpasset (Phép)
dé tinh qua trinh myc nudc tai cac diém
nghién ciru, [1]. Wang (2011) chia mién tinh
toan ciing cha hd nay thanh luéi vudng véi cac
kich <& khac nhau dé tinh sir lan truyén Iii va
két luan ring, ludi 40m cho két qua tét nhit so
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véi thue do chiz khong phai ludi ¢6 kich thude
nhd hom 30m, [2]. L& Thanh Hing (2017) lai
khao sit sy anh hudng cia 4 loai & hréi t6i két
qua tinh sy lan truyen séng lii do tinh huong
v& dip Nam Chién (Son La), [3]. vély thuyet

chia luéi cb kich theéc cang nhé thi két qua
cang chinh xac, tuy nhién, khi sé & tinh todn
cang l6m thi thii gian tinh s& cing nhidv, thim
chf cic may tinh c4 nhan thdng dung khéng xit
Iy duge. Vi vy, viéc danh gid anh hudng clia
céc kich thuéc 6 Iuéi t5i cde dang két qua thiy
yc nh: mye nude, luu lugng dé tim ra kich
thudc 6 luéi hop 1y 12 rét cin thiét.

Trong ni dung bai bao ndy, cic tic gia ding
mét sb vi du dé danh gid anh hudmg cba kich
thugc 6 luéi 161 két qua tinh thiy lge nhuy muc
nuée, huu lugng dong chay Ii bing chueng
trinh tinh toin 2D-FV do chinh cc tic gid xdy
dumg bing ngén ngit 14p trinh Fortran.

2. PHUONG PHAP NGHIEN CUU

Sir dyng chwong trinh tinh 2D-FV dua trén
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phuong phap thé tich hiu ban (FVM) loai
Godunov gial h¢ phirong trinh nuwée ndng phi
tuyén (NSWE) trén luéi Catersian da duoc gidl
thidu trong [3], [4], [5]). Pidu kién dn dinh cia
phuong phip s& duge My theo Courant-
Fredrichs-Lewy (CFL). V&i luéi Cartesian, buée
thoi gian At bi rang budc boi phuong tinh (1):

-1
At =Cr| max[lizlJrAJg—h M @} > (I
x

dy

trong dd:

Cr1a sb Courant c6 gia tri trong khoang 0 < Cr
<1, cac két qua tinh todn trinh bay & muc 3, hé
8 Cr duge iy bing 0,9.

%, ¥, % lacac gia trj lwu t6c va do sdu trung
binh tinh theo Roe, (1981), [6].

Céng thue (1) chi ra r?mg khi Ax va Ay cang
nho thi bude thoi gian tinh At s& cang nho, nén
thoi gian chay méy tinh s& cang ldn.

nlxt)=h, + A,(— §75in 28t + (11/4 ~s?Jcos 2.s‘t)—

trong d6 théng s6 Blahing sb v s = /p* —1%/2; p=8eh/a’ , A=
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3. KET QUA TINH TOAN

3.1. Séng dao dong trong chio parabol cé
ma sat

Vi mién tinh todn c6 kich thuée 10000m x
10000m, dia hinh ddy mb 14 bing phuong
trinh (2} dugc chia lam 4 logi & ludi c6 kich
thude 1an lrot 25m; 50m; 10¢m va 200m. Két
qua cta phuong phap s6 duge dua ra 13 myc
nude tai cdc thyi didm t = 1000s va t = 6000s
duge so sinh v6i két qua chinh xac cia
nghiém gii tich.

z,{(x) = (xaf, )

trong d6 cdc théng s6 by va a 13 cic hiing sb.
Nghiém gidi tich dugc dua ra 13n dhu boi
Sampson va nnc [7] phy thudc vio hé sb ma
sét ddy T, trong trudmg hgp nay sé hang ma sét
S,=—thu.

Nghiém giai tich vé& muc nuée dao ddng cia
bai toan ndy tun theo bidu thiwe (3):

Ble" B .
- Bscosst+75m stlx, (3)
alBZE—xI
8g°h,
0
\ T=6000s - x = 50m
—bed profile
- \ 20 —soalytcal
E " tumencal
=
S
3
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Hinh 1. Su doo ddng mare wude trong chio parabol tink v6i hai logi et 100m va 50m

Chi s6 Nash-Sutcliffe (E) duge sit dung dé
danh gi4 d6 chinh x4c cia k&t qua tinh myc
nuée theo chuong trinh 2D-FV so véi két
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qua chinh xdc tuong ung voi cic kich thudc
wdi khac nhau:
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E=1- Z; (Xanaayncnl,» - Xmodel,r)z
2:’:( (X analyrical,i — X, analyuml)z

1oNng 46 Xanaiyica,i 1 gid tri chinh xac tinh theo
(3), cdn Xmodet, 18 nghim tinh theo phuong
phap sé & céc vi tri khae nhau i.

Tir két qua & bang 1 cho thdy: Véi 4 kich
thude luéi tir min dén thé: 25m; 50m; 100m va
200m chi s6 Nash tai thoi diém t = 1000s va t
= 6000s khdng c6 sy khic biét 16n. Nghia la
1uéi thd vin c6 thé cho két qua md phéng muc
nude twong dbi tbt. Vi vay, trong nhimg bai
toén c6 dia hinh phiic tap, néu chi cin két qua
lién quan dén muc nude cb thé ding luéi the
8 tinh,

@)

[cos(l;r(x 0,5) +1) (cos(271y)+ 1)] néu (x 1 5)z + (y 1)Z
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Bing 1: Chi 5§ Nash twong irng véi cac

kich thwérc ludi khac nhau
. ] E(%) | E(%)
Ax | So8lwdt | 000s) | (=60005)
25 | 400x400 | 9947 | 98.65
S0 | 200<200 | 99,43 | 9829
100 | 100x100 | 9864 | 98,04
200 | soxs0 | 912 | 9779

3.2. Séng gidn doan trén bé mit c6 mém nhi
Dé dinh gia anh huimg ciia kich ¢& Iu6i tinh
toan 61 hai logi két qua 1A myc nwée, huu luong,
vi du dudi ddy do Castro va nnc (2009) gi6i
thidu duge st dung, [8]. Trong min tinh todn
hinh chit nhat ¢6 kich ¢& [0; 2]Jm x (0; 2}m, cao
46 day duge cho boi phwong trinh (5):

(0,5m)
s

o néu (x—1,5F +(y -1 > (0,5m)

Vin thc ban diu hz"mg 0, bién dong tai vi tri x = Om va x = 2,0m; hai bién cén lai 13 bién mé.

Miure nuGe ban diu duge cho boi biéu thite (6).

)= L1 néu (x-125) +{y-1) <(01)
et 0,6 néu (x—1,25 +{y-1f >(01f

Cét doc hinh dang cot mréc ban ddu va dia
hinh ddy dugc thé hign trén hinh 2.

Trén hinh 3 cho thay: K&t qua tinh bing
phwong phép sb theo chuong trinh 2D-FV do
céc tac gia xay dung tring khop véi két qua
cia Castro va nnc (2009), [8]. Mit khac,
trong két qua tinh toan qua trinh myc mréc
v&i 3 kich thude hréi: 0,0050m; 0,0025m;
0,0020m cho thiy khéng c6 sy sai khac nhidu
tai vi tri diy c6 vt can.

Tuy nhién, két qua tinh lwu legng don vi lai
co su khac biét 18 rét tai vi tri nay. Tai x =

1,35m, chénh léch két qua tinh hru lugng don
vi cha ludi thé nhit va min nhit 1n t6i -
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0,2m’/s.m trong khi anh huong ctia hai kich
thuge ludi nay t6i mye nude tai cing vi tri
nay khéng déng ké.

Hinh 2: Mure nwée ban diw va dia hink day
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Hinh 3:Qud trinh mic nuée va heu begng ing voi  x = 0,005m; 0,0025m vé& 0,002m

3.3. Séng v dap trén dia hinh phitc tap
Vi du nay ding dé kidm tra khd nang ciia mé
hinh trong viéc xir 1y cac vén d& khé uat do
dja hinh bién dbi phiic tap. Dia hinh dugc dinh
nghia bing hé céc phuong trinh sau & chia
mién tinh toan thinh 3 long hd.
Zb("n )’) =mink; (": J’)s zbz(x’y)! Zy3 (x, Y)]a
trong do:

_(x+250F 250)z
)= G0 400’

x2 (y-50 )f

=— + .
znz("J’) 225 7
(x 250)2 AT

1225 225

Hai v4t c&n dugc mé phong biing bidu thirc:

{x+250° y2
50 ®)

Zpty)= IOneu[(x 20()2+(y+lQ’]<10’

Vi didu kign ban ddu, muc nuée wong hd la
35m & vi tri X < -100m, phén cén lai day khd
(hinh 4). T4t ca cdc bién 13 bién déng véi hé sb
nhém Manning bing 0,033. Th&i gian tinh
todn 13 500s. Két qué tinh sy lan truyén séng
v dip trén mién tinh toin cd kich thuée
1000m x 400m duge tinh véi 3 kich thude luéi
khéc nhau 2,5m; 5m va 10m. Hinh 4 chi ra sy
lan truyén song vir dap tai cac thii diém khéc

ZBJ( >y)

sl )= ), 80-

phau. Sau 10s dong chay do v& dép lan truyén
t6i hé chira 2 va sau 40s dong nwoc 42 xubng
hd 3 va dén 500s, myuc nude trong 3 hd dat vi
trf én dinh. Két qua nay chi ra ring trong diéu
kién dia hinh rét phirc tap, mé hinh todn vin
6 kha nang cho két qua hop 1y khi khong sinh
ra nhifu d6ng, Bang 2 lai chi ra cdc két qua
tinh twong tmg v6i 3 kich thudc luoi nay, bao
gbm: thoi gian chay may tinh; lvu lugng lén
nhét vd myuc mede 16n nhét tai dap; thoi gian
lan truyn séng Y toi diém nghién cirw P(x =
250m; y = Om) (hinh 4). V&i kich thude heoi
2,5m, thoi gian chay mdy 1én 14i 40 phit so
v6i 12 phit clia lwoi 16n gdp ddi 5,0m. Lusi
8m va 10m thoi gian nay chi 1a 3 phit va 2
phit, Bén canh d6, so sdnh céc két qua thiy
lyc véi kich thuée nhé nhit Ax = 2,5m, phin
tram sai s& dugc xédc dinh theo biéu thitc (9):

%x 100%, ©)

Avmun

%, =

trong d6:
X 14 d¥%c trung thiy hre; Xaxmin 18 dic trung
thity Iyc tinh véi kich thudc ludi nhé nhét.
Bing 2 cho thdy, sai sé cia lru lugng 16n
nhit tai ddp img voi cac kich thude luéi 5,0m
$0 véi luéi min nhit 2,5m nhé hon nhidu
(-2,33%) so v&i luoi 8,0m va 10,0m (-6,92%
va +11,07%). Vi vy, trong tradng hop ndy
lwéi 5,0m co thé duge dimg d& tinh lan truyén
song lii.
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Hink 4: Si lan trupén song gidn d‘oqnltrén kénh cé dia hink phikc tap tai
t = 0s; 10s; 100s va 500s vmg voi kich thuoc lwéi x= y=2,5m

Bing 2: Cac dic trung thiy Iire ¥mg véi cac kich thwée lrdi khic nhau

Thoi gian £ .« | Thii gian .oz
. Quax Saisd | Huys | Saisd P Sai s0
X Y iy | ew | | en | 0T e

(400 160) 40 9799,29 20,33 | 18,82

{200 80) 12 9570,68 2,33 20,05 -1,38 20,34 18,08

(125 50) 3 9121,20 -6,92 19,79 -2,65 19,95 16,00

(100 40) 2 10883,96 | +11,07 | 18,09 | -11,02 12,82 -31,88

3.4. Kich bin v dap vom Ndm Chién 945m, ha Teu khé va coi dip vom v tirc thi,

hodn toan. Két qua tinh hru luong dinh 1 16m
nhét tai ddp dugc thé hién trén bang 3.

Dép vom Nam Chién trén subi Chién, huyén
Muémg La, $on La 1 ddp vom duy nhét & Vigt
Nam tinh dén nuay. L& Thanh Hing (2017) da
dung phirong phép sb tinh sy lan truyén séng
li theo kich ban v& dap hodn todn trén mién
tinh todn c6 kich thudc lén dén 14000m
12000m, [3]. Vi vay, viée tim ra mdt kich
thude hréi phit hop khong tén nhidu thdi gian
chay méy tinh méa vAn cho duge két qua hop Iy
13 cén thiét.

Véi bin 45 DEM 90m  90m khu vuc long hd
Nam Chién nhur hinh 5. N6i suy chia mién tinh
toan nay ra lam 7 kich thudc luéi khic nhau:
Ax = 10m; 20m; 25m; 30m; 40m; S0m va X . i
90m. Muyrc mroc ban dhu trong hé ¢ cao trinh Hinh 5: Bdan d6 DEM long ho Ngm Chién
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Bing 3: Liru hrgng dinh i 1én nhét tai ddp véi ede kich thudec hréi khic nhau

AX | Quypd 0 (m¥s) (0=0,06) | % saisb | Quy.10° (m¥s) (n=0,04) | % saisd
10 114,41 115,55

20 123,11 +16 124,58 +18
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 38
50 132,26 +15,6 133,83 +15,8
9 106,52 6.9 122,83 +6,3

R6 ring, ludi cang thé, s 6 tinh toAn cing it
thi thoi gian tinh todn s& cang gidm. Tuy
nhién, tir nhimg két qua trén cho thiy, khéng
phii luéi cé kich thude cing nhé s& cho két
qua cang chinh x4c. Ludi 20m va 30m cho sal
s6 Ia +7,6% va +12,4% tuong (mg véi db
nham n = 0,06 va két qua nay 1a +7,8% va
+11,44% khi n = 0,04, Tuy nhifn, khi Ax =
40m, gia trj sai 56 nay chi 14 +4,5% va +3,8%
twong tmg v&i 2 43 nhdm trén. Ludi 50m cho

két qud khic biét nhit so voi hudi 10m (hon
15% tmg v6i ca hai d9 nham), trong khi heéi
thd nhét 90m lai cho két qua thién nhé. Vi vay,
ta c6 thé tinh to4n sw lan truyén séng 1 cho ci
mién tinh todn 1ém bao gom ca ha lwu hd Nim
Chién khi Ax = 40m. Hinh 6 1a két qua tinh sy
lan truyén song lii do v dap vom Nam Chién,
tinh véi dd nhém n = 0,06 tai hai thoi didm t=
500s va t = 1500s twong ing vii kich thude
Irdi Ax = Ay = 40m.
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Hinh 6: Bdn dé ngdp lut theo inh hudng v& dap Ngm Chién lic t — 500s vd 1500s

4. KET LUAN

D6 chinh xde cia két qua tinh theo phuong
phap s6 luén 12 muc tiéu hing ddu khi mé
phong cac hién tuong thiy hrc theo phuong
phép ndy. Anh hudng cia kich thude 6 ludi t6i

112

két qua tinh myc nudc chi ra ring c6 sy khic
bigt khong nhidu giita kich thuéc lugi min va
Tudi thd (muc 3.1, 3.2). Tuy nhién, khi xét anh
huéng nay toi luu luegng thi ¢d sy khic biét
ding k&, dac bidt khi dia hinh thay déi phirc
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tap nhu vi dy trong muye 3.2 va 3.3. Ap dung
chmmg trinh tinh 2D-FV cho mdt trudmg hop
thye 1€ 13 v& dap hé Nim Chién, Son La tuong
img véi 7 kich thuéc ludi khdc nhau chi ra
ring: Sy anh hudng cia kich thuoe lwéi 161 hru
Iwong 16n nhit tai dap 1a rét 16 rang. LuGi 40m

KHOA HOC

cho két qua tét hon ca Iwéi nhé hon 14 30m va
20m va ca ludi 16m hon 50m, 90m khi so sénh
véi két qua tinh theo kich thuéc he6i min nhét
10m. Viéc tim ra kich thudce ludi hop 1y s& dua
ra duge két qua ¢6 49 sai s6 cho phép, ddng

CONG NGHE

thoi tiét kiém thori gian chay may tinh,
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