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Sai H6ng Anhl’z, Lé Viét So’nl, Toshinori Tabataz, Kazuaki Hiramatsu®

Tém tit: Nghién ciru ndy tong hop, phdn tich va dé xudt phwong phdp gidi don gian, chinh xdc va
on dinh cho cdc thanh phan vén toc trong mé hinh thity e hai chiéu dé dp dung cho phwong phdp
sai phdn hitu han trong viéc giai cac phwong trinh nuoc mat. Bdy la mot buoc vo cung quan trong
trong viéc thiét mé hinh thuy lyc hai chiéu va né anh hwong tryc tié'p 16 sw on dinh cia mé hinh.
Do d6 liwa chon hege do gidi phit hop cho cdc thanh phdn vén toc la vé ciing quan trong. Nghién
ciru ndy sé€ dé cdp t6i cdc wu nhwoc diém cia cdc phirong phdp gidi bao gom lege do doi ximg
trung tam, hege do Upwind béc 1 va 2. Viéc dp dung cdc phwong phdp gidi dwoc tién hanh tai khu
viee séng Hong doan tir Son Tdy téi Hung Yén. Cdc két qua tong hop, phdn tich va dp dung thiee té
cho thdy hege do doi xirng trung tam va Upwind bdc 1 dat két qud tot véi khu viee dia hinh don
gian. Luoc do Upwind bac 2 la mot luva chon 16i wu cho cdc khu vuee ¢6 dia hinh phuee tap, bién doi
nhiéu. Khi ép dung thuc té trong thiét ldp mé hinh thiy lyc hai chiéu thi tity muc dich nghién ciru va
dia hinh khu vuc dé ap dung luoc do phu hop.

Tiwr khéa: Thanh phﬁn van tdc, Luoc d6 dbi xung trung tam, Luoc dd upwind bac 1, Lugc dd

upwind bac 2.

1. PAT VAN BPE

Theo nghién ctu ctia Chung (2010) lich su
phat trién cta tinh toan thity dong luc hoc hién
dai bat dau tir nhitng ndm 1950s voi sy ra doi
clia cac mdy tinh sb. Cac phuong phép sai phan
htru han (Finite diference methods) va phuong
phap phan tir hiru han (Finite element methods)
1a nhitng cong cu co ban dé giai cac phuong
trinh thuy luc khi d6. Ciing theo Chung (2010)
thi phuong phap sai phan hitu han lan dau duoc
cong bd nim 1910 bai Richardon, con phuong
phap phan tir hiru han thi mudén hon vao nim
1956. Trong khi d6 phuong phap thé tich hiru
han ciing rat phé bién nhirng nim gian day.
Ferziger va Peric (2002) ciing da khang dinh
rang 3 phuong phap giai trén 1a phd bién nhét
trén thé gidi hién nay cho tinh toan cac phuwong
trinh thuay dong luc hoc. Tinh tor nhitng nam

" Phong Qui hoach Thiy loi Bdic b, Vién Quy hoach
Thuy loi.
? Khoa Néng nghiép, Truong Pai hoc Kyushu, Nhdt Ban.

1910s dén nay c6 rat nhiéu cac nghién ctru da ap
dung cac phuwong phap trén va cho két qua rat
t6t. Tuy nhién ciing theo nghién ctu cia
Ferziger va Peric (2002) thi tit ca cac phuong
phap toan hoc trén cho dong chay chit 1ong chi
la gin dung va s& c6 nhiing sai s6 xay ra. O
nghién ctu nay thi chung t61 tap trung vao
phuong phéap sai phan hiru han.Tinh toan dong
luc hoc chat 16ng trong mé hinh thuy luc 2
chiéu khi mé hinh xay ra hién tugng ngit quang
nhu song xung kich (shock waves) 1a v6 cung
phuc tap. Khi d6 md hinh s€ phai &p dung cac
lwge dd sai phan c6 do 6n dinh va chinh x4c cao
hon (higher order accuracy) (vi du: luoc d6
Upwind bac 1,2,3..) dé giai cho cac thanh phan
van toc trong phuong trinh dong luong theo
phuong x va y. Ching toi s& dé cap 3 loai lugc
dd dé giai cho cac thanh phan van téc bao gdm:
lugc d6 d6i xung trung tam, lwoc d6 Upwind
bac 1, 2 trong nghién ciru nay. Quay lai cong bd
ctia Anderson (1995) cho phuong phép sai phan
hiru han thi sai s6 khi 4p dung cac luoc dd khac
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nhau cho cac thanh phan van tdc trong phuong
trinh dong luong 1a rat khic nhau, chung anh
huong téi sy chinh xac va 6n dinh ctia mé hinh.
Do d6, xac dinh lugc d6 nao dé ap dung vdi cac
nha nghién ciru trong giai doan dau thiét 1ap mo
hinh 1a rat kho khian. Hon nita cdc mi 1énh s&
phai thay d6i rat nhiéu khi thay doi phuong
phép giai, vi vay nghién clru nay s€ phan tich va
dé xuat luwgc dd giai phu hop. Nhiing lwge d6
néu trén da cho két qua rat kha quan va dugc ap
dung rong rai trong cac nghién ctru nhu (Hu va
Kot, 1997; Tabata nhk., 2013; Sharma, 2015),
tuy nhién chung cling c6 nhitng vu va nhuoc
diém khac nhau s& duoc thao luin trong bai bdo
nay. Hién nay c6 cac bac cao hon cho lugc dd
Upwind nhung chiing rat phirc tap va doi hoi rat
nhiéu cong strc dé nghién ctru va ap dung.

Trong nghién ctru ndy ching toi s& tong hop,
phan tich va dé xuét lwoc dd phu hop cho cac
thanh phan van téc trong moé hinh thay lyc 2
chiéu dé ap dung cho phwong phép sai phan hitu
han trong vi€éc gidi cdc phuong trinh nudc mat
(shallow water equations) trén cac mat ludi
(Staggered grids) voi muyc tiéu thiét 1ap mo hinh
2 chiéu don gian, chinh xac va on dinh. Nhiing
cong thire chi tiét cho timg lwge dd dé ap dung
giai truc tiép cho cac thanh phan véan toc U va V
trong phuong trinh nudc mit s€ dugc trinh bay
va thdo ludn. Nhitng phuong phap nay cling
dugc chiing t6i kiém dinh thyc té tai song Hong
khu vuc Ha Noi, két qua khi ap dung céc luoc
dd giai khac nhau ciing duoc phan tich va thao
ludn bén dudi. Nhirng co sé dé phan tich dé xuat
cua chung to61 can cir vao cdc nghién cuu da
dugc cong bd trén cac tap chi qubc té uy tin va
cac cong trinh nghién clru clia cac nha khoa hoc
tur dai hoc Standford, Maryland va Alabama &
Huntsville Hoa Ky va nhidu nha nghién ctu
khac nhu (Vreugdenhil, 1994; Pozrikidis, 2009;
Anderson, 1995; Chung, 2010; Ferziger va
Peric, 2002)

2. PHUONG PHAP NGHIEN CUU

2.1 Tong quan khu vuc nghién ctru

Khu vue nghién ctru duoc thé hién trong hinh
1, day 1a mot phan cta song Hong, chay qua thu
d6 Ha Noi tir Son Ty dén thanh phé Hung Yén

v6i chiéu dai khoang 110 km. Phia Bic mot
phan giap véi tinh Vinh Phiic va Ha Nbi, phia
Nam giap vé1 Ha Noi, phia DPong giap vo1 Ha
Noi va mot phan tinh Hung Yén. Pay 1a mot
khu vyre dién hinh vé 1ii Iyt va han han ciing nhu
c6 duoc bo dir liu kha df?ly du do do6 ching toi1
da lgya chon khu vyc nay dé ap dung cac phuong
phap giai khac nhau cho cac thanh phan vén toc
U va V dé dua ra mot su so sanh truc quan nhéat.
Dt li¢u dia hinh dugc Vién Quy hoach thuy loi
(IWRP), B6 Nong nghiép va Phat trién nong
thon khao sat va thu thap tir ndm 2011 d&én nim
2014. Khu vuc nghién ctru 13 364 km® véi
145.728 6 lu6i vudng co chiéu rong 50 m. Thuat
toan noi suy diém lan can trong phan mém GIS
da duogc st dung dé noi suy cao do dia hinh tu
nhitng diém c6 sin cho toan bd cac mit ludi
tinh toan.
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Hinh 1. Téng quan khu viee nghién ciru

2.2. Cac phuwong phap nghién ciru

Phwong trinh nuéc mat

Céc phuong trinh nudc mat dugc st dung
trong md hinh thily dong luc hoc 2 chiéu nhu sau:

Phuong trinh lién tyc: dung dé tinh muc nude n

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 57 (6/2017) 87



oV oV oV
ot ox

on
AUV = fU—gZ L4y
Py U g@y h(

U va V 1a thanh phan van tdc ngang theo
phuong x va y; 17 1a muc nudc; t la budc thoi
gian; h la chiéu cao cot nudc; f1a lyc Coriolis; g
1a gia toc trong truong; n 1a hé sé nham; va v, 1
hé s6 nhot.

Céc thong sb st dung trong tinh toan nhu sau:

Bang 1. Tong hop thong so trong md hinh

Phuong trinh dong luong theo phuong x va
y: dung dé tinh thanh phan vén toc U val

U, 62U]_ gn’UNU’ +V7

Thong sb Gia tri
At(s) 2.0
Ax = Ay(m) 50.0
ns/m'” 0.025-0.172
Ag (m?) 2500.0
7 (/s) 5.24%107
g (m/s?) 9.8

Picu kién bién cho mé hinh

Chung t61 st dung bién luu lugng dau vao tai
tram Son Tay nam 2013. Cac bién dau ra cua
mod hinh 1a myc nude tai tram Thuong Cat va
Hung Yén. Céc bién luu lugng va muyc nudce
déu 1a sb liéu thuc do do Vién Quy hoach Thuy
Loi, BO Nong nghiép va Phat trién nong thon
thu thdp. V&1 muc dich so sanh sy khac biét vé
su chinh x4dc va on dinh cua md hinh khi 4p
dung cac luge dd giai khac nhau cho cac thanh
ph?ln van tbc U va V nén ching t61 lya chon mot
thoi doan mua kiét tir 02/02 dén 10/02/2013 va
mét thoi doan mua 1ii tir 28/7 dén 08/08/2013 dé
mo phong.

Céc phuong trinh tir 1 dén 3 s& dugc giai
bang phuong phap sai phan hiru han trén cac
mat Iui nhu hinh 2. Va trong phuong phép sai
phan nay thi lwoc dd giai cho cac thanh phan

s (GU] oU (GV] o) .
van toc| — |, | —|,|— |,| — | s€ duoc
Ox oy ox oy

trinh bay tir lugc d6 ddi ximg trung tAm(central

OV V| _gnVIU+V? 3

difference schemes) dén cac luoc d6 Upwind
bac 1, 2 hién dai hon. Nhitng phuong phap nay
s& c6 nhirng wu va nhuoc diém khac nhau chi
tiét s& dugc trinh bay bén dudi.

n+l
v(m.n+1/2)
[ 1
u(m—1/2,n) u(m+1/2,n)
| |
Pt ¥ >
R r(f,j)
Ay
l Y Fv(m.n-1/2)
n-1 -
Ax
D
m-1 m m+1

Hinh 2. So d6 mat ludi

Lwgc dd ddi xirng trung tim

Pay 1a phuong phap da dugc dé cap va ap
dung phd bién trong nhiéu nghién ciru ap dung
md hinh thiy luc 2 chiéu ma cac phuong trinh
nude mit dugc giai bang phuong phap sai phan
htru han nhu (Pozrikidis, 2009; Tabata nhk.,
2013; Anderson, 1995; Vreugdenhil, 1994), n6
dem lai két qua tét. Chi tiét ciia phuong phap
nhu sau:

Thanh phan van toc U theo phuong x va y:

(a_Uj R @

ox Vo 2Ax

(a_U] _ Um+%,n+] - Um+%,n—] 5
& )y 2Ay ()

Thanh phan van tdc V theo phuong x va y:

88 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 57 (6/2017)



(61/] _ I/m+],n+% - I/m—],n+% 6

OX ) s 1 2Ax ©

( v j _Vowy "y o
5y m,n+% 2Ay

U va V 1a thanh phan van tdc ngang theo
phuong x va y; Ax,Ay 1a chiéu rong mit lui
theo phuong x va y.

Phuong phap nay s& van hanh rét tot voi khu
vuc c6 dia hinh khong phuc tap va gan nhu
khong xay ra van dé nghiém trong nao vdi cic
khu vuc trén. Tuy nhién khi sy gian doan Xuét
hién trong dong chday nhu 1a song xung kich thi
phuong phip nay s& van hanh khong tt
(Anderson, 1995; Chung, 2010). Mot diém bat
lo1 khac cua phuong phap nay la viéc xu 1y tai
cac duong bién cua khu vuc nghién ctru, khi mé
hinh s& sir dung céc diém nam ngoai mién tinh
toan (Vreugdenhil, 1994), tuy nhién cic nha
khoa hoc trén déu di ching minh riang day
khong phai 13 van dé 16n va da duogc giai quyét
voi1 cac thuat toan tai duong bién. Hién tuong
gian doan thudng xuat hién tai cac khu vuc c6
dia hinh phuc tap va phuong phap upwmd bac 1
da duoc dua ra dé giai quyét van dé nay.

Lugce @6 Upwind béc 1 (First order upwind
schemes)

Lugc d6 nay dya vao phuong phap chinh xéac
bac 1 (first-order-accurate). Nhiéu nha nghién
ctru ciing d4 co cac cach tiép can khac nhau dua
vao luge d6 Upwind bac 1 nhu phuong phap
chia tach Flux-Vector va Godunov. N6 gitup cho
vié€c tinh todn hudng dong chay giam bot sy dao
dong, tuy nhién muc d6 khéch tan cao (highly
diffusive) (Anderson, 1995). Ferziger va Peric
(2002) ciing khang dinh rang phuong phap nay
c6 d6 chinh xac khong cao va d khéch tan 1on.
Chung (2010) ciing cho thy riang phuong phap
nay xay ra sy mat on dinh I16n khi c6 hién tuong
gian doan. Nhing diéu trén 13 minh chimmg cho
thiy rang ching ta cdn mot phuong phap tot
hon, d6 la sy phat trién cta luoc dd Upwind bac
2 dya vao phuong phap chinh xéc bac 2(second-
order-accuracy). Lugc d6 Upwind bac 1 khong
dugc ap dung nhiéu vao thuc té vi su thiéu
chinh xac cua nd, dic biét ddi véi nhirng khu

vuc ¢6 dia hinh phirc tap. Chi tiét phuong phap
nhu sau:
Thanh phan van tdc U theo phuong x:
NéuU>0

(a_U] Ui Yy
P

ax ma 1 AX (8)
NéuU<0
(G_U] Yy =Yy ©)
ox me 1 Ax

U va V 1a thanh phan van tdc ngang theo
phuong x va y; Ax,Ayla chidu rong mat ludi
theo phuong x va y.

Hoan toan tuong tu véi thanh phan van toc U
theo phuong y, V theo phuong x va y.

Lwoc @6 Upwind bic 2 (Second order
upwind schemes)

Phuong phéap nay da khac phuc duoc sy thiéu
chinh x4c va giam nhe d6 khéch tan so voi luoc
dd6 Upwind bac 1. Upwind bac 2 ciing dya vao
phuong phap chinh xac bac 2, cong thirc cu thé
dugc dua ra trong nghién ctu cua Anderson
(1995) nhu sau:

Khi sy lan truyén tir phai sang trai cia diém
can tinh:

(aUJ _3U(m+%,n> +4U(m+32,n) m+/ (10)
(m+/ ) 2AX
Trai sang phai
( U j B R T i e 20 a
OX (s 1) 2Ax
Trén xuéng duéi
[O_U} _ ( +12 )+4Umn+1)_U(m,n+2) 12
Y s 14) 28y 12

Dudi 1én trén
(GUJ _ 3U(m+%,n) - 4U(m,n—l) + U(m,n—z)
a'y (m+%,n)

2Ay
U va V 1a thanh phan van tdc ngang theo
phuong x va y; Ax,Ayla chi€u rong mat ludi

(13)

theo phuong x va y. Hoan toan tuong tu véi

thanh phan vén tdc ¥ theo phuong x va y.
Phuong phap ndy cho thdy mot két qua chinh

xac va rat dang tin cdy trong nhiéu nghién ctru va
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cong bd nhu (Hu va Kot, 1997; Kawamuranhk.,
1986; Hiramatsu, 2001; Yee, 1985). Luoc do
nay van hanh kha on dinh khi dia hinh khong
qua phirc tap va cho két qua rat tét. V&i nén
tang 1a luoc dd6 Upwind bac 2, nhiéu nha nghién
ctru da phat trién cach tiép can cua riéng minh
nhu Godunov (1959), MUSCL cua Vanleer
(1979) hay phuong phap Riemann va Flux dugc
dé néu trong nghién ctu ciia Anderson (1995)
va da duoc ap dung rong rii trong nhiéu nghién
ctru. Nam 1985, co quan Hang khong va Vi tru
Quéc gia Hoa ky (NASA) di dwa ra nhiéu
phuong phap tiép can dua vao nén tang cua lugc
dd6 Upwind béc 2 va khang dinh rang day 1a mot
phuong phap chinh x4c va 6n dinh khi dung tinh
toan sdc. Bén canh nhitng vu diém thi phuwong
phap nay ciing c6 nhitng han ché nhu van co su
dao dong xung quang khu vuc ngit quing nhu
da thu duoc véi luge d6 ddi xung trung tim
(Anderson, 1995). Ciing theo Anderson (1995)
thi khi 4p dung Iugc dd nay dé giam sy khuéch
tan thi sy dao dong lai xuét hién. Tuy nhién day
cling 1a mét lugce dd hiru ich cho cac khu vuc ¢o
dia hinh phtrc tap.

3. KET QUA VA THAO LUAN

Trong nghién ctru ndy ching t6i tién hanh ap
dung tumg luoc dd dé giai cho cac thanh phin
van toc U va V theo phuong x va y vao khu vuc
thuc té dé dua ra duoc két qua tryc quan nhéat.
Khu vyc duogc lya chon la khu vuc song Héng
doan tir Son Tay té61 Hung Yén, voi tram thuc
do tai Long Bién dung dé so sanh két qua cua
ctia luoc d6. Cac thong sb vé sai sd toan phuong
trung binh (RMSE) va hé sé6 NASH duoc tinh
toan dé so sanh. Chiing t6i d3 mé phong két qua
cho lugc d6 dbi xung trung tdm (CDS) va
Upwind bac 2 (SUS), lugc d6 Upwind bac 1 1a
khong thé mod phong voi cac diéu kién gidng
nhu hai luge d6 trén dé so sanh.

Sai s6 toan phuong trung binh (RMSE) dugc
tinh bang cach lay cian bac 2 cta gia tri tuyét doi
ctia hé s6 tuong quan gitra gi4 tri thuc do va tinh
toan voi cong thuc cu thé nhu sau:

RMSE = \/ 2 (s =)’

n

(14)

Trong déMus1a muc nudc thuc do(m); ew
lamyc nude tinh toan(m); n s6 lwong tri du bao.

Hé s6 NASH ciing 1a mdt tiéu chuan dé danh
gia sy phu hop cua mé hinh gitra thyc do va tinh
toan, cong thirc cu thé nhu sau:

Z (Mear o )2
Z (n,,, —nobsaver)’

Trong d6:ea 13 muc nudc tinh todn (m);

NASH =1- (15)

Movs 13 muc nudc thuc do (m); Movsaver 13 muc
nude thuc do trung binh (m).

Bang 2 cho thiy két qua so sanh giita SUS va
CDS 1a khac nhau vé do chinh xac, khi 4p dung
CDS & tinh toan cho U va V thi két qua tinh
toén kém chinh x4c hon véi h¢ s6 NASH 1a 0.9
¢ giai doan 1 khi so sanh v41 0.96 khi ap dung
luge do6 Upwind bac 2 cho U va V. Sai )
RMSE ciing twong d6i khac nhau khi 4p dung 2
lugc do giai trén giita 0.082 m va 0.14m. Khu
vuc ching t61 tinh toan c6 dia hinh kha phtrc tap
do d6 két qua cho Iugc dd ddi xtmng trung tam
khong dugc tét, giai doan 2 cho thdy hé sb
NASH cta CDS chi 0.75 con SUS 1a 0.97, mdt
su khac biét 16n vé d¢ chinh xac. Hé s6 RMSE
ciia CDS ciing rat 16n 0.39m, cho thiy sy thiéu
chinh xac. Con cua SUS chi 0.14m. Nhu vay
mot lan nita chung ta c6 thé thiy rang luoc d6
giai cho cac thanh phan van téc 1 rat quan trong
n6 anh huéng truc tiép toi két qua tinh toan.

Bén canh bang so sanh hé s6 NASH va
RMSE thi hinh 2 va hinh 3 cling cho chung ta
thiy két qua so sanh giita thuc do va tinh toan
v6i 2 luge d6 khac nhau. Khi 4p dung luoc d6
dbi xtng trung tdm cho cac thanh phan van toc
U va V thi & day cho thiy su dao dong, va
khong chinh xac nhu luge d6 Upwind béac 2
trong ca 2 giai doan tinh toan. Hinh 2 cho chung
ta thdy rd sy khong 6n dinh khi 4p dung lugc d6
dbi xtmg trung tam, két qua khi ap dung luoc d6
upwind bac 2 thi cho thiy mot xu hudng rat
chinh x4c bam sat s6 liéu thuc do. Hinh 3 cling
cho chung ta thiy rang két qua khi 4p dung lugc
d6 CDS vao dé tinh U va V 1a thiéu di sy chinh
xac. Két qua cta lwoc dd Upwind bac 2 & dy 1a
rat tét.
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Bang 2. Két qua so sanh giira 2 lwgc dd SUS va CDS

Nam 2013
Tram Giai doan 1: 02/92 -10/02 Giai doan 2: 28/97 - 08/08
i Upwind bac 2 D01 xtrng trung tam Upwind bac 2 D01 xirng trung tam
RMSE NASH RMSE NASH RMSE NASH RMSE NASH
Long Bién  0.082 0.96 0.14 0.9 0.14 0.97 0.39 0.75
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Hinh 3. Két qua so sanh muyc niede tinh todn va
thuee do theo hege dé upwind 2 va déi ximg
trung tam tram Long Bién tur 02-10/02/2013
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Hinh 4. Két qua so sanh muyc niede tinh todn va
thuee do theo hege dé upwind 2 va déi ximg
trung tam tram Long Bién tu 28/07-08/08/2013

4. KET LUAN
Trong nghién ciru nay, v6i muc dich dé xuat

TAI LIEU THAM KHAO

phuong phap giai don gian, chinh xac va on
dinh cho cac thanh phan van toc U va V trong
md hinh thity lyc hai chidu chung ti co cac két
luan sau:

- Luoc d6 ddi xtng trung tdm (CDS) duoc st
dung kha phd bién cho cac khu vuc c6 dia hinh
khong qua phirc tap va cho két qua rat tot. Cac
nghién ctru 4p dung lugc dd nay ciing dugc néu
& trén. Sy dao dong s& xuat hién khi dia hinh
nghién ciru phirc tap va bién doi nhicu khi ap
dung luge do nay.

- Luoc d6 upwind bac 1 ¢ lam giam sy dao
dong tuy nhién né khong c6 su chinh xac cao.
Do d6 lwoc dd nay chi co thé c6 két qua kha
quan khi ap dung cho khu vuc c6 dia hinh don
gian.

- Luoc d6 upwind bac 2 1a mot lya chon tbi
vu khi phét trién mo hinh thity lyc cho khu vuc
thuc té véi dia hinh phtrc tap bao gém long dan,
bai séng, nha cira, hay dia hinh thay dbi lién tuc.
Nhu két qua ap dung cho khu vuc song Hong
n6i trén cho két qua rat tdt, cling nhu trong
nhiéu nghién ciru di dugc néu trén.
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Abstract:
SUMMARY, ANALYSIS ANDSUGGESTIONNUMERICAL METHODS FOR
VELOCITY COMPONENTS IN TWO-DIMENSIONAL HYDRODYNAMIC MODEL

This research will analyze and propose a simple, accurate and stable method for velocity
components in a two-dimensional model to apply to the finite difference method in solving shallow
water equations on the staggered grid. This is an extremely important step in construction
hydrodynamic model and it directly affects the stability of the model. Therefore, the solution scheme
for the velocity components is very important. This study will discuss the advantages and
disadvantages of the central difference scheme, first and second order upwind schemes. In the case
study, the Red River area from Son Tay to Hung Yen is selected. These schemes were applied to
compare the results. The research results were also compared and discussed with observation data
profile. The research results indicate that the central difference and first order upwind scheme have
good results with simple elevations. Second order upwind scheme is a good selection of complex
terrain. In construction the hydrodynamic model, it depends on the research purposes and terrains.
Keywords: Velocity components, Central difference scheme, First order upwind scheme, Second
order upwind scheme.
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