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ON THE NUMERICAL METHODS FOR UNSTEADY
FLOW IN OPEN CHANNEL

By Yoshiaki Iwasa, Kazuya Inove and Takeshi KaTavama

Synopsis

The present study deals with the technique of numerical simulation of unsteady flow in
a flume and floods in river. The fundamental equations are expressed in conservation law
system and transformed into characteristics forms, which are reduced to linear combinations
of equations of continuity and motion. Difference scheme for method of characteristics will be
established according to the direction of each characteristics and compared with Lax-Wendroff
scheme. Comparative studies have been made on unsteady flow in a flume and a real flood in
Yodo river. The result shows that the method of characteristics will be usefully applied to gra-
dually varied unsteady flows.
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Fig. 5. Comparative representations of unsteady flows in experimental flume -Gradualy varied

flow - (a) case 1, (b) case 2.
Table 1. Computational errors in integrated continuity equation.
(a) Case 1
t (sec) 10 20 30 40 50 60 70 80 90
Cr (© L.W. Scheme |—0.08 —0.04 —0.02 —0.01 0.01 0.01 0.01 0.01 0.01
r (%) CH. Method |—2.10 —1.29 —0.79 —-0.35 0.16 0.32 0.23 0.18 0.14
(b) Case 2
t (sec) 10 20 30 40 50 60
Cr (o L.W. Scheme —0.06 0.01 0.66 0.12 0.02 0.06
" (%) | GH. Method —081  —4.67 8.45 3.05 3.27 2.03
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Fig. 6. Comparative representations of unsteady flows in experimental flume -Surge- (a) case 3,

(b) case 4.

EHERRIOKDLHOT, C@)=0 2o IBEAShic BERXSBH - EhTVEZ LK%, E»oH
EMREIENTFROEAD C=0 LA TEL, &K LW EOBEDOEHNC L3 hbhibhb,
Fig. 6 (2), (b)) 3FENOENSATREORE LTV EEATH 5, Fig. 6 (@) (case 3) TR TFHRMHIB
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Case
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Fig. 7. Free surface profile of surge.

#HTHBH, Fig. 6(b) (case 4) TRELRABBYONTVED, LRDPOEHLZBEMSELFETR
H LBV LERREANMED > TV 3, SFRGEGHERTEO CH iEB LU LW ETF8bh, case $ Tk dx
=046m, 4¢=0.1%p, case ¢ Tid 42=044m, 4t=0.1 WTH5, £/ Fig. 7 i3 case 3 © t=10FpicH
WBKEBRERLIZSDTH B, TNODHMLOFOEAMNRMEN S, (1) LW BEiCk 3HECIRBE
DRI DKAEL, B DiBBY 5 R%I78 EEBREE —H L RSO W B OAMEELNL b2 b1
TO3EVZ B, (i) CH KiC X 23 EHER TR, 245 LTAHNIE LW L RERVN, BHEKEZA
BEARPBOSBINBDOEPREME LS, (i) 20OHE, KNOLAREREISHBLS5ECTHk
R EATRESRELTEY, LW ET COEANL ESA5NTVEDIRKL, CHIETIRMICT
PEdlid EAKRELO LR IEP I > TS (Fig. 6 (), (iv) LW EiC X 33 BB ORE TR 0RE
DHBEALETRT, (iv) B EJH OFREOHACH L THEOBVEFRNE LT DX 5 RREHLRS
PEBFOSNBOPEINTVBEZLIAE LL S, (i) & (i) @ CH #& LW DS EIKET 3 ET
%5, Table 2 (a), (b) BAEELFEMRIC C,(t) ERDIAERTH A, COEHOH LW BEOBEEOBNT
Lo N, ¥ CH rRBEOX S KEMADES LOEhOH B RBES Shi-BERichish omz
BEFR LD, 3.2THRRL EEXEITF TS,
VEDFERICXDMRAZENTELOEDEITH B, BILOBEDPLEBRNOES, LW skt CH
HEOVTNbRBIFBRINEHERERL S, —HEMDARKNDEE, LW KT ENE KBk 12k
PELFHEESNZ0, CH HBREAKRNICE LW BERZORVWEELZE52 56 00, ARELIZEEL

Table 2. Computational errors in integrated continuity equation.

(a) Case 3
t (sec) 10 20 30 40
Gr (o | LW Scheme — 0.53 ~0.32 0.10 0.13
T (%) | CH. Method —37.33 ~7.76 —3.00 —1.79
(b) Case 4
t (sec) 10 20 30 40
Ge (o | LW Scheme 0.08 —0.31 —0.17 —0.12
T (%) | CH. Method ~13.66 —4.50 —2.97 131
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IhTE, ¥-EERNESNEREOREAEET B,
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EEOT I OUAGEHAETTIE D 1c b OREHEEEEZ B L &, D2¥OC LFHBBEAL LTHEFS
ns,

(1) FNOMER—BTEL, LWERPRESSONECET 3B LT L SHRCRNES
TV, LizA-T, SEMELA D20 O bl OME IOV THHEL LFNIE 25 5 Lax-
Wendroff O£, WEMEIMEEEL 2 B, SO5KKTEHNORBSLEL SN Y, £0FE
TREAGBE~NERLIC Vo TOAZHD 37 DFAIEE—BKBOESE & UTRS HiEbid 5H, TOE
BHEE Db OOFI LB EEL D,

(ii) 1. TR~k HiC, kinematic wave BRIZIKRICEDODTENTH 548, ARBRENDH>T
TS ZBN LRICRSGEAICIRER SNV, 7 kinematic shock 3t UiEA, T O E2TY
#LCHET A LIS D BRAEIE LT,

(i) FEOREFETH 2 ARSHAEER (31 BXU (32 RATHS AL LI K2 AHOESFAT
HBo Lid-T3ARKLBEHR TS S Lax-Wendroff O SkiaIEM L, MHEOHEFEERE
LTis,

PEDT EBECHREKBELDTELIBEADENTH B LAEL, L TORKEHCEZ A e
— T ORI X AL KT B, COFETIR ERDARRELE NS LV,

EBHOMRE Lz DIRIENICE T3 6524 1 KT H
2W, FEXMI Fig. 8 K REh2LB0T, K
B 61km, FHEMEIIEP L 2km & DFFIGHE T Hirakata
52, COXEICIR 3 DDARENESENTLIN
HE O 4.1 TR BB FERIc X T &ic
Ltz MAZGRHERLUTR IS LEOR Y EL 1D
BiE, URTRAA LN HKBIFIC X 35 BERBESA, T80, PRM, XV TRER
KELEEZ 7o TIMREGECT DBRDKALE & &I UTRERFF ATV, FIRAS, MO EKASZ
nEhOBEBIKAIC—KT 3 &5 IKEHINOWBERE L.

Fig. 9 (), (b), (o) 2 hEhid, HRIL, BTBcsd23ERRETHS (4=60 B), Fig. 9(b) T,
BREHE LTEHEZONTVARESBL LTV AORKRTEL LI X AR KRTORRTH B, CDES
SHEKMZBAUKGI L D B EON, ChiRBE s hiokbicd 2 MERSEHICNE B3R EC O
Wi OBERHCE T R BIH 5T LIk B, Fig. 9 (c) Tid, BKBHOBRBEREL LTV BH, A,
BENOYKkOLEEZ T, HROBOKMEERLTNS, Fig. 9 OHEZR 24013, BAEE 24K&L
TE—HLTHY, $EHOC— I EBLVZOHRBERMACOVTLERHETNIERTHELL
Z, CCCORBENEUTE -1 EEZ BT EMNTEELD,

Hatsukashi
Yamashina

Yodo River

Makio-yama

Kamo © 1ngen-bashi

Fig. 8. Network of Yodo River.
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Fig.9. Comparative representations of 6524-flood hydrographs in Yodo River.
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