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Fig.1 Open channel flow over a sinusoidal bed
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Fig.2.1 Free surface profiles for F=0.6,0.7 & 21=3,5,7. All
of the flow converge to steady state. Note that the
bottom profile changes sinusoidally. (b,=0.05, M, =
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Fig.2.2 Free surface profiles for Fr=0.6,0.7 & A=3,5,7. In-
stability occurs at =3, Fr=0.6 (M,=0.003, C;=

0.007).
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Fig.2.3 Free surface profiles for Fr=0.6,0.7 & 1=3,5,7.
Phase of the free surface profile relative to the bed
changes at the wavelength =3, Fr=0.7. And insta-
bility occurs at Fr=0.6, 1=3.5 & Fr=0.7, 2=5.7
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Fig.2.4 Free surface profiles for Fr=0.6, 0.7 & 1=3,5,7.
Phase of the free surface profile relative to the bed
changes at the wavelength =3, Fr=0.7. And insta-
bility occurs at Fr=0.6, A=3 & Fr=0.7, 2=7 (M,=
0.003, C,=0.001, b,=0.05).
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Fig.6.1(a), (b) Real part of the eigenvalues Re[7] as a func-
tion of k, for M,=0.003, A,,=0.1. Im[r] is also plot-
ted at the first quadrant, but rescaled.Here, the relation

C;=xv'M, /3 is used.
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Fig.6.2 (a), (b) Real part of the eigenvalues Re[r] as a func-
tion of k, for M,=0.001, A,,=0.1. Iml7] is also plot-
ted at the first quadrant, but rescaled. Here, the relation
C.=xkVM, /3 is used.
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Fig.7(a) Spectrum of eigenvalues at Fr=0.5, M,=0.003, 8=
0, K,=0.95 k,, C;=x+/M, /3.
(b) Spectrum of eigenvalues at Fr=0.5, M,=0.003, 8=
12, k,=0.85 k;, C;=x¥'M, 3.
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Fig.8 Eigenfunction of the most unstable mode
(a) Fr=0.5, M,=0.003, 3=0, k,=0.95 k,.
Ordered peak-valley structure (Im[7]=w).
(b) Fr=0.5, M,=0.003, B=1/2, k,=0.85 k,.
Staggered pattern (Im[7]=w). .
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Fig.9 The frequency of the most unstable mode at 8=1/2, k,
=0.85k, & 8=0,k,=0.95k, for M,=0.003 & 0.01.
Here, the amplitude is fixed by 4;,,=0.1 and C,=
VM, /3.

Note that the results for M,=0.003 & 0.01 are almost
coincident.
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Fig.10 Measuring equipments in field work
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Table1 Field work data

Data Depth | Froude
name (m) Number
Kuji 1 0.08 0.79
Kuji 2 ]| 018 0.41
Naka 1 0.40 0.42
Naka 2 0.35 0.76
Naka 3 0.54 0.38
Spectrum(Log10 scale)
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0 2 4 6 8
Frequency(Hz)

Fig.11 Spectrum of water elevation (Kuji 2)
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Appendix
WATES £ 12 ELERIT 2175 & &, BEUUEICIEE
ICFEES C&E0d 5. HFAANHE Y 7 b Mathematica
ZRWVWHIEICED, ThOoDHEEERBRBIITH LN
T& 5. LTI, sMoBELOTEAFEN (13) 28<
Mathematica @707 5 A%ZRT. BOIEESICEL
TREIAAVILIEBEDLEH B, IA Y FOBEBNABDIE
AKXPORGTLEBBETHS. L, RFEEIEBICED
Uz,
(x EHDEBOHEHE L UHELUE *)
Clear [afr, Fr, H, ep, hF, UF, VF, t,x,v, U, V, w, z,
wap, pzapl, pzap2, pu, p, pxav, pyav, pxav(0, pyav0,
pxavl, pyavl, pxav2, pyav2, pxavap, pyavap];
afr=1/Fr,
H=1+ep hF[t,x,y];(* epfBE/ ST A =¥ *)
U=1+ep UFI[t,x,y];V=ep VFI[t,x,vyl;
( $HE S AT =)
w=z/H(afr D[H,t]+U D[H,x]+V D[H,y]);
(% ep D 2 KA — 5L TOHUE )
wap=(w/.ep—>0)+ep(D[w, epl/.ep->0)+
ep(D[w, lep,2l1/.ep->0)/2;
(+ $HE SRS *)
pzapl =Collect[-(1/afr D [wap, t] +
afr(-2)U D[wap, x] +afr"(-2)V D[wap,y] +
afr’(-2)wap D [wap,z] )-1,z];
(x SREHAEN AR Dep® 2 KA — 5% T DL »)
pzap2={(pzapl/. ep~)0) +ep(D[pzapl, epl/. ep->0) +
ep2(D[pzapl, fep,2t]/. ep—>0)/2;
pulz_]=Collect[Integrate[pzap2, z] , z];
(+ BHRETORENZFMZMIcTENGH +)
p=pulz]-pulH];

pxav=afr2 Integrate[D[p,x], |z, 0,Hl ]/H;
(+ x SRR FIABRLD FHME *)

pyav=afr'2 Integrate [D [p, v], iz, 0, H} 1/H;
(% y HHENFEOFHME )

(x FENBELDELUE *)

pxav0=pxav/. ep->0;

pyav0=pyav/. ep—>0;

pxavl=D [pxav, ep]/. ep->0;

pyavl=D [pyav,ep]/.ep->0;

pxav2=D [pxav, {ep,2|1/. ep—>0;

pyav2=D [pyav, fep,2|1/.ep—>0;

(* 2 ROIEMIETHE TER L 2 ESAEIE =)
pxavap=pxav0+pxavl+pxav2/2;
pyavap=pyav0+pyavl+pyav2/2;

(« WAL AFERX (13) DEH )

Clear[H, hF, U, V, q, ho, hi, Uf, UF, VF, del, ep, , ky,
Exav, Eyav, Econ, Ex10, Ey10, Econl0, Ex11, Ey11,
Econll, Ahp, Ahf, AUf, AVi, Ak, AU, AV, m, kb, B,
Exap, Eyap, Econap];

H=1+hF[t, x,v];

U=14+Ufl[t, x,y];

V=Vilt,x,yl;

q=Sqrt[U~2+V"2];

(# 1+del hO[x]:FAZFHAST, del: BB/ ST 2 —F *)
hF [t-, x—, y-] =del hO[x] +ep hflt, x, y];

UF [t-, x-,y-]1=-del h0[x]+ep Uflt, x,yl;

VF [t-,x-, y-]1=ep Vilt, x,y];

hf[t-, x-, y-1=AM[x] E*(rt+1 ky y);

Uflt-, x-, y-1=AUf[x] E*(rt+1 ky y);

Vilt-, x-, y-] =AVI[x]E~(rt+1 ky y);

(+ x ArEEEAER *)

Exav=afr D[U,t]+U D[U,x] +V D[U, y] +pxavap+
Mn(U q/H"(4/3)-1)-Cs/2(2 D[H' D[U, x], x] +
D[H(D[U,yl+DI[V,x]),y])/H;

(= yHEER RN *)

Eyav=afr D[V,t] +U D[V,x]+V D[V, y]l +pyavap+
Mn(V q/H(4/3))-Cs/2(2 D[H D[V, yl,y]l+
DIH(D[U,y]l+DI[V,x]),x])/H;

(x HEBRFODOX *)

Econ=afr D[H,t]+D[H U,x]+D[H V,y];

(* Exav, Eyav, EconDep® & Udel DIREL *)
Ex10=Collect[D[Exav, ep]

/.ep~>0/.del->0/. y=>0/.t->0,1];
Ey10=Collect[D[Eyav, ep]
/.ep=>0/.del->0/.y=->0/.t->0,1];
Econl0=Collect[D[Econ, ep]
/.ep->0/.del->0/. y->0/.t->0,1];
Ex11=Collect[D[D[Exav, ep], del]
/.ep=>0/.del->0/. y>0/.t->0,1];
Eyl0=Collect[D[D[Eyav, ep], del]



/.ep->0/.del->0/. y=>0/.t->0, 1};
Econll=Collect[D [D [Econ, epl], del]
/.ep—>0/.del->0/. y->0/.t->0,1];

(= R(14), (15) DEEAEIE =)
h0[x-1=Ahp(ExplI kb x] +Exp[-I kb x])/2;
Ahf[x-J=Ah[m]Expll m kb x+I B x];
AUf[x-]=AU[m]Exp[l m kb x+I B x];
AV{[x-1=AV[m]Exp[I m kb x+1 B x];

(+ 3(14), (15) # ER#X(13) I RA LU Ahp D 1 ROE
FTE - BEAEN *)

Exap=Ex10+Ex11

Eyap=Eyl0+Eyll

Econap=Econl0+Econll
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INSTABILITY OF THE OPEN CHANNEL FLOW OVER WAVY BED AND
THE FREE SURFACE WAVES OBSERVED IN THE RAPIDS OF THE RIVER

Harumichi KYOTOH and Masaki FUKUSHIMA

Surface waves in the rapids of the river show the complicated patterns which are influenced by the bottom
topography. Two-dimensional shallow water equations with dispersion terms are used to discuss the instability of
steady nonuiform flows over sinusoidal bed. Floquet’s theory shows that quasi-periodic eigenfunctions with respect
to spacial variables can be introduced to solve the equation for an infinitesimal disturbance. Here, two physically
important spatial patterns, such as Peak-valley structure and Staggered pattern, are investigated and their unstable
regions are plotted in the phase plane of Froude number and the wavenumber of the bottom surface. Furthermore,
the frequency of the waves observed at the waterside in the rapids will be discussed.
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