
 

1 1 2  2 

1 112-8551 1-13-27  
2 112-8551 1-13-27  

E-mail: yangli @civil.chuo-u.ac.jp

     Key Words : open channel flow,hydrostatic jump, undular jump, non-linear analysis 

1.  

Iwasa1)

Andersen2)  Boussinesq 
 

 3)

 

2.

2)

-14) Pi pgHi

Pi / pgHi 1

-1  Pi pgHi  

第23回地球環境シンポジウム講演集　2015年9月

60.

- 249 -



-2 
H h Z 
z k U 

 

 (1)  
-2 

 ( ρhU2 ) 

(1a)
 

dx
dzgh

dx
dp

dx
dx
dhkdgUd

w

)()( 2

              (1a) 

(2)  p (x) 

 (1 / r)  
 (1 / rb) (1b) (1c)  

2

21
dx

hd
h

Zh
r

(1b) 

2

21
dx

zd
h
Z

rb

(1c) 

 

2

2

2

22

1

)(

dx
zd

h
Z

dx
hd

h
Zh

g
Ug

Zdp
           (1d) 

dp(Z)  h
 

2

22

2

22
2

0 2

2

2

22

632
1

1)(

dx
zdq

dx
hdqgh

dZdZ
dx

zd
h
Z

dx
hd

h
Zh

g
Ugxp

h

 (1e) 

(1e)  

 

(3)  
(1e) (1a) (1f)

 

)(3
2
1)(3

2

3

3

2

2

22

2

3

3

dx
dzgh

q

dx
zd

dx
dh

h
qgh

qdx
hdk

dx
hd

w

    (1f) 

(4)  
h0 η= h / h0 ξ= x / h0 ζ= z / h0 q = u0 h0 

Fr = u0  / (gh0) 1 /2 (1f)
(1g)  

d
df

d
dFr

d
dFr

d
dK

d
dFr

33)(3

2
1

02

2

3

3
2

2

2

3

3
2

  (1g) 

f0 = τw h02  / ρq2 
K 

 

3.   

(1)  

6)

X η 

-2  

- 250 -



(2)  

 

-3 -3
 Fr  1 

Fr = 1
 (h)  Withmam7) 

  K = a (F r upperend   - 1) K≈0 
 K d2 η / d ξ2 (1g)

(2a)  

d
df

d
dFr

d
dFr

d
dFr

33)(3

2
1

02

2

3

3
2

3

3
2

         (2a) 

1

ε Fr = 1+ε

X
X1 

ξ (X) ξ ( X, X1 ) X1 = εX 
(2b)  

)(),( 1110 XXX  (2b) 

η1   X X1 

 
Fr = 1+ε ξ ( X, X1 )  (2a) ε 0

(2c) 1 (2d)
(2a)  -3η dζ / dξ 

X1 

 

)(333 023

3

X
f

XdX
d

dX
d       (2c) 

01

1
2

11 XXX
                    (2d) 

(2d) (2e)  

C1
2
1 2 (2e) 

(2e) η (2f)  

01)(
2
1 23 C (2f) 

C (2d) (2f) 
 C 

(3)   
(2f) 

 
D>0

3 D<0 
D=0 

 
(2f) D (2g)  

)843643(
27
1 32 CCCD  (2g) 

-3
 

- 251 -



D>0 (2d)  
C >2.36 (2d)  
η1  , η2   ,  η3  
η1 η2<η3 (2d)  η (X1) (2h) 
8)  

1)
32

(sec)(

1)
32

(cosh)(

=)η(X
1212

322

1212
322

1

for
X

h

for
X

(2h) 

ν=(η3 –η2) / (η2 –η1)  

4.   

(1) (2a) 

X1

(2a)  

 (2) X 
1

Fr = 1+ε
X1

ξ= X+εX1  

(3)
 (2b) 

ε
-4 (2d)

C(C=2.45, C=2.5, C=2.55)
X1

(2g) C 2.36
-4 C

C 
 

(4)  (2e) C
C C

 
 C

-3  

 

 
1) Iwasa, Y., Undular jump and its limiting condi-tion for

existence, Proc. of the 5th Japan Na-tional Congress for
Applied Mech.,pp.315 319,1955.

2) Andersen, V.M., Undular hydraulic jump, Journal of Hy-
draulic Division, Proc. of ASCE, ASCE, 104(HY8),
pp.1185 1188, 1978.

3)

No.336 58 1 2014.
4)

Vol.10,2007.
5)
6)
7) Whitham,G.B.:Linear and Nonlinear Waves.John Wiley

and Sons:431-484.1974
8) H.Steinruck,Multiple Scales Analysis of the Turbulent

Undular Hydraulic Jump, pp.197~219

-4   C  

- 252 -


