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Huber (1)
 

 
 
 
 
 
 
 

(1)
Navier  
 

 
 
 
 
 
 

 

 
 
 
 

z (  , )
(3)  

= ( + 2 ) + √ +  , = √  = √ + ( + 2 ) + √  , =  = + √ + ( + 2 )  , = √   ,  :  = Ey / Ex 

(1) 

( + 2 ) + √ + + √ ( + )                                                       +( + ) = −  , √ ( + ) + {√ + ( + 2 ) + √ }                                                 +√ ( + ) = −  , ( + ) + √ ( + )                      + + √ + ( + 2 ) = −     (2) , ,  : x, y, z                   , ,  : x, y, z  
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(3) (2)   
 

 
 
  

(1)
=1 (4)  

Galerkin Boussinesq z
 

x,y(  , ) (  , )
 

   
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 

(2)

 

x y z

1  
Ey Ex  
 

MODE-M Ey Ex

  = + √  ,              = /   ( m = 0 , 1 , 2 , 3 )  ,               =  /   ( n = 0 , 1 , 2 , 3 )  ,                   ch = cosh sh = sinh  ,                , ∶ ,   ,   C ~ C ∶
 

 

i   . u
l  

 
 
 
 
 

   k l =1,3  

      2 = − + √   ,       2 = − −   ,       2 = ( + 2 )/( + )[ + √                                                     + /( + 2 ) ]    (3)

   ( + √ + ) = −2( + )/( + 2 )  , 
   + √ +  = 0                     (4) 

 
1     = ∑ ∑ 〔C  ch + C  sh            + C   ch + C   sh  〕 sin sin       =  ∑ ∑ 〔 C  ch + C  sh  〕  cos cos   (7) 

        = +                        (8) = { , , } , ={ , , } , 
     3×3 i j 1,2
     3×1 i 1,2

   ( + √ + ) = −2( + )/( + 2 )  , 
   + √ +  = 0 ,       2 = ( + 2 )/( + )[ /( + 2 )                                                                   +√ + ]   ,       2 = − +   ,  2 = − − √                     (5) 

   √ ( + √ + )                                               = −2( + )/( + 2 )  , 
   + √ +  = 0 ,       2 = −√ +  ,       2 = ( + 2 )/( + )[ + /( + 2 )                                                                             + ]   ,  2 = −√ +                     (6) 

           2 = /   ,   2 = /           2 = /   ,   2 = /           2 = / ,  2 = /           2 = /  ,    2 = / ,         2 = /                                                              (9) 

= (1 − ν)(1/ + 1/ )           = (1 − ν)(thζ/ + ct / )                                         − (thζ + ct )/√        = (1 − ν)(thζ/ + ct / )                                         −√ (thζ + ct )/           = (1 − ν)(thζ/ + ct / ) + (thζ + ct )         = (1 − ν)(ctζ/ + th / )            = (thζ − ct ) − 1 , = (ctζ − th ) − 1         th = tanh , ct = coth , = h/2
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1 L+1  
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L

 

MODE-D Ey < Ex 
(7’)  

 
 
 
 
  = +  
 

 
(8)  

(11)  
 
 

 

(12)  

 
 

(10) (13)  
 
 
 

 
(11)~(13)

u i l i+1
i  { , ,1} i+1{ , ,1} -2  

 

 

 
 
 
 
 
 
 
 
 
 

i+1 i -3  

 
 
 
 
 
 
 
 
 
 

(14)
 

 
 
 

 
1 L+1  

 
 
 
 
 
 

               = + +             ∴   = − −             (11) 

                  = − −           (12) 

     1 = − −− − 1 1   
         = 1 1 = [ ] 1          (14) 

2  

 3×3 i j 1,2  ,                   3×1 i 1,2 ,
    [ ] 7×7  

    1 = − −− − 1 1   
             = 1 1 = [ ] 1     (15) 

3×3 i j 1,2 ,                  3×1 i 1,2 ,
    [ +1− ] 7×7

              1 1 = 1 1 2 = 1 2 1 3 

                                                 = [ ][ ] [ ] 1  

 
4 k  

 

3  
 

   = ∑ ∑ 〔C  ch + C  sh            + C   ch + C   sh  〕 sin sin       =  ∑ ∑ 〔 C  ch + C  sh  〕  cos cos   (7’) 

= − +  −   ,        = − + −           (13) 

             1 = [ ] 1 , 1 = [ ] 1  ,  

        = +                       (10) 

3×3 i j 1,2
     3×1 i 1,2
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             ∴          1 1 = ∏ 1 +1               (16) 

∏ i L  

 
 
 
 
 

 
 
 
 
 

L+1 { , ,1}
(16) (17) k{ , ,1} (18) (19)

4  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1 L+1

(18) (19) k
 

 
 
 
 
 
 
 

 
 

(21)  
 
 
  

         1 1 = ∏ −1 1 =  [ −1] 1  

                                                 =  11 12 1321 22 231 1  (18) 

                                                =  11 12 1321 22 231  (19) 

 = + 1 −  

        = +  

           ∴       = −−     (20) 

k-1 K −1

                      = −−      (21) 

1  x/a=y/a=0.5

  α = 1 α = 2  /  46.00 46.03 46.00 31.76 31.76 31.76 /  45.95 45.95 45.96 31.72 31.72 31.72 /  -29.00 -29.01 -29.00 -21.51 -21.51 -21.51 /  28.86 28.86 28.86 21.34 21.34 21.34 /  -29.00 -29.01 -29.00 -37.51 -37.51 -37.51 /  28.86 28.86 28.86 37.36 37.36 37.36 

 

         1 +1 = ∏ +1− 1 =  [ ] 1  

2 1  2  3  4  5  

hi  /a i =1,5  0.02 0.02 0.02 0.02 0.02 / = /  1.0 1.25 1.5 1.75 2.0 

             ∴          1 +1 = ∏ + − 1 1           (17) 

3  x/a =0.5

  y/a= 0.5 0.55     
/  1  4.935 4.940 6.552 2.620 2.616 3.589 

3  2.134 2.134 3.478 1.215 1.215 2.083 

5  0.456 0.456 0.894 0.286 0.286 0.561 

/  1  -62.02 -62.52 -72.45 -28.93 -28.47 -33.61 

3  -13.04 -13.04 -11.34 -6.815 -6.815 -6.056 

5  -8.951 -8.951 -9.320 -6.116 -6.115 -6.521 

/  1  -61.70 -62.52 -72.45 -24.09 -23.34 -25.27 

3  -13.04 -13.04 -11.34 -13.03 -13.03 -12.34 

5  -8.950 -8.950 -9.320 -10.13 -10.13 -10.12 

/  1  -- -- -- -- -- -- 

3  -- -- -- -19.39 -19.39 -19.42 

5  -- -- -- -10.39 -10.39 -9.448 
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  α = 1 α = 2 10

q
a = b

h/a=0.1 =0.3 x Ex 
E0 m,n

100  

1
u l  

 

5
0.1a 0.1a

P a = b
h/a=0.1 =0.3 E0

2 m,n
100 0.04a

2.0 1010 
 

y/a=0.55
3

5  

 

5  x/a= 0.5

  y/a=0.5 y/a=0.55   /  98.12 137.1 93.20 131.1 /  93.55 132.5 90.89 128.8 /  -189.9 -219.7 -142.7 -171.0 /  205.6 172.0 184.9 153.7 /  -278.2 -219.7 -191.8 -156.8 /  137.2 172.0 114.2 142.0 /  ― ― -41.64 -37.10 

 

4

 1  
MODE-M 

2  
MODE-D 

3  
MODE-M 

4  
MODE-D 

Ex / E0  1.0  2.0  1.0  2.0 

Ey / E0  2.0  1.0  2.0  1.0 

) E0  

 

 

6 4  

 

 
5  

 

7  
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0.1a 0.1a 4

100  

5   
u

l 28.4 29.4%
13.6% 19.5%

26.6%
20.0%

 
7
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           [{ + √ + − /( + 2 ) }            × ( + √ + − /  )]                                                    = −2( + )/( + 2 )  , 
             + √ + − /   = 0 ,                   2 = − + √   ,                   2 = − −   ,                   2 = ( + 2 )/( + )[ + √                                 + /( + 2 ) − /( + 2 ) ]  

 

         = 0 

                 = −2( + )/( + 2 )  , 
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