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NUMERICAL ANALYSIS OF BOTTOM BOUNDARY LAYERS
BENEATH FINITE AMPLITUDE WATER WAVES

By Toshiyuki Asano Yuichi IWAGAKI

Synopsis

Numerical analysis of both laminar and turbulent bottom boundary layers has been performed
by applying the finite element method.

At first, numerical calculations for laminar bottom boundary layers have been carried out. The
results show a close agreement with the non-linear theoretical solution deduced by Iwagaki et al.
previously.

Next, near-bottom water particle velocities and resultant bottom shear stresses in turbulent
boundary layers have been investigated. It is found that bottom friction factors estimated by the
non-linear basic equation are up to five times as large as those calculated by existing formulas.

Finally, the numerical results and experimental data on near-bottom water particle velocities
have been compared. An ‘over-shooting’ velocity profile which is found noticeably in experiments
can be well represented by applying the present numerical method.
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Fig. 4 Calculated results of velocity profiles in turbulent boundary layer (CASE-1).
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Table 1 Friction factors f, and f,*

CASE-1 %2=100cm, 7 =4sec, z0=0.2cm

H H/L | @p/oz0 non-linear cal. linear cal.
(cm) X102 i | fu fo* fws tinear
10 0.83 45.6 0. 216 0.172 0.133
20 1.67 91. 2 0. 180 0.117 0. 092
30 2.50 ; 136-1 0.177 0. 096 0.074
40 3.33 182.4 0. 186 0. 085 0. 064
50 4.17 228.1 0. 204 0. 080 0. 057
60 5. 00 273.7 0. 239 0. 081 0. 052
70 5.84 319.3 0. 300 0. 089 0.048
80 6.67 364.9 0. 390 0. 102 0. 045
CASE-2 %=250cm, 7 =6sec, 20=0.2cm
H H/L | ap/ozo non-linear cal. linear cal.
(cm) x10-2 fw fw+ fw; linear
10 0.35 42.8 0.238 0. 219 0.138
20 0.71 85.7 0.153 0-130 0. 095
40 1.41 171.3 0105 0.077 0. 066
60 2.12 257.0 0. 089 0. 057 0. 054
80 2.83 342.7 0. 081 0. 045 0. 047
100 3.53 428. 4 0.078 0. 039 0. 042
120 4.24 514.1 0. 080 0. 035 0. 038
160 5.65 685. 5 0. 090 0. 032 0.033
200 7.06 ' 856.9 0.109 0. 032 0. 030




BE - EE AR IO B 3 KRB ORI 683

Kajiura

Kamphuis

Jonsson

0.2 4"

0.10 S
B N Y]
0.08 |- ~ (*\\\ -
- astn X N ]
0.06 SO O |
- \\ \\ R .
Sea D T
0.04 SO e
N
N
— 1 L 11 L 1 1 L i ]
50 ~
100 200 400 600 Toroze

Fig. 7 Comparisons of calculated results of friction factor with those by existing formulas.
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Fig. 8 Comparisons between calculated results and authors’ experimental results®®.
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