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Abstract (1 This paper presents a new modal solution of linear three-dimensional hydrodynamic equa-
tions using similarity transform technique. The governing equations are first separated into external
and internal mode equations. The solution of the internal mode equation then proceeds as in previous
modal models using the Galerkin method but with expansion of arbitrary basis functions. Application
of similarity transform to resulting full matrix equations gives rise to a set of uncoupled partial
differential equations of which the unknowns are coefficients of mode vector. Using the transform
technique a computationally efficient time integration is possible. In present form the model use
Chebyshev polynomials for Galerkin solution of internal mode equations. To examine model perfor-
mance the model is applied to a homogeneous, rectangular basin of constant depth under steady,
uniform wind field.
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Fig. 2. Closed rectangular sea basin (Heaps' Basin).
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Fig. 3. Velocity profiles at the central point A for various mode numbers (M=2, 4, 8).
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Fig. 5. Velocity profiles at the central point A for time spliting steps (n=1, 10, 20, 30).

Table 1. U and V components of current and surface elevation, 300 hours after onset of wind field, computed using

various models

Depth Component of current Davies and Mode splitting Similarity
(cm/sec) Owen model transform model

Surface U —1352 —13353 —13.52

\Y% —35.66 —35.66 —35.66

Bottom U 7.16 7.15 7.16

\' 10.14 10.14 10.14

Surface Elevation(m) 1.016 1.019 1.016
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Fig. 6. Time variations of surface elevation at the comer point B for various bottom friction coefficients.
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Fig. 7. Velocity profiles at the central point A for various bottom friction coefficients.

o Fig. 6, 7¢] A2 £ o k=0.002% uj K=0.016 Fig 82 WM MEEfe H#PHGER(k=0.002)
Hz o] gt 712 A, Davies®] Ale] eldslche RS &AMk SAE IBKEHEARERE W N=0.013, 0.065,
of 4= 9l A8 wpa BAANE AFEY A A" 01020 N/mP2 Fol $AE WKAMERES] Aol A%
vhdA e YR A grlEs #A7E AR A WES S JERE ek aAlAM o 5

4.2.3 Wik 3 AFo] $AE IHMAEGRE 3] )R ¥ A3}



118 EHF - AR - SR - BT

Uu (CM/SEC) vV (CM/SEC)

-100-80-60-40-20 0 20 40 60 80100 -100-80-60-40-20 0 20 40 60 80100

et - r 0 ¢ 1114 | SR N N

N=0.013N/m* N=0.013N/m’

N=0.102N/m* |

N=0.102N/m*

POINT : A - POINT : A

Fig. 8. Velocity profiles at the central point A for a range of eddy viscosity values.
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