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A Three-Dimensional Galerkin-FEM Model
Using Similarity Transform Technique
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Abstract (] This paper presents a modal solution of linear three-dimensional hydrodynamic equations
using similarity transform technique. The solution over the vertical space domain is obtained using
the Galerkin method with linear shape funtions (Galerkin-FEM model). Application of similarity
transform to resulting tri-diagonal matrix equations gives rise to a set of uncoupled partial differential
equations of which the unknowns are coefficients of mode shape vectors. The proposed method
is computationally efficient because matrix inversion is no longer required and use of a small number
of mode vectors guarantees fast convergence. To examine model performance the model is applied
to oscillatory motion in infinite region as well as steady wind induced motion in finite and infinite

regions of constant depth.
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Fig. 2. Mode shapes computed using a slip condition with 11 nodes.
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Table 1. Vertical positions of knots in ¢ coordinate used
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Fig. 6. Velocity profiles at the central point A computed
using linear Davies model, linear Galerkin-spectral
(with six Chebyshev polynomials) and linear Gale-
rkin-FEM model for various node numbers.
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Fig. 7. Velocity profiles at the central point A computed
using the Galerkin-FEM model for various mode
shape numbers.
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Fig. 8. Schematic variation of eddy viscosity through the
vertical profile.
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Table 2. Computed # and v components of surface current and angle 6 between surface current and surface wind,
for a range of eddy viscosity values Ny, Nr and the thickness A’ of the surface layer using Galerkin-FEM
model (values in ( ) computed using Galerkin-spectral model)

Nw, Ny h=25 m h'=100 m
(cm/s) u(cm/s) v(cm/s) 68°) u(cm/s) v(cm/s) 8(°)
50, 500 —683 —109.7 319 —1036 —1275 39.1
500, 500 -423 —422 45.1 —423 —422 45.1
438) 439) @s.1) 439) (43.8) @s.1)
2000, 500 -332 —-232 55.1 235 -211 48.1
4000, 500 -306 —182 55.1 —179 —144 512
50, 2000 —277 —63.2 237 —61.6 —108.8 295
500, 2000 -235 328 356 295 —414 355
2000, 2000 -208 —211 446 -208 —211 46
(—209) (—209) (45.0) (~209) (—209) 450)
4000, 2000 197 —-17.1 490 —165 —148 48.1
50, 4000 ~175 -426 23 -379 —838 231
| 500, 4000 —163 —254 327 -269 —-383 351
2000, 4000 —153 —177 408 —18.1 —-201 420
4000, 4000 —148 —148 450 —148 —~148 450
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Fig. 9. Near steady state profiles of u and v current profi-
les in a water depth h=260m computed using the
viscosity distribution given in Fig. 8 with (a) Ny =
50 cm?/s, Nr=500 cm?/s, h'=100m, (b) Nw=4000
cm?/s, Nr=500 cm’/s, A'=25m.
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Fig. 10. Hodographs, with dots denoting hourly values, of
the u and v components of surface current com-
puted using the viscosity profile shown in Fig
8, in a water depth of h=260m, with (a) Ny=50
cm’/s, Nr=500 cm?/s, A'=25m, (b) Ny= 4000 cm?
/s, Nr=500 cm?/s, A"=25 m.
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Fig. 10(a)= Nw=>50 cm®/s, Nr=>500 cm¥/s, h'=25
me| 271& FUE A5 A3k Hao) w2 g9
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Fig. 11. Near steady state profiles of » and v current in
a water depth #=35 m computed using the visco-
sity distribution given in Fig. 8, with (a) Nw=50
em¥s, Nr="500 cm¥s, h'=30 m, (b) Ny=2000 cm?
/s, Nr=500 cm?/s, B'=30 m.
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Fig. 12. Hodographs, with dots denoting hourly values, of
the » and v components of surface current com-
puted using the viscosity profile shown in Fig.
8, in a water depth of A=35m, with (a) Nw=50
cm?/s, Ny=500 cm¥s, A'=30m, (b) Ny=>50 cm/s,
Nr=4000 cm?s, A'=30 m.
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