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1. Abstract. 
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Author: José Luis Galmés Giralt.  
Tutor: Pr. Dr. Eng. José Luis Monsó de Prat. 
 
 The following thesis tries to offer a global vision of the vertical cylindrical geometry as an 
innovative and advantageous solution in the field of harbor engineering. A methodology for the proper 
design of size and functionality of these structures will be suggested, either from analytical considerations 
or from reduced physical model data. 
 
 The theoretical basis of our study is Morison’s classical equation (1950), derived from the 
analysis of a potential oscillatory flow over a cylinder where, for the first time, the effects of boundary 
layer and Von Kármán’s vortices shedding have been taken into account. 
 
 This results in a separation of the inertial forces (particle acceleration-proportional) and drag 
forces (squared particle velocity-proportional), which have a 90º phase lag and both depend linearly from 
the so-called inertia and drag coefficients respectively. 
 
 It will be shown that the aforementioned coefficients depend strongly on the Reynolds number, 
the roughness of the cylinder, and the orbital amplitude of the particle movement (Keulegan-Carpenter 
number).  
 

As an illustrative example we expose a reduced model test that took place in the Applied 
Hydrodynamics Institute INHA, SA during 2003 - 2004. It features a sea wall consisting in an array of 
vertical cylinders placed at right angles to the flow direction. The experiment was performed for three 
different cylinder diameters. 
 
 Since cylinders are placed in a row, interactions appear at their wake, becoming stronger with 
proximity among them. This auto-influence can be summarized as: 1) An enlargement of the 
macroscopical frontal surface that implies a rise in the drag coefficient Cd to higher values than those 
corresponding to an isolated cylinder. 2) A rise of the orbital speeds between cylinders due to the effect of 
the section reduction. 3) The rise of the sea water level in front of the structure and the corresponding 
influence that it has to the mass coefficient Cm. 
 
 In order to quantify these three effects we calibrate the Morison equation by increasing the 
orbital velocities and adapting the drag and the inertia coefficients until we recover the results given in the 
channel test experiences. The new orbital velocities are used to correct the Reynolds number and we 
assume that the incremental velocity factor will remain the same for the real prototype. 
  

In the extrapolation of data between the model and the prototype, an extra difficulty appears 
because of the fact that the classical Froude extrapolation is not longer valid due to the non-conservation 
of the Reynolds number. In other words, the great dependence of the drag and inertia coefficients on the 
Reynolds number leads to the fact that the usual supposition (for conventional vertical sea walls) that the 
viscous forces are negligible, is no longer acceptable. A methodology will be suggested in order to correct 
these extrapolations and adjust them to the real value. 

 
A table and two graphs are shown to expose all the results extrapolated from the tests, as well as 

the outcomes extracted from the corrected Morison equation for an isolated single cylinder, and the 
calculations for a continuous flat sea wall (taken as a top value) calculated with the Goda (1985) classical 
formulae (considering a lineal front length equal to the cylinder diameter). 

 
We aim at a clear exposition of the force evolution on each of the row’s cylinder depending on 

their spacing and diameter, with cases ranging from the isolated cylinder to the continuous wall limit 
situation. Three relative roughnesses are introduced, considering that the cylinder is smooth, or presents 
light or heavy “fouling” pasted on it. 

 
Finally, the conclusions yielded are outlined, as well as the difficulties that were encountered and 

some suggestions are made regarding future further research. 




