Equations Yielding the Approximate Speed of a Surfer on a Wave

PART 2

March 23, 2003

Now that we have a solution for the angle-of-attack, we can solve for the steady-state speed. Recall that the force balance for the vertical components in the force balance is given by equation (1):
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…and the corresponding equation for the horizontal components is given by equation (2):
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Substituting equation (2) into equation (1) and manipulating…
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…we obtain an equation for the steady-state speed as a function of the angle-of-attack:
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Additional substitutions and further manipulation results in some alternative equivalent equations in an equation for the speed of the surfer and board along his pathline:
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where:
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Since we already know the value for the angle-of-attack from equation (14), we can substitute that value into equation (27) to get the steady-state speed. 

Or so it would seem. 

The catch is that initially we don’t know what the peel (or pathline) angle is--and we need that information to calculate the wave face slope along the pathline. So what can we do? 

The answer is to guess a trial value for the peel angle.  

[An aside: Observations of actual (real world) pathlines show that a typical peel angle ranges between about 30 degrees and 45 degrees, with larger waves producing peel angles toward the larger peel angles and smaller waves associating with the smaller peel angles. But board design factors have an effect as well.]

One also chooses the wave face slope angle that is of interest (i.e. where the rider places his board on the face of the wave). Then equation (3) is used to compute the wave face slope along the pathline. 

At this point, one has all the input values one needs to carryout the calculations described above to compute the surfer’s predicted speed and the peel angle. Typically one will find that this calculated peel angle differs from the value you chose at the start of the simulation process. 

This lack of agreement indicates that you have not achieved a solution. So the next step is to make a better guess for the peel angle so that the difference between the calculated angle-of-attack and the trial angle-of-attack is diminished). 

[Note:  Meanwhile the desired wave face slope angle is kept unchanged]

One keeps repeating this iterative process until the computed peel angle matches with the value you chose/guessed at the start of an iteration. When the two agree with each other you have found the solution for the peel angle (and  the steady-state speed and the angle-of-attack. as well via equations (14) and (27) ).

[Note: In general, it only takes a few guesses for the “calculated” and “guessed” peel angles to converge to a solution, so this procedure can be readily carried out via a spreadsheet ].
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