Lecture 6

Wave Prediction

Wave Statistics
An irregular train of waves is illustrated in Figure 6.1. The waves in this train have various heights and periods. One way of describing this set of random waves is the Root Mean Square of the heights of all the waves, i.e.

Hrms = { Hi2/n}1/2  







6.1

Each wave is separated by successive zero crossings.  The number of waves in the train is n. We can also conduct a probability analysis on the wave heights, i.e. we can plot the probability, P of exceeding a certain wave height H, e.g.

P = m/(1 + n)    







6.2

where m = the rank of a wave in descending order. Weibull and Rayleigh distributions have been used to fit the wave distributions of storm waves. Figure 3-3 (SPM 73) shows a normalized Rayleigh distribution. 

The wave periods also can be considered by a probability distribution. Alternately a wave spectrum analysis can be preformed. The wave spectrum is the plot of wave energy versus the wave frequency (f = 1/T). A Fourier Analysis can be completed to construct the wave spectrum. Commercial software packages such as Statistica can be used if the wave form is digitized. Figure 3-6 (SPM 73) shows a typical wave spectrum. A significant wave can be defined by the dominant energy in the wave train. Theoretical spectra are available for waves in a few coastal areas. For example the SPM gives the Pierson-Moskowitz Spectra as,
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6.3





There are also spectra that involve frequency and direction.     


[image: image2.emf]Wave period spectrum


Fig 6.1 Period Spectrum


[image: image3.emf]0.33


Fig 6.2 Rayleigh Distribution for a) all waves and b) averaged higher than waves.

Wave generated by a wind depend on a number of factors, such as: effective wind speed Va, wind direction, available fetch (distance over which wind blows) F, water depth d, atmospheric stability RT, and wind duration td. A given wind condition generates a spectrum of waves, with the dominant wave energy at a particular wave height Hs and period Tm.  Often it is assumed that the dominant wave height is approximately the average of the highest 1/3 of all the waves; the SPM uses the spectral significant wave height, Hs with the Tm, being the significant wave period for the maximum spectral energy. As shown in Figure 6.2, waves have been found to fit the Rayleigh Distribution:
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6.4

where P is the probability of exceeding a certain x-value.
 Based on a Rayleigh frequency distribution the relationship of Hs to some other wave height is

Hs =2  ( Hrms         






6.5a
H10 = 1.27Hs







6.5b
H1 = 1.67Hs







6.5c
The subscripts 1 and 10 refer to the average the highest 1 % and 10% of the waves in a storm. The SPM provides a comprehensive wave prediction procedure for Hs and Tm based on dimensionless charts as shown in Figures 3-21  and 3-22. The charts show the functions that are used; these are in the forms:

g Hs /UA2    = fcn ( Fd, F(F)






6.6

and     gTs  /UA =  Fcn ( Fd  , F(F)






6.7

where  Fd = depth number   =   g d /UA2      





6.8

F(F = fetch number = g F( /UA2  





6.9

F( = effective fetch = minimum (Fa  ,  F(td = duration limited )


6.10

The relation between td   and  F( for deep water conditions is 
g td /UA   =
68.8 (gF(/UA2  )2/3  





6.11

and for shallow water we have,

g td /UA   = 537 (gTm/UA )7/3  <  1.28 (gF (/UA2 )7/3 



6.12

Note: Figures 3-21 and 3-22 (SPM) show the prediction equations that are used for Eq 6.6 and 6.7.

The wind speed that is used is the corrected for water:land effects (RL , Fig.  6.5), atmospheric stability ( RT , Fig 3-14  SPM, also Figure 6.6) and for the effective wind shear; this is given as: 

UA = 0.589 (UoLmph RL RT)1.23   in mph or UA = 0.539 (UoLfps RL RT)1.23   in ft/sec 

UA = 0.71 (UoL RL RT)1.23    in m/s






   6.13

where UoL RwL = over water velocity at 10 m above surface.
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[image: image6]
Fig 6.5 RL = Uow:UoL Ratio (CEM and SPM)
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Fig 6.6 RT (CEM)

Setup:- increase in water depth (downwind) due to wind shear. The form of this equation can be demonstrated by the following analysis. Assume a unit wide strip with a length equal to the effective fetch, F’; the wind shear force is aF’ = the hydrostatic resistance ~ dz 
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Fig 6.7 Wind Shear and Setup Diagram

z = Zsup+Zsdown
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6.14


[image: image10]
Figure 6.8 Wind Friction Coefficient  (Cf)
An empirical setup equation is: 



Zsup(ft) = F(mi){Uow mph}2(mph)/[1400d(ft)]                          6.15

Example:

Determine the significant wave period and height and the setup near the south shore of  Lake Pontchartrain for a 2- hour wind out of the north over the Lake.
Assume: 

· a 25 mile fetch with an average depth of 3.8 m before the storm surge, 

· a storm surge of 2  m, 

· a local depth of 3 m without the storm surge or setup, 

· a water temperature of 80oF and air temperature of 70oF. 

· the over-water velocity is 80 mph. 
� EMBED Equation.COEE2  ���
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Example 2
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Windspeeds are referenced
to 10—meter level
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