Lecture 6 (Continued)

Hurricane Generated Waves and Storm Surges

The wave climate associated with a hurricane depends on the radius of the storm, its sustained maximum wind speed and the forward speed to the storm. The SPM provides a typical distribution of wave heights with the storm (1984 SPM Figure 3-43). 

The simplest model for the wind speed distribution in a hurricane is the Rankin Vortex,

U = K r               for   r < R






6.16a
and      U = K R2/r          for   r > R






6.16b
where K = constant = Umax/R; R = radius at the maximum speed; r is the radius to a point from the storm centre. This simple model gives a idea of how winds vary as we go away from the center but it omits many effects such as the boundary layer, the Coriolis effect, the forward speed of the storm and the radial flow at the base.    

The sea surface  pressure is fairly well described by the Myers equation,

p = po + p e -{R/r} 







6.17

where
 po = central pressure and  p = p - po
Figure 9 shows a typical velocity and pressure variation as a function of the distance from the center of the hurricane.

The associated Gradient Wind Speed, Ugr  for a nearly stationary storm is 

Ugr2/r + f Ugr ~ {R p/(a r2)}e -{R/r} 





6.18       

where f = Coriolis parameter = 2 sin(); a =air density.

The vector to be added to Ugr to correct for the forward speed Vf is given by
USM = Vf R r/(R2  + r2 )






6.19

Note: Resultant velocity is found from the vector sum of 

UT = USM + Ugr 







6.20

Thus in the northern hemisphere the speeds on the right of the center are higher than on
the left. 
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Figure 6.9: Pressure and Velocity Distribution in a Hurricane (R=22.5 miles; p= 50 mm)


Hurricane Waves
The SPM gives the following equations for the significant deep water wave height Hos and period Ts at the location of the maximum wind speed: 
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6.20

in which A = 8.6(8.6) for US (SI) units; B= 0.104(0.145) for US (SI) units.

and C =200(9400) for US (SI) units;  ~ 1 to 1.2

Also the deep water significant wave height is: 

 6.21
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in which Ao = 16.5 (5.02); Bo= 0.208 (0.29) and Co =100 (4700)  for US (SI) units.

The spatial distribution of the significant wave heights are shown in Figures 10 and 11.

Inputs:

R = radius of maximum wind (Nautical Miles or km)

p= central pressure depression (in inches of mm of Hg)

VF = forward speed in knots or km/h
 
[image: image4.wmf]U

a

b

p

cRf

U

U

V

f

Coriolis

rad

h

R

F

e

max

/

max

{

}

.

.

sin

(

/

)

=

-

=

+

=

=

D

1

2

0

865

0

5

2

w

f

 

 ~ 1 to 1.2
where a = 0.868 (0.447); b=73 (14.5) and c= 0.57 (0.31) for US knots, Nmiles, inches Hg (SI km/h, km, mm Hg) units

Note: Normal atmospheric pressure is 29.92 inches Hg = 760 mm Hg.

The earth’s angular velocity is 2/24 rad/h;

1 nautical miles = 1852 m = 6076 ft  
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HMgure 3-43. Isolines




Fig  6.10    Distribution of wave heights (SPM)
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Fig   6.11   Distribution of wave heights (CEM)

The storm surge hss consists of two parts: central depression p and wind setup:
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Example: A hurricane has the following approximate characteristics:

R = 22.5 miles; Maximum Wind Speed ~ Umax; Forward Speed = 16 mph;  p ~ 50 mm Hg with normal pressure at 760 mm. Assume Latitude of 28o . Plot the pressure and velocity on the right side of the storm. What are the maximum significant wave height and the corresponding period? Assume: dref ~ 10 m; CR ~ 2; KrKs ~1.5; estimate the surge height.  
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