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1, Theory

Simulation of a set of stationary Gaussian processes, x(t) and y(t) with zero means can be

attained with prescribed spectral characteristics; individual power spectra, Si(w) and S;(w)

and cross spectrum, 0 (w) = C;y(m) - Q;y(w) by the following mathematical models.

x(t) “21;“‘ aetloyt +¢ )o@ and y(v) =NZN bt ) Ll @)
= - J:—

where the following conditions are made;

. Qg ()
(1) ays complex variables, a_.= Ajelej and A, = [S;(wj) Aw, 6, = tan_l{ - _§X__l_§ eea(3)

i 3 J cy(wj)
a, = a* af is the complex conjugate of a_, a, =0
=J I, i 3 0
(2) by; real variables, by = /s§(mj)Am cereee (8),  B_g=by, By=0
= wp + (- WRAw, aw=(wy-w ) /N P -3 w_j = g

wy, and wy are lower and upper wave numbers( circular frequencies ) cut off for the signi-
ficant spectral intensity. N is a large number.
(3) ¢j and Qj; random variables with uniform distribution over the range( 0, 2% ). ¢j and

qj are correlated and the joint probability density function is given by

)
P L 1) - L1 —p (8 -0y -1} where a s = e Pl g

Sx(wj) sy(wj)
b=k T = m
With the conditions above described, egs(l) and (2) can be put in the forms:

N
x(t) = 2 %;1 A. os(w o+ 9 + ? ) eeee (7), y(£) =2 3% b cos(wjt + Qj) vees (8)
=1
For the simulation, eqs(7) and (8) can be used,
Proof; It is easy to show that egs(l) and (2) are stationary Gaussian processes with zero

means, Consider the cross correlation function of x(t) and y¥(t). For the complex functions,
a.b.a

it will be given by E[x(t%r)y (t) E:; ——j—%—JZJ- elw it = xy("t) veeee (9)
J"_
Thus, the cross spectral density function is with eq(9),

Sxy(w) = f/ZF'iny(T)e'iw’c dr = %N ajbjaxyj /2 S(w—wj)
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Substitution of eqs(3) to(6) in the above expression gives
N .
N c io.
Sy = 2, lsgy@plaw e §w - wy)
Thus, taking the limit, 1im § =l(° N el®; - = |s¢ 18, _ g
, g init, lim (@) [Sgy(w;N e™"5 8w wy) dwy = sty(w)]e i = sy

Therefore, when N is large, the crossspectral density function of eqs(1l) and (2) becomes

the prescribed spectrum Siy(w).

Simulation Procedure; The following procedure will be used to generate sample histories

of x(t) and y(t). Given are the power spectral density functions of each of the two random

processes S;(m) and S;(w) and their cross spectral density function S;y(w). The significant

part of these spectra between a lower frequency Wy, and an upper frequency ©y ig subdivided in

N intervals of width Aw. The prescribed spectra are evaluated at the center of each interval

such that wy =0+ (j - 1/2) Aw. Deterministic values for A., b., a_ . and ej can be obtain-

Y Txyi

ed for j =1,2,...,N, The random variables ¢j and 73 are generated from the joint probability:

density function p( ¢j’ Qj). We can now proceed to calculate a point of the random processes,
say at time tl. Next, the following point of the random processes can be calculated at time

tl + At and so on., The choice of the time interval depends on the value of the upper signifi-

cant wave number and should be chosen such that At L% Wge

2, Streamwise Strong Wind Turbulence Component

Let the flow field be homogeneous in the horizontal plane and stationary with respect to

time, The wind velocity can be resolved into three components, two in the horizontal plane,

one of which is along the mean wind direction(x) and one is normal to it(y). The third compo-~

nent is taken vertically upward(z). The instantaneous components can be written in the forms

of a mean and a fluctuation, so that U(z,t) = T(z) + ulz,t) , V(z,t) = v(z,t) , W(z,t) = W(z)
+ w(z,t) . The estimated spectral density function of the wind speed in the planetary bound-

ary layer for the eastern United States is given by van der Hover. It shows that the spectral

gap between 1 cycle per hour to 10 cycles per hour may be used for the stable estimation of

i) and W for a sample function with a duration of about 1/2 hour. Under strong wind conditions

the mixing action of the mechanical turbulence tends to reduce the atmosphere to a state of
neutral stability. Consequently the turbulence near the ground is only due to frictional

effects and will vary only significantly with the surface drag and height above the ground.

If this is the case, the turbulence near the ground can be described as a random process which

may be approximated by a stationary Gaussian process with zero mean, The correlated longitudi-

nal turbulence-components at two different locations A and B are simulated, The direction of

the separation distance AB is normal to the x coordinate in the horizontal plane and consequ-

ently parallel to the y coordinate.
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For the prescribed spectrum, Davenport's empirical strong wind spectrum is used, After modi-

fining it to the theoretical spectrum, Su(w) =1/2 S&(w) =(2kU§ / wa2 / (1+x2)4/3) where

X = 600m/7tUi and k is the drag coefficient. Ul is the reference mean-velocity near the
ground at an elevation of 10 meters. The coherence function for the longitudinal turbulence

components at two points separated by a distance Ay parallel to the y coordinate is from Ang

and Amin, Y(w) = exp{— k'A yw/ 27LU13 where x' is a dimensionless coefficient between 20

4 and up is expected to be

occurred at a zero lag and consequently it is assumed that the quadrature spectrum function,

and 25, For this particular case, the maximum correlation between u

Qxy(w) is zero for all w, The simulation is carried out and the set of sample records is

shown below,
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The numbér 6f generated random variables is N = 600, Davenport s spectrum was evaluated at

intervals of Aw = ,005236 rad/sec with a lower wave number cut-off wy, = 0.00377 red/sec(= 0.00
06 Hz) and an upper wave number cut-off wy = 3.14 rad/sec( = 0,5Hz). All simulated turbulence

data were evaluated at At = 1.0 sec time interval in order to avoid the aliasing, The total

length of each of the simulated sample records is thirty minutes. The average reference

velocity at altitude of 10 meters was taken to be Ul = 16.5 m/sec., The drag coefficient k was

chosen to be 0.005 and the lateral separation distance Ay was taken at 5 meters.

The right figure shows the hystogram of the

amplitude of the simulated sample records “

and is approximately Gaussian in nature,

The autocorrelation function, cross corre-

lation functions, power spectrum ahd

cross spectral density function of the _
x = .0.025925 m/sec
[}

= 2.6438 m/sec

simulated records are analyzed and shown. %
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Davenport's spectrum
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