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Introduction 
In the analysis of turbulent flow, the evaluation of simulations is difficult because the results 

are three-dimensional and transient. We have found that analysis of the power spectra from the 

nodal time histories provides not only insight into the behavior of the flow, but it is a useful tool in 

determining the solution’s spatial (grid) and temporal (time step) convergence. 

We have developed a method and computer code for calculating the power spectrum for any 

set of equal-interval data. The code is called PWRSPEC. This report documents the method used 

to calculate the power spectrum, provides guidance on how to use the PWRSPEC code, and 

includes an example problem that was used for code validation. 

Method Description 
The following is a detailed description of the method used to calculate the power spectrum 

from tabulated data. The coded subroutines used to calculate the Fourier transform and power 

spectrum were obtained from Nuimricul Recipes by W. H. Press, B. P. Flannery, S. A. Teukolsky, 

and W.T. Vetterling, Cambridge Univ. Press (1989) (a book of numerical routines). 

The power spectrum is an estimate of the mean squared amplitude of the time history data: 

- l N - l  Ic j2  = mean square amplitude 
N 

j = O  

where CO, c1, -.., CN-1 are the sampled data. The N-point sample at equal intervals A is used to 

compute the discrete Fourier transform 

N- 1 

j = O  



using a fast Fourier transform routine. The power spectrum P (fd for the zero and positive fre- 

quencies 

k N 
fk = N3 for k 0 ,  1, ..., - 2 

"I 

is calculated using the discrete Fourier transform as follows 

Data windowing is used to avoid data leakage. For a window function wj, the equations for the 

power spectrum are 

N- 1 ~~ 

2aijWN D,  = cjwje , k=O, --., N-1 
j = O  
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w j =  1- 

where 

1 
2 

, j - - ( N +  1) 

1 5 ( N +  1) 

N 
2 Wss = N E  wj. 

j = O  

The window function used to generate the power spectrum is called the Parzen window 

x s  

To reduce the spectral variance, the data is segmented into overlapping segments. This 

method reduces the variance so long as the data sample has more points than needed. The total 

number of data points used to calculate the power spectrum is (K+l)M where K is the number of 

segments each of length 2M so that the overlap of data between segments is of length M. To use 

the fast Fourier transform routine, M must be equal to an integer power of 2 (i.e., M=2"). Using 

the power spectrum calculated for each segment, an average power spectrum is generated. 

This method will give the smallest variance from a fixed number of available data points. The 

larger the number of segments, the lower the variance. However, as mentioned above, it is 
assumed that there is more data than needed. For example, it was found that if the data has period- 

icity, it is important that each segment include several full periods. For periodic data, segmenting 

the data is not as important as the choice of a long segment with many cycles in each segment. 
. -. 

Code Description and Validation 
The computer code for calculating the power spectrum using the above-described method is 

called PWRSPEC. It is designed to read any set of space delimited, equal interval data. The data 
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must be in two columns with the independent variable ( e g ,  time) in the first column and the 

dependent variable (e.g., velocity) in the second column. 

The user must input at runtime the 

file name for the file with the data to be operated on 
the total number of data points to he used (=(K+l)M) and 
the number of data segments (K) .  

The number of data segments must be an even number &e., K=2n for an integer n). The user must 

also choose M to be an integer power of 2 (i.e., M=2"), and obviously, (K+l)M must be less than 

or equal to the amount of data in the specified file. The code determines the sampling interval 

using the first two data points in the input file. Example runtime input is given in the Appendix. 

The code does not yet use dynamic dimensioning, so that it is up to the user to adjust array dimen- 

sions and recompile the code. 

For code validation we examine the calculated power spectrum for a series of sine functions: 

f (a)  = sin (a) + sin ( loa) + sin (20a) 

shown in Figure 1. We expect the power spectrum to identify the three sine curve frequencies: 

1 
2n f = - = 0.159 for sin&), ' 

10 
2n 

f = - = 1.59 for sin(lOu), and 

The sampling interval for our data file is approximately 0.01047. 

r. 

c 

. 
The results for two different choices of data segments and number of data points are given in 

Table 1 and shown in Figures 2 and 3. Case I uses only K=4 data segments with 

2M=2*1024=2048 data points in each segment, using a total of (K+l)M=5120 data points. Every 

12/5/95 4 



2M segment includes approximately 3.4 (=.01047.2048-0.159) periods for si&), 34 for sin(IOu), 
and 68 for sin(20u). Thus, as expected, we are able to accurately predict the frequencies, with 
improved accuracy at higher frequencies. - 

For Case 11 we choose K=10 and M=512, for a total of 5632 data points. Now every 2M seg- 

ment includes approximately 1.7 (=.01047*1024.0.159) periods for sin(u), 17 for sin(lOu), and 34 
for sin(2Oa). As expected, we are able to predict the frequency for sin(l0u) and sin(ZOa), but the 
data segment size of 2M=1024 data points is too small to accurately predict the lower frequency 
for sin(u). 

Case I: 
K4, M=1024 

Case 11: 
K=lO, M=512 

Exact 

Table 1: Predicted Frequencies for Function 
sin(a) + sin(l0a) + sin(2Ua) 

Predicted Frequencies 

sin(u) sin(1 Ou) sin(2 Ou) 

0.140 1.59 3.17 

0.187 1.59 3.17 

0.159 1.59 3.18 

12/5/95 
~ 

5 



- 

sin(a>+sin(lOa)+sin(20a) - 

-3 t 

. . . . . . . . i 
0 10 20 30 40 50 60 70 

Angle 

Fig. 1. Series of sine functions sin(a)+sin(lUa)+sin(20a). 
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Fig. 2. Power spectrum for sin(a)+sin(lUa)+sin(2Ua) for K=4, M=1024, N=5120. - 
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Fig. 3. Power spectrum for sin(a)+sin(lUa)+sin(2Ua) for K=lO, M=512, N=5632. 
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Appendix 
Examples of Runtime Input 



Runtime Input 
Case I 

trinity% pwrspec 
enter filename and number of data points to use 
sinecrvs 5120 
input number of desired data segments 
4 
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Runtime Input 
Case I1 

trini’ty% pwrspec 
enter filename and number of data points to use 
sinecrvs 5632 
input number of desired data segments 
10 
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