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ABSTRACT
(@2
The wind motions responsible for the shearing of sodium
vapor trails ejected from rockets in the 70 to 140 km region

of the upper atmosphere are subjected to an analysis based on
generally accepted theories of hydrodynamic turbulence, The
region from 80 to 100 km is of particular interest in that here
the predictions of shear turbulence theory are well substantiated.
The energy spectrum of the height shear is found to follow the 4/3
power law proposed by Tchen, and is associated with a vertical
correlation distance of approximately € km., The existence of an
isotropic inertial region of maximum scale 3 km, previously
indicated by analysis of meteor data, is confirmed. The vertical
scale of the turbulent eddies is found to be the atmospheric
pressure scale height, a phenomenon which has been observed by

others, but which, as yet, has no satisfactory explanation,




1. Turbulence Theory

The complete development of the relationships used in the
analysis of wind shear is beyond the scope of this work; the
following, used in conjunction with the references quoted,
should provide an adequate background for consideration of the
subsequent analysis.

1.1 Energy Spectrum Analysis

If there exists in a turbulent flow field a range of
scales which receive energy from larger scale motions and pass
it on undiminished to smaller scale motions, then, for this so-
called inertial (nondissipative) range of scales, the only

form of energy spectrum function dimensionally possible is

E(k) = cxez/ 3k'5/ 3 (Kolmogoroff, 1941)

where ¢ is the rate at which the turbulent energy is received by
(and leaves) the inertial range of scales, k is the wavenumber
vector corresponding to the real space scale r, and o is an
absolute constant of order unity.

Batchelor (1953) has shown that, for such an inertial
region which also possesses the property of isotropy, the fluid
velocity differences measured as a function of the separation r

follow the relation
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[u(x) -u(x + r)] 4,820 (er)
In real space, the energy spectrum function E(r) is

defined by

]2

E(r) = [u(x) - ux + r)

i
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Tchen (1954) has considered an otherwise isotropic
region subjected to a mean shear, and finds that equation 1 is
modified, becoming

B 4/3
(u(x) - ulx + r)]2 =ar cooccccocoasned

where a involves a, ¢, and the mean gradient. Thus, for what
may be termed shear turbulence, in real space

E(r)Nr4/30..0ooooo000000-000000000000004

1.2 Correlation Analysis

An energy spectrum function equivalent to that based on
velocity differences can be formulated from the lateral or
longitudinal velocity correlations defined as

(o) :'hf(xj ug(x + r)
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where ug(x), uf(x + r), un(X), u (x + r) are the turbulent

components of the velocity at two points x and x + r respectively,

measured parallel (suffix f) and normal (suffix n) to the vector
2 2 2

separation r. In isotropic turbulence, u = u = u

b n o’ the

velocity characteristic of the energy bearing eddies of the
Kolmogoroff spectrum.
Introduction to the equation of continuity for
incompressible fluids leads to the relation
of

g(r)=f(r)+1/2rwoouo-ooocuoooooonoe

(von Karman and Howarth, 1938)

between the functions £ and g, or, if the turbulence is isotropic
in two dimensions only,

_ of
g(r) _f(r)-l-r—a? onooo-coo.ooooounocooco’?

These functions, f and g, may be called Eulerian space correlation
functions, and either may be denoted by R(r). If the range of
scales under observation is inertial, then R(r) must depend only on

¢, and the only form dimensionally possible is
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u02 [1 - R(x)] ~ ¢2/3 278

i.e. 1 - R(r) ~ r2/3

(for any given flow field, u, and ¢ are constant).
Introduction of the relations 6 and 7 above gives,

with ¢ a constant

£ =1 - cr2/3

ooooa.ool'os

1 = 4/3 CrZ/Sooooanog

il

and g
for three dimensional isotropy

or f =1~ 5/3 crz/3

cooseasll
for isotropy in two dimensions only.
Since the variations of the correlation difference
function [1-R(r)] with r is the same as that of E(r) in equation 1,
we may suppose that the dependence of [1-R(r)] on r will be
similarly modified in the presence of a mean shear

i.e, [1-R(r) ] ~ r4/3

DQ..OOUOQll\
If, in fact, eguation 11 is pertinent, then the

relationships between f, g, and r (equations 8, 9, 10) will now become

f=1- ar4/3
and g=1~ 5/3 ar4/3
or g=1-17/3 ar4/3

An indication of the degree of isotropy can be obtained

by considering the ratio
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For two dimensional isotropy

S 0.60 without mean shear

il

and S 0.43 with mean shear
For three dimensional isotropy
S = 0,75 without mean shear
and S = 0,60 with mean shear
The relative importance of mean shear will be indicated by

the form of either the energy spectrum function E(r), or the

correlation difference function [1 - R(r)].

2. The Practical Application of Turbulence Theory

2.1 The Mean Wind Profile

In applying the relations developed above to the wind
vectors measured by means of sodium vapor trails ejected as a
tracer into the upper atmosphere, the relative importance of the
mean motion must not be overlooked. The velocities used in the
energy spectrum and correlation analyses of the previous section
must be the turbulent velocities, or departures from the mean
motion, In normal correlation analysis, the mean of a set of
observations is usually taken as the mean value of the measured
data, which, when applied to wind height shear data, would be

tantamount to the assumption of a mean wind profile which is
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constant with height. Such a profile is the exception rather
than the rule in meteorological phenomena.

Practically any attempt to prescribe a mean wind profile
to the measured winds will be subjective to a certain extent.
If one uses a polynomial £iit, for example, it must be truncated .
before it can assume any of the features of the measured profile
which are due to the turbulent motions present. From experience
based on the measurement of winds in the 75 to 105 km region by
means of radio reflections from meteor trails (Elford, 1958, 1964),
a quadratic change with height of the mean wind over any given 20 km
interval should best describe the contribution of the mean motion
without destroying any of the characteristics of the turbulent
flow field. In the present analysis, the windspeed/azimuth data
are converted to zonal and meridional components, and a polynomial
profile of order Z + 1, where

7 = Total height range covered by data(km)
- ’

20

is fitted to each. The profiles thus determined are subtracted

from the relevant measured profiles to give zonal and meridional T

turbulent velocities.




i

2.2 The Determination of E(Ah)

The available sodium trail data lists wind speed and
azimuth against height, and usually involves irregularly spaced
height intervals., The sampling irregularity exists for two
reasons:

a) there is an occasional difficulty in absolutely
identifying the same point on the trail in consecutive photographs;

b) the wind profile between consecutive observational
heights is linear, This is usually obvious from the photographs,
and can easily be allowed for in subsequent analysis,

Whereas equal height interval sampling is not absolutely
necessary for subsequent reduction, it does simplify the analysis,
and so linear interpolation between the listed data points is used
to provide a profile with data points spaced 0.2 km in height.

The energy spectrum function is computed as

2

1
(uk+i—uk) .noooooolz

N
E(ph,) = by
i N k=1

in which

N = 5(H2-H1) - i

where 1 =1, 2, 3....N

such that Ahl = 0.2 km,

Ah

I

9 0.4 km

etc.
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and Hl’ H, (in km) are the lower and upper bounds respectively
of the region for which E(ph) is being determined. Such
partitioning of the height range is necessary since there is
considerable variation in the characteristics of the flow over
the total height range sampled (usually some 70 to 200 km).
Energy spectrum functions may be calculated using
a) zonal turbulent velocities
b) meridional turbulent velocities
and ¢) turbulent windspeed,

The turbulent windspeed w is defined here as

w = measured windspeed - ((mean zonal wind)z +

(mean meridional wind)z)l/2

2.4 Correlation Analysis

The two correlation functions f and g defined in 1.2
refer to turbulent velocity components measured parallel and
normal to the separation vector. Since vertical velocities in this
region of the upper atmosphere are so much less than the associated
horizontal components, the magnitude of the vertical component
cannot be determined from sodium trail photographs. (Most workers

in this field consider the upper limit for mean plus random vertical
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motions to be some 10 metres/sec). However, we may redefine
f and g in terms ofi the orthogonal zonal and meridional flow
fields, with a view to investigating possible isotropy. This has
been done by meteorologists in the past, with at least partial
success (see, for example, Hutchings (1955)).

The normalizing factors ﬁfz and ﬁﬁ are best estimated

by the standard correlation function definition. The correlation

functions f and g then becomes

X
Uy Uy
£(sn,) = X2 /2
N 2 § 2 oo.n-oooovuool4
D u "]
k=1 k=1

where u are the zonal turbulent wind velocities and

N
Z Vk] onuuoaaoc.aol5
k

where v are meridional turbulent wind velocities, and N and i are

as previously defined for equation 12,
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3. Preliminary Results

The analysis of Section 2 has been applied to data obtained
from a sodium trail release over the Eglin Air Force Base,
Florida (29.6°N, 86.6°W) at 1910 CST on May 21, 1963 (Edwards
et al, 1963). In this experiment, wind speed and azimuth were
obtained over a height range of 69 to 140 km.

3.1 The Mean Wind Profile

Since the data covers the height range from 69 to 140 kn,
polynomials of order 4 are fitted to the zonal and meridional
measured profiles., These yield mean zonal and meridional profiles

2 3 4

Woean = 38,6 ~ 126h - 244h™ + 174h™ + 205h

2 4

v ~ ~30.4 + 19.8h + 148h°% - 16.8h° - 125h

mean
where u, v are in metres/sec and h is the normalized height
given by

h= (2z - “min ~ Zmax)(zmin - Zmax)
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where z is the height variable
Zhax the maximum and
Zoin the minimum heights of the available data,
all heights being in kilometers,
Normalization of the height range stabilizes the
least squares fitting process, and makes the relative importance
of the individual terms of the fitted polynomials more obvious
than is the case when the mean velocities are expressed as power
series in the actual height z. Results are plotted in Figs.l and 2.
The meteorological significance of these profiles, in
particular the reversal of both the zonal and meridional components
above 110 km, cannot be evaluated from consideration of this
single firing.

3.2 The Turbulent Wind Profile

As mentioned in Section 2, the 70 to 200 km height range
covers a number of characteristically different regions. The wind
motions observed below approximately 105 km indicate the presence
of small-scale structure, while those above 110 km do.not appear
to be at all turbulent, even though vertical shear is present,

In the results presented here, discussion is confined to the
consideration of the region from 80 to 100 km, which has been found

to be representative of a turbulent region which can be adequately
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described by available statistical theories of hydrodynamic
turbulence (Blamont and Jager, 1961; Zimmerman, 1962; Roper, 1962).

The measured zonal and meridional profiles, and the
deviations from the mean wind for the height range 80 to 100 km
are plotted in Figures 3 to 6. Whereas the immediately obvious

wavelike nature of the turbulent profile would suggest a wave

theory approach as likely to be the most profitable for consideration

of the wind motions in this region, applications of available wave
theories (e.g., Hines, 1959) have not produced consistent results.
The possihility of generation of turbulence in the 80 to 100 km
region by vertically propagating gravity waves has been proposed
by Hines (1963). The purpose of the present work, however, is not
to determine the source of the turbulent energy, but rather to
substantiate the evidence that the observed shears characterize

a region of hydrodynamic turbulence,

3.3 The Energy Spectrum Functions

The energy spectrum functions for the zonal and meridional
turbulent wind profiles for the 80 to 100 km region have been
computed using the methods described in Sections 2.2 and 2.3.

As can be seen from Figures 7 and 8, the velocity difference
spectrum E(sh) and the correlation difference function [1-f(Ah) ]
for the zonal turbulent velocities are completely equivalent,
This is not surprising, since both functions are solutions of the

same equation
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F =a ph"
(see Sections 1.1 and 1.2).
Similarly for the meridional spectra of Figures 9 and 10,
The slope m ofthe log log plots of both the zonal and meridional
E(ah) (or [1-R(ph)]) spectrum functions against height difference
Ah is constant at 4/3 for separations Ah up to 3 km, indicative
of an isotropic region subject to a mean wind shear (Tchen, 1954).
3.4 Isotropy

Since the energy spectrum functions and the correlation
difference functions all follow an established (shear) law at small
scales in the height range from 80 to 100 km, it is possible to
determine the nature of the isotropy at these scales in this.
region,

Figure 13, curve A, is a plot of the variation of

1-f

= e

1-g
against Ah.

In the region up to a scale of 3.5 km, S has a value of
approximately 0.7, indicating an isotropy lying somewhere between
two and three dimensional. The increase in S at scales greater
than approximately 3 km is due to the breakdown at this scale of
the 4/3 power law in both zonal and meridional spectrum

functions,
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The function S has been found to be quite sensitive
to variation in the parameters specifying the m2an wind profiles.
For example, if, instead of the fourth order polynomial fits to
the total height range of the zonal and meridional data, linear
mean wind profiles are fitted over the height range 80 to 100
km only, subsequent spectrum analysis yields the S function of
curve B of Figure 13, This curve would indicate the existence
of three dimensional isotropy for scales up to 3 km. It is
possible that the 4th order polynomial fits are, in fact, attributing
a small fraction of the random wind variations to the mean motion.
However, in order to correlate spectra obtained for different height
strata (as is done in the next section), a continuous mean profile
is required, and has therefore been used throughout the analysis.

3.5 Vertical Scale

The vertical scale associated with the turbulent wind
structure is conveniently defined by the Ah corresponding to the
maximum value of either E(ah) or [1-R(Ah)]. As can be seen from
Figures 7, 9 and 11, which are plotted using zonal, meridional
and windspeed turbulent velocities respectively, the vertical
correlation distance as defined above is not the same for each
component, i.e., the wind motions are not isotropic at the maximum

of E(zh) ., However, for the purpose of comparison with stratospheric and
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lower mesospheric data, where meridional winds are, for the
most part, negligible, consideration need only be given to the
zonal energy spectrum.

The variation of vertical scale with height in the
stratosphere has been determined by Webb (1964) from a series of
Robin soundings at Eglin. His results indicate an exponential
increase of the vertical scale with height, from approximately
800 metres at 35 km to 2 km at 55 km. He has extrapolated this
exponential to a height of 90 km, and finds a vertical scale of
6 km which is the value determined for this height by Greenhow (1959)
from a correlation analysis of wind shears determined by means of
radio reflections from meteor trails at Jodrell Bank (53°N).

In order to investigate the change with height of the
vertical correlation distance in the 80 to 130 km region, the
sodium trail data was subjected to a stepwide analysis, starting
with the 75 to 95 km height range, and proceeding via the 80 to
100, 85 to 105, etc. ranges to 115 to 135 km. The maxima of the
resulitant ‘'E{Ah) curves were then plotted as the vertical scales
at the midpoints of the respective height ranges. The results
are shown in Figure 14, together with Greenhow's determination,
and the 7.8 km at 94 km (October, 1961) determined from radio
meteor trail shears at Adelaids (35°S) (Roper, 1962). The dashed

line is Webb's extrapolated variation. While there is excellent
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agreement with Webb's proposed exponential increase, there

is also good agreement between the vertical scales measured

at various altitudes for the Eglin firing, and the atmospheric
pressure scale height (also shown in Figure 14). This phenomenon
has also been observed by others (e.g., Zimmerman (1964)). As
yet, no satisfactory explanation for such a dependence has been
proposed.

Above 125 km, the magnitudes of the deviations of the
measured winds from the mean wind values becomes insignificant.
Wind motions at these heights for this particular firing are
characteristically nonturbulent.

Conclusions

The techniques of spectrum analysis hased on hydrody namic
turbulence theory can be profitably applied to wind data obtained
from sodium trail rocket firings, at least in the height range
from 80 to 100 km. The analysis of further firings should
indicate whether or not the mean profiles determined as a prelude

to spectrum analysis have any meteorological significance.
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Appendix I

Resume of the Computer Program

The computer program has been written in FORTRAN IV
for execution on an IBM 7094, and consists of the following
routines:
1. The main program SHEAR which reads and does some processing
of the input data (which is punched on cards).

SHEAR calls subroutines

a) FIT, which fits polynomial profiles to the zonal and
meridional wind velocity/ height profiles by the method of least
squares, utilizing

b) MATS, to solve the set of independent linear equations

c) The total wind speed profile is calculated by TRADE,

d) OUTPUT performs the energy spectrum and correlation
analyses, and printout of same,

e) PAGE is a utility routine which turns and numbers the

output pages, and prints an appropriate heading on each,

Input Data

The input data is on punched cards, and is read as follows:
1. Header Card; the information punched on this card is
printed at the top of each page of output. The full 72 columns

can be used for any type of alphanumeric heading.




2. The parameters specifying the mean zonal and meridional
profiles. These determine the order of the polynomial fitted to
a) the zonal (punched in columns 2,3) and
b) the meridional (punched in columns 5,6) measured
data to determine the mean profile.
e.g., a 5 punched in column 3 will fit a polynomial of the form
2 3

3h + a4h + a5

4

+3,!h+8._ h

ay 2

to the zonal wind data.

The maximum allowable value of the subscript i in the a; above
is 10.

3. The height range (must be integral, and in km) over which
the energy spectrum and correlation analyses are to be performed.
This can be any fraction of the height interval covered by the input
data, but must not be less than 10 km unless an appropriate
spectral range is punched in column 13. The minumum of the height
range interval is punched in columns 2 to 5, the maximum in
columns 6 to 9. If OUTPUT is required to produce spectra over
height differences to other than a maximum of 10 km, the required
maximum height difference can be punched in columns 10 to 13. This

entry must not exceed the height range specified in columns 2 to 9.

If this last field is left blank, spectra to 10 km are output,




4. The trial data, which must not exceed a maximum to
minimum height range of 150 km. The data is punched as year,
month, day, hour (local time, 24 hour clock), height (km),

¥indspeed (metres/sec), and azimuth (degrees) as follows

YR MO DAY HOUR HEIGHT  WINDSPEED AZIMUTH

3 3 9 14 19 24 2?/}
NN )

all integer

nust be right adjusted if integer;
anywhere in appropriate field if

decimal punch is included.

5. After all data of 4. a blank card to flag '"end of data'.

6. Further height ranges as for 3 as required.

7. a) If a change in the mean wind profile is required a
card with a 2 punched in column 1 may be substituted for any of
the cards 6, and followed by a card of format 2 above which
specified the new profile. This card is then followed by further
height ranges (as for 6.) as required.

7 b) If a completely new set of header plus data cards is
to be processed after either stages 5, 6, or 7a, a card with a 1
punched in column 1 will return control to the start of the program,
which will then read in the new set of data cards sequenced as

from 1 above.




APPENDIX IIX

Listing of the FORTRAN IV Program
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399

w N

18
19

20
21

SFEAR 08/
EXTERNAL FCEMULA NUMBER - SOURCE STATEMENT - INTERNAL

SODIUVM TRAIL HEICHT SHEAR ANALYSIS PROGRAM

CALCULATES THE ENERGY SPECTRUM FCR TOTAL SHEAR,AND FCR ZCNAL ANC
MERICICNAL SHEAR CCMPCNENTS

READS INPLT DATA AS FCLLCWS

A HEACER CARD, PUNCHEC WITH CETAILS OF FIRING TIME, ETC.

FORMAT 124¢

THE PARAMETERS SPECIFYINC THE MEAN ZONAL ANC MERIDICNAL PROFILES,
FORMAT 213

THE HEIGHT RANGE OVER WFICH ANALYSIS IS TO BE PERFCRMEC,ZMIN,
IMAX, ANC THE MAXINMUM CF THE OLTPUT SPECTRAL RANGE DESIRED.
FORMAT 1X2fF4.0414.

SPECTRAL RANGE MULST NOT EXCEED ZMAX-IZMIN.

IF NC SPECTRAL RANCE IS SPECIFIEC, IMAX-ZMIN MUST BE GREATER THAN
10KM, ANC SPECTRA WILL BE OLTPLT TO 10KM,.

THE TRAIL CATA, YEAR MCNTH CAY LCCAL TIME (HOULRS AND MINUTES,

24 HCUR CLCCK) HEIGHY(KM) WIND SPEEC(METRES/SEC) WIND AZIMUTH
(DEGREES) .

FORMAT 213,154F5.142F5.C

A BLANK CARD

FURTHER ZMIN, ZMAX AS RECUIRED. IF A 2 APPEARS IN CCLUMN 1,
PROGRAM wWILL REAC NEXT CARD AS NEW PROFILE SPECIFICATIGN, FOLLOWED
BY FURTHER ZMIN, ZVMAX CARDS. IF A 1 APPEARS IN COLUMN 1, THE
PROGRAN¥ WILL REAC NEXT CARD AS HEADER CARD CF A COMPLETELY NEW SET
OF DATA,

DIMENSICN BZ(1G), BM(1C)

DIMENSICN RESULT(12),Z1(750)sWINDI{750),AZRADI(750),2ZCNAL(T750),
1ERID{75C), TLZCNAL{TEC),,TVERIC(T75C)

DIMENSICN TSPEED(T75C), AwW(S5)

COMMCN Z1, WINCI,AZRAC1,ZONAL,ERIC, TZONAL,TMERID ,TSPEED
C=0.05

€CS=0.0C00C1

PI=3.1415926

TWOPI=2.0#P1

NGO=0

NI=0

[=0

NSUM=C

LERO=0.0

REAC o (24 1)RESULT
FORMAT(12A6)

REAC {244)NPyNQ
FURMAT (213)

NFIT=-1
READ(293)NCO,ZMIN,ZNAX G NCIFF
FORMAT(I1,2F4.Cy14)

IFINGC)19,19,18
IF(NGC-21999417417
CONTINUE
TFINCIFF)20,20,21
NDIFF=10
MIN=ZVIN+C
MAX=7MAX+C




12

13

91
92

93
94

95
36
S17
98

10
11

160

201
101

SFEAR 08/
EXTCRNAL FCRMULLA NUMBER - SOURCE STATEMENT - INTERNAL

IFI(NI)Z,5,10C1
TRAIL ECATA [INPLT
READ {(2¢y6)MYEARMCENTF ¢ JCURWLTIME,ZZ+WINDyAZDEG

FORMAT(213,15,F5.14¢F5.C)
IF{MYEAR)LICC,10C,7

[=1+1

IF(I-1)11,11,8

IDIFF=2-71(1-1)

ML=1C.0=#L+C

LZ=1C0Z[(1I-1)+C

LDIFF=N7-L!Z

IF(LCIFF=-2112411,6G

WRITE (2,6 )MYEARMCNTF,JOURyLYIME,Z,hWINC,AZDEG
WRITE(2,13)
FORMAT{1IX////7/1X26FCATA CARLCS OLY OF SECUENCE////7/7/71X2CHEXECLTICA
LTERMINATEC////771X)

PRINT 13

CALL EXIT

INTERPCLATION RCUTINE
NPOINT=LCIFF/2-1
NSUM=ANSUM+NPOINT

GRAD={WINC - WINCI(I-1))/ZCILFF
A/DIFF=AZCEG/S5T.2-AZRACI(]I~-1)
IF{ABS(AZCIFF)}-P1)G4,G4,G1
IF{AICIFF)1S2,494,G3
ALDIFF=AZCIFF+TWCP]

G0T03%4

AIDIFF=AZCIFF-TWCPI
AILGRAC=AZCIFF/ICIFF
DU10J=1,NPCINT

ZICI)=21(]-1)+40.2
WINDI(I)=wINDI(I-1)+4C.2%CRALC
ALRACI(I)=AZRACI(I-1)+4( .2*#AZGRAL
IFLAZRACI(1))G95,66,6G¢
AIRACI{I)}=AZRACI(I)4+TWCFI
IF{AZRACI(I)-TWCFI)GE,G8,97
AZRACI(I)=AZRACI(I)-TwCPI
CONTINUE

[=1+1

CONTINUL

L1(1)=¢

WINCI(I)=wIND
AIRACI(1)=AJDEC/ET.2

GO T1C 5

Nl=1

ALL CATA IN. COMMENCE CCMPLTATICN
HOIFF=ZT(NL)=-Z21(1)
HPLUS=ZTI(NI)+Z21(1)

CALCULATE ZONAL ANC MERICICNAL WIND COMPONENTS
DU201J=1,N1

ZONAL(J)=WwINDI{J)® SIN(AZRACI(J))
ERIC(J)=wWINCI(J)= CCSUAZRACI(J))
NL=0

LMIN=lu=VMIN

LMAX=10%NMAX




102
103
104

105

106

202
203

204

107
108

109

SHEAR 08.
EXTERNAL FCRMUL2 NUMBER - SOURCE STATEMENT - INTERNAL

CALL PAGE(RESULT, ZERC)
DU104J=1,N1
LZ=21(J)#10.C+C
IF(LZ-LMINYIO4,1C2,1C2

IF(LZ-LMAX)103,1C3,1C4

NZ=NZ+1

CONTINUE

WRITE (3, 1CEINT NSUNMZZVINyZVAX yNZ NP ¢NQ

FORMAT(1X/////71X33-TCTAL NUMBER CF INPLT DATA POINTS [8///71X26HINC
ILUDING INTERPOLATICN OF 15,7H POINTS ////1X45HNUMBER CF DATA POINT
2S WITRIN THE HEICKHT RANCE FS.Co6H KM TCyF5.Cy3H KM [8////1X31HEAST
3 WEST PRCFILE SPECIFICATION IS ///1X33FNORTH SOUTH PRCFILE SPECIFI
4CATICN I3 //771X)

START=1
CALL PACE(RESULT,START)
WRITE (3,10€)2ZVIN,2NAX

FORMAT({1XS5CHCALCLLATELC IGNAL AND MERIDICNAL MEAN WIND PROFILES
110X12FHEIGHT RANCE FE.Cy€éH KM T0 F5.Cy2H KM/LHCO
2/10X 6FHEIGHT 1CXSHZCNAL 13X1GHMERICIONAL 1CX1OHWIND SPEED /1X/
31X,18X,3(4X12HCATA MEAN4X )9 /71X/)

NHITE={ZMAX-ZMIN)/2C.C~C

NHITE=NKITE+1

INK=S*NHITFE~1

NFIT=NFIT+1

IFINFIT)202,202,203

CALCULATE COEFFICIENTS CF MEAN PRCFILE PCLYNOMIALS

CALL NCRMAL(ZCNALSERIC ZI NI, BZ,E8NM,AP,NQ)

CONTIANLC

DETERMINL AND PRINT CLT MEAN WINC PROFILES
SUBS={ZMAX+ZIMIN=-Z1(1))*5.0+1.0+C

DULOBL=MIN,MAX,NFITE

[L=SUBS-FLCAT(L*5)

J=MAX+MIN-L

H=J

S={2.08F=-HPLUS)/ZFCIFF+CS

AZONAL=C.O

AMERIC=0.0

DU204M=1,1C

AZONAL=AZCNAL+DRZ(M)aS=a(M=1)

AMERIC=AMERID4BM (M) 2Sex(M-1)

COUNTINUE

M{ONAL=AZCNAL

MMERILC=AMERIC

MSPEEC=SCRT(AZCNAL *#Z+ANVERIC*#2)
WRITE(2,107)1J9ZCNALITZ) MZCNALSERID(IZ) MMCRID, WINDICIZ)yMSPEED
FORMAT(LIXI13,4X,3( FB.CyaX[4,4X),/1X)

CUuNTINUE

CALL PACE (RESULT,START)

WRITC(2,1C9)ZMIN,ZMAX

FORMAT(1X,22HTUREBULENT WINC PRCFILE y10X12HHEIGHT RANGE F5.0,

1 6HKM TC FS.0,3H KNM/IX/1X,1CX6FHEIGHT , 1CX6HTZONAL, 1GX11IHTMERICICNA
2Ly 10XEHTSPELL/ LX)

DETERMINE AND PRINT CLT TURBULENT WINC PROFILES
NH=(MAX~-MIN)25+]

K=(ZNMAX=-21(1))%5.042.C+C

NK=[NK



SKEAR 08.
EXTERNAL FORMULA NUMBER - SOURCE STATEMENT - INTERNAL

RMSZ=0.C
RMSM=0.0
RMST=0.0
SUMSCT=0.C
DO112J=14NF
TLONALIJ)=C.0
TMERIC{J)=0.0
K=K-1
H=IMAX-C.2#FLCAT(J-1)
IH=H+(
S=(2.08H~-FPLUS)/FCIFF4CS
NK=NK+]
DU20G5NM=1,10
TZONALUJ)Y=TZONAL(J)+RZ(M)aSwu(M-1)
TMERICUJ)=TMERIC(J)4BEM(N)%Sen(NM-1)
2C5 CUNTINUE
TZONALUJ)=ZCNAL{K)=TZCNAL( J)
TMERIC{J)=ERICIK)~TNERIC(J)
CALL TRACE(J,4K)
CALCULATE RMS TURBULENT VELCCITIES FOR THE FEIGHT RANGE ZMIN/ZMAX
RMSZ=TICNAL(J)#nZ4RNMSZ
RMSM=TNERIC(J)nwZ+RNMSM
RMST=TSPEEC(J)##Z+RNMST
SUMSCT=SUNSQT+1.C
[F{NK-INK)112,112,11C
110 WRITC(2,111) I, TZONAL{J) o TMERIC(J ),y TSPEED(J)
111 FORMAT(1X,10X14412XFE.CyelIXFB.Cy13XF5,C/1X)
NK=0
112 CONTINUE
CALL PAGE(RESULTY,START)
RMSZ=SCRT(RMSZ/SLMSCT)
RMSM=SCRT(RMSM/SLMSGT)
RMST=SCRT(RMST/SULMSCT)
WRITE(3,206)IMINSIMAXHZ{BZ(TI)yI=1yNP)

206 FORMAT(LX1CHNCRMALIZEC
1 IX12HHEICFT RANCELOXF7.C, 7+ KM, TO F7.0y4H KM./1HO/
2 LX42HCOEFEICIENTS GIVING BEST FIT TO ZONAL CATA/1X/10E1ll.3)
WRITE(3,207)(BM(T),1=1,NC)
207 FORMAT(LIX/1X/
11X/ LX47THCCEFFICIENTS GIVING BEST FIT TC MERICIONAL DATA/1X/1X1CEll
2.3/71X/)
WRITE(3,208)RMSZ,RVMSNV,RNMST
208 FORMAT(1X/1X
1 1X22FRMS TLRBULENT VELGCITY/1X/1X1CXS5FZONALF11.0,11HMETRES/S
2EC./1X/1X10X10KMERICICNAL FE6.Cy11HMETRES/SEC./1X/1X1OX1OHWIND SPEE
30 F6.U,)L1IKEVMETRES/SEC, )
CALL PACE(RESULT,START)
WRITE (3,113)ZMIN, LVAX
113 FURMAT{1X4tHENERCY SPECTRUM OF ZCNAL WIND HEIGHT VARIATION,
LLUX12KFEIGHT RANCE FSeCoEH KM TO F5.0,2H KM/L1X)
CALCULATE AND CLTPLT ENERGY SPECTRUNM FULNCTICNS
CALL CLTPUTI{TZCNAL N NCIFF)
CALL PAGE(RESULT,START)
WRITE (34114) ZMINyZNMAX
114 FORMAT(1X51HENERCY SPECTRUM OF MERILCICONAL WIND HEIGHT VARIATICN,
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$PAUSE

$SEXECUTE [eJoe

I8JCB VERSICN 2, 7090 - PR - 629
1
0

s1B8JOB GC

$IBFTC OUuUT NG44, XRT
1 Ccut

EXTERNAL FORMULA NUMBER - SOURCE STATEMENT - INTER!

0

SUBRCUTINE OUTPLT(TSPEEC,NH,NDIFF)
c
c PRODUCES HEIGHT SPECTRUM ANC PERFCRMS CORRELATION ANALYSIS.
c

DIMENSICN TSPEEC(T75C)
WRITE(23,1)
1 FORMAT(1Xy10XTHECELTA ko EX1IO0FE{CELTA H),

15X11HCCRRELATICN,3X13HSIGNIF 1-G6 /71X)

NENO=S5«NLCIFF

LINE=Q

DO125K=1,NEND

LINE=LINE+]

DELTAF=FLCAT(K)eC.2

SUM=0,0

ENERGY=0.0

ERGX=0.0

GJPKXJ=0.0

SQJ=0.0

SQJPK=0.0

D0123J=14+NH

IF{NH~-J~K)124,122,122
122 JPK=J+K

ENERGY=ENERGY+( TSPEEC(JPK)-TSPEED(J ) ) we2

SUM=SUM+]1.0

GCIPKXJI=GIPKXI+TSPEEC(IFK)=TSPEED(J)

SQJ=SCJ+TSPEED(J)na?

SQUPK=SQIPK+TSPEEC(JPK) %2
123 CONTINUE
124 IF(SUM)117,117,118
117 6=0.0

SIGNIF=9.99

GOTO119
118 ENERGY=ENERGY/SU¥V

G=GJPKXJ/SCRT{SQJeSCJIPK)

SIGNIF=(1.,0-G##2]1/SCRT(SUM-1.0)
119 DIFF=1.0-G

IFC(LINE-50)125,125,116¢
116 WRITE(2,2)

2 FORMATI(1K1/1X)
WRITE(3,1)

LINE=0
125 WRITE(2,115)DELTAE,ENERCY, GsSIGNIF,DIFF
115 FORMAT(1X,6XFB.1s TXF8el ,8XFEe34F1l.2,F8.2)
RETURN

END



SRHEAR o8
EXTERNAL FCRMULA NUMBER - SOURCE STATEMENT - INTERNAL

L110X12HFEIGHET RANCE FE409€H KM TC F5.043F KM/1X)
CALL CUTPLT(TMERICyNF,NCIFF)
CALL PAGE(RESULT,START)
WRITE (3,115 )ZMIN,7VMAX
115 FORMAT(1X46HENERCY SPECTRUM OF WIND SPEED HEIGHT VARIATICN,
110X12FEEIGHFT RANCE FE.C,6H KM TO F5.0,3F KM/1X)
CALL CUTPUT{TSPEEC NH4NLIFF)
Gave2
END
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NCRMAL
EXTERNAL FCRMULA NUMBER - SOURCE STATEMENT - INTE

SUBRCUTINE NORMAL (JCNAL,ERID,ZI¢NIBZ,BMy;NP,NQ)
DETERMINES BEST FIT PRCFILE TGO THE NORVMALIZED TOTAL HEIGHT RANG

DIMENSICN ZONAL(T75C),ERIC(TE0),21(TS0),B2Z(1C),BM(1C),ZINORM(T50
D01J=1,NI

ZINORM(J)=(2.0#ZT{J)=-ZTIND)=-ZIL1 )/ LZTANT)=2141))

CUNTINUE

CALL FIT (IZCNALZNP,BZ4NI,ZINORWM)

CALL FIT (ERICY NGyEMyNIyZINORM)

RETURN

END
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[RACE ca/s
PXTURNAL FCRMULA NUMEBER - SCURCE STATEMENT - INTERNAL
SURRCLTINE TRALL(J,yK)

CALCLLATIS TURFLLENT WINDSPEEL PROFILE

CIMONSION 71(7EC)

DIMENSICN WlNLLCTST ), AZRACT(TEC ) ZONALLTZ0) BERI(TEC) TZCNALLTSC),
LTMERIL (TSI ), TSPEEC(T7E)

CUMMORN L1y VINCTWAZRADTZZONALZERTIL, TLONAL,, TVMERED  TSPEED

TSPEC L) =n D I(K)=SORT{IZCNALIK)=TZCENAL{J) 1 #eZ +(LRID(K)=TMERIL(J)
1)#s2)

RETLRA
ENC
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FIT 08/17
EXTERNAL FORMULA NUMBER -  SOURCE STATEMENT - INTERNAL FO

SUBRCUTINE FIT (B3LOWsNSPEC,AyN,yX)

FITS A HEIGHT PROFILRE SPECIFIEC CY NSPEC TO THE MEASURED DATA
BLOW,UETERMINING THE COEFFICIENTS A BY THE METH0D CF LEAST
SQUARES. PROFILE FITTEC OVER TOTAL HEIGHT RANGE OF INPUT DATA.

DIMENSION RLOW{T7S50)y ACL1S), X{75Q)y S(1C,11)
DJ3J=1,10

3 A(J)=0.0
IF(HASPECILIIN,10D,4

4 NADU=NSPEC+]
DOTIOJ=1,NSPEC
NDO1OK=1,NACL

19 S(J,K)=0.0
BISJ=1,4NSPEC
DOSK=1,11SPEC
DASI=1,N

5 S{JyK)I=SUJ K )+X(T)we{K+J=-2)
DU6J=1,NSPELC
K=U
DUGI=1,4N
K=K+1

6 SUJYyNACD)I=S(JyNACD)+X( 1 )na(J=-1)=BLOW(K)
CALL MATSIS,s A NSPEC,VISS)
IF(MISS)LI00,100,7

T WRITE(3,8)

8 FOOMAT(LIXT79HFERAOQR [N INPUT DATA HAS RESULTEND IN MATRIX S BEINGC UNS
IUITABLE FOR INVERSICN //7//71X20HEXECUTICN TERMINATED ////777)
PRINT 3
CALL EXIT

100 RETURN

END




[aNeNel

EXTERNAL FORMULA NUMBER - SDURCE STATEMENT - INTERNAL FO

SUBROUTINE MATS (S, A,NSPEC,MISS)
REDUCES THE AUGMENTED MATRIX S TO PRODUCE THE COEFFICIENTS A

DIMENSICN S(10,11), A(10)
MISS=-1
MM=NSPEC+]
N=NSPEC
DU15I=2,N
¢ I1=1-1
T DU1SJ=1,11
8 TF(S({I+J))9,15,3
9 IFLABS(S{U,d))=-ABS(S(I,J)))11,10,10C
10 R=S(1,J)/5(J,J)
GUTO 13u
11 R=S(JyJ)/S(1,4J)
DO12K=1,MM
B'—'S(J,K)
SEJyK)=S(I Ky
12 S(1,K)=8
130 JJ=J+1
13 DJl4K=J4J,MM
14 S(I,K)=S{[,K)=-21#5(J,K)
15 CONTINUE
IFCARS(S{NWN))I-1.0E-10)16416,17
16 MISS=+1
50UTI29
17 A(NI=S{Ny,MM)/S{N,N)
DU28I=2,N
JJ=N~-1+1
B=0.0
II=N=-142
DU2HK=]1,N
25 B=B+S{JJyK)=®A(K)
IF(ABS(S(JJ,JJ))-1.,0E-10)16,16,28
28 A(JI)Y=(S(JJy¥MM)-B)/S1JJ,yJJ)
239 RETURN
END
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PAGE
EXTERWAL FORMULA NUMBER - SOURCE STATEMENT

SUBROUTINE PAGE{RESULT,START)

TURNS PAGE, NUMBERS IT,AND WRITES HEADING AS APPEARING
ON RESULT CARD.

DIMENSICN RESULT(12)
IF{START)1,1,2

NOP=0

NOP=NOP+1

WRITE {3,3)RESULT,NOP
FORMAT(1IH1/1X12A6,30X4HPAGEIS//)
RETURN

END

08717
INTERNAL FO



APPENDIX III

SAMPLE DATA AND COMPUTER OUTPUT




63 5 21 1910105.6 140 130

63 5 21 1910105.8 13C 128

63 5 21 1910107.0 125 132

63 5 21 1910108.0 92 140

63 5 21 1910109.,0 50 160

63 5 21 1910110.0 42 240 -
63 5 21 1910111.0 56 250

63 5 21 1910113.,0. 60 262 Tt
63 5 21 1510114.,0 84 274

63 5 21 1910115.0 68 270

63 5 21 1910117.2 72 282

63 5 21 1910125.,0 45 286

63 5 21 1910130.0 30 296 o -
63 5 21 191013540 14 310 -
63 5 21 1910140.,0 15 316 -

<—BLANK CARD

- -2V

~EOF




TUTPRELIMINARY PAPER EGLIN DATAs MAY 21s 1663

16/5/64,

PROFILEs595.

. e e } .
""""""" 8v iee 0/ T B
T 63 5 21 1910 65.C 34 255 o B
63 6 21 1910 TU.6 31 256 T o i -
T3 8 21 1910 71.0 27 2700 7
63 5 21 1910 72.4 43 272
T3 T8TIT 1010 7246 20 250 T T )
T35 211910 77.0 41 256 o o - - B
T 63 5 21 1910 8U.L4 25 358 T T o
63 5 21 1910 8240 08 310 T - T
- 63 5 21 1910 82.4 28 202 o T T
63 5 21 1910 8346 27 200 S -
- 63 5 21 1910 84.0 54 190 e e
T 63 s 21 1910 8%.0 54 194 T T T
63 5 21 1910 8544 30 108 )
63 B2 1910880 60 "080 o T - T
TTTe3TTE 21 1910 9146 76 095 T B o i
63 5 2171910 95,0 50 178 N
T B35 21TTITI0C%6.0 a4l 120 T T T e T
63 5 21 1910 %6.6 54 150 N B ) - T
63 5 21 1910 9746 40 115
T TTe3 T8 T21 1910 99,00 42 686 T T T T o o T
- 63 5 21 1910 9%.6 64 o078 i i )
63 5 21 1910100.0 58 070 ’ T ‘
T 63 5 21 1910100.8 65 069 o
63 5 21 191C102.0 8C 079 )
63 5 21 1910103.6 93 094 C ' ’
63 5 21 1910104.07 115 104 )
63 5 21 19101U4.2 111 120 ’

63 5 21 1910105.0 129

122




TRIAL ANALYSIS. EGLIN DATA, MAY 21, 1963. 15/9/64. PROFILE,5,5.

TOTAL NUMBER CF INPUT CATA PCINTS 356

INCLUCING INTERPCLATICN OF 312 PCINTS

NUMBER OF CATA PCINTS WITHIN THE FEIGHT RANGE 80. KM TO 100. KM 101

EAST WEST PRCFILE SPECIFICATICN 5

NORTH SOUTH PRCFILE SPECIFICATION 5




TRIAL AMALYSIS. EGLIN DATA, MAY 21, 19363. CONTINUQUS PROUOFILE5,5.

CALCULATED ZONAL AND MERIDIOMNAL MEAN WIND PROFILES HEIGHT RANGE
HEIGRY I0ONAL MERIDIONAL WIND SPEED
DATA MEAN DATA MEAN DATA MEAN

190 70 . 34 20, =21 72, 40
9y 56. 37 21. =21 60. 43
98 42. 39 4. -22 42, 45
37 39. 41 -11. =22 41. 47
36 34, 43 -35. -22 48. 49
95 21. 45 -28. -22 42, 50
24 6. 46 -31. -Z2 52 51
33 21. 46 =51. =-21 59. 51
32 5. 47 -38. -21 67. 51
21 13, 47 -13. =21 T4, 51
30 72 46 -1. =20 T2, 50
89 7. 45 4, -19 67. 49
83 62. 43 8. -18 63. 417
27 55. 41 5. -18 55, 45
86 44 . 39 -4 -16 44, 43
8 1. 36 -9 -15 32. 39
34 -12. 33 -53. -1l4 54, 36
83 -9 29 =25, =13 27. 32
82 -10. 24 -26. -11 28. 217
81 -8B 19 10. -1 12. 22

8¢ -3, 14 23. -8 23, 1¢




TRIAL ANALYSIS. EGLIN DATA, MAY 21, 1963. CONTINUQUS PROFILE,5,5.

TURBULENT WIND PROFILE HEIGHT RANGE 80.KM TO 100. KM
HELGHT TZONAL TMERIDICONAL TSPEED
1ce 35, 41, 42,
99 19. 42, 26,
98 2. 26, 16.
97 -3, 11. 31,
96 -1C. -12. 32.
95 -14., -6 29.
94 -40, -29. 3,
33 -16. -29. 31,
92 8, -16. 58,
91 26, 8. 62,
50 25. 19. 52,
59 22. 24, 45,
28 18, 27. 28,
87 13. 24, 33,
86 4. 13. 30,
85 -6 7. 27.
24 -45, -38, 18.
83 -39, -12. -5,
82 -35. -14, D
81 -28. 20. 3,



TRIAL ANALYSIS. ECLIN [ATA, MAY 21, 1962. 15/9/64. PRCFILE»S545.

NORMALIZEC KEIGHY RANGE 8C. KM. TC 1C0. KV,

COEFFICIENTS GIVING BEST FIT TC ZCNAL CATA

0.386E 02 -C.126E 03 -0.244E C3 0.174E C3 C.20S5E 03

COEFFICIENTS CIVING REST FIT TC MERICICNAL CATA
-0.304t 02 C.168F (2 C.148E 03 -0.1¢8F 02 -0.125E 03
RMS TURBULENT VELOCITY
JTONAL 22 NETRES/SEC.
VERICICNAL 22.NETRES/SEC.,

WINC SPEEC 17.VETRES/SEC.




TRIAL ANALYSIS. EGLIN DATA, MAY 21, 1963, CONTINUDUS PROFILE,5,5.

ENERGY SPECTRUM OF ZCNAL WIND HEIGHT VARIATION HEIGHT RANGE 80,
CELTA H CELTA Va2 CORRELATION SIGNIF 1-G
Je2 2443 D.979 0.004 J.02
Q.4 64.9 0.943 0.011 J.06
Geb 113.7 0.900 0.019 0.10
U8 169.4 G.851 0.028 J.15
1.0 230.7 0.797 G.037 0.20
1.2 297.1 D.739 0.047 0.26
l.4 369.4 N.676 0.056 D.32
1.6 450.4 0.604 0. 066 0.40
1.8 534.8 0.525 C.076 Dot
2.0 619.9 Get49 0.084 3.55
2.2 7C32.2 Ne374 C.091 D.63
2.4 78940 0297 0.097 J. 70
2.6 ar7.1 L6217 C.102 J.78
2.8 964 .9 D136 0. 106 0.86
3.0 1054.0 0.053 0.108 0.95
3.2 1133.4 -0.023 0.109 1.02
3.4 1209.9 -0.399 0.109 1.16
3.6 1285.2 -0.176 0.107 1.18
3. R 1360.8 -0.257 C.124 1.26
4.0 1436.9 -0.342 0.099 l.34
4.7 150749 ~-0.429 C.032 1.43
4.4 156741 -0.514 0.083 1.51
4.0 1614.3 -0.597 N.073 1.60
4.8 1681.4 ~0,651 0.056 1.65
5.0 1745.7 -2.696 0.060 l.7C
5.2 13C4.9 -0.735 0.053 l.74
5.4 185243 -0.766 0.048 l1.77
5.6 1885.5 -0.788 0. 045 1.79
5.8 1£€97.2 -0.800 0.043 1.8¢C
6.0 1880.3 -0.301 0.043 1.80
6.2 1863.6 -0.795 0.044 1.80
be4 1847,4 -0.783 0.047 1.78
6eb 1827.7 -0.762 0.051 1.76
6.8 1803.3 ~0.739 0.057 1.73
7.0 1775.90 =0.690 0.065 l1.69
Te.2 17406.9 ~0.642 0.073 1.64
T4 1701.2 -0.588 0.082 1.59
1.6 165645 -0.528 0. 092 1.53
7.8 1608.4 -J.466 C.10¢ 1o47
8.0 1555.5 -0.401 0.138 1.40
8.2 1497.1 -J.333 0.116 1.32
8.4 1432.56 -0.263 0.122 l.2¢
8.6 1361.9 -0.190 0.128 l.19
8.8 1285.1 -0.116 0.132 lel2
9.0 1202.5 =24040 0. 135 l.04&
Je2 1114.7 J.038 G.136 J.9¢€
4 152045 2.120 0.135 D.88
3.6 920.9 N.207 0.133 N.79
3.8 8l19.6 D296 Ce.128 2.70
13.u 733.6 J.372 0.122 J.632



TRIAL ANALYSIS. EGLIN DATA, MAY 21, 1962, CONTINUOUS PROFILE545.

ENERGY SPECTRUM OF MERIDIONAL WIND HEIGHT VARIATION HEIGHT RANGE
DELTA H CELTA Ves2 CORRELATION SIGNIF 1-G
Je?2 31.3 0.973 0. 005 0.03
O¢4 94.1 0.917 6.016 5.08
Jeb 164.4 0.853 0.028 Q.18
J.8 241.7 0.781 0.040C 0.22
1.0 326.3 0.701 0.052 0.30
1.2 418.3 0.612 0.0¢4 J.39
l.4 515.2 N.518 0.076 N.48
l.6 616.0 04420 0.0836 0.58
l.8 723.6 0.316 0.094 D.68
2.0 825.3 0.219 0.100 D.7¢€
22 335.1 2.116 0.105 7.88
2.4 1352.2 0.0C8 0.107 J99
2.6 1175.9 -0.104 0.106 1.10
2.8 1305.7 -0.219 0.103 l.22
3.0 1429.3 -0.325 0.097 1.33
3.2 1534.6 -0.411 0.091 l.41
3.4 1€14.7 -0.479 0. 085 1.48
3.6 1667.7 -0.535 0.079 1.54
3.8 1711.0 -0.582 0.074 1.58
4.C 1741.1 -G.617 0.069 1.62
4.2 175649 -0.641 0. 066 1.64
4.4 1758.3 -0.656 0.065 1.66
4.6 1745.6 =0.662 0.064 1.66
4.8 177646 -0.680 0.062 l.68
PERY 133646 -0.715 0.GC56 1.72
5.2 1878,.5 -0.733 0.054 1.73
Set 1900.7 -2.735 0.054 1.74
5.6 1g02.8 ~0.723 0.056 1.72
5.8 1885.6 -0.699 0.061 1.70
40 1853.4 ~0.666 0.066 1.67
6.2 1809.8 ~0.625 0.073 1.63
b4 1751.9 -0.573 0.081 1.57
6.6 1679.1 -0.510 0.0990 l1.51
5.8 1592.6 -0.435 0.190 l.44
7.0 1494.3 -0.350 0.109 1.35
T.2 1385.9 -0.257 0.117 1.26
7.4 1269.8 -0.156 0.123 l1.16
7.6 1149.0 -0.051 0.127 1.05
7.8 1028.4 0.057 0.128 D94
8.0 91245 J.l64 0.126 J.84
3.2 802.4 0.266 0.121 0.73
J.4 697.1 0.366 O.114 0.63
8.6 598,.6 N 4459 0.195 N.54
8.8 508.4 D544 C.034 N.46
Fe0 427.7 0.620 C.083 0.38
d.2 357.9 0.684 0.072 J.32
Jeh 302.8 0.735 0.063 J.27
Jeb 2601 0.774 0.056 0.23
7.8 231.1 0.801 0.050 04,20
13.0 219.4 0.812 0.048 0.19




TRIAL ANALYSIS. FEGLIN DATA, MAY 21, 19613, CONTINUOUS PROFILE,5,5,.

ENERGY SPECTRUM OF WIND SPEED HEIGHT VARIATION HEIGHT RANGE 80,
DELTA H DELTA V&2 CORRELATION SIGNIF 1-G
U.2 15.1 0.993 0. 001 0.01
Ce4 47.1 0.979 0.004 0.02
Je6 83.2 0964 G. 037 0.04
U8 12¢2.0 0.947 0.011 0.05
1.0 161.5 0.930 D.014 3,07
1.2 200.6 0.914 0.017 0.09
l.4 240.7 0.898 0.020 7.10
1.6 286.9 0.879 0.024 0.12
1.8 337.0 0.859 0. 028 Del4
2.C 382.2 0.841 0.031 0.16
2.2 421.0 0.827 0.334 Q.17
2.4 455,.3 0.815 0.036 0.19
2.6 483.4 0.805 0.038 0429
2.8 502.9 0.799 0.9039 J.20
3.0 512.5 8.797 0. 040 J.22
3.2 517.8 0.796 0. 040 0.20
3.4 528.9 0.793 0,041 .21
3.6 542.8 0.789 0.042 0.21
3.3 561.7 2.783 0.043 0.22
4.0 584.0 0.775 0. 045 0.22
4.2 606.6 N.768 0. 046 0.23
4.4 62843 G.761 0.048 0+24
4.6 65C.9 0.755 0. 049 0.25
4.8 679.5 0.746 C. 051 0.25
5.0 712.5 0.734 0.053 0.27
5.2 T48.8 D722 0.056 0.28
5.4 785.1 0.710 0.058 J.29
5.6 8le.7 G.700 Ge 060 0.30
5.8 847.5 0.692 0. 062 0«31
beu 87066 0.686 0.063 D.31
6.2 394,8 .680 C. 065 Je32
6.4 919.4 D.674 0. 066 0.33
6.6 943.4 0.668 N. 068 N.33
6.8 968.1 0.661 0. 059 De34
7.0 996.2 C.653 0.071 0.35
T.2 1023.9 0.645 0.073 D.35
T.4 1048.3 0.638 0.075 0.36
T.6 1670.2 0.630 0.077 0.37
7.8 1088.9 (14623 0.078 0.38
8.0 1103.4 C.616 0. 080 0.38
8.2 1114.0 N.608 0.082 J.39
8.4 1121.1 2.600 C.084 0.40
8.0 1126,.2 0593 0.086 0.41
8.8 1114.6 0.588 0.087 NDetl
9.C 1103.8 0.58%5 0. 089 De&2
Fe2 1C87.7 0.584 0.090 0.42
J.4 1066.1 0.586 0,090 VNS |
Je8 1007.8 0.596 0.090 0.40
10,0 973 .4 0.603 0.090 0.40




