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On the basis of the analysis of experimental data on turbulence
obtained by a TU-104 aircraft, this article examines the energy
spectrum of the vertical velocity component of turbulent gusts in a
temperature-stratified atmosphere. The relationship between the
spectra of the vertical and horizontal component in a stably stratified

atmosphere is also examined. 2
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) The measurements of the gust loads in a narrow b;hd of frequencies
(wave numbers) make it possible to obtain the d1spers1g,ns~q5n the veloci-

ties of gusts in a wide range of scales. ma
fn ‘;!‘
| Lor,
1. Spectral Characteristics of the Yertical Component of Turbuleng, ,thcmuflons iu Wind
Yelocities.

* ’ } ‘ wa
The fully developed theory of local isotropic tq?i_:u}_ence“’

makes it possible to obtain a simple expression, known as spectral law’
"minus five-thirds'', for the energy spectrum of turbulence inside the
so-called "inertial' range.

s(m--e%ﬂ'§'. | | ‘ (1)

in which Q= 27/l is the wave number (rad/m), | is the scale (m), ¢ 15
the dissipation rate of the turbulent energy (m?/sec?), S(ﬂ) is the spec-
tral distribution density of turbulent energ 3&; NN PR £ Ll nmbe
, f&@' «
(energy spectrum m/sec’m/rad). [ wﬁ ol

As a consequence of this law; it was Iassuxned that the transfer
rate of energy in the spectrum remains cpnstan and equal to the transi-
tion rate from the kinetic to the thermal energy of turbulent fluctuations

— the dissipation rate of energy. |

The tests performed in 1960-61 by TSAQ c¢n turbulence have
indicated that the experimental curves of the -pectral density sub-
stantially differ from the theoretical, especially in the area of small
wave numbers (in the area of large scales). The experiment showed
that the logarithmic curve has a much greater inclination than it
should in accordance with the law ""minus five-thirds''.

Shur's study6 contains experimental spectral curves obtained
mainly during flights in jet streams and clouds Ci and Cb. |
|
\
|

In 1961-62, data on the spectral characteristics of the vertical A
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component of turbulent fluctuations in jet streams during the winter
months were obtained.

Regretfully, in the majority of flights in jet streams, the bumping
of the aircraft, although present, was very slight. In instances when
the recorded data were resolved into a spectrum, it was discoversd
that numerous spectral components have a smaller amplitude than the

" threshold of sensitivity of the measurement and analysis apparatus.

This illustrates the fact that when correctly evaluating the integral
energy characteristics (dispersion of the gust velocity or the magnitude
of the mean-square gust itself) no essential data were obtained in terms
of a spectral density curve. '

Actually, valid data may be obtained by means of spectral analyzers
described in Shur's work? only in those instances when the aircraft
experiences bumpiness of not less than §1 - §2, on the adopted scalet.

Continuing our investigation of the spectrum of the vertical com-
ponent of turbulent fluctuations in wind flow, we have initially decided
to perform an experimental verification of the established physical
relations (here the change in the inclination of the logarithmic spectral
curve is taken into account); then we attempted to show the physical
nature of this. '

Also ' of interest is the relationship of the vertical and horizontal
component of the spectra as well as the relationship of the turbulent
characteristics of the atmosphere to the distribution of the basic thermo-
dynamic_parameters. '

Results of the observations which were collected in 1961-62 confirm
the previously established experimental fact on the presence of different
inclinations of the energy spectrum plotted in a logarithmic scale, in
different ranges of the spectrum.

As an example, let us examine the turbulence spectrum obtained =

- by the method described in a study by Shur.?

Figure 1 shows the energy spectrum of turbulence during a crossing
of the jet stream (flight made on 7 February 1962). The flight was at
an altitude of 8000 meters. When crossing the jet stream, a moderate
bumpiness which was stroug* at times was observed.

*The corresponding wind profile is shown in Figure 3 in an article
by N. Z. Pinus entitled '"Some Results of Investigations of the Meso- and
Microstructure of the Wind Field at an Altitude of 6-12 km", appearing
in the current reference. '
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Wave numbers () in rad/m and scales L =27/ in meters were
plotted along the abscissa axis, and the spectral density of the energy
of a mass unit in (m/sec®m/rad) was plotted along the ordmate axis.
The curve was plotted in a logarithmic scale.

The curve shown in the figure may be approximated by two recti~
linear segments. This indicates that the spectral density in different
ranges of spectrum is depicted by two power laws .appearing as

S(Q) =

For wave numbers, corresponding to scales, less than 600 m,
‘the indicator of power equals 1.67, i.e., the energy spectrum in this
scale interval conforms nicely with the law '"'minus five-thirds' of -
Kolmogorov-Obukhov. On scales of greater than 700-800 m, the
indicator of power n equals 2.7. If the straight line, which approxi-
mates the energy spectrum in the small scales, is extended to the
left toward the region of large scales, then the experimental value of
spectral density obtained for maximum scales will differ from the
value lying on this extended straight line by more than an.order.

Our analysis on the accuracy of the method indicated that such
variations cannot be explained as either being errors of the apparatus

or the methods of measurements. Consequently, the obtained distribu-

tion of the energy density in the spectrum of turbulent flow in a free
atmosphere has to be accepted as real. A typical energy spectrum,
shown in Figure 1, has been thoroughly examined by us,

. In the above example as well as in Shur's work® dealing with
experimental curves, the point of inflection is arbitrary. A consider-
ably wide transition zone exists. However, it is possible to notice a
change in the slope in all curves with the transition from small to

large wave numbers, in the range of wave numbers of order 10°2 rad/m.

Since the variation in the experimental and theoretical spectra in

the area at large scales is a well established fact, it becomes necessary

to explore the causes of these variations.

Within the classic inertia range, the existence of which is implied
by the theory of locally-isotropic turbulence, the transition rate of
energy through the spectrum (the rate of energy transfer from large
to smaller formations) should remain constant. Since the total kinetic
energy of turbulence transfers to thermal energy in the area of small

N
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scales, the transfer rate of energy in the “inertial' range of the
spectrum, within the framework of the theory of locally-isotropic
turbulence, is equated to the rate of dissipation.
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Figure l. Energy spectrum of turbulence when
crossing the flow (7 February 1962). Strong
bumpiness.

We will examine an instance when another mechanism, besides
the transfer mechanism of energy from large to smaller vortices,
occurs within the so-called "inertial' range and which either trans- -
forms the kinetic energy of turbulent vortices in some other form of
energy or transforms the other form of energy into a kinetic energy of




turbulence*. At this time we are not making any assumptions as to the
mechanism. We will only assume that it is more intense when the
vortex scale is larger; and, on the other hand, that by its action in the
area of small scales may be disregarded in the range of small scales.
: o s

Figure 2 depicts a family of logarithmic energy spectra S(1) = G-}Q 3
for various ¢, during which ¢; >€¢,>¢; >¢, >¢3 >¢; >¢; . For locally-
isotropic turbulence, the rate of the energy input in the "'inertial"
range is equal to the rate of output from this range interval (curve 1).

. 19 8()
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Figure 2. Some variants of the spectral curve

shape within the ""inertial'' range.

 If the rate of energy input into the ''inertial' range is greater than
the output, then the slope of the curve in the range of small ()} (of the
large scales) will be greater than %; (curve 2). This corresponds to a

. gituation in which a '"'sink'' consuming turbulent energy operates in the

range of large scales.

*Geisenberg's work® indicates that the introduction of a supple-~
mental mechanism using a kinetic turbulent energy, outside the '"inertial"
range (in the range of dissipation), leads to an increase in the inclina-

tion of the logarithmic spectral curve.
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,/On the other hand, if the rate of energy input is less than the output,
then the slope of the curve in the range of small {1 will be less than
-3/; (curve 3). This is an indication that an additional source of energy
generated turbulence in the range of small (.

It is known that the atmosphere is stratified with regard to density,
in which case stratification of the atmosphere, particularly in the upper
troposphere, is, as a rule, stable. The turbulent mixing, which is a
quasiadiabatic process, tends to reduce the temperature stratification

to ngutral. ‘

The turbulent formations (vortices) have to act against Archimedean

- forces; cunsequently, the transition of the density in kinetic energy of

turbulence into potential energy of stratification during a stable strati-
fication (and a reverse transition during an unstable stratification) will
be the same mechanism which causes a modification in the spectral
curve from the "minus five-thirds'' law within the so-called 'inertial"
range.

Strictly speaking, this range is no longer inertial in the same
sense that it was when the term was introduced in connection with
assumptions on local isotropy.

The assumed physical hypothesis may be formulated in the following
way. It is apparent that the kinetic energy of the vortex in a free atmoe-
sphere will not transfer without losses to vortices of smaller scale.
The atmosphere outside the boundary layer has a definite temperature
stratification which in most cases is stable, and the vortex during its
lifetime has to act against Archimedean forces. It is also apparent
that losses of energy in small scale vortices in their action against
Archimedean forces are negligible, while large scale vortices may lose
a substantial part of their kinetic energy. The kinetic energy of turbu-
lent motion will transfer to potential energy, and by this action the
stratification will become neutral. This causes a d1srupt1on of the
energy equilibrium inside the inertial subregion.

In the theory of locally-isotropic turbulence, it is assumed that the
quarntity of the energy of an average flow changing at one instance into
energy of fluctuational motion is equal to the quantity of energy of
fluctuational motion dissipating at one instance into heat. In other
words, it is assumed that the transformation rate of eaergy (according
to Obukhov) is equal to the dissipation rate; and this remains constant
throughout the whole spectrum.

If the loss of energy counteracting Archimedean forces is considered,
then it may be assumed that during a non-neutral stratification of the

6




atmosphere the transfer rate of energy through point () in the spectrum
will not remain constant within the ''inertial range and will depend on

the scale of the vortex.

Based on this hypnthesis, it may be assumed that the trend of the
curve of spectral density will correspond with that shown in Figure 2,
at which time curve 1 will correspond to a neutral stratification, curve 2
to a stable, and curve 3 to an unstable stratification.

Shur's study® presents an analytic expression for the spectral
density of the vertical component of turbulent fluctuations of wind
velocity, taking into account energy losses against Archimedean forces.
The following expression is obtained for the transfer rate of energy

through point (} in the spectrum.

‘ ' 2 _4 ‘ .
= 8 s g 3
‘@ = [l+"f(7a'7)‘TQ ] ‘ (3)

in which ¥y and 7, are the actual and the adiabatic temperature gradi-
ents, T is the temperature, g is the acceleration due to grav1ty, €is
the rate of dissipation.

Expression (3) shows that the transfer rate of energy through the
spectrum with large values {)} practically coincides with the rate of
dissipation. On large scales, i.e., for small values of (), the second
term on the right side begins to prevail over the first.

We finally get the following:

- 4 . :
‘S(ﬂ)='¢.§.9‘§.[l+%(2103b0-§-], ' (4)
in which '
b-"--%(ya-y)e 3 , _ (5)

Thus it is apparent from expression (4) that the energy spectrum
of turbulence during a neutral stratification, i.e., whenb = 0, as
follows the law ""minus five-thirds'' throughout the whele "inertial"

range.

During stable stratification, the energy spectrum in the region of
large scales within the "inertial" range, which was calculated by means
of formula (4), will follow curve 2 (Figure 2), which was plotted on the
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basis of the assumptions on the prescrce oi a certain "user" of the
turbjlent energy. Curve 3 in the same figure may also be analytically
expriessed by formula (4) on the condition that b < 0.

The increase in the slope of the spectral curve was also discussed
during invescigation of atmospheric turbulence by radar.

Also, A, S. Monin? has theoretically arrived at the same results

aften examining the structure of turbulence in conjunction with Archi- ‘
medTan forces. . L

-§2-8/3

19 0

INERTIAL
RANGE

Figure 3. Energy spectrum of turbulence during
l-stable, 2-unstable, 3-neutral stratification,
] ‘
ﬂq is now possible to draw some conclusions on the appearance of
the en]ergy spectrum of turbulence. For the purpose of illustrating
these conclusions, Figure 3 shows curves of energy spectra for a
stable (1), unstable (2) and neutral (3) stratification. For the purpose

of conl]xparison, the rate of energy input into the "inertial'' range is
assumed to be the same.

AF may be seen from the figure, the rate of dissipation of energy
under /different stratifications is not the same. For an unstable strati-
fied atmosphere the dissipation rate is greater and for a stabls one it
is less than it would be for a neutral stratified atmosphere. In the
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area of very large scales outside the "inertial'' range, the curves attain
their saturation and drop to zero.

The above'prOposal well-agrees with the experimental results
obtained by us as well as those obtaired theoretically in Shur's study‘.

2.  Relationship Botween the Erergy Spoctra of Vertica! and Horizontal Components of S
the Fluctuating Wind Velocity. :

As indicated above, the experimentally obtained curves for the
spectral density of a vertical component of turbulent fluctuations of
wind velocity conform to the law ''minus five-thirds' in the altitude
range of up to $00-1000 m. The methods and devices used in studies
by Shur®s7 did not yield any data on the energy spectrum of a horizental
- component. - '

g 3 {2,

L

> ig O

INERTIAL
RANGE

Figure 4. Chservation of a possible trend of a spectral
curve of the horizontal component of turbulent fluctu-
ations in a stable stratified atmosphere.




On the basis of theoretical and experimental investigations conducted
basically for a surface boundary layer, it is possible to draw the follow-
ing conclusion: In the area where the distribution of energy in the spec-
trum of turbulent flow conforms to the law "minus five-thirds" by virtue
of local isotropy, a counter confirmation would also be valid. Thus,
knowing that the energy spectrum of a vertical component conforms to the
law "minus five-thirds', we can state that in ranges of up to 600-1000 m
the turbulent vortices are isotropic, i.e., the spectral curves of a
vertical and a horizontal component coincide. .

Let us examine the variations in the possible trend of the curve of
spectral density of a horizontal component of turbulent fluctuations in
a stable stratified atmosphere.

- Figure 4 illustrates the energy spectrum of vertical gusts (curve 1).
Let us assume that the energy spectrum of a horizontal component will
coincide with the law "minus five-thirds' within the whole '"inertial
range (curve 2). Then an anisotropy of velocities will be valid at the

boundary of the "inertial" range for wave numbers () corresponding to
a large scale: ‘

VB, = \[SB() 2 > Vi, =\/s:tan, . (8

where Sg( Q,) is the energy spectrum of a vertical component at

point' N,, S( O,) is the énergy spectrum of a horizontal component at
point Q, , ‘-’B is the mean-square Velocity of a vertical gust of

: - 'B, .

dimension!;= 24/Q, , and Vrl is the

ﬁnean-squafe velocity of a horizontal

e mean-square velocity of vertical
ater than the mean-square

gust of dimension [, = anﬂ', , i.e.,
gusts of large magnitudes must be g
velocity of horizontal gusts. j

Apparently, in the case of stable stratification when the Archimedean
forces hinder the movement of the particle along the vertical, this is
physically impossible; consequently, the assumption made is incorrect.
Along the same considerations, the curve of the energy spectrum of a
horizontal component cannot appear as curve 3. We can now only
assume that the energy spectrum of a horizontal component is of the
same nature as the energy spectrum of a vertical one, i. e., it will

~appear as either curve 3 or 4. Curve 4 is valid in the case when there

is an isotropy of velocities inside the whole "inertial" range even for

10
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small values ) (of large magnifudes). Curve 5 indicates that there is
an anisotropy of velocities for large magnitudes:

Vr1 ~ Vsr( o,) 0, >.-\-V.B1 = VSB( ) 0, (7)

which is physically possible.

As to the trend of the spectral curve of a horizontal component, it
is necessary to resolve this by means of special investigations of
horizontal fluctuations in a free atmosphere.

3. Derivation of Integral Characteristics of Turbulence in a Wide Frequency Range of
' Scales, Through Data Obtained from Measurements of Ovarloads in o Narrow Bond
of Frequencies.

At the p‘résent time it is an established fact that when an air-
craft encounters a turbulent zone and experiences bumpiness, the
spectrum of turbulence is continuous and reaches dimensions of several
thousand meters. It is also known that the transfer functions of air-
craft during the decrease of frequency tend to zero.

An aircraft, even flying at a speed of 200-250 m/sec, will react
with a weak overload to a sinusoidal gust with a scale greater than
1000 m. Thus, turbulent disturbances with dimensions of up to 1000 m
have the greater effect on subsonic aircraft. At the same time, the
energy spectrum of turbulent fluctuations of a vertical component of
velocity with a scale up to 600-1000 m well agrees with the law ""minus
five-thirds'. On the basis of this, it is possible to arrive at some
practical conclusions from which we can obtain data on atmospheric
turbulence by means of a very simple measuring technique.

- By knowing any frequency component of the gust load and a numeri-
cal multiplier which is determined by the transfer function of the air-
craft, it is possible, after performing a few simple procedures, to
obtain and register directly the dispersion of the velocity of turbulent
gusts directly on board the aircraft, calculating there in a range of the
spectrum which clearly obeys the law '""minus five-thirds''.

Let-us assume that in the proximity of value (), in the energy
spectrum of gust loads in a narrow band % Afl, the value of the spectral

11
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density of gust loads S ({1) will remain constant.
Then ' '

Syl M)2an =ei( q)), (8)

where trzn is the dispersion of gust loads determined in a band

of 1, £ A0 wave numbers. By knowing the transfer function of the
aircraft (), we will obtain its value for a given wave number ,.

We will also assume that within the limits of the change in wave numbers
from 1, -AQ to 0, +A( the transfer function, by virtue of the small-
ness of A}, remains constant and equals k (), . Thus for the spectral

density of the gust velocities

. . l ‘ !
() =S, (Q V5 . (9)
Swl Tl = Sal Mg,

Considering expression (8) we get
e 0,) = ki, Sul M)za0. | (10)

Technically, it is neceuar'y to have a device which would produce
a signal (of stress) U;, proportional to an average square of gust loads
in a narrow band near the frequencies corresponding to wave number ,:

Uy = lqoh( M) = kg S0 0))280. B §tY
Stress U, uniquely determines the value of the spectral density S( ;).

Based on the assumption that the law '"minus five-thirds' is satisfied,
we get : '

S, n,)=k‘zn{§'. , _ (12)
We determined k; from expressions (11) and (12):

kz = Uy — ! - . » (13)
ok’ g, 240, o

The dispersion of the velocities of turbulent gusts ¢ in the range

of wave numbers {1 to {1, is determined by relationship

12




.Zosw(mdn kz_io atan | (14)

or finally ' o / H
*w - KU1, . oas S
"
fﬂ fan
=k | (16) o

. \} ' : ¢
K k‘n zAnn, :

Thus by measuring the average square of gust loads in a narrow
band of frequencies (wave numbers), it is possible to obtain the dis-
persion of turbulent velocities in a wide diapason of wave numbers,
correspondmg to scales of up to 600-1000 m.

iTechmcally, this is reduced to having an electro-accelerometer

with a narrow-band filter. This unit should have a quadratic detector

withjan averaging circuit on the outlet. If such an accelerometer is

connected to any recorder, it will register the value of ¢2,; and ]
coefficient k will determine the scale of the recording. For operation
of this device, it is essential to select correctly the frequency to be

admitted by the filter as well as ths average tu'ne in the output of the

quadratzc detector.-

Findings

Fhe appearance of the vertical component of the velocity of gusts
" depends on the stratification of the atmosphere.

Its appearance as proposed by us coincides nicely with experunental
data and theoretical findings of other investigators.

Aasumptmn as to the trend of the spectral curve of a horizontal
component lacks experimental ccufirmation.

|
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The experimental confirmation which had earlier verified the
agreement of the turbulence spectra in scales up to 600-1000 m with
the law '"minus five-thirds' has enabled us to solve easily the problem
of the dispersion value of the velocity by means of data obtained on the
gust loads in a narrow band of frequencies.

It will be very interesting to perform further studies on the
diversion of the spectral density curve from the law ""minus five-thirds"
in the area of large scales. In this case, the spectral measurements
have to be complemented by correct measurements of thermodynamic
parameters of a free atmosphere and especially by the gradients of
these parameters. Determination of the relationships between the

.average characteristics of the temperature fields and the wind, as well

as the spectral characteristics of the fluctuations of these fields will,
in our opinion, give a clearer understanding of the dynamics and
energies of the atmosphere. :

In conclusion, the author would like to express his thanks to M. M.
Kulik, A. F. Epishev, V. C. Alexandrov, N. A, Titov and V, V.
Kozlov for their management and performance of complex flight
experiments. ' '

Lt -

14




1.

2. .

3.

6.

~ 7,

--Shur,: G+ N., Sposob polucheniya ‘J

LITERATURE CITED

Kolmogorov, A. N., Lokal'naya structura turbulentnosti v
nezhimayemon vyazkoi zhidkosti pri ochen'bol shikh chislakh
Reynoldsa. (Local structure of turbulence in an incompressible
viscous liquid during very high Reynolds numbers). Doklady
Akademii Nauk, SSSR, V.XXX, issue 4, 194l.

Monin, A. S., O spektre turbulentnosti v temperaturno neodnorodnoi
atmosfere. (The spectra of turbulence in an atmosphere of hetero-
geneous temperature). Izvestia Akademii Nauk, SSSR, Seriya
Geofiz, issue 3, 1962.

Obukhov, A. M., O raspredelenii energii spektra turbulentnogo
potoka. (On the distribution of the energy spectrum of a turbulent
flow). Doklady Akademii Nauk, SSSR, V. 32, issue 22, 1941.

Pinus, N. Z., Sovremennoe sostoyaniye voprosa o turbulentnosti
svobodnoi atmosfery vyzyvayushei boltanku samoletov. (Modern
problem on the turbulence of a free atmosphere, causing bumpi-
ness in aircraft). Trudy TSAO, issue 24, 1958.

Shur, G. N., Pribory dlya issledovaniya spektra atmosfernoi
turbulentnosti metodom garmonicheskogo analiza ispol'zovaniyem
magnitnoi pamyati. (Devices for investigating the spectrum of
atmospheric turbulence by means of harmonic analysis and use of
magnetic storage.) Trudy, issue 31, 1959,

spektra atmosfernoi turbulentnosti. (Experimental investigation
of the energy spectrum of atmospheric turbulence). Trudy TSAO,

Shur, G. N., Eksperimental'nye iasledovaniya energeticheskogo '
issue 43, 1962. l

nergeticheskogo spektra lyubogo
statsionarnogo sluchainogo protsessa. (Means of obtaining the
energy spectrum of any stationary random process). AVT. SVID.
No. 124683, 1959. ‘

Geisenberg, W., On the theory of statistical and isotropic
turbulence. Proc. Roy. Soc. A. 195, 402, 1948.

15

e o R e




, e UNCGLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security claseification ol title, budy of abotract snd indexing annotation must be eniered when the oversll report is clasailied)

1. ORIGINATIN G ACTIVITY (Corporate suthor) 28. REPORT SECURITY € LASSIFICATION
Redstone Scientific Information Center Unclassified

Research and Development Directorate 20 enoue
B. E. ArfEY M1sixle ggmmangmoq N/A
3. REPORT TITLE

THE SPECTRAL STRUCTURE OF TURBULENCE IN A FREE ATMOSPHERE
BASED ON DATA OBTAINED BY AIRCRAFT

Tsentralnaya Aerologicheskaya Observatoriya, Trudy, No. 53, pp. 43-53, 1964

& DESCRIPYIVE NOTES (Type of report and inclueive dates)
Translated from the Russian by George Kasachkoff

8. AUTHOR(S) (Laet name, firet name, initial)

Shur, G. N.
8. REPORT DATE 7a. FOTAL NO. OF PAGES 76. NO. OF nEPS
27 June 1966 : . 18 . 8
$8 CONTRACT OR GRANT NO, 6. ORIGINATON'S REPONRT NUM.IKS)
N/A
5 PROJECT NO. RSIC-543
N/A :
. 6. . 0. OTHER :Jlon'r NO(S) (A ny other numbere that may be assigned
this repo . J
4 AD
10. AVA ILABILITY/LIMITATION NOTICES
Distribution of this document is unlimited.
11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
None Same as No, 1

Il ABSTRACT

On the bateis of the analysis of expernnenfal data on turbulence obtamed by a
TU-104 aircraft, this article examines the energy spectrum of the velocity com-
ponent of turbulent gusts in a temperature-stratified atmosphere. The relation-

whip between the spectra of the vertical and horizontal component in a stably
stratxﬁed atmosphere is also examined. The measurements of the gust loads in a

harrow band of frequencies (wave numbers) make it possible to obtain the disper- -

iuona in the veloc1t1ea of gusts in a wide range of scales.

b
)

1
i
'
g
t

k- D .2 1473 UNC LASSIFIED

Security Classification

PEptEpY 90 T

bt
;
k3
2
i
&
1
4

-y e A 5 gy

P
B PR N



UNCLASSIFIED

Security Classification

KEY wOPrOS

LINK A LINK & LiINK C
RoL & wT RCLE LA ROL P wT

Spectral structure
Turbulent gusts
Vertical component
Horizontal component
Stratified atmosphere
Gust loads

"Inertial'' range
Wave number
Turbulent energy

of the contractor, subcontractor, grantee, Department of De-
l;t'\u sctivity or other organization (corporate author) issuing
t report.

2e. REPORT SECURTY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
“‘Restricted Data’” is included Marking is to be in sccord
ance with appropriate security regulations.

25. GROUP: Automstic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Marual. Entee
the group number. Also, when applicadble, show that optional
markings have been used for Group 3 and Group 4 as author-

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified. .
If a mesningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If sppropriste, enter the type of
report, o.g., interim, progress, summary, annual, or final,
Give t.l: inclusive dates when a specific reporting period is
cover:

5. AUTHOR(SY Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the repcrt as day,
month, yesr; or month, year. If more than one date sppears
on the report, use date of publication.

7s. TOTAL NUMBER OF PAGES: The total page count
should follow normal paginstion procedures, Le., enter the
number of pages containing information

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8s. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the spplicable number of the contract or grant under which
the report was written,

80, &, & 8d. PROJECT NUMBER: Enter the appropriste
military department identification, such as project number,
subproject number, system numbers, tagsk number, etc.

9s. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity, This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the aponsor), also enter thia number(s).

INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim
itations on further dissemination of the report, other than those
imposed by security classification, using standard statements
such as: - .
(1) ““Qualified requesters may obtain copies of this
report from DDC.”* . )
(2) *“Foreign announcement and dissemination of this
report by DDC is not authorized.”’

(3) ‘“U. S. Government sgencies may obtain copies of
this report directly from DDC, Other qualified DDC \
users shall request through ;

"
L]

1

(4) ‘'U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

”
.

(5) " All distribution of this report is controlled Qual-
ified DDC users shall request through

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Usa for additional explane-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or 1sboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving s brief and factuas}
summary of the document indicative of the report, even though
it may also appear elaewhere in the body of the technical re-
port. If additional space is required, a continuation sheet
shall be attached.

It is highly desirable that the abstract of classgified re-
ports be unclaseifi*d. Each paragraph of the abstract shail
end with an indication of the military security classification
of the information in the paragraph, represented as (TS), (S),
(C), or (U). . .

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Iden-
fiers, such as equipment model designation, trade name, mili.
tary project code name, geographic location, may be used as
key words but will be followed by an indication of technical
context. The assignment of links, rules, and weights is

20

optional.
__ILN%A;S_E%;I&%
urity Classification




et P Wt

Dl e ——

AU A i e i RO 1

In Reply
Refar To

— e A ———
- -

ACE37 72¥
HEADQUARTERS
U. 8. ARMY MISSILE COMMAND
Redstone Arsenal, Alabama 35809
Aswr-mT 29 August 1966

SUBJECT: Errata for RSIC-543, Title: The Spectral Structure
of Turbulence in a PFree Atmosphere Based on Data
- Obtained by Aircraft

TO: Recipients of Subject Report

It is requested that the title page of the subject report
be replaced with the enclosed page. '

FHhe rbira a.é&w[

Theodore A. Woerner
Acting Chief, Translation Branch _
Radstone Scientific Information Center




Dl w1988

" THE SPECTRAL STRUCTURE OF
TURBULENGE IN A FREE ATMOSPHERE
BASED ON DATA OBTAINED BY AIRORAFT

by
G.N. &

Tseentralnaya Aerologicheskaya
Obseervatoriya, Trudy, No. 53, pp. 43-33, 1964

Translated from the Russian
by George Kasachkoff

. A
Cate
>

- o “DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

Translation Branch
Redstone Scientific Information Center
"' Resaarch dnd Development Directorate
U..S. Ammy Missile Command
Redstone Arsenal, Alabama 35809

B

. ‘,‘
i
. |
- P @ B e s §
ol e n T i)

ek SR b it s B
N .




