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Purpose

USAF ETAC Technical Notes are published by the USAF Environmental
Technical Applications Center to disseminate aerospace sciences informae
tion to units of the Air Weather Service, Subject matter contained in
these Technical Notes, while pertinent, is not deemed appropriate for
publication as Alr Weather Service Technical Reporis which are counfined
to those studies, reports, techniques, etc., of a more permeanent and
specific nature, Technicel Notes imclude such material as wing
seminar listings, bibliographies, special data compilations, climatic
studies, and certain USAF ETAC prrject reports which may be of special
interest to units of the AWS organization., This series is published
under the provisions of AFR 6-1 and AWSR 80-2, as amended.

Distribution

Technical Notes will normally be given the same daistribution as
AWS Technical Reports which includes all AWS units through detachment
level. Additional special distribution may be provided certain issues
when the subject matter is believed to warrant wider dissemination
witnin the scientific community. A smaller distribution of the Notes
will be made when the area of interest anrd applicability is considered
limited,

Notu=-AWS organizations desiring copies of USAF ETAC Technical Notes
should submit their request to Federal Clearinghouse of Scientific &
Technical Informaiion, Springfield, Virginia 22151,
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PHACT

One of the primuary functions of the Technieal Information Deotion
of the USAR Bnvivonwen:al Teepnical Applications Center (BTAT) i: to
locate reference material requested by the various governmentol agencies
and those civilian organizaticons completing govermmert contracts,  The
requests are gorerally initiated Lo ald in the solution of' specific
problems,  liowover, many of these bivliopraphies represent a cubntan-
tial licting of pertinent rources witich, having been compiled, could
prove very bencficial to other rescarchers with similar interests in
subject matter or area of coverage, It is with Lhis in mind that USAF
ETAC publishes certain reference listings such as this bibliography,

It 15 believed thuai, by publie’ ion and distribution of these consoli=-
dated reference iists, much of the time~consuming reference-searching

of the researcner can pe eliminated,

Inclusion of an item in this listing does not constitute an
indorscment of tne informwation included therein by the DCD, USAF, Air
Weather Uervice, or USAF ETAC, It also must be noved that refeocrences
selected for this bibliography should not be construed as being the
best or only references available as many excellent papers, reports,
etec. were no doubt overlooked during the limited search period
allottea the author for tiils project. It is believed, however, that
the listing contains a crogs section of studies from many of the

leading researchers in the Clear Air Turbulence programs.

Thiy document nas been approved fur public
release and sale; 1ig distribvution is une
limited,
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INTRODUCTION

This bibliography was compiled as a by-product of the regular
reference-searching that characterizes the normal workload of the
Technical lnformation Section, USAF ETAC. Most of the abstracts were
taken from the publications themselves, many from Meteorological and
Geoastrophysical Abstracts, published by the American Meteorological
Soclety, and others were oblained in a Report Bibliography Scarch on
Clear Alir Turbulence prepared for ETAC by Defense Documentation Center
for Scientitfic and Technical Information, Cameron Station, Alexandrilas,

Virginia,

The items selected for this listing refer to Clear Air Turbulence,
for the most part, although several references are included pertaining
to Critical Air Turbulence and turbulence in and around clouds.
further, only references to Clear Air Turbulence as it ocecurs in the
atmosphere are shown; laboratory models and/or research, for the mest

part, are not referenced,

A general sampling of the articles by authors worldwide is the
main theme of this biblliography. Articles selected may not always be
the best article written by that author, however, trom a selection of
several hundired references considered, these seem to fairly well
illusirate the general knowledge of Clear Air Turbulence, its problems
of detection, avoidance, characteristics, etc. at various levels in the
free atmosphere. Nevertheless, in a search of this magnitude, some
authors may have been overlooked and apologies for such oversights are
heveby offered. The author in no way implies in this bibliography
that one referénce and/or author is better than any other, but offers
these references as a general compilation of works on Clear Air Ture-
bulence published during the 1964-69 period.

In 1908 the Department oi Defense published the "DOD National
Program for Clear Air Turbulence, Development Plan", Within this
plan responsibilities for certain areas of critical air turbulence
were delineated. Altitude ranges were designated for speclalized
study with the following nomenclature assigned:

iv
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MOCAT Overal) Claspificetions

TOLCAT - Surf to 250 ft above ground
LO LOCAT - 250=1000 ft apove terrain
LOCAT - 1000+20,000 ft altitude
MEDCAT - 20,000=40,000 ft altitude
HICAT - ),000-70,000 ft altitude
HI BICAT - 70,000 10 200,000 ft eltitude
TOPCAT - Project over Australian erea

ALLCNT}

Several items listed in this bibliography are either the indirect
results of these designated projects or are actual monthly, interim, or
final reports of contractual arrangements of the DOD program., These
references are shown below, by number, opposite the altitude code name

with which they ace associated.

ALLCAT 11k, 149, 180.

LG LOCAT 118, 136, 146, 147, 148, 1%e, 191, 299, 21C,
HI CAT 27, o4, 78, 108, 112, ok, 182, 184,

HI HICAT 63.
TOPCAT 11, 13, 24, 60, 89, 90, 103.

A very few items by foreign author. are shown as being in a language
other than English., Where a known translat.on exists, the translation
information is included. It may well be, however, that the foreign
lanyuage entries found herein do indeed exist in an English version, un-

beknown to the author,

References in this hiblliography are listed alphabetically within
each year of publicatlon (19¢4-1909), All reference: list a source
at which the item may be lo:ated either by library accession number, AD
number, or other indicator. Generally, most references may be obtained
in the Washington area, Abbreviations denoting various libraries are

identifled under lndex to Soirce Symbols bhelow,
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. Index to Source Symbols

-

CFSTI1 Clearinghouse for Federal Scientific and Technical
) Information, Springfield, Virginia 22151.
DAS Atmospheric Science Library, Silver Spring,
Maryland,
M DAS P Col Periodical Collection, Atmospheric Sciences
Library, Silver Spring, Maryland,
1PB Information & Publications Branch, USAF ETAC.
o NLL-M National Lending Library for Science and Technology,
NLL-T Boston Spa (Englend),
Note: References showing nn AD number can be purchesed at
. the Clearinghouse for Federal Scientific & Techni-
cal Informatiom, U.S, Dept. of Commerce, Springfield,

i Virginia 22151,

QEQ* While most of the abstracts were taken entirely or in part from the
authors abstracts, others were written by the individuals identified
below:
lInitial Initial

ELS Evelyn Z, Sinha ALS A, L. Smita, Jr.
UR Uwe Radok ILD Isadore L, Dordick
SN Sylvia Nowinska JPD J. P. Dickson
RB Ronald Baker DLB Jennis L. Boyer

VBK Dov B. Krimgold

veveral of the references listed within this bibliography are shown
as separate entries but, in reality, can be found as part of tne published

proceedings of CAT conferences or symposiums. They have been made sepa-

rate entries because many of tne papers precented at the conferences are
also available in other putlications, possibly easier to obtain than the
"Proceedings” which, many times, are afforded very iimited distribution,
’ The "National Air Meeting on Clear Air Turbulence" on 23«2k Fet 1966 in

Washington, D.C. and the "Symposium on Clear Air Turbulence and its E

Detection" on 1i-lb Aug 1908 in Seattlie are two excellent examples of
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the above procedure,

Bibliographies -~ During the reference search to acscomplish this

listing, the bibliographies entered below were perused and, while the
referenced entries were not annotated, both bibliographies were found

to be excellent compilations of pertinent CAT materisal,

Roseunberg, Paul, Beard, M,G.,, and Harrison, H,T.
Clear Air Turbulence, Flgt Safety Foundation,
NASA CK 62028, Dec 1965, 237 p. DAS M(051) V585cr
Nr 62028, [Contains 274 references. ]

Bulford, Dorothy E, Clear Air Turbulence: A
Bibliography 1950-1967, National Aviation
Facilities Experimental Center, Atlantic City,
N.J. Final Rept., Rept. No. NA-68-17, Mar
1968, 578 refs, 82 p. AD 66T731.

The anthor wishes to thank Mrs. Edna G. Robiason, USAF ETAC for

her excellent wcrk in arranging and typing the numerous references in

this bibliography.

Tne valuable assistance obtained from personnel of the various
libraries in the Washington, D.C. area is gratefully acknowledged;
their efforts facilitated the task of reference searching for this
publication,
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A
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Amer. Met. Soclety
Aplin, J.E.
Andrews, W.H.
Astheimer, R.W.
Atlas, D.
Atnip, F.K.

B
Badglecy, F.I1.
Bates, F.C.

Beard, M.G,

Beckwith, W.B.
Belyayev, V.P,
Bhaskara, Rao, N.S,
Binding, A.A,
Bontrond, E,A.
Boone, J.P.
Bourgquin, R.R.

R.S.

Breece, R.C.

Bray,

Brochet, P.
Brylev, G.D.
Buehler, W,E,
Buldovski], G.S.
Bullen, N,I.
Burnham, J.
Burus, A,
Businger, J.A,
c

Clark, J.B.
Clarke, R.H,

AUTHOR INDEX

Item No,

o

8!—‘

21, 150
48, 107, 151
152

153
22
b2,
154
51
155
156
23
52
108
157
23, 92
5L, 55
109
50,
57
203
110
153, 204
2k, 41, 58
159

k9, 50

202

59
11, 60

viii
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31
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83
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A
SELECTED ANNOTATED
BIBLIOGRAPHY ON CLEAR AIR TURBULENCE (CAT)
(1964 « 1969)

196k

1. Aplin, Judy E. Atmospheric Turbulence Encountered by Hermes Air-
craft on Routes to Afrieca and the Far East, Royal Aircraft
Establishment, Farnborough (England). Tech. Note S 356, May 196k,
34 p. AD 4kolbs57,

+».Counting accelerometer records were obtained of the turbulence
encountered by Hevmes aircraft flying mainly on routes from the
U.K. = Burope and Africa, Comparison has been made of results
from aircraft operated by two airlines, which represent some
427,000 and 495,000 miles, respectively. Typical variations in
gust frequency with gust magnitude, altitude, and geographical
location were found and the different methods of operating the
aircraft also were secn to affect the results. (Author)

Qe American Meteorological Cociety. Eastern Alr-Liness=Weather
Bureau Joini Research on CAT. Am, Meteorol. Soc. Vol. 45, No. 5,
May 190k, p 290. DAS M(05) A512b,

...EBastern Air Lines weather researchers discovered that clear

&ir turhalence may tetray its presence by & change in surrounding
air temperatures too siight to register on present cockpit instru-~
ments., kastern has undertaken the development of a special instrue
ment for installation in jet cockplte capable of registering
visibly the outsiue temperatures in fractional degrees that reveal
the approach to CAT. The instrument also activates warning lights
to alert the piiot when certain "threshold limits" in these
temperatures are being reached, Studiea of temperature=toeturbu-
lence are underway. The vork is heing undertaken in cooperation
with the U,S, Weather Bureau, (EZS)
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3.

Colson, DeVer, Aunslysis of Specisl CAT Data Collection Program,
February 4=9, 1963, Presented at the 5th Conference on Applied
Meteorology, Atlantic City, 2-6 March 196l4. Weathei Bureau,
Washington, D.C. AD 4h74G3,

...This is & study of nonconvective-type turbulence at 18,000 ft
MSL or higher over the continental United States, Date were
gathered cver a 5-day period by commerciasl and military pilots,
and entered on flight cards equally divided into 23° latitude-
longitude squares, A complete tabulation by intensity classes,
flightealtitude ranges, and l2-hour time int-2rvals for each square
was made and placed on punched cards and printe-outs, It was found
that the probability of turbulence varied considerably across the
country, with the greatest probability for both light and moderate
occurrences to be over the southeast, the northwest coast, and the
northern Rocky Mountains, (Author)

Endlich, R.M, and Mancuso, R,L. Clear-Air Turbulence and its
Analysis by Use of Rawlinsonde Data. SRI, Menlo Park, Calif,
Cwbel062k, 55 p. Final Report, Jun 1964, AD 603570.

DAS M(051) ST785fic.

.+.This investigation of clear air turbulence has several parts.
The first section reviews selected aspects of turbulence and em=-
phasizes the large size and persistent nature of certain areas of
moderate or severe turbulence. The pext section is an lnvestigation
of turbulence in pronounced jet-stream flow over mountains, Tur-
bulent layers in these cases appear to have the same mesoscale
structure found elsewhere; however, the turbulence appears to be
more intense and the ereas larger than one would expect with the
same flow over level or rolling terrain, Next, a turbulence index
(TI) is defined on empirical grounds as the product of wind speed,
turning of the wind with height, and change of lapse rate. Several
maps are presented that illustrate substantial agreement of com=-
puted guantities witn the turbulence reports. Standard statistical
tests show that both the Ri and TI numbers have definite skill in
turbulence analysis, and that combined use of the two uunbers is
more accurate tlian use of either one separately, Suggestions are
given for further improvement of criteria for analyzing turbulence,
Experimcuts in gride-point analysie of turbulence and in objective
turbulence forecasting are recommended, (Author)
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5.

Endlich, R,M, and Mclean, G.S. Studies of the Climatology of Winds,
Temperature, end Turbulence in Jet Streams, SRI, Menlo Park, Calif,
Contract AF 19(628)-330k, Final Report, Oct 1964, AD 608773.

DAS M(051) S785fist.

++.This report consists of three separate papers concerned with
the climatology of jet streams and clear air turbulence, The
first paper is entitled "Jet-Stream Structure over the Central
United States Determined from Alrcraft Observations.” In this
study, empirical models of Jjei streams are found to agree well
with previous models bascd on daia from other regions of the mid-
latitudes, Also, we found that varlations in the speed field with
season and with position in the upper-flow pattern were rather
small, s0 that a single model describes the jet stream adequately.

The second paper is entitled "Empirical Relatlonships Between
Gust Intensity in Clear Air Turbulence and Certain Meleorological
Quantities," This paper provides date of a type that have not
been svailable previously, having applications to alrecraft and
missile design, and to the determination of worldwide turbulence
statistics,

The third pnper is entitled "Some Autocorrelations and Spectra
of Wind and Temperature in Jet Streams," Correlations were com=
puted for paths oriented across Jet streams and along jet streams.
In all cases, the autocorrelations decreased to zero within 25
to 40 percent of the path length, indicating that the distance
considered (length of the data sampie) is important in determin-
ing the shape of the autocorrelation function, Spectral computae-
tions showed that only a small portion of the variance lies in
the mesoscale range - i.e., in wavelengths smaller then approxi-
mately 200 nm. {Author)

Endlich, Roy M. The Mesoscale Structure of some Regions of Clear
Air Turbulence. J. Appl. Meleorol. Vol. 3, No. 3, Jun 196,
pp 201-276. 11 refs, 13 figs, cross sections. DAS M(05) JB86joa,

«..The structure of the atmosphere in regions of clear air turbu-
lence is 1nvestigated by means of aircraft observations of wind

and temperature in combination with objective and subjective tur-
bulence records. The nature of the aircraft data and the assumptions
inherent in the enalyses are described. The detailed fields of verti-
cal and horizontal wind shear, stability, and Richardson number are
presented for turbulence encountered in three different patterns cf
{low, viz., a sharp trough, an anticyclonic Jjet stream, and sn
intense straight Jjet., Severe turbulence (equivalent in intensity
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6, {cont)
to that measured by the same alrcraft in a mature thunderstorm)
was found in certain portions of the trough and ridge, and
moderate turbulence existed in the straight Jet., Comparison of
these cases and of twenty other flights indicates certain
similarities and certain differences of the flow conditions in
the turbulent regions. (Author)

7. Houbolt, J.C. et al. Dynamic Response of Airplanes 1o Atmospheric
Turbulence Including Flight Data on Input and Response. NASA TR-R~
199, Jun 1964, 115 p. 1IFB Files,

...A coordinated account of flight measurements of random atmo=-
spheric turbulence, of calculated and experimentally-determined
airplane trensfer functions, and of analytical procedures for
determining output responses is given based on power spectral
techniques, Implications of these techniques for lcad prediction
and for design are discussed, end & brief review of basic pro-
cedures and mathematics involved is also included. (Author)

8. Jirovskiy, V. Turbulence in Cloudless Air. FTD, Wright-
Patterson AFB, Ohio, Report No, TTOk 751, Dec 1964, 6 p, Trans.
From Letecky Obzor, 7(1l) pp 339~340, 1963. AD 455513,

...0n May 9, 1963 a Czech TU-104 flew the distance between
Djaran and Beiruth in & turbulent zone of extreme intensity.
Most likely, it encountered turbulence, connected with the
greater inclination of the tropopause in the vicinity of the
Jet stream, which is very dangerous for high-speed aircraft,
especially since it also takes place in cloudless space and
reaches greater intensities. This report explains the probable
causes of turbulence in the case under cuestion and describes
the situation, (Author)

9. Kadlec, P.W., A Study of Flight Conditions Associated with Jet
Stream Cirrus, Atmospheric Temperature Change and Wind Shear
Turbulence, Eastern Air Lines, Inc., Miami, Fla, Contract
Cwb 10674 Final Rpt. 1 Jul 1963-15 Jun 1964, 9 p. AD LhTLsk,

«..This study of certain factors that produce atmospheric
turbulence and 1ts effect on aircraft in flight has concentrated
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9, (econt)

10,

on the relationship of Jjet stream cirrus and temperature change
to wind-gshear turbulence., Date were collected on 179 flights
while riding as a crew member on company, other airlines, and
military jet aircraft from July 1, 1963, to June 15, 1964,
Detailed horizontal and vertical cross sections for each flight
with the corresponding surface and upper-ajr data were analyzed
for this study. Three cloud-pattern models have been developed
to associate cirrus formed by jel streams snd areas of occurrence
of significant turbulence. A fourth model describes those situa-
tions where cirrus does not form and the turbulence associated
with it., A relationship has heen observed between atmospheric
temperature changes and the occurrence of wind-shear turbulence.
Certain changes of static air temperature at specific rates have
produced a short warning perlod before the encounter of signifi-
cant turbnlence, Development of & turbulence sensor to register
these chauges has resulted in a test program to acquire more
data. The modification of one DC-8 aircraft has been completed
to collect improved temperature data on the aircraft flight
recorder. {Author)

Kronebach, Geoorge W, Automated Procedure for Forecasting Cleare
Air Turbulence. (Flectronic Computer Branch, Det 51, 1210th Wea
3q, Suitland, Md.} J. Appl., Meteorol., Boston, Vol. 3, No, 2,

Apr 1954, pp 119-125, 3 figs, 2 tables, 3 eqs. DAS M(05) JSojoa.

...A computer program was written to obtain several paraxeters
which have been useful in identifying clear air turbulence (CAT)
from upper~air data, These are verticel and horizontal wind
shear, vertical and horizcntal gradient cof kinetic energy, and
Richardson numter, In addition, the distribution of CAT with
respect to the jet strecam mnd ridges and troughs was investiga=
ted. The Richardson number was Judged to be the most promising
parameter, An automated cystem was developed which (1) computes
the Richardson number for each wind-shear layer for all North
American soundings, (2) selects the minimum Richardson number
for each sounding, (3) analyzes isopleths of minimum Richardson
number, (4) draws these fields with the National, Meteorological
Center's curve drawer, Areas, outlined by minimum Richardson
numbers less than one, are designated as forecast: areas and

are assumed to persist for {welve hours. Independent data
indlcate that the forecast areas explain approximately 40% of
the regorted occurrences of moderate or severe CAT. (Author)
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Melbourre, Uuniversity of, Project TOPCAL Meteorological Reports
I-VII, keteorolopy Department, Australia, May 194 and Jun
1965, 2 Vols. 1IPB Files,

...Project. TOPCAT, a study of high-altitude clear air turbulence
(CAT) over southera Auctralia, wan carried out durlng August and
September 1963 with an instrumcnted Canberra aircraft operated
by a group of the Structures Department, Royal Aircraft Estab-
lishment, under the direction of Mrs. Anne Burns, and with the
help of a number of Australian organizations. Details of these
and the project as a whole were given in the preface to the
first set of TOPCAT lletcorological Reports which comprised the
following:

I. A Survey of the Subtropical Jet Stream and Clear Air

Turbulence Models _ K.T. Spillane
II. Forecasting Aspects of the First Phase of the TOPCAT
Trials E.A. Mizon
I1I. Clear Air Turbulence Models and Forecastling for Project
TOPCAT, Second Fhase E.R., Reiter
IV. Detailed Structure of Two Subtropical Frontal Zones
T. Kamiko
V. A Developing Subtroplcal Depression and its Frontal
Structure T. Kamiko
VI. A Mesoscale Vortex Model for Synoptic Disturbances
Observed During Project TOPCAT R.H. Clarke
VII. Turbulence and the Detailed Structure of a Subtropical
Jet Stream R.H, Clarke

Reports No., 1V to VII issued in this volume all have
resulted from the work of Mr, R.H. Clarke and his synoptic
group of the Division of Meteorological Physics, C.S.I.R.0,,
who during the first phase of the TOPCAT trials made a thorough
?tudy of 5 synoptic disturbances passing over the Woomera area,

UR)

Reiter, Elmar R, Nature and Observation of Highelevel Turbue-
lence, Especially in Clear Air, Journal of Aircraft, Vol, 1,
No. 2, March-April 1964,pp 94-96, 19 refs, 3 figs, DAS P Col.

.s.Describes observational evidence of CAT in conjunction with
the nature of CAT, Further defines turbulence in both stable
and unstable atmospheres. Special attention is given to turbu-
lence problems invelving supersonic transport operations and
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12, (cont)

13.

1b,

15.

missile operations, This study is elso presented as Colorado
State University Technical Paper No, 41, December 1962,
DAS M(055) CT19at No. 41, (Part Author Abst.)

Reiter, Elmar R, Progress in Clear-Air Turbulence Research and
Forecasting., Colorado Gtate University, Fort Collins, Dept. of
Atmospheric Scionce, Jun 29-Jul 2, 190k, AST Peaper No. 54, 7 p,
refs, egs. DAS M(055) C71%at no. 54,

«.+A brief description and summary of preliminary findings of
Project TOPCAT will be given., This project consisted of cleare
air turbulence (CAT) measurement flights executed by a specially-
instrumented Caanterra airecraft cver Southeast and Central Austra-
lia, The research program was initiated in order to augment our
knowledge on the detailed structure of the upper troposphere snd
lower stratosphere in vieir of thie requirements for superscaic
transport operations. (Author)

Reiter, Elmar R, CAT and SCAT. Astronautics and Aeransutics,
N.Y., Vol. 2, No, 5, May 1904, pp 60«05, figs, refs, egs.
DAS P Col,

«..Clear air turbulence (CAT) is a small pnenomenon which eludes
the wide-meshed radiosonde network, the sole tool to investigate
the state of the stratosphere, Thus, the obtained data are not
sufficient for the safety of commercial supersonic air transport,
Cases of CAT associated with vertical vector wind shears fre-
quently found in the region between two merging Jet branches,

as well as the effects of temperature inversion, are reviewed.
Recent research nas reen iuproved with the use of sounding
balloons, tracked hy radar with high accuracy. Refined devices
detect vertical wind snears up to 20 kts/50m. Such wind shears
are likely to inivisie wave formation causing turbulence to
flying aircraft, (SN)

Reiter, Flmar R, and Nunls, Abele, Jetsltiream Structurc and
Clear-Air Turbuleuce (CAT). J, Atmospheric Sci., Bostom, Vol,

3, No. 3, Jun 1908, pp «h[=200, 13 figs, 1l refs, 2 eqs,
DAS M(GH) AvLSY,
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15, (zont)

16,

17.

«o.Cloud~photogrammetric studies conducted from the ground
reveal tbe existence of wave perturbations near tropopause
level, of a wavelength the same order of magnitude as is ex-
perienced in clear eir turbulence., A case study of the CAT
ccurrence on 13 April 1902 reveals the importance of the con-
fluence mechanism of two Jet streams and the turning of wind
with height in CAT gereration. (Author)

Serebreny, S.M. and Wiegman, E, The Distribution of Clear
Alr Turbulence Reports and Cloud Patterns as Seen in Satellite
Photographs, SRI, Menlo Fark, Calif,, Final Rpt. SRI-k4279,
Contract CwB 10481, Jan 1964, S1 p. AD 432468,

. s o 3elected COMBAR reports of clear air turbulence for ten

~days from April snd May 1960 are studied in associlation with

the cloud distribution shown by TIROS I during this period.
Characteristic cloud patterns accospany certain types of weather
systems, particuiarly low pressure vortices, and often deline
eate, rather well, the location of Jet streams and tropopsasuses
(which are known to be associated with clear air turbulence
occurrences), about these weather systems. As & consegquence,
satellite photographs of low pressure vortices may provide a
useful supplemental tool in establishing the areal distribue
tion of clear air turbulence risk during various stages of
cyclone development. (Author)

Sorenson, John E, Synoptic Patterns for Clear Air Turbulence.
Sponsored by United Air Lines Inc,, Chicago, 111, UAL Meteoro-
logy Circular No. 56, 21 Dec 1964, DAS M629.13 U58me No. 56.

+..The effort in this circular is directed toward a greater
limitation of CAT forecast areas without omitting areas where
the risk of CAT of over light intensity is present, During
the study an attempt 1s made to get closer than heretofore to
the cause of the phenomenon,

As a means to this end, all available CA! reports for
Deceaber 1963 were studied, Reports included those logged by
the United Alr Lines Weether Center at Chicago, Illinois, and
those listed in the U,S, Weather Bureau summary for the month.
Of these reports 254 were in the moderate or greater category
as reported in the altitude range of 25,000 ft through 41,000
ft. The geographical distribution of these reports 1s snown in
Figure 1. (Author)
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18.

19.

Venkiteshwaran, S,P, Observations in India of Turbulence in
the Upper Air from Sounding Balloon Ascents, Bangalore, India.
National Aeronautical Lab., Technical Note TN-AE-23-64, Mar
1964, 9 p, figs, refs. DAS M(055) 139tn.

...Deseribes the special features of the F=type radiosonde,

in distinguishing from the rotation of the fan whether the
downward movement of the radiosonde balloon is due to a strong
vertical downward current or due to the accumulation of snow,
It shows how the rate of rotation of the fan can be used to
identify regions of turbulence in the atmosphere., Observations
of turbulence with F-type radiosonde are compared with the in-
ferences drawn by turbasondes in the U,S, and the Dines mete
orograph records in India, The regiovs where turbulence may

be observed in India are indicated, The existence of severe
turbulence in the upper troposphere and in the stratosphere
has been emphasized. (Author)

Wescott, John W, Acoustic Detection of High~Altitude Turbulence,

Acoustics and Seismics lLab,, Univ, of Michigan, Ann Arbor, Rept.

No, 3746 38 T, Mar 1964, 55 p, AD 434705,

«osTurbulence is investigated by an acoustical method at alti=-
tudes of 55,000 to 73,000 feet, A theory for the power spectrum
of noise radiated by turbulence (including clear air) is cited.
Descriptions and illustrations of the instruments used to ac=-
quire and process the experimental data are presented,

(From Author Avbst,)

1905

Andrews, W.H. et al, Flight Tests Related to Jet Transport
Upset, and Turbulent Air Penctration, NASA Conference on Air-

cralft Operating Problems, A Compilation of the Papers Presented,"

Langley Research Center, Langley, Va. May 10-12, 1965, pp 123-
136. IPB Files,

...A flight program, utilizing a Convair 880 and a Boeing 720
airplane, was conducted in conjunction with wind-tunnel and
simulator programs to study problems related to jet«transport
upsets and operation in a turbulent environment. During the
handling-qualities portlon of the program, the basic static
stability of the airplanes was considered to be satisfactory

9

LT ACL IO PILY



JUAF wPal TR 77wl Jenuary 1970

Je. {eont)

and the lateral~lirectional damping was considered to be marginal
without damper augmenletion, An evaluation of the longitudinal
control system indicated that this system can become marginal in
eftectivauess in the nigh Mach number and high dynamic-pressure
range of the flight envelope. (Part Author Abst, )

21, Astheimer, R.W, Infreared Techniques for the Remote Detection
of Clear Air Turbulence, Gymposium on Remote Sensing of Environ-
ment, 3rd, Univ. of Michigan, Ann Arvor, Oct 1h-16, 1964, Pro-
ceedings. Feb 1965, pp 105-123, 10 figs, 5 refs, egs, AD 61L032,

.+. 1t has teen established that clear air curbulence is5 often
accociated with temperature discontinuities in the atlmosphere of
the order of 3-5°C. An instrument which could remotely detect
such temperature discontinuities at a distance of several miles
or more, would be of value as en alrborne warning indicator, as
well as for general atmospheric studies. Kaplan has suggested a
means for determining the vertical temperature profile of the
atmosphere from a satellite, by sensing the radiation emitted
at several wave leagths within an atmospheric absorption band,
The application of this technique to the determination of hori-
zontal temperature distributions within the atmosphere and the
detection of clear air turbulence is discussed. (Author)

2z, Bates, F,C, Detection of Generating Eddies in Clear-Air
Turbulence Aloft by Acoustical Sensing, Symposium on Remote
Sensing of Environment, 3rd, Univ. of Michigan, Ann Arbor, Oct
14.16, 1964, Proceedings, Feb 1965, pp 95-103. AD 614032,

»«s Proceeding from the findings of many studies of microbaro-
varijations at Saint Louis University and a simple model of eddy
generation in clear air turbulence aloft, the hypothesis that
generating eddies in such turbulence cause the microbarovariations
is offered. Estimates of amplitude and frequency based upon the
model and typical values for a turbulent layer at 10 km are made
and found to compare favorably wlth those sensed by the Macel=~
wane microbarovariograerh, Potential application of the conse-
quent acoustical remote-sensing technique in the detection,
mapping, tracking and prognosis of CAT aloft is outlined.
Testing of the hypothesis and development-of improved and field
instruments vemain to be accomplished., (Author)

10
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23.

Binding, A.A. Association of Clear Air Turbulence with 300-mb
Contour Patterns. Met, Mag., London 94(1110):11-19, Jan 1965,
12 figs, teble, 6 refs., DAS M(05) GT7686m,

.+ Experience at London Airport has iadicated a possible cone
nection between clear air turbulence and the curvature of the
flow, The investigation reported here was made to determine to
what extent 300-mb contour patterns might be associated with
CAT and whether such associations could be of use in fore-
casting, Several cazes of CAT were found to be in positions
remote from Jet-stream core., The non-jet stream cases were
associated with identifieble 300-mb contour patterns and it
was found possible, in the year under review, to associate
Jet-stream cases as well with 300-mb patterns, thus indicat-
ing the possibility of forecasting CAT primarily from one
prontour chart alone. The data used were tesken from & record
maintained at London Airport of repsrts of CAT from aircraft
on transatlaentic routes, Three conditions for turbulence are
given: 1) ridge type, where contours are anticyclonically-
curved and the wind speeds and curvatures near to the
theoretically limiting values; 2) sharp trough type, which
would, on passage, produce a wind shift of at least 90°, and
3) instability area type, with marked cyclonic curvature of
the contours and cyclonic shear with the probability of
cumulonimbus activity below, (Author & RB)

Burns, Anne and Rider, C,K. Power Spectral Measurements of
Clear Air Turbulence Assoclated with Jet Streams, Project
TOPCAT, TR 65210, Royal Aircraft Establishment, Farnborough,
England, Sep 1965, 39 p. AD 476548,

«s.Preliminary information is presented on the power spectral
data obtained during Project TOPCAT in Australia, Measurements
of moderatcly-severe clear air turbulence were obtained from
a Canberra aircraft flying at altitudes of 26000 to 33000 ft
in the vicinity of the subetropical jet stream. In some re-
spects, particularly at long wavelengths, the spectra are
dissimilar to those found for low-level turbulence and there
are indicatlons thet the turbulence is anisotropic. At short
wvavelengths the power epectra agree well with a minus 5/3rd
power law, and the energy densities of the thres components
of the velocity of turbulence are similar. (Author)
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26,

27.
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Colli:z, Rooald T.H, Use of Lidar in Atmospheric Research, SRI,
Menio Park, Calif,, American Institute of Aeronautics and
Astronautics, AIAA Paper No, 65-hdU, 1965, 3 p, figs, refs,

DAS M{055) ASl2lp,

...Describes the basic form of the lidar (light deiection and
ranging) technique; discusses and illustrates iis capabilities
and limitstions as an atmospheric probe; and examines how it
can be aprlied to research into a veriety of atnospheric
nheno‘cna. Possivle future developments sre indicated. It is

cacluded that lidar is a teol of great promise for atmospheric
researun, providing new capabilities for observing clouds and
the state of the "clear" atmosphere, ({DBK)

- Colson, D, and Panofsky, H.A. An Index of Clear Air Turbulence,

Dept. of Met., Penn State Univ, Quart, J. Roy. Meteorol. Soc,
Vol. 91, No, 390, Oct 1%C5, pp 507-513. DAS M(055) RS88q,

.+ An index is derived for the intensity of turbulence in a
sloping bharoclinic layer, Preliminary estimates of this index
from ordinary meteorological information suggest that the index
is proportional to turbulent energy and that it discriminates
petter between regions of varying intensity than vertical wind
shear or Richardson number. An exact test, however, would re-
quire more detalled synoptic information than is usually
available. (Author)

Crooks, W.M, High Altitule Clear Air Turbulence, Lockheed=~
Califcrnia Co., Lurbank, Interim Report, Apr 1963-Fet 1965,
LR 18794, TR 65-14k, Sep 1965. AD 474615,

...The purpose of this report 1s to describe the high altitude
clear air turbuvlence (HICAT) program., In the work accomplished
thus far, an analog MM instrumentation system utilizing a fixed-
vane gust probe and a T=hour recording system was installed
aboard an Air Force U-2, HICAL searches were conducted at Air
Force bases in California, Florida, and Puerto Rico, Over seven
hours of HICAT associated with Jjet streams, convective activity
due to low level heating, and mountain wave activity were re~
corded. {Part Author Abst.)

12
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es.

29-

30,

Endlich, R.M. and Mancuso, R.L. On the Analysis of Clear Air
Turbulence by Use of Rawinsonde Data, Monthly Weather Rev,

Wash,, D.C., Vol 93, No., 1, Jan 1965, pp 47-58, 9 figs, 2 tables,
1k refs, DAS M(05) U587m,

.s.Regions of clear air turbulence in the upper troposphere and
lower stratosphere are classified into 4 groups and the charace
teristics of each group are summarized, An empirical turbulence
index is defined that describes meteorological conditions
associated with a type of turbulent region that is relatively
large and that sometime contains severe turbulence, The turbu=-
lence index, Richardson's number, and other meteorological
quantities are described in relation to a cleariy-defined case
of tuﬁbulence observed by a research aircraft. (Part Author
Abst,

Endlich, R.M, and Mclean, G.S, Empirical Relationships between

Gust Intensity in Clear Air Turbulence and Certain Meteorological

Quantities, J. Appl. Meteorol, Vol, 12, No, &, Apr 1965, pp 222«

227, DAS M(05) J86joa. (See Stanford Research Institute, Final

gpt.u0§t 1964. DAS M(051) S785£i, AFCRL 65635, Aug 1965, AD
23941 ),

See Item #5 (1964) Paper #2,

...Due to a lack of observational data, little information
exists in the literature concerning quantitative relationships
betweer turbulent gust intensity in the free atmosphere and
commonly measured meteorological quantities, Measurements of
turbulence, wind, and temperature made by a B~47 research air-
craft are used to investigate such relationships in order to
satisfy several practical needs, It is found that a quantity
that is the product of wind speed and turning of the wind with
height is more closely related to turbulent gust intensity than
vertical wind shear or Richardson's number, Variations in the
frequency of occurrence of turbulence are determined as the
quantities mentioned above increase in magnitude. (Author)

Endlich, R.M. Objective Analysis and Forecasting of Clear
Air Turbulence. SRI, Menlo Park, Calif, Final Report, Jun 1965,
Contr, Cwb=108T1l. DAS M(051) S$785fio,

.+.This investigation is based on pilot reporte of high=level
turbulence for the special turbulence reporting period of
February 4 to 9, 1963 and upoo standard meteorological date

13
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sU. {cont

analyzed by compubter. During this fiveeday period, a seriles

of rathner sharp upper-air troushs travelled azross the United
States, wnile jet streams were notably absent, Many of the
reginns reported as turbulent were assoclated in a general way
with the troughs. In orazr to test und compare meteorologicel
quantities as indicators of wbulence, a nunber of vertical
derivatives of wind end tewperature were computed from indivi=-
dual soundlings, We found that the vertical wind-shear vector
was as good 8 single criterion as any; however, several other
quentities (including Richardscon's muber and wind-direction
shear) were nearly as effective, (Author)

31. Fiokelstein, Roy P, A Parametric Analysis of Automatic Low=-
Altitude ¥lignt, Cperational Evaluation Dept., Stanford Re-
search Inst, Menlo Park, Calif, Contract DA-LQ-092~-AR0-10,
Oct 19(H, U1 p. AD WSd219L,

...A parametric analysis wes performed to determine the family
of minimum altitudes at which an aircr-ft can fly above the !
terrain while maintaining & fixed level o1 safety, These alti=
tudes will be used to establish constraints on the Soviet lowe
altitude threat for use in Army Air Defense Studies, The aire
craft is assumwed to be under the control of an automatic :
terrsin-avoidance system that programs meneuvers in the
vertical plane, Computzr programs were written to generate
terrain with the desired characteristics and to simulate the
flight of an aircratt over the terraln. Included in these
modirle ave the effects of air turbulence, system errors, and
reaction times, tte prevevility of aircraft survival (i.e.,

no colilsions) for 10U km of flight, its median clearance
above the terraln, any its averase control load. All were
ot-tained ar funet jons of the vype of terrain, air turbulence,
alrernft speed, desired cleararce, and control-system charac-
teritixg, Incliuded ae part of controlesystem sharacteristies
were contrel equation:, :ystem error., and delays, sensor range,
and range ins, From the data, the minimum obtainable median
altitades tor various safety levels were plotted against aire
eraft cpeed, type of terrain, and wind corditione,  (Author)

3. Fravvken, PoA, euv al, Alrborice lavestigations of Clear Air
Turoaly oo with upticond Hadar, Michigran Unlv., Aun Arvor,

sonte o aonc=Loc b (507, T Dee Laat. L9 pe AL 035030,
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32, (cont)

33.

34,

«..+The program was initiated to explore the possibility that
characteristic optical rad..r echoes might actually be corre-
lated with clear air turbulence, A light, twin engine airplane
was equipped with a laser radar and ancillary equipment for
monitoring acceleration, temperature variations, and relevent
meteorological data, The design of this equipment and the
development of the flight programs were predicated on theore-
tical considerations of optical scattering from particulate
matter, (Author)

Hardy, Kenneth R. et al., Multiwaveleng.h Backscatter from the
Clear Atmosphere., Air Force Cambridge Research Labs., L.G.
Hanscom Field, Mass, Kept. No, AFCRL=ERP-191, AFCRL-6€-308,
Dec 1965, 20 p., AD 635317.

.« os5imultaneous experiments have been conducted with ultra=-
sensitive radars at 3,2-, 10,7=, and Tl,5=-cm wavelengths to
observe ‘'angel' echoes from apparently clear air and to diagnose
the scattering mechanism, Two types of echo layers have been
found, Type 1 echo layers appear incoherent at long ranges or
with wide beams but are seen to be compased of discrete coherent
echoes when viewed with high resolution, Type II echo layers are
composed of incoherent echoes at all ranges, show little or no
wavelength dependence, and are generally undetectable at 3 cm.
(Part Author Abst.)

Harrison, Henry T. The Mountain Wave, U.S. National Aeronau=
tics & Space Administretion, Wash,, D.C, NSR 33-026-001, NASA
CR=315, Oct 1965, 56 p, incls., figs. DAS M(051) v585cr Nr 315,

... Five cese histories of severe to extreme Clear Air Turbulence
(CAT) are analyzed, All are mountain wave situations, The study
is intended for alleviation of problems posed by CAT. The detec=~
tion and a possible forecast of CAT are discussed, Incidents of
CAT penetration of drastic nature, as well as its effect on air-
line operation, are reported and each case is illustrated by a
chart of air circulation, Individual case histories of airline
incidents provide evidence that the tropopause zone is a

favored one for turbulence, (SN)
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37.

Kadlee, I'.W, Flight Lute Analysis of the Relationship between
Atmospheric Temperature Change and Clear Air Turbulence, EAL,
Inc. Dept. of Meteor,, Wiami, ¥la, Prepared for USWB, Contract
No. Cwb 10888, Jun 1965, 49 p. AD 620989,

...Certain atinospherin temperature changes have been observed
to be a factor in detecting the occurrence of clear sir turbu-
lence, especilally at Jjet mltitudes ebove 25,000 ft, Data for
this study were collected on 146 flights during the year while
ridirg as an exirs crew menber in the cockpit of airline and
military Jet aircraft. An elreraft flight data recorder whieh
was modified to collect static air temperature information,
provided another valuable gsource of research data. The study
concentrated on investigating the validity of the theory that
temperature gradients mey be used to indicate clear alr turbu-
lence, (Part Author's Abst.)

jeConathy, D.R., Jr. A Detailed Analysis of Clear-Air
Turbulence over Utah on April 10«11, 1963, Penn State Univ.,
Mineral Industries Experiment Station, University Park, Pa,
Scientific Report Ne, 1. Contract No. Cwb-10393. Jan 1965,
32 p, 2 tables, 16 figs. DAS M(051) P415sc no, 1.

... Previous studies have releted areas of Clear Adir Turbulence
to regions of sloping tarocliric or adiabatic layers with low
Richardson numbers. With the ald of detailed aircraft measure-
meats and radiosonde soundings, an analysis of a strongly
taroclinie reglon is made. Although some of the usual problems
of uncertainty in date and analysis arise, the results agree
well with previous theory., In one region of intense thermal
gradient thc agreement between geostrophic end actual wind
fields is poor, thereby excluding the use of the thermal wind
equation in obtaining realistic information, Values of the
Richardsor nunber and ICE index are analyzed over a crosse
section grid with the aid of a computer, and the results show
low values of Ri and high values of ICE in régions of turbu-
lence. The observations are consistent with the hypothesis that
the critical Richardson number lies within the range 0.25-
0.50, although they are not sufficient in density or accuracy
to establish this range definitely. (Author)

Mclean, G.S. An Investigation into the Use of Tempersture
sradients as an In-Flight Warning of Impending Clear Air Turbu-
lence, Air Force Cambridge Research Lsbs,, L.G., Hanscom Field,
Masu, Feb 1965, 30 p. Rept. No. ERP-85, AFCRL-65-117. AD 5136 .

16
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37. (cont)

38.

39.

++.This paper discusses a study that was undertaken to investi-
gate the technlque of using in-fiignu temperaswe gradients to
forecast impending Clear Air Turbulence and some recent studies
concerning the relationship between Jetestream winds and turbu=
lence. {Author)

Merritt, E.A, and Wexler, R. Radiometric Detection of Clear
Air Turbulence, Paper presented at Fifth Conference on Applied
Meteorology of the American Meteorological Society, Mar 190k,
Araccon Gecphysics Co., Concord, Mass., Oct li=l6, 1964, Syme
posium on Remote Sensing of Environment, 3rd, Univ, Michigan,
Ann Arbor, Oct 14-16, 1964, Proceedings, Feb 1965, pp 125-140,
AD 614032,

«+.The mesoscale nature of Clear Air Turbulence (CAT) makes it
unlikely that any technique developed from synoptic scale
observations will prove generally effective to predic’ the
occurrence of significant turbulent areas in the upper tropo=~
sphere, An airborne pessive-detecting system is, therefore,
required,

CAT often occurs in regions of strong horizontal and verti-
cal wind shears which are associated with strong horizontal
temperature gradients; the detection of these teuperature
gradients and turbulence-related temperature microstructure
night provide the means to sense the turbulent area.

(Author)

Nanevicz, Josepu E, et al, Correlation Letween Clear Air
Turbulence and Aircraft Electrical Activity, Stanford Research
Inst., Menlo Park, Calif. Final Rept,, Oct 63=-Aug 65, Oct L1905,
76 p. AD 625309,

...The results of a cooperative effort by Stanford Research
Institute, United Air Lines, and Alr Force Jambridge Recearch
Laboratories to determine the correlation between regions of
clear Air Turbuience (CAT) and aircraft electrical activity

are described, Corona discharges from precipitation static
dischargers on DC«3 aircraft were monitored and correlated

with CAT encounters, A significant correlation was found to
exist between CAT encounters and periods of electricel digs-
charye. It is suppested that these electricail disicharges may be
caused by electric ficlds in the reglion of Clear Air Turbulence,

17
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3. {cont)
particulate matter in the reglon that charges the aircraft, or
a comhiration of hoth. A meteorological analysis was made of
the regions whnere turbulence associated with electrical acti-
vity wes observed, This analysis indicated that the CAT incle
dents were associated with jet streams., (Author)

Sea2 alsos National Alr Meeting on Clear Air Turbulence, Wash,,
D.C. Feb 23-2b4, 1905, Proceedings. N.Y. Soclety
of Automotive Engineers, 1966, pp T7=93; p 95,
figs, table, r=fs, DAS M51.5 N2TTpro.

See also: Correlation cetween Clear-Air Turbulence and
Electric Fields., Stanford Research Inst., Menlo
Pavk, Calif. Rpt., No. SR-1, Feb 1965, 33 p.
AD 613035,

4o, Pinus, N.%. (Editor). Atmespheric Turbulence, Translation of
“Atmos fernaya turbulentnest, Trudy Tsentral'noy Aerol. Obser.
No. 5k, Gidromet. Izdat., Moscow 1964, NASA Tech Translation,
TTF-246, Vash., D.C. Sep 1955, 129 p, IPB Files.

«..This collection is concerned with the work conducted at the
Atmospheric Dynamics Laboratory, Central Aerological Observatory,
1061~1962.

Scnie Besults of the Experimentel Investigations
of the Atmospheric Turbulence Using Radiosondes,
V. P. Zelyayev et al,

The Turbulence in Jetstreams in the Clear Sky,
A.A. Reshcnhikova

Application of the Boundary Layer Method to the
Determination of the Parameters of Turbulence in
the Free Atmosphere, V.A. Shnaydman

“Turbulence in the Proximity of Jetstresms,
T.P. Krupchatnikova

Some Results of the Determination of Turbulence
Characteristics in Jetstreams, V.D. Litvinova

Application of a Thermosnemometer on an Air-
craft, N.IK, Vinnichenko

138



January 1970 USAF ETAC TN 70l

b1,

k2,

b3,

Reiter, Elmar R, and Burns, A, Atmospheric Structure and
Clear Air Turbulence, Colo., State Univ, Atmospheric Sci. Tech,
Paper No, 65, Presented at the Intern Collog. on Fineescale
structure of the Atmosphere, Moscow, 1522 , Jun 1965, 17 p,
refs, DAS M(055) CT19at No, 65,

.o sMeasurements of Clear Air Turbulence spectra conducted by a
Canberra aircraft over Australia between August and October 1963
reveal the existence of a wavelength region from approximately
2000 to 4OOO £t in vhich the atmosphere receives turbulent
energy mainly in the wecomponent of motion., It 1s suggested
that this energy stems from gravitational shearing waves which
break up into turbulent eddies below critical wavelength, The
energles of these turbuleg eddies seem to be well represented
by a proportionality to w g characteristic of the inertial

subrange of turbulence, (Authcr)

Rosenberg, Paul, Beard, M.G., and Harrison, H.T, Clear Air
Turbulence, Flight Safety Foundation, KASA CR 62028, Dec 1965,
237 p. DAS M(051) US85cr Nr 62028,

+e++This report was prepared to assist NASA in keeping ebreast
of research and development projects directed toward the
alleviation of problems posed by flight in clear air turbulence
(CAT). Included are a poll of industry for information about
development activities on CAT detection, a chronological
listing of conferences and interviews, reports on conferences
and interviews, airborne CAT detection devices in active
flight testing. CAT incidents, meteorological developments
relative to CAT, and economic aspects of turbulence in air-
line operations, A bibliography of 274 references is also
included which contains references to the physical,
neteorological, and operational aspects of air turbulence,
(Part Author Abst.)

Spillane, K.T, Atmospheric Structures Associated with Turbue-
lence in the Free Atmosphere, Australian Meteorological Maga:zine,
Melbourne, No, 50:4LeL5, Sep 1965, refs, eqn. DAS M(05) A933.

«soReports briefly on the results of & study where the tele«
metered information from 54 pilotless aircraft flights, made
over a period of several years at altitudes {rom 15,000 thru
65,000 ft, was interpreted in terms of turbulence by way of the
“roll-rate” record of the aircraft, and related to vertical wind
shear, Richardson number, and to the statistic stability as well

19
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as Lo its local and individual changes., Turbulence was con-
centrated around 35,000 {t with another and more pronounced
maximum around 55,000 ft (the latter recently confirmed by U-2
flights), believed to erise from mesoscale disturbances whose
vertical and horizontal distances are of the order of 3000 ft
and some hundreds of miles, respsctively., (Author)

L, Ctanton, T.%, Convective Clear Air Turbulence, Hgs Third Wea
g, Offutt AFB, Nebr, Scientific Services Tech, Note 11, May
1955, 33 p, 13 figs, 16 refs. 1IPB Files.

.. .Convective CAT can bte defined as that turbulence in the upper

tropocsphere caused by shallow convection, It may occur in clear

air but is more frequently assoclated with a cirrus cloud shield.

It does not include turbulence associated with cuml.onimbus or

tovering cumulus., However, since instability rather than shearing

stresses provide the primary energy source, the techniqgues uti-
lized to forecast thunderstorms are applicable, The primary re-
gion for the occurrence of convective CAT is in the barotropic
zohes on the anticyclonic side of the jet stream, particularly
in arees of thick overcast cirrus. (Author)

b4y, United States Air Force, Dept of., Clear Air Turbulence Meeting,

25-27 Apr 1965, Washington, D.C., 283 p. AD 508080,

...Clear Alr Turbulence is recoguized as one of the unsolved
problems in aviation meteorology., While the intensity of this

nigh level or wind shear turbulence is not as severe as thunder=-

storm turbulence, 1t can result in injuries to passengers and
crew, possible loss of control of the aireraft, and in some

extreme cases some actual damege to the aircraft. The high level

turtulence encounters are all the more dangerous because they
usually occur without any visual warning. Work on this problem
can be divided into four main categories: data collection and
analysis, theoretical studies, development cf forecast technie
ques, and detestion or warning devices. (Author)
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Lo,

47,

48,

Wescott, Jchn W, Acoustic Detection of High Altitude Turbu-
lence, published in Proceedings 19604 AFCRL Scientific Ballioon
Symposium A,F.S.G, Fo. 167, AFCRL 65«486, Jul 1965, pp 295-316,
19 figs. AD 619695.

«..The causes of law=fregquency acoustic background noise that
was monitored from instrumented balloons floating at about
80,000 feet were investigated. Tape-recorded samples of the
noise were analyzed, Spectrograms, signatures, cross-correla=-
tions, and probability-density curves were obtained, Examples
are shown, The results indicate that Clear Air Turbulence is

one of the principal sources of infrasound in the upper air, A
theory for the power spectrum of the far-field noise radiated
from the turbulence is cited, and the predicted apectrum is com=-
pared to experimentai results, (Author)

Wiegman, Eldon J. The Distribution of Clear Air Turbulence
Reports and Cloud Patterns as seen in Satellitc Photographs.
Staaford Research lnstitute, Menlo Park, Calif., Final Report,
SRI project L3842, Contract Cwb=10791, Jan 1965. 101 p.

DAS M(051) S785fidis.

.+.sThe objective of the study was to ascertain if the cloud
patterns displayed in satellite photographs would provide an aid
in locating areas of Clear=Air«Turbulenre risk, The data period
consisted of four days in April and two days in ¥ay 1963. A
total of 1,042 reports (including turbulence and no=turbulence)
taken tetween the time span beginning 3 hours prior to the
earliest orbit and ending 3 hours after the latest ortit cn

eacn day were available over the U,S. for the sixeday period,
Therec reports include both military end civilian aircraft
nperating between 7,000 and 42,000 feet MSL. (Author)

L9o5)

Atlas, David et al, Optimiring the Radar Detection of Clear
Air Turbulence, ULAF, Cambridge Res, labs., L.G. Hanscom Field,
Mass, Report No, AFCRL ERP 24d, AFCRL-0O=J5L, Apr 1t 15 p.
AD 648723,
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43, (eont)

49,

.voA general analysis is made of the turbulent refractivity
spectruri in and beyoud the limiting microscale and & relation
derived for {ts scattering reflectivity in either the bacl: or
bistatic direciions, Radar reflectivity is computed as a funce

“tion of wavelengih for reglons of CAT. The results are compared

to the minimum detectable reflectivity of airborne radars having
ostimun state-of ~the-art choracteristics at each wavelengih, It
is shown that the Lest readars now feasible can barely detect

the most veflective CAT at 10 n mi (i,e,, ) minute warning). A
20«db improvement in sensitivity is required for detection of
most CAL, which appears to be juct attainable by pre-detection
integration, The optimum wavelength to implement is 5«6 cm.

The best radar at this wavelength will also detect cirrus clouds
reliably. Whether detecting clcuds or chaff, a measure of the
echo fluctuation (or Doppler) spectrum is required to identify
the intensgity of ZAT, However, in the cacse of high altitude
clear alr echces, there is en indication that the reflectivity
in ecucess of some minimum threshold value 1z o sign of some
degree of mechanieal turbulence. It is also demonstrated that

a8 ground-bared forward-ccatter Link holds great promise for
reliavle CAT detection. A tentative quantitative classification
of CAT severity is also proposed, (Author)

See also: Cptimizing the Radar Detection of Clear Air
Turbulence, J, of Applied Meteo., Vol. 5, No.
L, pp B50-460, Aug 1966, figs, table, refs,
eqs,

Leard, M.G. Analysis of Clear Air Turbulence Incidents. (In:
fiational Air Meeting on Clear Air Tubulence, Wash,, D.(,, Feb
23-2k, 1966, Proceedings. N.Y. Socieuy of Automotive Engineers,
1955, pp 15H-189, table.) DAS M51.5WM277 pro.

...Analysis of turbulence incidents since 1959 indicates that

the record could have been much better if a good CAT detecior
had been available, A device which defines CAT areas and indi-
cates the degree of turbulence could be more exact than weather
radar 1s in indicating storm arcas, Thls paper briefly summarizes
the turbulencz incidents during the last 6 years and discusses
the cause of some of the more severe ones. (Author)
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500

51,

SC-

Beard, M.G., Status Report on latest Development in Clear Air
Turbulence, Journal of Aircraft, Vol., 3, No. 5, Sep~Oct 1966,
PP EE3~EEU, fig. DAS P Col.

..+This is a service to the governmental departments interested
in this field and to industry. This paper is a status report
about new developments in CAT forecasting; it also is a résumé
of the various proposed principles of CAT detection and the de~
tection devices belng developed and laboratory and flight
tested, (Author)

Beclwith, W, Boynton, Minimizing the Effects of Mountain

Waves and Ghear Ceneirate=d Clear Air Turbulence in Airline
Operatians, (In: National Air Meeting on Clear Air Turbulence,
Wash,, D,C. Feb 23-24, 1966, Proceedings, N.Y. Society of Auto-
motive Engineers, 1960, pp 181-135, figs, refs.)

DAS M51.5 NeT7pro.

««+The development of techniques employed by the airlines in
overcoming the problem of Clear Air Turbulence is outlined,
Improvement. in transport aircraft brough new sets of challenges
in this area which were overcome by applied meteorologicsal
studies conducted by the airlines and assisted Ly military and
government research, A distinction is made in the methods of
bypassing the turbulence regions caused by wind shear and those
caused by the mountain wave. A nev study on mountain-wave tur-
bulence evasion showing considerable promise is discussed,
Recommendations are made on methods of keeping pace with an
increasing exposure to this important operational problem,
(Author)

Bontroud, E.A., (Comment on) De Ver Colson: Summary of Hipxh
Level Turbuience over the United States, La NMétéorologie, Paris,
Ser. 4, No, Th:135-1hC, Apr/Jun 190l, issued 19v, Figs, tables,
French, Erglish and Spanish summaries p 135, DAS M(05) Mydav,

(In French]
.o Atmospheric turbuicnce 1S A phéndmenon of great complexity,

depending cn many varlables, and not permitting further systee
matlec and contlnuo.s ohservations, So, a statistical way is
researcnied in order to enable thils study, as tor example in
France, Meteorologle Nationale Monographies, No. 17, of
Bevenger and Helssat, or 1n the survey of De Ver Colson,
Monthly Wenther Rev, O1:10-12, 1393, It i the results of this
latest work which are unalyzed and commented on here, The
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52. (cont)}

A\l
(9]
.

author io making overy endeavor to ostinate the risks of tur-
bulenss in terss of wne period of the year, geographic situa-
tiou, height, positivi welatlve to jot etreams, and type of
synoptia rit.antion, Particular altention is paid to the
observalions mole dr Lhe siratosphere which unfortunately are
few in namber,  (Autnor)

Bray, R.S. nud W.E, Larsen, Simalator Investigations of the
Problems of Fly.u a Cwept-Wing Transport Aircraft in Heavy
Turpulence, HAGL Corforence on Alrcraft Operating Problems,
"I Cdﬁﬁ?lxr;uv of the Pupers Presented,” Langley Research

Center, langley, Va. say 10-12, 1905, pp 1l37-14&. IPE Files,

c..An investlpation of ceversl factors whiech may contribute to
the problem of pilovigy job btransport alrceralt in heavy turbu-
lence wo conducted Ly using a pileted simulator that included
the most significant airplane response and cockpit vivrations
induced by rough air., Besults Indicated that the primary
fuselage structural fregusncy contributed significantly to a
distracting ccckplt cavironment, and there was obtained
evidence of severely veduced instrument flight proficiency
during simulated manewverlng flight in heavy turbulence, It

.5 concluded thet the addition of similar rough-air response
capabilities to truining si ledLOr‘ would be of wvalue in

pilot indochrination in turbuleni-flight procedures. (Author)

Breeccs, R.2., Fried, .., and Scidwan, J,B, Remote leasure-
ment o* Differential Atmoapaeric Velocity., In: National Air
Mecting on Clear Alr Turbnlence, Wash,, D,C., Feb 23-24, 1960,
Proceeding:, N.,Y, Doclety of Automotivv Ergineers, 1900, pp
135-10z, Tigs, refs, egs. DA% M51.5 WTTpro.

.. oA concept for debection of Clear Air Turbulence utiliziug
the Doppler freguency shift in laser light backscattered from
&tmObpﬂPrAP serosol iy described, The concepl employs detection
of bent frequenciecs in the output current of a photu-~detector
rersulting from photo mixing the backscaticred light from 2
lazer pulses illumircating separated volumes of air, Analysis
of the spectral and coherence propertics of scattered light
is given which proves bthet the basic phevomena exist. The
realizability of a practical system depends upon sufficient
acrosol dens it*cs end higher performance lasers bto achieve
adeguatbe q/L . uceful distances. (Author)
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25.

560

57-

Breece, R.C, et al., Design Study of Laser Radar for Detection
of Clear Air Turbulence, Space & Information Systems, Div,
North American Aviation, Inc., Downey, Calif. Rept No. SID-
66=450, Jun 1966, 170 p. Contract AF 19(628)-51.35. AD 634886,

«+.The objective of the research was to perform a design study
and feasibility demonstration of a Doppler laser/radar system
for use in detection of Clear Air Turbulence. Both CW and
pulsed radar techniques were investigated to determine
applicahility to analysis of laser light backscaitered from
atmospheric molecules and aerosol particles in order to
measure macroscopic motion of the air. It was desired to
detect wind gusts in excess of 25 feet per second while
operating in a jet aircraft at an altitude of approximately
30,000 feet. (Author)

Brylev, G.B. et al, Joint Radar and Aerological Observations
in the Lower 1.5 Km of the Atmosphere, Rept. No. T«R-523, Mar
1666, Contract No. AF 19(628)-3830, 26 p. AD 631967,

...The results of joint radar and aerological observations in
the lower 1.5 km of the atmosphere are discussed, and a connece
tion is indlicated between radar echoes from a clear sky and
convective and turbulent motions in the atmosphere, (Author)

Buehler, W,E, and Lunden, C.D, Radar Deteation of Turbulence
in the Upper Troposphere, In: National Air Meeting on Clear
Air Turbulence, Wash,, D.C., Feb 23=-24, 1966, Proceedings,
N.Y. Society of Automotive Engineers, 1966. pp 107-118, figs,
refs. DAS M51.5 N277pro.

.+« Encounters of jet aircraft with high aititude turbulence
prompted the investigation of various techniques to probe and
locate turbulence in area: iacking particles (rain drops, hail
stones), A promising techi.ique is t0 measure the radio ree
fractive eddies and gradients by radar backscatter, Radio
refractive index eddies can, in pripnciple, be found where the
atmosphere characterized by a nonadiabatic lapse rate of ree-
fractive index is stirred up by turbulence. This paper pre-
sents a sequence of VAF backscatter experiments which will
hopefully lead up to an a’rborne CAT detector. Described are:
A CW tistatic backscatter experiment showing returns from
turbulent volumes, a monostatic pulsed radar with returns
from defini'c turtulent cells at various altitudes, and an
airhorne evperiment carried atoard a jetliner., The wavelength

HIS
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57. (cont)

58.

dependence of radar backscatter on the detectability of signie
ficant turbulent eddies is discussed. (Author)

Burns, Anne et al, Turbulence in Clear Air Near Thunderstorms.
U.S. ESSA, NOSL Tech Memo IERTM-NSSL-~30, Dec 1966, 20 p, figs,
tables, refs, Coptents: Burnham, J, and Spavins, Clifford S,
Some Results of a Study of Atmospheric Turbulence in Clear Air
above Thunderstorms and of the Relationship to Weather Radar
Pictures, pp 1-9. Burns, Anne and Harold, Terence W., Atmo-
spheric Disturbance Encountered by A lanberra over Storms at
Oklahoma on May 27, 1905, pp 10-19, DAS M(055) v5852re No. 30.

.+.In the first article, derived gust velocities up to 20 ft/
sec and indicated airspeed fluctuatlons up to 3h ft/sec have
beer measured during flight through clear air at altitudes
tetween 40,000 ft and 45,000 ft in thunderstorm areas. The
possible use of weather radar to avoid such disturbances is
discussed. The second article notes that in clear air over
the top of & group of storms, a Canberra aircraft encountered
rapid changes in temperature and horizontal airflow and
moderate to severe turbulence. An explanation involving the
deflection of the wind over the storm tops may account for
the aircraft observations, The disturbance is discussed as

a potential cause of aircraft upsets. (Author)

See also: Burnham, J. and Spavins, C.S, Some Results
of a Study of Atmospheric Turbulence in
Clear Alr above Thunderstorms and of its
Relationship to Weather Radar Pictures.
Logistics Div, Ceneral Staff, Wash, D.C.
Rept, No, TM-AERO~928, Mar 1966, 15 p.
AD k37330,

See also: Burns, Anpe and Harold, T.W. An Atwmo-~
spheric Disturbance Encountered by a
Canberra Alrcraft over Storms at Oklahoma
on 27th May, 1965, Royal Aircraft Estab-
1ishment Faruborough (England). Rept. No.
TR=t004L, Auwg 1966, 19 p.  AD 805072,

<o
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9.

61.

Clark, John B. - Pilot Technique in Turbulence. In: National
Air Meeting on Clear Air Turbulence, Wash., D.C., Feb 23«2k,
1966, Proceedings. N.Y., Society of Automotive Engineers,
1966. pp 190-197, figs, refs. DAS M51.5 H27Tpro.

«eoClear Alr Turbulence and thunderstorm turbulence are com=-
pared, The flight technique to he used is the same in all
turbulence, Upsets in thunderstorm turbulence are discussed,
Years ago there was evidence of clear pattern in the upsets
involving propeller«driven airplanes, There was heavy airpiane
nose=down elevator use following a violent updraft with
eventual recovery from & deep dive, A similar pitch axis
pattern is apparent in jet upsets, The swept-wing jet nas dif-
ferent stability characteristics; has a motor-driven horizon-
tal stabilizer as well as an elevator to control around the
pitch axis; and has improved flight instrumentation. Pilot
training and a stabilizer modification have contributed to a
dramatic decline in incident reports., (Author)

Clarke, R,H, Turbulence and the Detailed Structure of a Sube-
tropical Jet Stream, J. Atmospheric Sci,, Vol, 23, No. 5, Sep
1966, pp 516530, 27 refs, 3 appxs, 1k figs, formulae, map.
DAS M(05) As12j,

+soJetegtream wind date obtained during Project TOPCAT in
August 1963 at Woomera, when rid of fortuitous detail by
averaging serial soundings (about 12 at hourly intervals),
show detall in the cross-axis flow which can be ascribed with
fair certalnty %o subesynoptic scale eddy viscosity. This
fact is employed to estimate stress, eddy viscosity, and
viscous dissipstion over one mean profile taken in the Jjet
axis, These are found to have values compatible with existing
knowledge, and, with eddy stresg in the strong shears beneath
a Jet stream of order 1 dyne/cm”, one can explain at least

8 high proportion of the upper branch of Krishnamurti's

mean cross-axis flow. The variation of vertical velocity

with height is qualitatively that inferred from Angell's and
Krishnamurti's observations, (Part Author Abst,)

Colson, DeVer. Analysis of Clear Air Turbulence During
Selected 5-Day Data Periods. Weather Bureau,Silver Spring, M.,
Techniques Development Lab. Final Rept., Dec 1966, T p.

AD 648610.
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6. (cont)

.esClear Air Turbulence data were collected from two of the four
vorldwide reporting periods set up by the International Civil
Aviation Organization (ICAO). The oceurrences and non-occurrences
of turbulence were summarized with respect tc time periods, alti-
tudes, and geographical locations, These dats were analyzed in
relation to associated meteorological parameters and large-scale
synoptic paiterns., Special attention was given to areas with at
least 25 percent probability of moderate or greaver turbulence,
Vertical wind shear appeared to be an important parameter along
with 12<hour changes in wind speed, vertical wind shear, and
horizontal wind shear., The synoptic patterns on the mean 300-mb
charts and the individual 300-mb charts were discussed in relas
tion to the probabilities of moderate or greater turbulence.

The following forecast criteria vere suggested: moderate or
greater turbdulence will be found (1) within 150 miles of a jJet
stream with at least a 100-knot meximum wind speed if the verti-
cal wind shear is at least 4 kaots per 1000 feet, or (2) within
150 miles of a sharp trough line with a marked horizontal wind
shear across the trough line, (Author)

Colson, DeVer. RNature and Intensity of Clear Air Turbulence,
In: National Air Meeting on Clear Air Turbulence, Wash., D.C.,
Feb 2324, 1966, Proceedings. N.Y., Society of Automotive

Engineers, 1956, pp l-4; 27, Tables, refs., DAS M51.5 N27Tpro,

. +.The phenomenon of CAT is reviewed indicating the role of
vind shear, grovity waves, Richardson number, and other indices
in relation to turbulence intensity, Standard CAT intensity
criteria are reviewved, including vertical eccelerations, de-
rived gust veloclities, and airspeed fluctuation, Various
descriptive criteria are revieved along with some newer con-
cepts such as "chop". A panel has been established to up-date
the current intensity criteria. A research flight program is
now underway which will furnish a more complete understanding
of CAT and a basis for a more quantitative set of intensity
criteria. (Author)

Counner, Fox, Preliminary Design Study for a HI-HICAT Vehicle
and Instrumentation System, Lockheed«California Co., Burbank.
Final Rept. 1 Jun-31 Dec h5, Oct 66, 1kl p. AD 809829,

28
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63. (cont)

+e+A preliminavy design study was conducted on an unmanned HI-
HICAT (high~high altitude critical atmospheric turbulence)
vehicle and instrumentation system to measure turbulence at
altitudes from 70,000 to 200,000 feet. The vehicle configuration
selected as optimum for this extreme range of altitudes is a
parawing, For the study, emphasis was placed on desiguning a
system for the middle portion of the altitude band from 100,000
to 150,000 feet, Ia this band a 11lfting body configuration 1is
competitive with the parawing. Both systems feature a one=-
stage vebicle which is air-launched from an F-4C aircraft at
supersonlc speeds. Turbulence data is gathered by a digital
system and stored on a magnetic tape recorder and telemetered
back to the launch site, (Author)

Crooks, W.M,, Hildreth, W.W, and Stauffer, W.A, <Clear Air
Turbulence. Lockheed Horizcns, Burbank, Calif, No. 5 Znd
quarter 1966, pp 78-96. IPB Files,

+ ¢+ The phenomenon of Clear Air Turbulence and details of the
HICAT program carried cut by the United States Air Force and
Lockheed Alrcraft are discussed, Methods for the satisfactory
nmeasurement of the data and HICAT encounters, are given, The
pature of turbulence, gust design procedures, models of turbue
lence, and response characteriestics of the Lockheed L2000
aircraft are discussed, (ALS)

Bndlich, Roy M., Sevebreny, Sidney M. and Ligda, Myron, G.H.
Clear Air Turbulence Research Programs of the Aerophysics
Laboratory. In: National Air Meeting on Clear Air Turbulence,
Wesh., D.C., Feb 23-2Lk, 1966, Proceedings. N.Y. Society of
Automotive Engineers, 1966, pp 69-76, figs, refs,

DAS M51.5 NeTTpro.

.+ Research programs are discussed that concern the nature
and causes of Clear Air Turbulence; the practical identifica-
tion of turbulent reglons by computer analysis of ordinary
radiosonde measurements of wvinds, temperature, and pressure;
the use of zatellite photcgraphs of clouds in turbulence
analysis; determination of the climatology of Clcar Air Tur-
bulence; and possible detection of layers that ¢ontain turbue
lence by weans of lidar observations. {Author)

<9
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66.

67.

o4,

Endlich, R.M. et al., Techniques for Determining & World-Wide
Climatology of Turbulence through Use of Meteorological Data.
Stanford Research Inst., Menlo Park, Calif, Interim Scientific
Rept., May 1966, 65 p. Scientific Rept. 1 AFCRL 66355,

AD 63415k,

.«+This report consists of an introductory portion followed by
separate sections concerned with aircraft observations of Jet-
strean and mountain-wave turbulence, Statistical relationships
between airline pilots' reports of turbulence and concurrent
meteorclogical conditions, and the feasibility of measuring
turbulence from rising balloons tracked by FPS-16 missile=
tracking radar, The aircraft data show that turbulence corree
lates well with the norizontal winde~direction shear measured oo
the megsoscale, Recent aircraft data also re-emphasize the
hazards to aircraft thet exist in mountain-wave turbuience, A
number of meteorological quantities were correlated with free
quencies of turbulence determined from pilot reports. Contine
gency tables of turbulence fregquency as a function of vertical
shear and lapse rate indicate that lapse rate is not signifi-
cant in the manner indicated by Richardson's number, From
meteorological data and empirical equations, expected fre=-
quencies of turbulence over the United States were computed
and compared with observed frequencies. (Author)

Frinco, M. The Use of SST Rudar for the Detection of High
Altituce Phenomena (WR-009). Lockheed-California Co., Burbank,
Rept. No, LR-20237, Nov 1966, 8 p. Contract FA=S8-66-T,

AD 81790LL,

++.This report deals largely with one major area of high altie-
tude phenocmenon, Clear Air Turbulence and its detection.

Recent theoretical studies and csome experimentation indicate
the possiblie use of Ce or X-band radar as u detector of CAT
anonalies. Raders of this frequency have frequently dete: .ed
soe=called angels which were cousidered to be produced by high
temperature air ceusing refractive gurfaces off which the radar
bounces, It can also be theorized that the varying refractive
indic°s in turbulent air mey be detected, (from Author Abst)

Fravker, P.A., Jenoy, J.A, and Ruok, DM, Airborme Lassr Radar
Iovestigations of Clear Air Turbulence. In: Jaticoal Air
Meeting on Clear Air Turbulence, Wash., D.C,, Peb 3=k, 1966,
Procerdinga, N,Y. Soclety of Autowotive Engincers, 1966,

pp 13¢=133. DAS 51.5 N2TTpro,

30
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68. (cont)

69.

70.

»+sConclusions based orc the airborne experiments with laser
radars are summarized in this paper. (ALS)

George, Joseph J. Airline Practices in Forecasting Clear Air
Turbulence. In: National Air Meeting on Clear Air Turbulence,
Wash,, D.C. Feb 23-24, 1966, Proceedings. N.Y. Society of
Automotive Engineers, 1966, pp 172-180; 197. figs, refs.

DAS M51.5 N2T7Tpro.

...The flight problems of Clear Air Turbulence are brought into
focus. The forecast prohlem is reviewed and airline practices in
forecasting are described. It is demonstrated that adding the
requirement of an axie of minimum temperature at levels from

300 to 200 mb reduces the average forecast box appreciably as
well as edding accuracy. A practical forecast procedure is
suggested, (Author)

Gibson, Frank W. Some Application of the Lager as an Atmospheric
Probe. (Issued as AMS/AIAA Conference on Aerospace Meteorology,
Los Angeles, Calif., Mar 2831, 1966) AMS/AIAA papers (preprint)
62-37’4, Mar 1966, 20 p, figs, refs, equs. DAS M(CSS) ASl2lp
0b6=3T7h,

...Investigations are being conducted to determine the possibility
of detecting Clear Air Turbulence (CAT) with laser optical radars,
Experiments in the iaboratory and afield have shown evidence of
variations in particle conccutratiors, but rno positive identifie-
cation >f turbulence or correlations of rouzh flying have been
sade, The feagibility of measuring vind velocity components with
a laser doppler radar is being examined, Provided sufficient
aerogol scattering is available, spectral frequercy anslysis
should give a wore direct meaaurement of turbulence. A laser
gsearchlignt technique has been used to measure atmospheric dene
sity vertically up to 0O km. The method uses the Rayleigh
scattering theory to deduce the molecular burber dengity from

the number of tackscattered photous detected, (Author)

31
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7. Greene, Joel; Roberto, %. and Lewinstein, M, Rarly Waraing of
Clear Air Turbulence by Photowetric Measurements, In: Natiooal
Alr Meeting on Clear Air Turvulence, Wash., D.C., Feb 23-2L,
1966, Proceedings. N.Y. Society of Automotive Engineers, 1966,
pp 163=-171. figs, refs, eqs. DAS M51.5 N277pro.

...leals with techniques of photometric measurements of stare
light variations which propagate along & line of sight coinci-
dent witb the flight profile of a jet aircraft, Thus, a CAT
"volume" intersecting +“his flight path may be detected at some
prior point in time and compared to nouturbulent measurements.
A star tracker will produce information which by statiastical
processing will establish a threshold for advance warning of
CAT. Recommendations are prescnted for nighttime feasibility
tests to be made with operational hardware under controlled
condltions. Daytime tests requiring the measurement of weak
bodies in high ambient conditions poses severe problems.
(Author)

T2 Jefferson, G.J. An Incident of Severe low-Level Turbulence,
The Met, Mag. No. 1130, Vel. 95, Met, Office, Lomdon, Eng.
Sep 1966, pp 279-285. DAS M(05) GT86a.

...0n 1h April 1960, several aircraft in the viecinity of
Akrotiri (Cyprus), reported severe turbulence, A Canberra
fitted vith an accelerometer flev over the area &t an altitude
of 8500 ft and was completely overturned. The accelerometer
readings were observed between +7g and -3g. (ALS)

13. Kadlec, Paul W, Exploratioa cf the Relstionship between
Atsospheric Tempecatuye Change and Clear Air Turbulence. In:
Betional Air Meeting on Clear Air Turbulence, Washb., D.C.,

Feb ¢3-24, 1966, Proceedinss, N, Y, Scelety of Automotive
Engineers, 106, pp 4b-SD, figs, tables, refs. DAS M?l.5 N277pro.

...Certain atmogph~iic temperature changes have been observed
to be a factor io detecting ‘he occurresce of Ziear Alr Turbu-
lence, espezially at ‘et altitudes above 73,G00 fi. lata for
this study vere collected by tne author on lau [lights during
the year whils riding &8s an extra crev pesber in the cockpit
of a:riipe and military ‘el aircraft. The alrcraft irnstrumen-
tatlion in the researcn program included a portablcs test igstru-
ment to detect tempersture changes as vell as the norael com-
pocents of an air Jate system and temperature sensors. A
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73. (cont)

Th,

7.

comparison between several rates of temperature change was
made in an effort to determine which would indicate actual
flight conditions mwost efficiently, From flight observations
using the portable test instrument, a rate cf temperature
change of 1.0°C/min was found to be the most useful criterion
for correctly indicating flight conditions in the majority of
cases, (Author)

Kadlec, Paul W. Flight Observations of Atmospheric Turbulence,
Eastern Air Lines, Inc., Miami, Fla,, Meteorology Dept., Con=

tract FASCWA-1443, Final Report, Jua 1966, 52 p, figs, photos,
chartg, table, refs. DAS M(051) E13fi,

.+«sThis is & report on continuation of ineflight examination
of meteorcloglcal parameters associated with son-convective
turbulence initiated in December 1S6C. Results of analysis of
data collected on 963 flights by a research meteorologist
riding in the cocxkpit of airline and miiitary jet aircraft are
susmarized, The =quipment and procedures and three cloude
pettern models that associate cirrus formed by jet streams
with turbtulence ere described, 4 refinement in the theory
indicates tnat a rate of tcmperature change of 1,0°C/min with
e total change of 2.C°C is the most elfective combination for
detecting impending turbulerce, Jt was found that clear air
vortices formed ip the precipitationsfree area below ithe
base of severe thunderstorms may produce turbulence capable
of ipse-i’ng multi-engice jet aircraft. An eirborne portable
scintillometer described an. shown in a photograph was flight
tested. (DBk

K=o, 5.K. and Sizoo, A R. Analysis of Clear Air Turbulence
Fear tne Jel Stream, J. Jecphys. Res,, Wash,, D.C., Vol, Tl
No, 1z, 1> Aug 1900, pp 3799-3305, figs, tables, refs, DAS P
Col.

.eoFl gats of Projest Jot Siream (1956-1957) have been analyzed
vith rcspect to various weteoralogical perameters and Clear
Ar Turtulence oear the jet stream in order to find & method
for the prediction of high level turbulence in the atmosphere.
14 {s fount that the horizontal velocity convergence has a
procounced effect on turvulence in the atmosphere. The pere
cectage of turbulence occurrence and the turbvulence intensity
generally fucrease with increasing hori:ontal velscity
:onversgence and may be approximated by an exporential function
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75« (cont)

6.

1.

—p—

of the latter., An analysis is also mede of the distribution of
turbulence in the vicinity of {he Jjet stream anl the effect

of Jet stream curvature oo high level turbulenge. It is found
that (1) the percentage of turbulence occurreauce is higher to
the nortk than to the south of the jet and the percentage of
turbuience occurrence is greater below the Jje¢ core than above
it, acd (2) curved jets have a higher percentage of turbulence
westrivution than straight Jjets and the straight segment east
of 8 cyclonic jet hms a higher percentage of turbulence
occurrences than the straight segment west of it. {Author)

See also: 81200, Antoine Henri. A Study of Clear
Alr Turbulence Near the Jet Stream, Utah Univ,,
Salt lLake City, Dept, of Meteorology. Jun
1966, 22 p, Contract AF 33(608)-1284,
AD u4319kk,

Lederer, Jercme. Kconomic Asp..ts of Flignt in Turbulence,
In: National Air Meeting on Clear Air Turbuleace, Wash., D.C.,
Feb 23«7k, 1966, Procecdiris, N.Y. Society of Automotive
Fogineers, 1960. pp 35-39. DAS M51.5 Na77pro.

... °resents an initial attempt to estimate the economic
effects of turbuience on airline operaiions from the stande
point of coets of temporary grounding for inspectious and re=-
palrs, cost of t.aining crews 1o cope with turbuleuncs; the
cost of disseminatiag informatiom ¢n turbulence, and the cost
of injurles sustained by passerngers. The dals were obtained
from several alriines covering a wide gecgraphic area, The
cosls were difficult to ascertain because ihe sccounting
systemg do not readily s:parate the cost elements [rom
several associuted ~osts of operation, The information wes
xtrapolated for al: ithe wajor anirlines te arrive at an
estimate that Sucpuleace costs about $0.00 per flight,
{Author)

Lhermitte, Roger. Proting Alr Moiion by Doppier Analysis of
Radar Clear Air Returns, IEKTM-NSSL, Report No, o, hormen,
Oklahcem, Tech Note LH NSuL 26, May 1966, 37 p.

DAL M{U55)v 98szre No. v,

«+«A Doppler radar aas been used in central Cklahosa to probe
the motion of invisible targets usually referred to as
"angels”, The large density of targets date~ted uva certain

day s sugKests ihe presence of & depze atmospho-~ic “plankton”

sh
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77. (cont)

78.

79.

drifting with the air. Uniform wmotion for all the targets in

the area surveyed by the radar heam is confirmed by the
systematic pattern of target radial wmoticos as o function of
radar bheam azimuth, Target horizontal motion direction and

speed are derived from the radial velocity-aziruth patterns and
interpreted as horizontal wind, The swall vertical motion of
targets is also estimated from the data, This technique 1s
applied to the analysis of wind variance and the study of a lowe
level Jet, (Author)

Loving, Neal V. High Altitude Air Turbulence (HICAT): A Menace
1o _the Aerjal Highway. (Issued as AMS/AIAA Conference on Aero-
space Meteorology, Los Ange.es, Calif., Mar 28-31, 1966, AMS/
AIAA pepers (preprint), 66-362, Mar 1966, 16 p, figs, refs,
eqs.) DAS M(055)A 5121p 66352,

...Due to lack of airborne llear Air Turbulence (CAT) detection
capability and high operating speeds which disallow evagive
action, future aerospace vehicles must possess the inherent
structural integrity for repeated high speed penetration of

CAT. Hence, there ig 8 requirement t.o identify the types of ture
bulence at high altitudes 2nd to measure the intensity and wave=
length of each. To fulfi’l this requirement, a High Altitude
Clear Air Turbulence (HICA.) Project has been initiated to
provide accurate, continuous wavelength CAT measurements in the
altitude range of 40,000 to 70,000 ft. In the work accomplished
thus far, sn analog FPM instrumentstion system utilizing a
fixed=vane gust probe and a 7<hr recording was installed

aboard an Air Force U-2, Actual vertical gust velocity time
histories containing gust wavelengths from 70 to 2500 ft have
been calculated from the power spectra., Extended HICAT program
will utilize a new digital (PCM) instrumentation system. This
system will include a stable piatform which will greatly ime
prove the precision of HICAT measurements and permit turbu-
lence waveiengths in excess of 12,000 ft to be measured.
(Author)

Mancuso, R.L. and R.M. Bndlich, Clear Air Turbulence Fre-
quency ag @ Function of Wind Shear and Deformation. Monthly
Weather Rev. Vol, 7k, No, 9, Sep 1900, pp 981585, 13 refs,
2 Cige, L tadles, formulac, DAS M{05)v 587a.
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79. (cont)

..«The probability is determined that an aircraft will encounter
moderate or severe high-level turbulence during a 100-mi flight
segment when particular values of certain meteorological quantie
ties exist in that locality. The turbulence data used are pilot
reports colleccted by the U,S. Weather Bureau Clear Air Turbue
lence Project for March 12-24, 1962 and February 4.9, 1663. The
meteorological quentities which werve computed from standard

data ineclude vertical vector wind shear, vertical wind direction
shear, temperature lapze rate, horizontal wind shear, vorticity,
and resultaut deformation. A correlation of 0.45 was found be-
tveen turbulence frequency and the product of vertical vector
wind sheer and deformaticn, This velue is the highest correla-
tion found so far with data of this type, The product of wind
shear and deformation is an important fector In the develop-
ment of fronts. (from Author Abst.)

McConathy, Donald. Case Study of CAT in the Rockies, Pennsyl=
vania State Univ, Minerals Industries Fxperiment Station,
Contract Cwb-10926, Firal Report, Sep 1, 1964-Feb 28, 1966,
issued Jul 15, 1966, 27 p, tigs, table, retfs. DAS M{C51)
RPL1Sf1ic.

... Pregents a detailed 3-dimensional analysis of the flelds of
wind, temperature, and Richardson number over the Rocky Moun=-
tains for 007, April 11, 1663, At this time, the usual rawin-
sonde information was supplemented by winds, temperature, and
turbulence reports from spenially-instrumeated aircraft., The
reports of turbulence correspond in a general way to reglons
of low Richardson number aszociaeted with a strong internal
front, However, there is no agre=zment in detail. This may be
due to lack of precision in the turbulence reports and in-
sufficient resolution in the wind ard temperature data.
Distributione of actual and geostrophic Richardson gumber
agree with each other in general, but not in detail. Most of
the turbulence reports coincide with high terrain features,
(Author)

Mclean, James C., Jr. Synoptic Analysis of Clear Air Turbu-
lence. In: National Air Meeting on Clear Air Turbulence, Wash.,
D.C. Feb 23-24, 1966, Proceedings, N.Y, Society of Automotive
Engineers, 1966, pp 28-34; 54, fig, refs. DAS M51.5 N277pro
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81, (cont)

82,

+«s1t 18 hypothesized that frontal surfaces between air masses
of differing characteristics are the source of much of the
Clear Air Turbulence encountered by aircraft in the upper
tropocphere and lower stratosphere. These fronts can be dee
tected on detailed soundings as adiabatic zones of mixing and
traced over geographic areas by isentropic analysis., (Author)

Moore, Richard L. (Douglas Aircraft Co., Inc), and Krishnamurti,
T.N. A Theory of Generation of Clear Air Turbulence, In:
National Air Meeting ¢r Clear Air Turbulence, Wash,, D,C, Feb
23-24, 1966, Proceedings, N.Y. Society cf Automotive Engineers,
1966, pp 13~27, figs, refs, eqs. DAS M51.5 N27Tpre.

...Presents additional inform=*ion of a theoretical natui'e and
a synoptic case st dy corcerning the nature of the generation
of Clear Alr Turbulence., The hypothesis in this paper is that
(a) shear is generated rapidly in & specific region of the
atmosphere, (b) the shear reaches a critical value and the flow
field becomes turbulent, (c) the turbulent flow field, in the
form of a cell or eddy, is carried away from the source regicn
and gradually decays. The theory on which the prediction of
shear is baged is developed ou & nonlinear basis to show that
if convection of vorticity is neglected, the vertical com~
ponent of the vorticity depends gquadratically with time on

the sclenoids of temperature and divergence of velocity, plus
another smaller term., Thus, the horizontal shear of the
velocity may be expected in certain large-scale synoptic
situations to grow nonlinearly. (Author)

For similar report, see also:

Mevore, Richard L. and Krishnamurti, T.N,
Atmospheric Clear Alr Turbulence, Nature,
Lendon 209 (5022):ho2«b6k, Jan 29, 1906,
Figs, refs, equ, DAS P Col

...Synoptic evidence ruggests that Clear Air Turbulence (CAT)
is associated with certain well recognized large scale
patterns in which large vertical sheare arise, It 1s suggested
here tnat CAT is formed in the follovwing phase; a) shear

iy generated rapidly in some region of the atmosphere to be
cailed the "source region," b) the shear reaches a critical
valu: and the tlow field becomes turbulent, then ¢) the tur-
bulent flow field i3 carried awvay from the source region and
gradualiy decays, It is shown how shear is measured in terms
of the vorticity vector. To test the proposed hypotheses with
a spezific example curves of constant value of the Jacobian

sT
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83.

84,

of temperature and divergence of the velocity at 300 mb are
drawn for a particular well-documented observed case of CAT,
The reported caeses of severe turbulence are all seen to be
close to & center of marked negetive value, later reports of
mod;rate turhulence are not inconsistent with the hypothesis.
(RB

Mournt, Wayne D, and Fow, B, Richard, Results Applicable to
Clear Air Turbulence Detection Ucing s Millimeter Wave Radio=-
meter Probe, In: National Air Meeting on Clear Alr Turbulence,
Wash., D.C. Feb 23-2k, 1966, Proceedings, N.Y., Soclety of
Automotive Engineers, 1966. pp 119-124, figs, refs, egs.

DAS M51.5 N277pro,

.+sExperimental results show that it is possible to obtain a
remote measure of the temperature and temperature gradient by
using a millimeter wave radiometer probe, Temperature gradients
typlcally associated with CAT are formulated in a model for
computing radiometric temperatures that an inflight remote
gensor would detect, These results show thet & millimeter

wave radiometric system could be used more effectively than

a direct temperature measuring system to provide a more
reliable and earlier warning of impending Clear Air Turbue
lence. (Author)

Norman, Scl M. and Macoy, Norman H, Inference of Clear Air
Turbulence by Means of an Alrborne Infrared System, Journal of
Aircraft, Vel. 3, N¥o. 4, Jul-fug 1966, pp 209~296, 12 refs, 9
figs, table., DAS P Col

L]

...varlous researchers hsave shcown that some forms of clear air
turbulence are characterized by temperature gradients, of the
order of 3° to 5°C, A prototype airborre infrared system has
been developed to remotely detect this type of temperature
discontinuity at ranges in excess of 10 miles, The detection
system is a novel infrared spectrometer consisting of a
rocking Fabry-Perot etalon thet scans its narrow wavelength
pass band from approximately 13.5 to 1.5 u at the edge of

the CO? absorption band. Since the infrared transmission is a

strong functice of wavelength in this spectral region, the
instrument sees sequentiglly shorter atmoaspheric path lengths
during the course of the scan, This permits a temperature
discontinuity shead of the aircraft to be detected by a change

38
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84, (cont)

85.

in the normal instrument output produced during & scan. The
instrument is described in detail, and a comparison is made
between it and other types of infrared techniques for this
application, Typical output wave shapes for various idealized
temperature discontinuities are presented, as well as results
from initial field trials. (Author)

Peulgen, Wilbur H, Investigavion of Technigues for Detecting
Clear Air Turbulence, AFCRL. In: Naticnal Air Meeting on Clear

Air Turbulence, Wash., D,C., Feb 23«2k, 19060, 1 oceedings, N.Y,

Soeiety of Automotive Engineers, 1966. pp 51<54,
DAS 51.5 N27Tpro.

«+sA review is made of the varicus approaches considered in
trying to develop an instrument capable of detecting CAT ahead
of an aircraft. Because of the widespread regions in which
CAT cen occur amd its often limited size, an sirvorne instrue
ment 1s felt to be necessary to provide the pilot with suffi-
ciently accurate and timely data to permit appropriate action
to be taken to minimize its effect on the aircraft. While
progress had been understandably slow, the outlook is not as
black as it was & few years ago and the interests and efforts
of many more people, plus advances in technology, enhance the
possibilities of finding a solution to the CAT problem.
(Author)

Pcbelko, I.G. Turbulentnost'pri iasnom nebe. [Clear Air
Turbulence. ] Gidromet. Nauch-Issled. Tgentr, SSSR. Meteoroloe
giia i Gidrologiis, Moscow, No. 12:10-18, Dec 1966, figs,
table, refs, JAS F Col

Translation available under FASA=NO6T7-30407.

++.The incidence of Giear Air Turbulence recorded during four
S5«day periods in 1904 and 1965 over the continental part of
the USSR and over the socialist countries of PFurope is
analyzed., The probability of bumpiness over the USSR is small,
arounting to an average of 5.6%. In Dec 1904 and Mar 1965,
there were days in vhich the mean was exceeded conaiderably,
12,3 and 19.9%, respectively. The gecgraphical and horizontal
distribution of zones of high frequency of turbulence depends
upon season, The horizonial extention of bumpinesgs zounes

30
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8o. (cont)

87-

ranges in mest cases (5h%) from several kilometers to 100 km
and up to 200 km in 78% of the cares., Over the Furopean USSR
and over the soclalist cuvuntries of Rurope, the maximum
turbulence f{requency occurs during southwest wind; over Siberias,
during northwest vind; aud over Central Asjs, west wind., (ILD)

Polve, James H. Thecreticel Tuvestigation send Optimlzation
of an Airplane Gust Alleviation System. Arizona Univ., Tucsou,
Doctoral Thesis, 1906, 140 p, Contract AF 33(608)-1205,

AD 481453,

...The syst.m calls for a method tc sense the alr turbulence or
gusts a3 changes in angle and Lo relsy this information through
an appropriate servomechanism control to sn alleviation device
to cause 1t to alleviste the effects of the turbulence upon the
airplane, These effects ave manifested as changes in load
factor, and a principal goal ¢f this investigation was to
optimize the attenuation of these load factor variations. The
servomechanism control regulstes the iuputl to the slleviation
device through proporvtional, derivative, and integral control.
The problem reasnlved itself into finding the gaing of these
control parameteras and to show how much attenustion of the

load factor could ve schieved across the euntire gust frequency
spectrum, {part Autbor Abst)

Pritchard, Francis E. The Turbulerce and Terrain Fnvironments
Affecting Low-Altitude, High~Speed Flight, Cornell Aeronautical
Lab., Inc., Buffalo, N,Y. Rept. No, CAL-FDM~393, Jul 1966, 46
p. AD 486689.

...The appropriste statistical theory and the data are reviewved.
Representative data and, where possible, models of the turbu-
lence and terrain are presented. For the turbulence environ-
ment a valld and uz=2ful model 1s presented. Here, the approach
vag to develop o model no more complex than current knowledge
and data warranit, ¥With regard to the terrain, no kodel is
comparable Lo the one for turbulence. The primary reason for
this is that, the terrajsn statistics, theory, and data have

not been developed to the same level, although very reccat
research has considerably improved the situation, (Author)

=
o
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91,

Reiter, Flmar R. Clear Air Turbulence: Problems and Solutions
(A State-of-the-Art Report) In: National Air Meeting on Clear
Air Turbulence, Wash,, 0,C., Feb 23-24, 1966, Proceedings, N.Y.
Society of Automotive Engineers, 1966, pp 5-12; 27, figs, refs,
eqe. DAS M51.5 N27T7pro.

.+, oumnary is given of the present state of knowledge on the
phiysical causes of Clear Air Turbulence (CAT). Special reference
is made to recent measurement results from Project TOPCAT.
Implications of these flight investigations, which were made
over Australja, on remote sensing of CAT, and on the planning
of future research efforts are outlined, (Author)

Reiter, Elmar R. et al, Structure of Clear-Air Turbulence
Derived from TOPCAT Aircraft Measurements. J. Atnospheric’Sci.
Bostou, Vol, 23, No. 2, Mar 1966, pp 206212, figs, 7 5 i 7]

Similar article published in 1965 (see No., 41).

.« JMecasurements of Clear-Air-Turbulence spectra conducted by a
Canberra aircraft over Australia between sul and Oct 1963,
reveal the existence of a vavelength region from somewhat less
than 1200 ft, in which the atmosphere receives turbuleant
energy, it is suggested that this energy stems from gravitae
tional shearing waves which break up into turbulent eddies
below a critical wavelength, (part Author Abst.)

Rosenberg, Paul. Clear Air Turbulence Detection and Warning.
Paul Rosenberg Arsoc. In: National Air Meeting on Clear Air
Turbulence, Wash., D.C., Feb 23<24, 1906, Proceedings, N.Y.
Society of Autcmotive Engineers, 1966, pp 40«43,

DAS M51.5 NZ'({pro,

... Porsitle methods for the advance detection and warning of
Clear Air Turbulence by airborne devices are surveyed briefly.
These include: active use of radar, alcrowaves, infrared and
viaible portions of the electromagnetic spectruwn; passive usc
of infrared millimeter waves and visible portions of the
electromagnetic spectrum; passive uge of infrared millimeter
weves and visible light; alr temperature probes; electric
field medsurements; electric charging of aircraft; aicro=
baromet:ic measurements etc. The state-of-~the-art of CAT
detection and warning is still exploratory. No method has
yvet been demonstrated to give advance warning of CAT with

Ll
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91, (cont)

8 confidence level sufficient to Jjustify operational use, and
too little is known about the physical parameters of CAT to
enable any one method of detection and warning to be singled
out as the most promising. More basic research on the physics
and meteorology of CAT itself is neecded. (Author)

92, Sadoff, Melvin and Bray, 5. Summary of NASA Research on Jet
Transport Control Problems in Severe Turbulence. Journal of
Aircraft, Vol. 3, No, 3, May-Jun 1966, pp 193-200, DAS P Col.

+ .o Research results from analytical, piloted-simulator, and
flight studies have made it possible to evaluate the relative
significance of cockpit accelerations, stability and control
characteristics, and handling qualitiles in the upset and
recovery problems of swept-wing Jet transportis encountering
severe turbulence, Results of simulator tests, conducted on
a device capable of reproducing cockpit acceleration response
to thunderstorm turbulence, indicated that cockpit accelera-
tions (including vibration caused by a predominant fuselage
bending mode) were distracting to the pilots and impaired
their normal instrument scan pattern., These acceleration
effects appeared to be primary contributing fectors to
several incidents ilpnvolving marginal and complete loss ¢f
control observed during pilot performance of a complex task
in the simulator. Resulls and comments from & number of air-
line pllots exposed to the simulation demonstrated the
train%ng potential of this type of simulator. (part Author
Abst .

93. Sastry, P.S.N., Note on Evaluation of the Richardson Number in
Relation to Forecasting Clear Air Turbulence. Indian ‘J, Meteor,
& Geophysics, Vol. 17, No. 3, pp L15=-418, Jul 1966.
DAS M(05) 1394,

...For forecasting Clear Air Turbulence Richardson's number is
one of the widely used parameters, With increase in air traffic
and alrcraft operating at very bigh altitudes, the necessity
for providing accurate information on turbulence in clear air
is keenly felt. (Author)

42



January 1970 USAF ETAC TN 0=l

94,

95.

Saxton, David W, Nature and Causes of Cleer Air Turbulence.
U.S. Air Weather Service, Scott AFB, Ill,, American Institute
of Aeronautics & Astronautics, 3rd Annual Meeting, Boston, Nov
29=Dec 2, 1966, Paper ©6-966, 6 p. DAS M(055) AS512lp 66-966.

.+.The characteristics of CAT are discussed in terms of turbu-
lence-measuring systems and data reduction methods. The spectral
density technique of dats reduction, wiaich nas largely replaced
the discrete gurnt method, is used to illustirate the interaction
between the aircraft and turvulence ..nd to highlight the diffe-
rence between undulance and turovulence, Internal gravity waves
and the conditions wnich appear favorable for their amplificae
tion aud breakdown into isotropic turbulence are discussed,
Metecrological data available to diagrose and forecasi CAT are
evaluated and a comparison is made betweeu conventional rawin-
sonde data aud wind data obtained with precision missile-
tracking rader. A recent XB«TOA encounter with CAT is used to
illustrate the challenge of the future., (Author)

Shur, G.N., The Spectral Structure of Turbulence in a Free
Atmosphere Based on Data Obtained by Aircraft. Redstone
Seientific Inforwmatior Center, Redstone Arsenal, Ala, Rept.
No. RSIC-543, Jun 1966, 18 p. AD 637723,

...0n the basis of the analysis of experimental data on turbue
lence obtained by a TU«iOL4 aircraft, this article examines the
energy spectrum of the vertical velocity component of turbue-
lent gus*ts in a temperature-stratified atmoaphere. The relation-
ship between the spectra ot the vertical and horizontal com-
pouent in a stably stratified atmosphere is alio examined. The
measurements of the guist loads in a narrow band of frequencies
(wave numbers) make it possible to obtain the dispersions ino

the velocities of gusts in a wide range of scales. (Author)

Smirnova, G.A. Passive-Reflector Experiments in Radar Measure-
ment of the Turbulence of the Clear Sky. Am., Meteorol, Soc.,
Boston, Mass. Res. Translation, Rept., Mo, T-R=517, Jan 1900,

16 p. Cootract No. AF 19(028)-3880. AD 6305%53.

... Some results of radar investigation of the atmospheric turbu-
lence of the clear sky are pregentsd and compared with data from
aircraft observations, (Author)

43
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97.

93,

Steiner, Foy. ZHeview of NASA High Altitude Clear-Air Turbulence
Sampling Frogram:. AIAA Paper No. ©5-13, Jan 1365, 11 p, J. of
Aircraft 3(1):%8-52, Jan/Feb 1965, DAS P Col,

...The NASA sample of Clear Air Turbulence from flight operations
of U=2 airplanes has been extended to nearly 320,000 miles for
altitudes bvetyeeon 20,000 and 75,000 ft., The {flight measurements
indicete that for thre higher altitudes (47,200 to 75,000 ft)
turbulence 1s both less frequent and lees severe than for the
lover altitudes (20,000 4o 40,000 ft). Turbulence appears to

be present at the nigh altitudes less than 1% of the time. The
intensity <f the turbulevce decreases In an ordsrly pattern
with increasing nliitnde and iless than 50% of the turbulent
arean excerded 10 miles in length, The maximur measured value
of derived guct velozity was 20 fps at an altitude of 52,000
ft. On the basis of rough approximatiors, this value corres-
ponds to & true gust velocity of 98 fps. (Author)

Sen also:

Suramary of Atmospheric Turbulence Data,
NASA Conrerence on Alrcraft Operating
Problems, "A Compilation of the Papers
Presented,”" Langley Research Center,
Iangley, Ve, May 10-12, 1905, pp 19-27.
IPB Files.

TenBroek, H,W. and Seeshore, C.R. Study of Low Frequency
Electrical Characteristics of Clear Air Turbulence and Storm
Froont Centers. Homeywell, Ine., St. Paul, Minn,, Systems &
Research Div., Contract AF 19(528)-S000, Final Report, Mar
15-Sep 15, 1965, issued Feb 1900. 123 p, figs, charts, tables,
refs, eqs. (AFCRL-05-250). DAS (M{051) H772fist), AD 636050.

...This report covers work done in investigating the low
frequency electrostatic field characteristics of Clear Air
Turbulence and storm front regions. The general theory des-
cribing tne field sensing antennae 1s presented in addition
to the practical aspects of those antennae actually utilized
in the program. The electronic instrumentation used in ridge=-
line turbulence encounter and three storm-front flights are
analyzed with respect to frequency content in decade band-
widths from C.1 to 10,000 cps. Hesulis from the turbulence
flight reveal aignals due to the turbulence which differ

from pre- and post-encounter norms and present the possibility
of anticipating the encounter. (Author)

il
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98, (cont}

See &lso:

TenRBroek, H.W, and Seashore, C.R. Low-Frequency Electrical
Characterigtics of Ciear Air Tu-bulence, In: Natiomal Air
Meeting on Cleer Air Turbulence, Wash., D.C,, Feb 23-24,
1960, Proceedings, N.Y. Soclety of Automotive Engineers,
196, pp 3«96, figs, tables, refs, eqs. DAS M51.5 N2T7pro.

...The results of an investigation of the low frequency
electrostatic fieia characteristics of “lear Air Turbulence
are presented, Brief desoriptions are included of the general
tnheory and practisal aspects of the field sensing antennae
used during the prozram and the eiectronle instrumentation
used in datae-gathering flights and subsequent data reduc-
tion, The data from a ridgeline turbulence encounter are
analyzed with respect to frequency content in the decade
bandwidths from 0.1 cps to 2000 cps. The reeults reveal
turbulence generated signals in the 0.1+10.0 cps region
whicn differ from vre- and post-encounter norms, presenting
the possibility of anticipating the encounter. The direc-
tion of future effort is described. (Author)

U.S, Air Ferce, Cambridge Hes, Labs, Radar Detection of
Clear Air Turbulence, Meteorclogy Lab,, Office of Aerospace
Regearch, Research Review, 5(6):15-17, Aug 1966. Photos.
IFB Files,

...Reports briefly that experiments are being conducted at
the Joint ASr Force-NASA radar facility at Wellops Is., Va,
2xperirents that may lead to & ground-based radar network

for Clear Air Turbulence (CAT) warning are being cooducted by
AFCRL. The AFCRL program is not only concerned with CAT de-
tection, but with obtaining 2 gemeral understanding of the
atmospheric processes which result in radar echoes frox clear
air, Ir turn, this understanding can provide a theoretical
basis for anpromching the CAT detection probl=m. One suggested
radar netvork configuration would have ground etations spaced
1) tu ¢2) mi apart., The beam from one antenna wvon.ld scan at
a lov xngle in the direction of another anteuna, Any CAT in
the air corridor betwveen Lhe two antennss would cause some

of *he energy from one antenna to be reflected to the other,
(£S)
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100,

101,

Lo,

Vinnichenko, N.K. [Clear Air Turbulence at the Heights of
6-12 km] Turbulentnost' v iasnom nebe na vysotakh 6=12 km, ]
Akademiia Nauk SS3R, Izvestila Fizika Atmosfery i Okeana
2(11:1135~1.41, Nov 1966, figs, refs). Transl. into English
in corresponding issue of its Izvestiya Atmospheric and
Oceanic Physics, issued Wash,, D.C. DAS P Col,

.« Experimental data about power spectra of horizontal
component of CAT in the upper troposphere are presented,
It is shown that: 1) the relationship ¢ meso=- and micro=
scale spectra is not uniiorm and 2) mesoscale spectra can
be extrapolated into the high frequency range following
the "-5/3 law" only in rare cases. Three types of microe
scale spectra are discussed, The influence of degeneiating
gravity waves on the character of turbulence spectra is
‘eseribed, (Author)

Vinnichenko, N.K., Pinus, N.2Z, and Shur, (.N. Nekotorye
dannye o turbulentnosti, vyzyvailushchei boltanku samoletov,
v verkhnei tropisfere { stratosfere. [Some Data on the
Turbulence in the Upper Troposphere anu Stratosphere which
causes Alreraft Bumping. Meteorologiye i gidrologiya, No,
11, 1960, pp 25=33. DAS M(05) M589.

n R s:ien
...Recently a great deal of experimental data has been
accumulated in the Soviet Union on Clear Air Turbulence
(CAT) from flights at heights of 1ll-12 km. Radiosonde
data are also available on the distribution of turbulence
up to heights of 25«30 km. In order to obtain significant
qualitative data on the spectrsl and correlative charace
teristins of turbulence, computers are required, In this
study, turbtulence is treated only from the point of view
of its effect on aircraft. Vertical profiles of the {ree
qQuency of turbulence causing alrplanes to buffet in
various geographical regions of the world, constructed
from data from airplane observations, are compared,
(Author)

Vorontsov, P.A. Prograc and Techniques of Atmospheric
Turbulence Research on Mountainous Helicopter Routes.
Leningrad, Glaunaia Geofizicheskaia Observatoriia Trudy,
No. 171::0=31, 1905, Trans. by AMS for AFCRL, OAR, T=Re
030, ¥ rets, b figs. Contract AF 19(u28)e3do, Oot 1.
AD 6Ly,
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102, (comt)

103.

104,

+osThe following problems were presented: a) to generalize
the available experience in aviation veather forecasting for
belicopter flights, b) to study atmospheric turbulence on
mountainous routes with specially equipped helicopters and
airplanes and passenger helicopters, ¢) to discues flight
condiitions on a given route with the flight personnel, and
d) to have the forecasters of the Aviation Weather Stations
servicing helicopter flights engage in & study of the flight
conditions on the route and in a refipement ¢f the existing
operating instructions on the forecasting of bvuffeting.
(Author)

Wells, E.W. Project TOPCAT: Summary of Meteorologicsl Obsere
vations and Alrcraft Measurements during Routine Flights in
the Australian Jet Stream. Royal Aircraft Establisbhment,
Farnborough (Engiand). Tech Rept. No. TR«66122, Apr 1966, 103
p. AD 640375.

«esA Dumber of flights were made over sct tracks and heights

to measure Clear Air Turbulence in the vicinity of the Flinders
Ranges in South Australia, Details of the meteorological obser-
vaticns and flight paths, and messuremev.s of wind, temperature,
and turbulence obtained from the aircral/t instrumentation are
presented, Wind and temperature gradients were derived for
ocross sections on the upwind and downwind sides of the ranges
and a comparison made of the intensity of turbulence between
the two sides. (Author)

&
Wormser, Eric N. Remote Detection of Clear Alr Turbulence b
Msans of Airborne rared Instruments. Barnes E. Co. In:
Etim Alr Meeting oo Clear E i-‘\;:bum.. w“ho, D.C.,
Peb 2324, 1966. Prcoeedings, N.Y. Sosiety of Automotive

Engineers, 1966, pp 125-131, figs, reSs. DAS N51.5 N2T7Tpro.

«soAlr temperature gradients are frequently associsted with
CAT, Radiation messuring instruments bave alreadly been used
for the remote sensing of air temperature, A suitably designed
instrument should give adequate varning of turbulence regicas
ahead and provide an opportunity for their avoicance, A
spectral -acanning infrared rediometer has been designed for
this purpose and is descridbed in this paper, Bxtensive ground
tests have been conducted, including wmeking atmospheric teme
perature analyses in horizontal and vertical directione.
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105.

106,

(cont)

Mountaintop tests are veing planned and airborne tests will
follow. Detection ranges of 25 mi are anticipated. (Auwthor)

Zirkle, Raymond E,, Jr. The Feasibility of Optical Radar to
Detect Clear Air Turbulence. In: ¥ational Alr Meeting on
Clear Air Turbulence, Wash., D.C., Feb 23-24, 1966. Proceede
ings, N.Y., Society of Automotive Engineers, 1956, pp 5568,
figs, tablea, refs, eqe. DAS M51.5 N277pro.

...Pulged ruby laser optical radars were used to examine the
feasibllity of turbulence detection in laboratory test chambers
and afield, Many returns ottained showed evidence of particle
congentration variations, but none were identified as intere
actiona with either turbulence or correlates of rough flying.
Calculations and recently reported evidence show that cow

laser Doppler Optars might eventvally measure wind velocity
components and gust spectra, (Auther)

Zirkle, Raymond E., Jr. Study of Technigues for Detection
and Measurement of Clear Air Turbulence. Honeywell, Inc.,
Roseville, Minn. Systems & Research Center. Rept. No. 1540e
FRI, Jan 1966, 135 p. Contract Mo. AF 19(628)-2376, AD 636325.

...Two general ways in which laser optical radar (OPTAR)
might be us:.ful for Clear Alr Turbulence detectlion were
examined. The first method involves spectral analysis of
Doppler-shifted light, backscattered by moving particles,
to provide measuves of average and gust spectrum velocity
componentg, The second method involves the mapring of partie
cle formations arrayed in the atmosphere by correlates of
rough flying conditione such as wind shear, the jel stream,
mountain waves, etc, Caleculations show that the particulate
matter of the troposphere which domirates optical backe
scatter ls dynamically suitable for the mapping of wind
motions consistent vwith anticipated requirements of CAT
detection, Experiments by other groups have shown that
laser Doppler methods can ueasire particle velocities in
the lahoratory, (Author)
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107,

108.

197

Atlas, D, et al. Bistatic Microwave Probing of a Refrace
tively Perturbed Clear Atmosphere, University of Chicago,
Dept, of the Geophysical Sciences, Tech, Report No. 1,
Chicago, Ill,, 15 May 1967, 43 p, 16 refs, 9 figs, 10 egs.
DAS M(055) C532re, No. 1.

+ssCalculations are carried out to predict the signal levels
to be received by bistatic scatter systems (a microwave
transmitter and receiver) from vertically thin layers of the
clear atmosphere that are turbulently perturbed, This is
done by measuring the refractivity perturbatiions, The re=
sults indicate that the model system can detect regions
having only modest perturbations. Ciear Air Turbulence can
be readlly detected at least in the vicinity of the mid-path.
(Author)

Boone, Joseph P. High Al.itude Critical Atmogpheric Turhue-
lence Data System, Air Force Flight Dynamics Lab., Wright-
Patterson AFB, Ohio. Final Tech. Rept, 15 Feb 65-10 Feb 66,
Rept. No, AFFDL-TR-6T-1, May 1967, 29 p. AD 816976.

.«.The purpose of this report is to provide a synopsis of the
date system designed to measure, record, and process high
altitude critical atmospheric turbulence (HICAT) data, The
RICAT project is to measurm gust velocity cowpouents in the
altitude range of 40 to 70 thousand feet in several world
arezg, The goal is a statistical definition of the 'Roughness'

 of the atmosphere which can be applied to design requirements

for advanced aircraft structures, A pulse code modulation
airborne system is described, Highly accurate sensors and
components, including an inertial platform, are used aboard

8 WUsg teat aircraft in an attempt to resolve fiae ncale
forces, uccelerations, and aircraft motions ir the atmocphee
ric guat field. The magnetic tapes and other perticent infor-
sation are sent to a dataeprocessing ground station for genee
ration of a computer-compatible tape, processing, and detailed
analysis. Power spectral functions of the gust components are
of major interest. Output data are correlated vith meteoro-
logical snd geographical data associated with the test site,
(Author)
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Brochet, P, and Gland, H. Contribution 3 1'etude staiisque
of the turbulance en sir clair zon: Europe-Méditerranée.
[Contritution to the Statistical Study of & Clear Air Turbue
lence Zone in Mediterrsnean Europe.] La Meteorologie, Ser. U,
Paris, No, 01, pp 3-23, Jan/Mar 1966, issued 1907, figs,
tables, refs, French, English, and Spanish summaries p 3.

DAS M{05) M589v.

«..In 1964 and 1965 ICAO organized 4 worldwide periods of
investigations on clear sky turbulence, Here are given some
results for the first period concerning a part of the area
for which the Meteorologie Nationale was responsible, (Author)

Bullen, N,I., A Review of Counting Accelerometer Data on Aire
craft Gust Loads. Aeronautical Research Council, London
(tngland), Current Papers, Rept. No. ARC=CP-933, 1967, 49 p.
AD 819635.

.. .Counting accelerometer data collected over a period of
several years on a number of passenger transport &ircreaft are
summarized and the derived gust fregquency distributions
studied, The intensity of the turbulence encountered is coa-
pared with that observed by research aircraft in storms and
clear air. (Author)

Colquhoun; J.R. A Summrcy of Four Five-Doy Clear Air Ture
bulence Reporting Periods, Australisn Meteorological Magarine,
Vol. 15, 1967, pp 131-132, table, 6 refs. DAS M(05) A938.

«+.The paper summarizes the results of the ICAO short term
high~level turbulence program covering the South Pagific
region, which conslated of four periods each of five days dura-
tion ir December 1904 and March, June, and September 1905, The
results of these gtudies are published in the following four
articles:

Clear Air Turbuleance analysis over the South Pacific ree
glon for a five«iay period in December 1964 by J.R. Colquhoun
and V. Lynn Bourke, L figs, <5 tables, 7 rets, pp 4/=T2. (#lv3)

Clear Air Turhbulence analysis over the South Pacific ree
gion for a five«day period in March 190% by J.R, Colyuhoun
end V. Lynn Bourke, 2 figs, 24 tables, 8 refs, pp 73-93.
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113.

Clear Air Turbulence analysis over the South Pacific
region for a five«day period in June 1965 by J.R. Colquhoun,

Clear Air Turbulence analysis over the South Pacific re-
glon for 2 five-day period in September 1965 by J,R. Colquhoun,
2 figs, 22 tables, 10 refs, pp 1124130, (Author)

Crooks, Walter M. et al. Project BICAT, An Investigation of
Bigh Altitude Clear Air Turbulence, Volume and 111
bckheedmjfomu COo, mm’ pto b 1‘1.0
Jul 67, Rept. No. LRe2077leVol=loIll, AF FDL-TR«6T«123, Vol,
1-111I, Nov 1967, 269 p. AD 824865, Vol. II AD 62490k, Vol.
111 AD 825369,

.+.These reports describe the high alt/tude critical air
turbulence (HICAT) flight investigation vith primsry emphasis
upon the results achieved since 15 Fedruary 1965. On that
date the prog~sm was redirected to utilize a new digital
instrunentation system for the msasurement of CAT in the wavee
length range from about 100 feet to 60,C00 feet, The program
effort required the measurewent of CAT velocity components
at altitudes of 45,000 to 70,000 feet in s2ven geographic
areas. Instrumentation carried sboard the HICAT sircraft, an
Air Force U-2, consisted of a PCM system, an ineriial navi-
gation system, serodynamic and aireraft response sencors
including a fixed-vane gust probe, ossillograph recorder,
and a digital msgnetic tape recorder. The program objective
is to determine the statistioal charasteristics of high
altitude CAT so as to improve structurel design criteria.
Oversall, 29.2 hours of high altitude CAT were loocated and
recorded in flights covering over 256,000 miles from bases
in California, Massachusetts, Alaska, Eawvaii, Peerto Rico,
Nev Zealand, end Australia. Actual vertiosl, liateral, and
longitudinal gust velocity time histories were calculated
‘rom the weaguremeats and uséd to obtaln gust velocity

pover spectra, Meteorologicel factors wverse oonsidered in
categorizing and sorrelating data, (Part Auther Abst).

Dunn, J.¥W. et 8i. A Techniyue to Invut?!u the Nature of
Cleay Alr Turbulence. . rograsming Monual,
Final Report ESD-TR<t'/=292, The Research Triangle Ivititute,
P.O. Box 12194, Res, Triangle Park, K.C., May 1967, 139 p.

IP8 Files.
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113, (cont)

114,

115.

++.Computer programs developed during the study of the nsture
of Clear Air Turbulence are presented., Program descriptions
including the governing differential equations, finite
difference formulations, and numerical analysis are ziven
vhen approprisie, lLogic diagrams and dizgrams of finite dif.

. ference grids are included. (Author)

Dutton, John A. Bell'/.ag the CAT in the Sky. Bull, Am,

Meteorol. Soc., Vol. 48, No, 11, pp 513«820, Nov 1967.
DAS M(05) A512b, '

.essThe CAT in the r;ky; vhich has created a variety of pro-

blems since aviat.on began, 1s being attacked by an extensive
seasuresent progi'am spongored by the United States Air Force
under the code rame ALLCAT. CAT data~gathering programs at
all altitudes isportant to modern aviation are described,
and some of th meteorological applications of the data are
pointed out. 't 1s shown how a properly instrumented air-
plane can be used to obtain actual gust velocities. The
pover gpectrsl and exceedance statistic methods used to
incorporate gust smesaurement date in aircraft design pro-
cedure are sumssrized and illustreted, The article cone
cludes tha’ the program will be an important step in

taming al). the CATS, (Author)

Fndlich, Roy M. et al. Forecasting Clear-Air Turbulence by
Computer Techniques. Stanford Research Inst., Menlo Park,
Calif., Final Rept. Sep 1967, 92 p. Contract FA-66-WA-1ub2,
AD 664721,

++.Pllot reports of Clear Air Turbuleance from four special
five.day reporting periods are used to investigate relation-
shiys between turbulence prohability and meteoroclogical face
tor:, The meteorological analyses are made by computer on a
2.5 «degrees latitude/longitude grid om the basis of standard
upyer-air observations, Anaiyses are made for the United
Stantes for altitude layers 50 sb (approximately 400C ft)
thick. Temperature sdalyses interpreted as theraal vind
erear are used to compensate for vind observeiions missing
ia high=-apeed portions of the flov. The best meteorological
indicators of turbulence are those related to the wind field.
These indicators are vertical vector wind sheer, deformatioun,
and diverg: nce. The analysis for turbulence is ssde from
metleorvlogical factors and pilot reports in terms of the
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115. ‘cont)

provability of encountering significant turbulence (greater
than light intensity) during flight cegments 100 nautical
miles long, Numerical forecasts of upper vinds sre prepared
for the turbulences-reporting periods on the dasis of edvec-
tion and geostrophic departures. The departures arve evaluated
directly from the wind analyses by use of the balance egquation,
The advection uses upstream space differences and is tested

in both explicit forms. (Author)

Ettel, Michael Joseph, Mumerical Forecasting of Clear Air
Turbulence, Naval Postgraduate 8chool, Monterey, Calif,

Master's Thesis, Jun 1967, 172 p. AD 818985,

.+.There is much disagreement as to (1) vhat causes Clear Air
Turbulence (turbulence which 1s not in or near convective
clouds and is above 15,000 feet in altitude) and (2) vhich
meteorologicul parameters can be used to detect and forecast
its occurrence, The approach to tbis problem has deen t0 re-
late not one parameter to Clear Air Turbulenmce (CAT), but
various parameters. By summing these parameters, areas csn
be defined vhere there is a high probadbility of encountering
CAT. Bach parsmeter has beenh based oo a statistiocal study
vhich found a relatiocushi) wvith CAT. The parsmeters used
vere horizontal and vertical shear, curvature, kinetic
energy, and their derivatives. The numerical forecasting
program proposed here can be extended to the stratosphere
vhen more reliable height and temperature fields are availe
able, This progrenm vill have much more significence vhen
intermediste forecast height fields, teapersture fields, and
a grid of much smaller mesh-length are available. (Author)

Polt:, Harry P. Predicticn of Clear Air Turbulence, Coloredo
State Univ,, Ft, Collins, Ept. of xt.oephorlc §ien«, ‘
Atmospheric Sclence Paper Ne. 106, BSSA Contrast WBG-59, Jan
1907, 145 p, figs, charts, tables, biblio. DAS M(055) CT19at
No. 106,

«.oReports results of a study of lee wvaves carried out vear I,
Colline, Colo. in the spring of 1966 im vhich constantelevel
balloon trajectories, cloud photogrammetry, satellite photoe
graphy, pilot turdbulence reports, and revinsonde data vere
used, Some of the resulta and cases observed principally by
wntellite are used to evaluate ths CAT forecasting aethods.
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119,

(cont)

By using the "-5/3" spectral density slope, the energy per
cycle in the mesoscale, obtained theoretically, was related
to that obeerved in the microscale and also to the degree
of CAT, The results agreed well with actual reports of air-
craft turbulence, Energy dccaye-times based upon computed
dissipation rates using the "-5/3" law are consistent with
the observed CAT paiterns, The wavelengths of mountain lee
waves observed by satellite are found to be close to those
derived from theory., Graphicel and computstional aids were
developed for forecasting CAT from rawinsonde and satellite
information. (Author)

Gault, J.D. Low Altitude Atmospheric Turbulence 10-LOCAT
Mid-Term Technical Oata Analysis. Boeing Co., Wichita, Kans,
15 Apr 6o-15 Jan 67, Aug 1967, 126 p. Contract AF 33(615)-
3724, AD 820880,

...The contents of this report describe lowelevel critical
air turbulence (LO-LOCAT) program accomplishments through 15
January 1967. These accomplishments cover the first four
months of the one-year flight period. Four instruwmented
C~131B aircraft are measuring turbulence and meteorological
deia at absolute altitudes below 1000 feet while flying over
specified routes located in Californias, Colorado, Kanuas,
and New York, At the mid-January point, approximately 130
hours of lowelevel turbulence data had been obtained.
Analyses of these data are included showing gust amplitude
and spectra experimental results consistent with atmospheric
turbulence theory. {Author)

See also article in Canadian Aeronautics
& Space Journal, Oitawva, Vol, 13, No. 7, pp
30‘!‘31“, &p l%.r-

Gland, 4. (Met. Mationais), Turuvilence Exceptionnelle eu air
clair sur la France, Puv 5, 1 . [Un wual Clear Air bulence
over Prance, Nov 5, s%S.i ia N.tcorologh, Paris, Ser. &, Mo,

82, pp 95-103, Apr/dun 1966, issued 1957, Figs, refs. Fremch,
English, and Spanish sussaries p 95. DAS PAM M(0S) MSYv,

Ila }*nnchl
ceesOn the Dasls of numerous reports of CAT recorded by piloits
on Nov 5, 19L5, the author has iuveestigated the geoneral

54




January 1970 USAF ETAC TN T0el

119, (econt)

120,

1el.

character of this phenomenon, The meteorclogical situation
over France on fov 5, 1965 is analyzed wiih the aid of &
300-md surface map, & map shoving the distribution of horie
sontal gradients of the gzonal wind somponent at 300 md, and
8 vertical crosa section of the atmosphere, perpendicular

to the plane of the Jet stxeam, The distribution of cbservae-
tions of Clear Air Turbulence including intensity, altituds,
and geographical location are shown on & map. The study shows
an exceptional concentration ¢f cases of severe and extrems
turbulence in the interior of the zone sc¢parating two jet
streams of opposite directions. In the case investigeted in
the paper, whare two rapid and well organized currents flow
in opposite directions near one ancther, it appears that
horizontal wind shear may be the origin o the cbserved ture
bulence. (ILD)

Helvey, Roger A. Observations of Stratospheric CleareAir
Turbulence and Mountair Waves over the Sierra Nevada Moune
tains: An
California Univ,, Ange pt ogY,

RPept 14 Jun 6&-1& Sep 67, Dec 1967. 93 p. Contract AF 19(628).
blu6, AD 667222,

«+.Data obtained {rom a specislly-instrumented U-2 airereft
have been used to relate Clear Air Turbulence vith mountain
vave structure observed during two research flights in the
stratosphere over the Sierra Hevada Mountains ov 13 and 1k
1964, The several cases of ssvere turbulence encountered
took place in regions immediately dovibstream of vave troughs,
in areas of decressed static stability and slower vind apeeds
associated with the prevailing upwind tilt of the waves, An
expression for the Richardson number is cbtained vhich
incorporates sodifications imposed wpon flow through sta-

“tionary disturbances such as mountsin vaves, (mm)

Baamerich. K.E. at al. A Case % of c,.m--m- Turbulence
in tne Miivest. Dept. of Mat., iv,, Final

fReport, 31 Mar 1961, Comtract Owb 11308, ms n'osx) Nxsm

- final.

...During flights oo Apr 2329, 1964, in the mamt‘m;.
tvo airplanes saapling redicactive debris snoountered acdarate
abd severs tuwrbulsnce. Decsuse mn nmo also m
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121, (cont)

lea,

123.

temperature and wind, 1t was possible to obtain more decailed
analysis of vertical cross sections than is usually the case,
All “he reports ot CAT occurred in a strongly baroclinic layer,
in which Richardson numbers decreased during the report period.
A "critical" Richardson numper of 0.5 is consistent witb tne
turbulence reports. There iz strong imndisation that the most
severe CAT occurred at the edges of the internal front,
(Author)

Hicks, Jokn J. &t al. Clear-Air Turbulence: Simultaneous
Observations by Rader aud Alrcraft, Applied Phys. Lab., Johns
Hopkins Umiv., Silver Sprirg, Mi. Scieuce, Wash,, D.C., 157
(3790):808-809, Auwg Li, 1957. ¥ig. refs, DAS P Col.

+osUltrasensitive radars and wvonirstrumented jet aireraft in
concert have probed rop.ong of the cleur simosphere in search
of Clear Ailr Turbulecce. All szources cof cleare-air radar echoes
above © kilowmeters tha'. were probed simultaneously by tae aire
eraft were found to ve turdulent, (Author)

Hodge, Mary W. lLarge Irregularities o. Ravirnsonde Ascensional
Rates within 10C Nautical Miles snd 3 Hours of Reporied Clear
Air Tarbulence. Monthly Weather Rev, Vol. 935, No., 3, Mar 1967,
op §9-106, 5 refs, 7 figs, tabi=s, DAS M{05) U58Tm.

... The assumption that a ravinsonde ballcon system may eXxe
perience large changes in ite rate of ascent, as compared to
the average rate for tire ohservation, while traversing a
region of Clear Air Turbulence is investigated. In a S«day
period, a veil-~delined region of turbulence, concentrated
near & trough, progressad eastward for seversl successive
synoptic observarions. Rz<lusonde ascensional retes are
studied for 20 stations locsted within and outgide this
turbulent region for layers 2,000 ft to 2,500 ft thick bee
twesn about 20,000 £t and 45,000 ft in altitude, Those rawia-
sonde ovaervations within the turbulent region show much
larger ascensionsl rate cnynges ‘etweea layers, cowpared to
the average for the cbaervation, then do thuse outside the
turbulent region. Furthermore, the observatinns showing these
large variations prognis eastvard with time corresponding
generally o the eastvurd moti~n of the turbuleni veglon,
(Author} . ‘ ' -
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124,

125,

126.

Runtley, E, The Longitudinal Reaponse of a Flexible Slender
Aircraft to Random Turbulence. Aeronautical Research Council,
fondon (England). Rept. No. ARC-R/M-345k, 1967, 4k p.

AD 818005.

«+.The regsponses of a slender, supersonic aircraft flying
through random turbulence have been evaluated for the cruise
conditicn, The problem was simplified by assuming that the
aircraft responds only in heave, pitch, and longitudinal
bending as defined oy the fundamental normal mode and by
using pistonstheory aerodynamics. The results show that the
CG normal acceleration response is very dependent on the
pitching degree of freedom but is relatively little affected
by flexibility., Flexibility does have an important effect on
normal acceleration at the aircraft nose, where it increases
the RMS value by a factor of 2,2 but has negligitle effect
over the rear 70 percent of the aircraft length, It i1s shown
that strains occurring in the fundamental =ode can be corre-
lated with CG mccelerations; the factor relating them being
1.37 times the strain per G that would be measured in a
steady pulleout. (Author)

Kindle, Earl C. et &l. A Technique to Investigate the Nature
of Clear Air Turbulence, Res. Triangle Inst., Research
Friangie Park, N,C. GU=242, ESD-PR67-292, Contract Ho. AF
19{628)-4895, May 1967. 75 p, 5 refs. AD 816864,

«o.The development of a feasibility model to study the nature
of Clear Air Turbulence is treated. The initial phase of the
study is limited to a feasibility mrdel for transverse perture
bations in a jet stream environment. Various tests were cone-
ducted to select the most suitable numericel integratiocn
technique for use on a high resolution model. The problems

of computational stability are treated in detail. The results
schieved in the Phase I study support the feasibility of the
overall concept. (Author)

King, G.B. Civil Aircraft Airworthiness Data Recordi

Progremme Study of Severe Turbulence Bucountered by Civil Air-
craft, urouutiufilumh Council, London (ha'""—ll—r—md )
Current Papers, Rept. No. ARC-CP-97h, Jun 1967, 50 p. AD 836930.
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126. (cont)

127,

128,

+o.Continuous trace records of airvorthiness data have heen
taken from & small number «f aircraft in normal airline service
since October 1962, The acceleration trace on & semple of
records covering 3284 flying hours has beer read to give pesk
values, The durations of the patches of turbulence have been
estimated and an attempt has been nade 1o distinguish betweern
gust and maneuver loads. The most severe of these patches of
turbulence have heen studied in detvail; it is found that the
largest acceleration in a patch is often larger than would be
predicted from Rayleigh distribution of peaks, which is the
distrivution normally used in spectral analysis of turbulence.
(Author)

Kordes, Eldon E. and Love, Betty J. Preliminary Evaluatioun

of XE-70 Airplane Encounters with High-Altitude Turbulence,

U.S, National Aeronautics and Spece Admiaistiation Tech Note
D~4209, Oct 1967, 21 p, fig, tables, refs, eqs.

DAS 629.1308 U585tn Dk209.

+ s sMeaBurenments of airplene response tc CAT were obtained
during supersonic flights of the (B«70 airpianes to an altie
tude of 74,000 ft over the western U.S. Ir general, the
results for 75,757 mi of operation ubove 40,000 ft aititudes
shov that turbulence vas encountered an avercge of 7.2% of
the miles flown between 40,000 ft and 65,000 ft and an avarage
of 33% of the miles fiown above 65,000 fi with less than 1%
of the turbulent areas exceeding 100 mi in leagih., Power
spectral density estimates of the acceleration response to
turbulence show that the structural modes contribute an
appreciable amount t¢ tue total respense. (Author)

Lappe, U.0. A Prelimipary Evaluatioe of the F=100 Rough Rider
Turbulence Measurement System., Norman, Okla., Institute for
Atmospheric Jelences, Natiunal Severe Storms Lab., 1967, 25 p.
‘U.S8. NMatinnal Severe Storms Iab, Tech lHemo No. 36).

DAS M(055) US852re no, 36,

... Response data for elevator control inpute are used as a
basis ior evieluating .he F.luwd aircrafi gust measurement sys-
tems. The procedure involves 1) use of the gust equation to
evaluate responses of the aircraft maneuvered in a zero-gust
(nonturbulent) enviroument; 2) analysis of the separate
responees, vith the aid of calculated frequeacy respuase
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128, (cont)

129,

functions, to isolate probabie instrumental problems; anC 3)
estimation of overall gust velocity measurement accuracies
from estimates of equivalent gust veloclities obtained from
measured and calculated responses, The analysis indicates

that with pitch dampers off, the overall error for the F-100
gust measurement system ranges from a threshold value of about
5 ft/sec to a maximum error of about 20 ft/sec. The accuracy
estimates (error per unit gust velocity) range from a few
percent to about 60 percent, (Author)

Mather, G.K. Flight Evaluation of an Infrared Spectrometer
as a Clear Air Turbulence Detsctor. National Aercnautical
Establishment, Ottava (Ontario) Flight Research Section, iay
1967, 84 p. AD 819533.

.««A prototype of the Barnes infrared spectrumeter proposcd as
a Clear Air Turbulence detector has undcrgone initial flight
tests vhile mounted on the Canadian National Aeronautical
Establishment T-33 turbulence research aircraft. Advance
varning of up to 8.5 nautical miles before interception of
horizontal atmospheric temperature variations were recorded,

A high correlation between temperature variations and mountain
waves and/or turbulence was found during the tests. The neces-
sity of pitch stabilizing such & device against spurious aire-
craft attitude changes has been demonstrated, (Author)

Pchelko, I.G., et al, Turbulentnost' pri issnom nebe, [Turbu-
lence in a Clear Sky. | Gifrometeorologicheskiy Nauchno-
Issledovetel'skiy Tsantr SSSR. Trudy. USAF AFSC FIDeMI=24-66«
68, 1967, 19 p. IPB Files,

...The results of a systematic and statistical study of Clear
Air Turdbulence encountered along tht main airline routes over
the Soviet Union and the Socialiat countries of Eastern Europe
are nov available in sumary form, The data were collected by
crevs of turboprop and turbojet aircraft, generally flying st
altitudes of 6+10.5 km, for four Seday periods (9-13 Dec 1964,
10«14 MAr, 9-13 Jun, and 8«12 Sep 1965). The data vere grouped
into four 6e-hour daily observation periods (24000559, 0600=
1159, 12001759, and 18002359 hr Greeavich tiss). Some of the
results of a similar study wede by Colson in 1962 for the
United States and those obtained in an earlier study by Soviet
scieatists are compared vith the data of the pregent study.
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130, (cont)

Major aspects of the analysis include determination of 1) the
probabllity of encounteripg turbulent zones 1in various regions
of, and altitudes above, the area covered by the study, 2) the
relationship of turbulence to wind speeds and directions,
vertical wind shear, Richardson number, and horizontal wind
shear, Data on actual encounters with turbulence are presented
for the four 5-day periods in tables and are graphically pore
trayed on four small-scale maps. Orig. art. has: & figs and 9

tables. (Author)

Peckham, Cyril G. Flight-Measured Turbulence in the NATO
Nations. North Atlantic Treaty Organization, AGARD advisory
Group for Aerospace Research & Development, 64 Rue De Varenne,
Paris TE France, Report 555, Feb 19€7. DAS 629,1308 N86ur

no. 555.

+++As atmospheric turbulence environment is one of the primary
problem areas in military aircraft structure design, all avail-
able data on turbulence wvere surveyed, The major portion of the
data vas collected with instruments that record airspeed, alti-
tude, and acceleration at the center of gravity plus elapsed
time frow takeoff; although the instrumentis used in the various
countries differ, the pertinent information is the same, The
use of the discrete gust end the continuous turbulence cone
cepts are discussed in relation to establishing the required
spectra for both approaches., All data are reported by the indie
vidual countries: Canada, Germsny, Italy, France, United
Kingdom, and the United Siates. In addition to thr turbulence
data, flight loads. commercial survey loads, ground loads,
sinkir; speeds, ani runwey profile data were also surveyed.

(Author)

Penn, Samuel et al. Megoscale Structure of the Atmosphere in
Regions of Clear-Air Turbulence, Volume 1. .Air Force Cambridge
Res, Labs., L.G. “Hanscom rield, Mass, Alr Force Surveys i~
Geophysics No. 190, Rept. No. AFCRL~67-0115, Apr 1967, % p.

AD 654267,
+o+The mesoscale structure of tae atmosphere in regions of
Clear Air Turbulence (CAT) i3 investigated by weans of aircraft
observations of wind, temperature, and ozone obtaived in the

upper troposphere and the lover strstosphere. Analysis from
five CAT missions are shown, including verticel cross sections
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132, (cont)

133.

13b.

normal to flow patterns and also detailed vertical 'soundings'
of wind, temperature, and the Richardson number, A verifica-
tion is obtained at intervals of 1000 ft between the occure
rence of CAT and a Richardaon eriterion of 0.5, Over 70 per-
cent of the 149 CAT cases are correctly specified by the
criterion. (Author)

Piggott, B.A.M, Atmospheric Turbulence and Aircraft Height-
Keeping Accuracy, Royal Aircraft Establishment, Farnborough
{England). Technical Rept. io. PAE-TR-6T195, Aug 1967, 31 p.
AD 823324,

.++A8 8 contribution to the study of vertical separation stane
dards for use in air traffic control, an examination is made
of the possibility of applying the spectral methods alresdy
used in gust load evaluations to the problem of determiring
the height«keeping errors caused by atmospheric turbiience,
Although it is found that the data available on the low=
frequency components of atmospheric turbulence and on the
nature of the control epplied by the pilot, whether human

or automatic, are not sufficient to allow an accurate estima-
tion of these errors, it is concluded that they do not make

a significant contribution to the total errors experienced.
It 1s noted, however, that certain atmospheric phenorena lie
outside the scope of the theory used here. (Author)

Pinus, N.Z,, Reiter, E.R., Shur, G.N., and Vinnichenko, N.K.
Pover Spectra of Turbulence in the l'vee Atmosphere, Tellus
19(2):206-213 (1967). DAS M{05) T271.

.».Presently known data on <he spectrum distridbution of ture
bulence energy in the free atmosphere nDear ,)rtestream level
are combined from various Russian, Austrelian, =ua ‘werican
sources, A comparison is made between these data, Special
attention is given to the phenomenon of Clear Air Turbulence
(CAT). (Authors)
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135.

130.

Plunkett, Allan B, A Radar Design for Atmospheric Turbulence
Stuuies, Report No, P-20, Antennas and Propagation Divisionm,
Electrical Engineering Research Laborstory, The University of
Texas, 1 Aug 1967, NASA CR 8849k, 64 p, figs, tables, refs.
DAS M(051) U585cr.

«.oAtmospneri: iurbulence cen presently te measured only on
the ground or by means of sirplanes flying through the turbu-
lent area, A properly designed radar system may be able to
detect and analyze atmospheric turbulence from a position
remote from the turbulent area. The choices of antenna,
wavelength, transmitter power, receiver sensitivity, and
detection methods are examined, The differences between

pulse or cw and bistatic or monostatic systems are discusse
ed. A comparison with existing radar systems used for atmo-
spheric turbulence research is made. (Author)

Priestley, J.J. Low-level Critical Air Turbulence. Boeing
Co., Wichita Kans, Airplane Div., Technical Progress Monthly
Rept. No. D3~7087-16, Aug 1967, 45 p. Contr, No. AF 33(615)~
3724, AD 821529,

...The contents of this report describe the lowelevel crivie

cal air turbulence (LO-LOCAT) program accomplishments and ine
clude milestone forecast and accomplishment schedule data as

of 1 August 1967, Turbulence and meteorological test data

are included, (Author)

See also:

Priestley, J.J., et al. Low=-level Cri-
tical Air Turbulence, Boeing Co.,
Wichita Kans. Airplane Div,, Technical
Progress Monthly Rept., 6 Oct=5 Nov
1967. Rept, ¥o. D3-7087-19, Nov 1967,
76 p. Contract AF 33(615)-372k, AD
825454, '

...The contents of the report dese
eribe laow-level critical air turbue
lence (LO-LOCAT) program accomplishe
ments and include milestone forecast
and sccomplishment schedule data as
of 1 November 1967, (Authors)

See also:

Report of Contract AF 33(615)e3724
by Geult, J.D. (No. 118)
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137.

138,

Reiter, Elmar R, Problem of Clear=-Air Turbulence (CAT):

Possible Future Devel nts. Astronautics & Aeronautics,
N.Y., 5(8):56<58, Aug 157. "Statciient by the AJAA Technie

cal Committee on Atmospheric Eunviromnment," DAS P Col,

«..Discusses four methods that may be taken to alleviate
the effecta of CAT on air traffic. These are: 1) to rely
on improved techniques for forecasting CAT, 2) to hope
for the development of inflight remote detectors that
would "see" CAT ahead of tuie airsraft, 3) to depend on
groundbased remote CAT detectors, and %) to think about
satellite=borne CAT detectors. It is suggesicd that it
would be highly desirable to develop sensors that iesveal
the mesoscale of atmospheric structure and motion, and
leave the operatiocnal details to forecasting and onboard
detecting of CAT, The present state of the art indicates
that CAT, in a thermally stable environment, is caused by
gravity wvaves forming under vertical wind shear, These
vaves break down into random isotropic turbulence, Aire
craft measurements taken over Australia and the Soviet
Union indicate the presence of such a "breaking" vave
phenomenon. (ES)

Reiter, Elmar R. and Lester, P.F. The Dependence of the
Richardson Number on Scale length, Colorado State Univ,,
Atmospheric Science Paper No, 111, Report under Grant

WBG=59 from the National Bnviron, Satellite Center, ESSA.

Jul 1967, 43 p. DAS M(055) CT1Gat No. 1ll.

.. It can be shown thsoretically that the Richardson
number depends on the thickness L of the layer over which
it is computed., The relatiomship has the form R a P

vhere O < p < 4/3, Experimentally, FPS-16 radar wind
measurencnts and detniled radiogonde cobservations showv
that p may also be a function o7 L and that with actual
wind profiles even aegative values of p may be encoune
tered,

Froa this study It appears that until accurate obser-
vations of the state of the atmospheric mesostructure are
available, no unique correlatios betwaen Ri and Clear Air
Turbulense (CAT) should e expected to exist. {Author)
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139, Rosenberg, Paul et al. Clear Air Turbulence. Flight Safety
Foundation, Inc., NK.Y,, Contract NRS=33-020«00), NASA-CRe
90041, Mar 1967, 162 p, refs. N6C=-10364, DAS M(051) US85er
NO. mhla

+o.This paper is, in g+-neral, concerned with the allevia=
tion of problems posed by flight in turbulence, Specifi-
cally, it evaluates developments in (1) forecasting and
detection of air turbulence and (2) devices for indicae
ting turbulence with particular emphasis on clear air ture
bulence (CAT). It also lists incidents and accidents ine
volving turbulence, including their effects on airline
operations, for 1965«60, Although the emphasis is op CAT,
& broadened definition of CAT takes in almost all other
types of turbulences except those actually within clouds,
storms, gales, tornadoes, and hurricanes; included are
studies of pilot/aircraft responses, turbulence reporting,
alerting, and aircraft rerouting, engineering aspects of
turbulence, apd the ecomomice of turbulence, (Author)

1ko. Royal Aircraft Esteblishment. Civil Aircraft Airworthinese
Data Recording Progrumme Special Events of Heteorologig_a_l_
Origin (Jan 1 to Dec 1965). Farnborough (Englund). Tech
Rept, No, RAE<TR<6TOTi, Msr 1967, 47 p, AD 823143,

...Continuous trace records of sairworthiness data have been
taken from a small number of aircraft in normal airline
service since Qctober 1962, Throughout the recording period
the records have been searched for unusual occurrences, and
each one has been studied to determine its nature and, vhere
posaible, its cause, Thi:z report describes a selection of
events of me{eorologioal origin vhich were found in records
taken between Japuary 1905 and December 1965. (Author)

141, Saxton, David W, Nature and Causes 0 Clear Air Turbulence
Journal of Aircraft, Vol. &, No. &, JulsAug 1967. pp 356+359.
10 refs, 7 figs. DAS P Col.

«...The characteristics of Clear Air Turbulence (CAT) are
discussed in terms of turbulence-sessuring systems and
data-reduction methods. The spectral density techaique of
date reduction, vhich has largely replaced the discrete
guat method, is used to {llustrate the {nteraction betwveen
the aircraft and turbulence and to highlight the difference
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141, (cont)

L~tween undulance and turbulence. Internal gravity waves
and the conditions which appear favorable for their ’
amplification and breakdown into isotropic turbulence are
discussed. Meteorolcgical data available to diagnose and
forecast CAT are evaluated and a comparison is made between
conventional ravinsonde date and vind data obtained with
precision missile-tracking radar. A recent XB«TOA encounter
vith CAT is used to illustrate the challenge of the future,
(Author)

1h2, Sissons, J. Anslysis of Clear Air Turbulence Reparts over
Africa and Adjacent Ocean Areas Souih of Latitude 15 h,
East African Common Services Organization, Nairobi. Net.

Dept., Memoirs, Vol. 4, No. 3, 1967, 19 p, figs, charts,
tables. DAS M(055) El3me,

. Despite the relatively small number Of turbulence re-
ports available for this study, several important features
have emerged: 1) the number of cases of moderate or severe
CAT over Africa south of 15°N Lat is considerably lower
than had previously been imagined; 2) no appreciable
diurnal variation in high-level CAT can be discerned;

3) there is a promounced seasonal variation in turbulence
which can be associated with seasonal highe-level tempera-
ture and vind-flov charts; &) areas of temperature dis-
continuity between cool westerlies and varw subsiding

air circulating around the highelevel subetropical high
pressure sones appear to be potential areas of Clear

Air Turbulence, and the frequency and intensity of the
phencmenon may vell be related to the temperature gradi-
ent and to the maznitude of the westerly compoment; 5)

it appears to be extremely unlikely that frequent or
videspread modersate or strouger CAT will occur delow
FL300; 6) instances of CAT vhich can be relsted to lee
vaves do uccur in the viainity of high mountains but

t.hcnmnotqrnnuyum*.ummnu-
cipated. (Author

143,
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143, (cout)

s Estimates of the spectrum of refrectivity fluctuations
to be expected in regions of Clear Air Turbulence are
shown for scales in the inertial suberange, Based on the
complete analysis by Atlas et al., it is concluded that
radar detection of Clear Air Turbulence with current teche
nology is unlikely for all but inversion conditions, How=
ever, the present analysis can be used to provide consis-
tent estimates for particular environmental condi*ions,
(Authors)

144, Tchen, C.M. Turbulence in Stratified Atmosphere, Space
Sciences Lab, General Electric Co.,, King of Prussia, Pa,,
Aug 1967, 25 p, & refs. AD 819689,

«o.We investigute the sgpectral distributions of velocity
and density fluctuations in a stratified atmosphere. The
equations determining the two spectra contain the following
transport functions: modal transfer, pcoduction by shear,
distabilization or damping by buoyancy, and acoustic dife-
fusion, The method of cascade decomposition is applied to
sttack the nonlinear vquations of momentum end continuvity,
Three cases are solved: (a) spectra by acoustic diffusion,
(v) spectra by buoyancy damping, and (c) spectra by dista-
bilizing buoyancy. The eddy viscosity, the eddy diffusie
vity, and the acoustic diffusion functions are derived.

(Author)
145, TenBroek, H.W, et al. Low Frequency Electric Field Chare
acteristice of Clear Air Turbulence. Honeywell, 1Inc.

Systems & Research Div,, 5t., Paul, Minn, Cootract AF 19
(628)+5983, Final Report, Mar 15, 1966-Jul 15, 1967, Jul
15, 1967. 150 p, figs, photos, tables, eqs. DAS M(051)
RT72tilo.

...This report covers vork done by Hoveyvell in cooperae
tion vith Northwest Orient Airlines to investigate the low
fregquency elestric field cbarscteristics of CAT. A dese
eription ia given of the electric field sensing systea
designed and constructed by Roneywell and installed in 5
Forthwest Airlines 720B passenger jets. The equipment wes
used to gather experimental da.a on the correlation of
elegtric field activity vith CAT, vhen encountered,
during tbe saheduled flights of these aircraft in the
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145, (cont)

146,

147,

period between Oct 1966 and Jun 1967 (a total flight time
for all 5 CAT units of approximately 4300 hrs). In this
period, a total of 2320 hre of recorded electr ~ field
data vas obtained, during which 131 pilot-indicated ene
counters with CAT occurred. An investigation of the corre-
lation of these encounters with the recorded data is iree
sented, and the effects of various uoise sources on system
operation are discussed. (Author)

Tucker, G.T. et al. Low=Level Critical Air Turbulence,
Boeing Co. Wichits, Kans. Airplane Div, Tech Progress
Monthly Rept, 6 Jex<5 Feb 67. Rept. No. D3-7087-1C, Feb
1967, 291 p. Contract 33 (615)=372k, AD 822605.

ee.ID8 contents of this report descride lowslevel criticel
air turbulence program accomplishments during the period
froa 6 January through 5 February 1967 and .nclude mile-
stone forecast and sccomplishment schedule data as of 1
February 1967. Results and discussion of gust boom vibrse
tion checks are presented. Also included is & portion of
the meteorological and gust data obtained thus far in ke
program. (Author)

Tucker, G.T. et al, Lovelsvel Critical Air Turbulence.
Boeing Co. Wichita, Kans, Alrplane Div, Technical Progress-
Monthly Rept, © Peb<5 Mer 1957, Rept. Ko. D3-7087l1, Var
1967, 97 p. Contract No. AF 33(615)e372h. AD 822604,

«++.The contents of this report descrite lowvelevel critical
air turbulence prograa sccomplishments duriag the pericd
from ¢ February through 5 March 1967 and include milestooe
forecaat and accomplishment schedule data as of 1 March
1967, Results and discussions pertaining to an evaluation
of i0-LOCAT calculated gust velocities are precented; gust
and metoorological test dats are also included, -(Author)
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148, Tucker, G.T, et al., Low-Level Critical Air Turbulence,
Boeing Co., Wichita, Kans., Airplane Div, Technical Progress
Monthly Rept, 6 Apr«5 May 1967, Rept. No. D3~7087-13, May
1967, 12 p. Couiract AF 33 (6i5)=3724, AD 822603,

+..The contents of thic report describe loww~level critical
alr turbulence program accompiishiments during the period
from 6 April througn 5 May 1967 and include milestone
forecast and accouplishment gchedule datr as of 1 May
1967. (Author)

149, USAF, Air Weather Service. ALLCAT Conlerence 16Oel7
January, 1967. Figs, tables, naps, graphs. IPB Files.

...The objeciive of the ALLC'T Program is to provide fine
scale, true, gust veloclity measurszments of continuous
vavelength turbulence for all altitudes, seasons, and
typical geogrephical areas, These turbulence data, corre-
lated with meteorologicsl conditions and synthesized with
other data, will be used to establish valid turbulence
design criteria for edvanced vehicle structures, flight
coetrol systems, and human factor inveetigations. The
turbulence data will be utilized in evaluating struc-
tiral modification and life determinations of existing
flight vehicles. Therce data will assist meteorological
agencies in verifying, changing, end establighing new
techniques for forecasting critical atmospheric turbu-
lence, The turbulence data will also be useful to other
technical disciplines such a3 physiologica: and psychoe
logical investigatlons of crew members, crev accommoda=-
tions, guldance, flight instrumentation, and mission
planning in operational organizations. (Author)

k -
Iha, Astheimer; Pobert w, Remote Deteation of Clear Air Turbue-
lence by Infrared Radiation, (Barnes Eng. Zo., Stanford,
‘ Conn. ) Boelny Gclentifi: Research Labs,, Seattle, Document
DIUe=0TL0, Aug 1968, Separatelyepaged paper (1Y p.) Figs,

photos, .efs, (Symposium on Clear Air Turbulence and its
Detection, Centtle, Wash,, Aug lhelt, 1904, Summnries of
& papers;. DAS M9L.5 Sloeum,
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150. (cont)

+s o Deseribes the development of an experimental airborne
: scanning IR spectrometer, essentislly a Fabry-Perot inter-
ferometer with a narrow field of view directed along the
flight path, to investigate the applicability of radiometric
measurement of IR energy emitted in appropriate spectral bands
. to the remote detection of Clear Air Turbulence (CAT), The
physical and theoretical foundations of the problem are pree
‘ sented and analyzed., Initial flight tests indicated a very
high correlation between turbulence and temperature changes,
with CAT detection achieved at distances up to 10 mi, Instrue
ment modifications to eliminate the unacceptable sensitivity
of the prototype device to piteh are described., "™« redesigned
instrument, "IRCAT", remained sensitive to residua). pitch moe
- tions, Special filter systems designed to eliminate this source
of error proved effective in later test flights; other technie
cal improvements in additionallyeplanned "IRCAT" instruments
are expected to optimize the IR techniques in long-range CAT
detection, (JPD)

151, Atlas, David. Clear Air Turbulence Detection Methods: A
Review, Geophys. Sc. Dept., Chicago Univ, Boeing Scientific
‘Research Labs., Seattle Document DI-82.0Th0, Aug 1968,
Seperately-paged paper {15 p. + appendix), refs, eqs. (Sym-
posium on Clear Air Turbulernce & its Detection, Seattle, Wash,,
Aug lhel6, 1968 Sumie € of papers). DAS M51.5 S989sum.

.« Discusses and evaluates various sethods of Clear fir Ture
bulence {(CAY) detection., Possible techniques include passive
and active acoustics, optical stellar scintillation, microe
wave gcintillation of radio stars and satellite bescons, IR
and microvave radiometry, lidar backscatter, tropospheric
bistatic radio=-scatier, and ultrasensitive radar. Suggested
approaches include airvorne, ground-based, and even sateliite-
borne detectors. Ground-besed ultrasensitive radars appear to
be the anly remots sensors vhich bhave provided definite indi.
cation of CAT. It is recommended that an airborne radar be
developed vith a required 20«dv improvement in senaitivity for
reliable CAT detection at 10 n mi, Other methods including
ground bases troposcatier radio technigues, the dualepulse
lidar technique of Breece et al (1960); and IR or microvave
radiometer procedures show promise, if developed. An extensive
bibliography is appended, togetber with a brief appendix ou
the feesibility and costs of establishing an operational ralar
system unit for CAT detection, (JPD)

n9




USAF ETAC TN 70«1 January 1970

152,

153.

Atnip, F.K. Turbulence at Low Altitudes: Summary of the Results
of LO-LOCAT Phases I and 1I. Boeing Scientific Research lLabe.,
Seattle, Document DI-B2-07H0, Aug 1968, Separately-paged paper
(3 p). (Symposium on Clear Air Turbulence and its Detection,
Seattle, Wash,, Aug lielo, 1968, Summaries of papers).

DAS M51.5 S989sum.

+ .. Purpose of the investigations was to obtain & rational defini-
tion of the turbulence environment below the 1000~ft altitude
using statistically representative samples of turbulence data on

a wide range of meteorological, topographical, sessonal, and
time-of-day conditions. Turbulence wave lengths up to 7000 ft/
cycle were measured. Another objective was to describe the proe-
bability distribution of RMS gust velocities; also, the analysis
of the gust-velocity, spectral density functions to define thelr
shape, The analysis employed turbulence and meteorological data
acquired during the period Sep 15, 1966eDec 20, 1967, by 4 instru=
mented C-131 aircraft in 1244 test flights over 340,000 mi. The
flight patterns, area covered, and techniques of data accuisition
with a summary of major results are presented. The probability

of encountering a gust of given magnitude was found to be greater
over iough terrain, at lower altitudes, and when the air is une~
stable, Anong the findings it was determined that at absolute

altitudes below 1000 feet, atmospheric turbulence is character- W
ized by a high degree of stationsrity, isotropy, and homcgenee

ity. (JPD)

Clear Air Turbulence, Boeing Scientific Research Labs.,
Seatile Document D1-82-07k0, Aug 1950. Separatelye-paged paper
(5 p), refs, eqs. (Symposium on Cleer Air Turbulence ari its
Detection, Seattle, Wash., Aug 1b-16, 1908, Summaries of papers). ‘
DAS M 51.5 S989sum,

Badgley, F.1, Large Scale Processes Contributing Energy to H

«eeDiscusses: 1) the Lossibilities of the initiation of turbue
lent motions in directions other than the vertical {including
implications vith regard to tae critical Richardson number),
and 2) the asnner in which the atmosphere, starting from a
condition in which the Richardson number is everyvhere greater
than critical, cen reach a condition vhere there are patches
of lover than critical Ri (the latter calling for s decrease
of static stablility, or an increase in the vind shear, or
both.) The first problem is snalyzed from the perspective of
the equation for the energy budget of eddy motiomns: slthough )
it is sdmitted that shears in the atmosphere are in fact msuch
stronger along the vertical than other axes, it is held pos-
sible to conceive of eddy motions in a horizontal plane = is
goucluded thut only nongeostrophic motions can be effective in

(]




January 1970 USAF ETAC TN T0-l

153. (cont)

154,

155.

changing Ri, thus making detection of incipient Clear Air
Turbulensze (CAT) especially difficult. Available evidence
indicates that the large scale motious preceding CAT are such
a8 to increase both the stability and wind shear; the latter
is the determining factor., (JFD)

Beard, C.I. et al, Microware and Infrared Scattering an

Absorption Related to Atmospheric Inhomogeneities, Bceing Sc.
Res, Lavs.,, Seattle, Document DI~B2-0740 s Aug 1958. Separately-
paged paper (6 p), refs (Sympcsium on CIear Air Turbulence and
ite Devection, Seattle, Wash,, Aug 1l4=16, 1968, Summaries of
papers). DAS M51.5 S989sum.

.+sDeacribes a combined experiment to study the scattering of
electromagnetic waves by atmospheric turbulence; meteorological
measurements of the stmospheric structure and its statiastics
are taken simultaneously with the rsdic-wave statistics. A
10.4 GHz microvave line-of-sight awmospheric measurement
technigue is employed; capable of observing the statistics of
the phase quadrature components of the incoherent scattered
field directly; it is also sensitive to the effects of spheri.
cal wavefronts. The techniques involved and the results of the
operation of the 10.4 GHz and related systems are presented;
the significance of the findinge with regard to the cause-and.
effect relationship between the characteristics of the random
refractivity field and the random signal statistics is dise
cussed. The ability of the transmissometer measurewents to
isolate the particular feature of the atmosphere active as

the causative agent in fluctuations in the radio signals is
noted, Preliminary results of the experiments indicate that
the radio signal statistics respond to atmospheric refracti-
vity turbulence ard not to wind turbulence per se although the
correlation between simultaneous cccurrences of the tvo types
of turbulence is good. (JPD)

Belyayev, V.P, et al. C(Certain Results of Experimental Inves-
tigations of the Turbulence of the Atmosphere with Help of
Radiosondes (Cnapts I, 11 and 1"'11')"‘_'1. nnae‘h;-a' 2020761, HP!'"-M'B,
Onhio, (Translated from Teentral '‘nays Aerol. Observator

’
Trudy, Central Aerol. Obs. Trans., No. S5&, 1964, pp 4-52), 26
Jan 1968, 58 p. IPB Filea.

71
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155. (cont)

156,

157,

«eoIn this article is given a description of the methodology and
equipment for measuring the turbulence of the atmosphere with the
help of radiosondes, Presented are the resulvs of theoretical and
experimental investigations of the methodology ard also the char=
acteristics of turbulence over Moscow, Sukhumi, and Tashkent., For
the Moscow region, according to data of annual observations, we
show the distribution of turbulence by height and its seasonal
movement, data about the thickness of the turbulent layers,

about stability of turbulent zones in time, We consider the cone
nection of turbulence on vertical gradients of temperature and
wind speed. (Author)

Bhaskara Rao, N.S. et al, Correlation between Clear Air Tur-

bulence and Temperature Gradients at Standard Isobaric Levels.
Indian Journal of Meteorology & Geophysics (Quarterly) Issued

by India Meteorological Dept. Vol. 19, No. 1, Jan 1568, pp 59~
64. DAS M(05) I39i.

..+.The f orecasting offices which render service to turbo-prop
and jet alrcraft have to indicete the provable area of Clear
Air Turbulence (CAT) and, if possible, the intensity of the
CAT which is likely to be encountered by the ailrcraft, Fore-
castirg of CAT from synoptic data is beset with many problems
which have been discussed in Section 2 of tanis paper, There
is, however, an apparent correlation betweer the occurrence of
CAT and the increase of thermal gradiert, This was statisti-
cally tested in the case of all flights for which post=flight
reports were avalleable at the Main Meteorological Office,
Santa Cruz for the year 1964, The results of the test are
discussed in this paper, Briefly, the results show that the
method based on thermal gradients is a good guide for delin-
eating probable areas of CAT occurrence but the method was
not very sensitive for discriminating different intencities
of CAT, The method has a good potentiality to be used &s a
forecasting tool. (Author)

Bourquin, R.R. et al, Invest%ﬁation of Air-Flow Velocity by

laser Backscatter. NASA TN D-4453, Wash., D.C., Apr 1968, 2l

gk 7 refs, 2 figs, 3 appx., formulae. DAS 629,1308 Us85tn
b33
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157, (cont)

159.

«+.An investigation of laser-light backscatter properties from
an atrosphere emphasized the effect of frequency shift. The
detection scheme deseribed is based on this effect and proved
successful in the laboratory determination of flow velocity of
a contaminated atmosphere. The results agree well with measuree
ments taken with a hot wire anemometer. This investigation used
a continuous wave laser radiating in the visible region. The
velocity of an air stream containing a small concentration of
contaminants was measured. Using this technique to detect

Clear Air Turbulence would require that Mie scattering pre=
dominate in the turbulent region, This technigue does not
presently appear practical for airborne detection of Clear Air
Turbulence considering the avallable lsser transmitters and
detectors and the uncertain knowiedge of the contaminatinge
particle content in a turbulent region, (Author)

Burnham, J. Atmospheric Turbulence and the SST: A Review in
the Light of Recent Research, Royal Aircraft Establishment,
Farnborough (England), Tech Rept No., RAE-TR=68096, Apr 1968,
87 p. AD 8L1Tiy,

... Atmospheric turbulence problems which may be met by an SST
are considered in the light of the results of high«altitude
turbulence research programmes recently conducted in the U,K.
and U.S,A. Disturbances have been found in the stratosphere
which are of sufficient size to be significant for SST opera-
tions., Indications irom results already avallable are that 1%t
will be possible to devise means for the avoidance of major
disturbances, although it appears that turbulence in the
stratosphere is less wide-gspread than at lower altitudes. Up
to 15% of the time, at altitudes up to 60,000 ft, may be
spent in noticeable turbulence in some regions at certain
times of the year, Recommendations for further work are made,
(Author)

Businger, J.A. On the Energy Supply of Clear Air Turbulence.
Atm, Sc. Dept., Wash, Univ,, Seattle, Boeing Salentific Ree-
search Labs., Seattle, Document DI-82-0Th0, Aug 1968.
Separetely-paged paper (6 p), figs, refs, eqs. (Symposiua

o Clear Air Turbulence and its Detection, Seattle, Vash,,
Aug l4al6, 1968, summaries of papers). DAS M51,5 5989sum.

I
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159. (cont)

160,

+«.Presents theoretical approaches to the investigation of
certain atmospheric conditions under which stable atmospheric
layers contain kinetic energy that may be released into ture
bulence, once turbulence has been triggered, The condition
for instability for a perturbation of a stablyestratified
atmospheric shear layer 1s discussed. Equations are derived
to gain some insight in how much kinetic energy is availeble
in & shear flow. It is concluded that if an atmospheric layer
has the conditions that Ri = 1, then limits of 0,25 and 1
appear to indicate that a shear layer may for some time store
energy avallable for turbulence hefore release. For certain
specified cases of Clear Air Turbulence, the sequence of
events 1s presented in diagram form, A turbulent energy
equation is also developed; among other determinations, it

is found that the maximum possible Ri number under steady
homogenecus turbulent conditions is not yet known. (JPD)

Clover, K.M., et al, Radar, Aircraft, and Meteorological
Investigation of Ciear Air Turbulence, Ccnference on Redar
Meteorology, 13th, MeGill Univ,, Montreal, Aug 20-23, 1968,
Proceedings, Ed. by J.S. Marshall. Boston, American Meteo-
rological Society, 1968, pp 242-247, figs, tables, refs.
DAS M01.81 Ri2htr 1968,

evoSimultaneous studies of the lower 15 km of vhe atmosphere
by multiveve~length radar, jet sircraft, Jimspheres, and
special radiosondes have been conducted at the JAFNA radar
facility at Wallops Is., Va., Below an altitude of about 6 km,
wost of the Clear Air Turbulence (CAT) is detected with the
kallops radars; however, the intensity of the radar echoes
is not an indication of the intensity of the CAT, and pot all
0¥ the clear air echoes are associated with turbulence of a
gesle affecting aircrasit., Most radar layers correspond in
height to regions of marked humidity stratification but with
slight or no accompanying temperature inversions, Seldom is
the reported CAT intensity greater than iight at these altie
tudes. Above about 6 km, radar detections of clear air
phenomena are legs frequent but are generally associated wita
significant turbulence, Much of the CAT reported by the aire
craft at these higher altitudes is not accompanied by radar
achoes, This turbulence is usually assocliated wvith large-
soale vind shear and Richardson nuabers less than 1,0, Indie
cations are that radars of sufficient sensitivity can regue
larly doteat CAT at altitudes at least up to the tropopause;
hovever, a rodar parameter other than reflectivity must be
used to differentiate btetwveen turbulent and nonturbulent
phenomena. (Author)

Th
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161.

162,

Cole, A.L., et al, Evaluation Studies of Clear Air Turbulence
Detection by a Multipulse Laser Radar. Michigan Univ., Ann
Arbvor, Rept. No, 07830~10«F, Final Tech., Rept. Conmtract AF 33
(615)-3588, ARPA Order-Th6, Aug 1968, 126 p. AD 843777.

...A two~dimensional multipulse laser radar (PPI Laser Radar),
featuring an azimuthal scan of several degrees, was designed,
built, and installed in a JT=-29A aircraft to evaluate the
feasibility of detecting Clear Air Turbulence (CAT) by laser
radar, The laser radar design was based on a theoretically-
possible detection of a 10 percent change of aerosol concen-
tration in a few hundred meters at & range of 1 or 2 kilo=
meters, CAT eddies, especially near the interface of dif=-
fering air aesses, should provide aerosol gradiente suitable
to ruby laser radar detection, Evaluation flights were con-
ducted in the mountain wave and thunderstorm turbulence
regions of Colorado and Oklahoma during the spring and early
sumner of 1967. The results of these flights indicate that
large atmospheric aerosol conceutration gradients can be
detected by laser radar; however, the gradients existing in
reasonably clear portions of the atmosphere were not detected
and are assumed to be less than 10 percent, An advance in the
state of the art will be necessary before a pulsed ruby laser
can be developed into an operational CAT detector. (Author)

Collis, R.T. et al. Recent Studies Related to Clear Air
Turbulence: Computer Analysis and Forecasting, Turbulence,
Climatology, and Lidar Observations of Atmospheric Struc-
ture that Indicate \r Motions, Stanford Res. Inst., Menlo
Park, Calif. Boeing Scientific Research lLabs., Seattle,
Document D1=82-0740, Aug 1968, Separately-paged paper (6 p),
Symposium on Clear Air Turbulence and its Detection, Seattle,
Wash., Aug l4-16, (Summaries of papers.) DAS M51.5 S989sum)

.+.Sumarizes the baslc atmospheric conditions associated with
the occurrence of Clear Air Turbulence (CAT) in relatively
small areas and cites the difficulties of positive identifi-
cation of the turbulence volumes of the atmosphere. It is
suggested that probability analysis presents a practical
approach to the problem, Initial findings show that the most
reliable indicators of turbulence frequency are the vertical
vector wind shear and the horizontal deformatjion ¢f wind
patterns, Other approaches discussed include studies of the
distribution of turbulence as a function of place, altitude,
and season; use of weather balloons bearing special esensor
equipment; analysis of vertical vind profilze measured by
FPS<10 radar, tracking rising balloons; study of satellite
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162, (cont)

cloud photographs for possible indicators of turbulence; and
application of lidar (laser radar) techniques to CAT detec-
tion including aircrafteborne, vertically-scanning lidar to
recognize turbulent regions, (JPD)

163. Colquhoun, J,R. et al, Clear Air Turbwlence Analvsis over
the South Pacific Region for a Five-Day Period in December
196L, Central Off,, Bur, of Met., Melbourne, Ausiralis
Meteorological Magazine, Melbourne, 15(3), pp 47-72, Jun
1967, received Apr 1968, figs, charts, tables, refs. PAM,
DAS M(05) A938. (see #111)

++oAs part of the ICAO short«term high~level turbulience
reporting program, data have been compiled and analyzed for
flights at or above 20,000 fi. Areas of nou«occurrence as
well as areas of occurrence of high-level Clear Air Turbue-
lence (CAT) werz determined over the South Pacific region
during a selected 5-day period in December 1964, Latitude=-
longltude "squares" of 2.5 degrees were used to tabulate
the flight data. Flights were divided into (1) flights at
or below 30,000 ft and (2) flights sbove 30,000 fi.
Frequency distributions and percentages of CAT occurrence
were computed over individual "squares," for flight ele-
vations and also for various parameters, mainly of &
meteorological nature, Six parameters - Endlich's turbu-
lence index, vorticity, vorticity advection, "averege"
vertical wind shear, Richardson's number, and the (olson-
Panofsky turbulence index were investigated in a study
restricted to flights in the ares bounded by latitudes
22,5° and 40O® gouth and longitudes 112.5° end 160° east.
Average vertical wind shear and Richardson's number gave
the best results, (Author)

164, Crooks, Walter M, et al. Project HICAT, High Altitude Clear
Air Turbulence Measurements and Meteorological Correlatiuns,
Volume I. Lockheed-California Co,, Burbank. Final kept., 13
Mar 67=31 Jul 58, Rept. No. LR-71718 vel. 1, Rov 128, 325 p.
Contract F33615-67=C-1461. AL 8ib0B6. (See Vol. II - same \
author, title, AD 847L97),

...The program objective was to determine the gtatistical
charscteristics of highealtitude CAT so as Lo improve struce
tural design criteria. In addition, meteorciogical forecasts

™
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154, (cont)

1565,

and analyses were to be correlated with the CAT measurements
to improve CAT forecast procedures, In the extended program,
18.3 hours of high=altitude CAT were located and recorded in
flights covering over 156,000 miles from bases in England,
Louisiana, Maine, Panama, Florida, and California, Actual
vertical, lateral, and longitudinal gust velocity time
histories and power spectra were determined and analyzed,
Peak counts of truee-vertical gust velocity and derived-
equivalent gust velocity were obtained. A practical proces
dure for forecesting high-altitude CAT was developed. (Autnor)

Colson, DeVer. Meteorological Analysis of 1964=1965 ICAQ
Turbulence Data. U.S, Weather Bureau, Technical Memorandum
WBTM TDL, No. 14, Oct 1968. 80 p, figs, tables, refs.

DAS M(055) US8Tte No. ik,

Also his Clear Air Turbulence and Upper Level Meteorological
Patterns{ Boeing Scientific Research Labs,, Seattle, Document

D1-82-0Tu0, Aug 1968, Separately-paged (6 p). DAS M51,5 S989sum,

.. Summaries are given of Clear Air Turbulence (CAT) data over
Alaska, Canada, Greenland, North Atlantie, Caribbean, Mexico,
and Central America during four S-day periods. (Dec 1964, Mar,
Jun, and Sep 1955) in JCAO worldwide, high-level turbulence
collection program, Turbulence reports are summarized by
intensity, altitude layer (30,000, 30,000-33,999, 34,000 ft),
and location by 5° latitude-longitude squares, Meteorological
analyses are przsented showing probability of moderate or
greater turbulence in relation to 300-mb circulation rpatterns,
Jet streams, isotach, horizontal wind shear, and contour
gradients. While no sharply defined criteria are established
for routine prediction of occurrence of intensity of CAT,

some interesting meteorological patterns associated with une
usually turbuleant conditions are shown. The studv illustrates
the importance of large values of vind speed, wind shear, and
contour gradients and slso rapidly increasing values of these
parameters, The study particularly shows the importance of
sharply curved flow patterns around trcughs and ridges. The
second paper, presented at the Symposium cn Clear Air Turdbue-
lence and its Detection, Seattle, 1968, presents in summary
the contents of the first paper. (Author)
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166,

167.

Dutton, J.A. et al, Probabilistic Determination of Aireraft
Response to Turbulence at Low Altitudes, Deputy for Engineer-
ing, Aeronautical Systems Division, Wright-Pattersom AFB, Ohio,
ASD-TR«68-39, Oct 1968, 163 p, 22 refs, AD 685184,

+soThe theory of the distribution of maxima and exceedance
statistics developed by S.0. Rice is combined with available
information on atmospheric turbulence in an attempt to pre-
dict the statistics of aircraft responses. Details of the
theoretical method are expounded, and the turbulence 1s
assumed to be a Gaussian process to permit explicit calculae~
tion of the desired probability functions. Data from B-6C
and F-106 gust investigations are combined with theoretical
results to compute the statistics of maxima and exceedances
for a variely of special cases,

Methods to utilize the actual distribution of turbulence
are investigated, Straightforward approaches will probably
not be practical unless the turbulence possesses a nearly
Gaussian joint distribution for the velocity and the first
two derivatives. (Author)

Dutton, John A, Probabilistic Structure of Clear Air Turbu-
lence: Some Observational Results ard Implications, Met. Dept.,
Penn, State Univ,, Boeing Scientific Research Labs., Seattle,
Document D1-82-0740, Aug 196S, Separately-paged paper (13 p).
Refs, egs. (Symposium on Clear Air Turbulence and its Detec-
tion, Seattle, '‘‘ash., Aug 1416, 1968, Summaries of papers).
DAS M51.5 S989sum,

«..Turbulence is described as a physically-generated random
process. Improved models of the probabilistic stiucture of
turbulent motion in the atmosphere must be based on a better
understanding of its statistical characteristics; these '
characteristics are discussed in relation to Gaussian proe-
cesses. A review of relevant statistical concepts is pre-
sented, including peak and exceedance statistics, The time
history data for various parameters of turbulence derived
from several observation periods are examined vith respect
to the disiribution of the velocity componenta; & hypoe-
thesis consistent vith this distribution is developed, It
is concluded that the observed turbulence is patchy and the
velocities distributed locally in a Gaussian marner. (JPD)
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168,

169.

Endlich, Roy M, et al. The Turtulence Climatology of the
United States between 20,000 and 45,000 Feet Estimated from

reraft Reports and Meteorological Data, Stanford Res, Inst,
Nenlo Park, Calif. Final Report, 10 May 65«9 Jun 68, Jun
1968, 71 p. Contract No. AF 19(628)=5173. AD 672988,

+..The climatology of Clear Air Turbulence is defined herein
as the likelihood that an aircraft or missile will encounter
turbulent air at & given locality, altitude, and time of year,
Turbulence data of three types were used in this study., Thcese
include observations by instrumented research aircraft, bale
loon tracks measured by FPS-16 radar, and turbulence reports
made by pilots. The FPSe16 tracks of rising jimsphere and
rose balloons were cbtained during studies of detailed wind
profiles. We investigated their potential value in identie
fying turbulent layers. The subjective turbulence reports
from pilots collected during special five-day reporting
periods comprise by far the largest volume of data avail-
able, Meteorological conditions for these periods were
analyzed by computer from standard rawinsonde data and

wvere correlated with the turbulence reports. Optimupr mule
tiple regression equations between turbulence frequency

and the mean and standard deviation of the vertical vector
wind shear were obtained. In summer a different regression
equation vas found than in other seasons. (Author)

Falcone, Francesco and Nania, Avele, Preliminari per uno
stuiio regionale dellas turbolenza in atmosfers serena,
TPrelininaries for & Regional Study of Turbulence in a
Quiet Atmosphere, ] Rivista di Meteorologis Aeronautica,
Rome, 28(4):39-48, Oct/Dec 1968, Figs, charts, tables,
refs, eqs. Italian, French and English summaries p 39.
DAS M(05) R625.

talian
...The suthors present & procedure for adaly:ing on &
regional scale over Puglia, the relationship betwveen Clear
Air Turbulence (CAT) and the Richardson number and wind
velocity and direction at the flight level of an aireraft.
The contents ivclude the following: a nomogream for calcue
lating the Richardson number for thicknesses of 500 m
above and belov flight level; the relationship dbetwveen
observed CAT over Puglia and differeat valuss of the
Richardson number presented in & frejuency table; and the
applioation of the relatiocnship detweven CAT and Richardson
in CAT prediction for Puglie. (Authors)

R e R B At
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170,

171,

17e.

Flict, E.F. Clear Air Turbulence: An Aviation Hazard, Naval
Research Reviews, Wash., D.C., Vol, 21, No. 7, Jul 1968, pp
1«6, figs, photos. DAS P Col,

.++The author summarizes briefly various approaches used to
develop a workable Clear Air Turbulence (CAT) detection
system, such as laser, radar, microwaves, etc,, and points
out their inadequacies, This is followed by & brief account
of the develovament of the Infrared Identification System at
Autonetics, The infrared appreoach is based on the evidence
that turbulence in clear air, or in cirrostratus clouds is
assoclated with thernal density or ice crystal concentration
changes, The latest model of the Infrared Identification
System (IDIA-5X3A) is descrived briefly and its operation
is illustrated, (ILD)

Flint, E.PF, frared Clear Air Turbulence Detection and
Warniong Cystem. Autonetics Div,, No. Awer, Rockwell Corp.
Boeing Scientific Research labs., Seattle, Document Dl-
82-0740, Aug 1968, Separately-paged paper (46 p), rigs (1
fold laid in), photcs, tables. (Symposium on Clear Air
Turbulence and its Detection, Seattle, Wash,, Aug lk-l6,
1968, Summaries of papers). DAS M51.5 S989sum.

+«.Pescribes the development, design, testing, and capabi-
litles of an operational, Clear Air Turbulence (CAT) detec-
tion send warning system using a passive, infrared radio=
meter to sense atmospheric turbulence, both in clear air
and in Cs, at distances up to 32 mlles shead of the air-
ceraft, The various technical approaches to CAT detection
are outlined snd the advantages of the system presented
are discussed., A detailed technical descripiion of the
sensor, its components, date acquisition, processing and
display systems, physical specifications, and mcuuting is
?rov;ded. The flight test pregrsm results ars summarized.
JPD

Gannon, Millard T. et al. Contract End Item Detail Specifi-
ceation, Part 1. Performance/Design and Qualification Re-

uirements, Air Turbulence Measuring Set, AN =20 and .
ﬁsv 1958, 39 p, Contrect No, Fl9620+-60<C-0229, AD 85358é.
«..The Air Turbulence Mewsuring Set (ATMS) is used to sense

the longitudinal components of turbulence gust from a moving
aircraft and to convert these turbulcnt gusts into an outiput

do
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172, (cont)

173,

174,

atmospheric turbulence by means of a pitotestatic tube mounted
in an unobstructed airstream on an aircraft, Pressure varia-
tions incident upon the pitotestatic tube are converted by a
differential pressure transducer into an electrical signal,
The signals are then processed in an analog computer and
recordable output signal is provided. The ATMS also consists
of a control panel from which all system functions are cone
trolled, nnd from which the system output can be monitored,
(Author)

1
I
voltage proportional to the gust intensity, The ATMS seuses |
j
i

George, J.J, The Prediction of Clear Alr Turbuléncq, Eagtern
Airlines, Atlanta, Ga,, Jun 1968, 76 p, 70 refs, 30 figs, 7
tables, DAS M09,.329 G348pr.

...Cites examples of Clear Air Turbulence (CAT), notes in-
complete understanding of its causes, warns against overe
forecasting, and describes and illustrates the generally
employed techniques of forecasting CAT, Basic types of CAT
are listed as convective, wind shear, low level orographic,
and mountain vave (Harrison). A general classification of
the pumerous forecast predictors is provided., The discussion
of each separate predictor within each classification is
limited by the degree of usefulness to the forecaster,
Forecast parameters include the wind fleld, its relation to
Jet streams, and other wind relations; the temperature
field including stability; synoptic patterns; combination
parameters, and miscellaneous factors, including mountain
waves, significance of edge of cloud cover, upper tropo-
sphere configuratione, extrapolation of current CAT reports,
and geographic assocliations, CAT over land ocours primarily
in winter and spring months; over water, in winter and fall.
Dimensions, durstion, anc percentage of occurrences of CAT
by month are cited, Special conditions over ocean are also
discussed. Specific procedures are suggested for preparing
CAT predictions; in CAT forecasting to date, however, a
subjective judgment is an important element. (JPD)

Griffin, C.R. Jr. and Lagrone, A.H, The Correlation of the
Scattering Cross-Sections of the Disturbed Index of Refraction
and the Acceleration Increment of a Conventiocnal Alrcraft Due
to Clear Air Turbulence, Tex. U., Austin, Antepnas and Propage-
tion Lgb., Rept. No. P-28, May 1968, 28 p., Contract NSFeuA=T72,
AD 075647,

81
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174, (cont)

175.

i76.

++«The theoretical relationship beuween the effective radar
backscattering cross-section for regions of atmospheric
turbulence and the mechenical energy of the turbulence is
developed along the lines of the existing theory, The cross-
section formula is developed in terms of two parameters, the
mean gradient of refractive index fluctuations in turbulence,
and mean squared velocity fluctuations., Next. the response
of a conventional aircraft, in terms of load factor, to
vertical components of velocity iz determined and the sub=-
stitution of parameters, which is effected, results in ano
expression for turbulence scattering cross~scction in terms
of mean squared load factors measurable from an aircraft,
and refractive index gradient, also measurable from an air=-
craft. A method is thus obtained for verifying the theory
of homogeneous tiurbulence and associated scattering theory
by simultaneous measurement of radar cross~section perae-
neters from an aireraft in the turbulence and by « grounde
based radar set. (Author)

Hardy, Keaneth R. Radar Investigation of Clear=-Air Turbu-
lence, USAF Cambridge Res., lLabs., Bedford, Mass. OAR Research
Applications Conference, 3rd, Arlington, Va., Msr 21, 1968,
Proceedings., [1968] Vol, 1l:Sec. D (16 p), figs, photos, refs,
eqs, DAS 629,43 U5851loar OAR 68-001. AD 666800.

««.Ultra-sensitive radars regularly detect echoes in the clear
atmosphere, The echoes are caused by insects and birds or by
scattering from regiors ot the atmosphere where the fluctua-
tions in refractive index are large. Thin elevated layers

and the tropopause have been detected by virtue of scattering
from refractive index variations in clear air. The relation-
ship between these clear-alr radar echoes and turbulence 1s
discussed. The radar experiments during which aircraft probed
the atmosphere in search of Clear Air Turbulence are described,
It has been found that sll regions of clear-air redar echces
above 6 km probed with tne aircraft were turbulent, (Author)

Hardy, Kenneth R, Recent Advances in the Radar Detection of
Clear Alr Turbulence at Wallops Island, Va,, Boeing Scientific
Research Labs., Seattle, Document DL-32-0T40, Aug 19u3.
Separately-paged paper (4 p), Symposjum on Clear Air Turbue

lence and its Detection, Seattle, Wash., Aug lu-lb, 1968,

Sumparies of papers). DAS M51.5 S909sum.

8
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176. (cont)

171.

178,

«s.Evaluates the potential of radar as a sensor for Clear

Air Turbulence (CAT) with special reference to the December
1967 through March 1968 Wallops Island multiwave investiga=
tions of the lower 15 km of tiie atmosphere in essociation
with jet aircraft, Jimspheres, and special radiosondes. The
physical parameters of CAT datection are described and analyze
ed, noting three conditions essential to the development of
turbulence; increasing wind-shear stresses; flow irregularity;
and a stable initial lapse rate, It 1s suggested that the de=
velopme it of more sensitive radars than those &t Wallops
Island should permit significant CAT detection up to altie
tudes of at least 15 km. (JPD)

Katz, Isadore, Probing the Optically Clear Atmosphere with
Radar: A Review, Applied Phys, Lab., Johas Hopkins Univ,,
Silver Spring, Md., Boeing Scientiflec Research Labs.,

Seattle, Document D1-82«0T40, Aug 1968, Separately-paged paper
(& p). Figs, photos, refs. (Syaposium on Clear Air Turbulence
and its Detection, Seattle, Wash,, Aug lk-lo, 2968, Summaries
of papers). DAS M51.5 S989sum.

... Assesses the capabilities on high power radars for viewing
the opticallyeclear atmosphere in motion within 20,000 ft of
the Earth's surface. Layer-type echoes, echoes from convece
tive cells, and instrumented aircraft flights into echo ree
gions are discussed. Tests conducted at Wallops Is. (Konrad
end Randall, 1966) to pinpoint radar and atmospheric measure~
ments for a check of the theoretical relationship are dese
cribed. It is concluded that high power radar may be used
very effectively to probe the troposphere, (JPD)

Lawrence, J.D., Jr. et al. Laser Backsca:ter Correlation with
Turbulent Regions of the Atmosphere. NASA, Langley Research
Center. Boelng Scientific Research Labs., Seattle, Document
D1-82-0T40, Aug 1968. Separately-paged paper (T p). Figs,

refs, eqs. (Symposium on Clear Air Turbulence and its Detection,
Seattle, Wash,, Aug li=16, 1968, Summaries of papers.)

DAS M51.5 5939sum,

+..Describes a program at Langley Research Center, Va. to in-
vestigate the correlation betveen local aerosol concentrations
as observed by & ground«based laser radar and turbulence as
experienced by an aircraft., The scattering of ruby laser
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178, (cont)

179.

radiation in the atmosphere is expressed by asn equation whose
solution is interpreted in terms of the presence of sharp
discontinuities at various altitudes, indicating the presence
of local aerosol concentrations., The equipment employed in the
system is described and the experimental results in conjunce
tion with a T-33 type Jet aircraft are presented and evaluated,
Significant correlations of turbulence detection were deter-
mined. (JPD)

Long, Robert R. Vertical Velocities in Clear Air Turbulence,
Mechanies Dept., Johns Hopkins Univ,, Baltimore. Boeing
Selentific Research Labs,, Seattle, Document D1=82-0Th0, Aug
1968, Separately-paged paper (5 p). (Sysposium on Clear Air
Turbulence and its Detection, Seattle, Wasn., Aug 14-16, 1968,
Sumnaries of papers), DAS M 51.5 593Gsum,

Also: Long, Robert R. Vertical Velocities in Clear Air Ture
pulence, Boeing Scientific Research Labs., Seattle,
Wagh, Flight Sciences Lab. Rept. No, DL-32-0738, May
1968, 21 p. AD 683425,

...Presents an evaluation of significant elements in the
occurrence of Clear Air Turbulence {CAT) with special
reference to the probable sources of energy for the dise
turbed motion, includinz available potential energy in a
stably stratified atmosphere and the energy of mean motion,
Smoothing of variations of mean velocity is stated to
release kinetic energy available for the atmospheric dis-
turbances. CAT in mountain waves is discussed and various
explanations of the phenomenon are offered, It is consi-
dered thut, if the highest atmospheric stream velocities
(as in the jet stream) attain 200 wph, a maximum vertical
velocity in CAT associated with mountains car be 75 mph,
Turbulence in shearing currents is discussed as the second
basic source of CAT; the importance of the Richardson
number in relation to the interplay of shear and stability
is emphasized, The essential terms of a total energy equa-
tion as a basis for a theory of turbulence in & stable
shearing curreni are presented and analyzed with reference
to momentum and heat trunsfer and other factors in qurntite-
tive estimates cf the characterisgtics of weve disturbances,
turbulence, and mean distributions of velocity and density.
(JPD)

Sl
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150,

181.

Loving, Neal V. Technical and Meieorological Planning to Meet
the ALLCAT Program Objectives, Air Force Flight Dynamics Lab.,
Wright Patterson AFB, Ohio, Boeiag Scientific Research Labsa,,
Seattle, Document D1-82-0T40. Aug 1958. Separately=-paged paper
(12 p), figs, (Symposium on Clear Air Turbulence and its Detec=
tion, Seattle, Wash., Aug lhkel6, 1968, Summaries on papers).
DAS M51.5 S989sum.

++.The objective of the Critical Atmospheric Turbulence (ALLCAT)
Program assigned to the Structures Div., of the Air Force Flt.
Dynamics Lab,, Wright=-Patterson AFB, Ohio is cobtaining a
statistically adequate and meteorologically=-correlated sample
of atmospheric turbulence data required to establish guet
design criteria for aerospace vehicles. A secondary aim is to
provide data to verify old, or establish new, Clear Alr Tur-
tulence (CAT) forecasting techniques, The major structural
design data requirements are prescnted with emphasis on the
definition of variance as a function of altitude and local
meteorological and geophysical parameters. The six ALLCAT
Progran projects to measure atmospheric turbulence from the
Earth's surface to an altitude of 200,000 ft are described,
They include takeoff and landing, and very low, low, medium,
high, and very high altitude CAT research tests, using
specially-instrumented aircraft. Associated activities in
meteorological planning and correlation, ALLCAT data proe-
cessing and analysis flight planning and costs are discussed
vith reference to the program's objectives. (JPD)

Mather, G.K. Clear Air Turbulence Research Activities at the
National Aeronsutical Establishment. (Natl. Aeronautical Estab.,
Natl, Res. Council of Canada, Ottawa). Boeing Scientific Ree
search Labs., Seattle, Document D1=82-0740, Aug 1968. Sepa-
rately-paged paper (7 p), refs., (Symposium on Clear Air Turbue
lence and its Detection, Seattle, Wash,, Aug lk=-16, 1968.
Summaries of papers). DAS M51.5 S9389sum,

.++.Discusses results of two cooperative field experiments of
the National Aeronautical Establishment's T=33 research aircraft
in measuring mountain waves and Clear Air Turbulepce; (CAT) at
Moffett Field, Calif. and at Boulder, Colo., in 197, The T=33
is equipped to measure longitudinal, lateral, and vertical come
ponents of atmospheric turbulence; a description of the instru-
mentation system and ita capatilities is provided ineluding
dynamic checks ou performance carried out before and after each
CAT measurement program, The methods employed in data analysis
by analog computer are sumaarized, The asseasment of the re-
sulte of CAT measurement by the systems described includes
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181, (cont)

183.

power spectral aralysis and other spectral parameters,
Richardson numbers were computed and compared as derived from
several aircraft soundings., Tests involving remote thermal
detection techn!ques, and their preliminary results, are also
discussed. It is concluded that an IR instrument capable of
detecting thermal gradiente ahead of an aircraft can be built,
but extensive testing will be required to demonstrate its
reliability as a CAT warning device. (JPD)

Mather, G.K. Evaluation of an Infrared Spectrometer as a
Clear Air Turbulence Detector, Pt. 2. Fatl, Res. Council of
Canada, Ottewa. Symposium on Remote Seansing of Enviroument,
th, Univ, of Mich., Ann Arber, Apr 16-18, 1908, Proceedings,
Sep 1968, pp 599-608, figs, photos, refs. (For Pt, 1, Weiss,
M.) DAS M(051) S989p,

«o.Sumnarizes significant details of tests made at Edmonton,
Alverta {Can,), Nov 22.Dec 7, 1966, and at Moffett Naval Air
Station, Calif., Feb l-Mar 3, 1967 to investigate the potene
tials of infrared techniques for remote sensing of Clear Air
Turbwlence (CAT). Alsn, reports oo initial experience with an
improved infrared detector currently undergoing flight trilals.
Capabilities of the N,.A,E. Te33 turbulence resecarch aircraft
are outlined and the test results from the infrared spectro-
meter are presented (in graph form) and interpreted, A con-
densed summary of the results, with respect to temperature
variations recorded, presence of waves and turbulence, and
advance detection times (in seconds), ie provided, Present
and future infrared sensor test flight progrems and their
obJjectives are outlined, The correlation bvetween moderate to
severe CAT encounters and temperature change is useful, and
results from the U= HICAT program suggest an even stronger
correlation in the stratosphere. (JPD)

Minervin, V, Ye. Turbulence in the Lower Layer of the
Atrosphere and in low-level Clouds, Teentral'Naya Aerolo-
glcheskayan Observatoriya, Trudy, L96b, USAF, AFSC, FTD Trans.,
FTD=MI'=24 352468, Wright-Patterson AFB, 1908, 25 p. IPB Files
MF. AD 85962

...Contalng the resulte of the lowelevel flights made by air-
craft of the Central Aerclogical Observatory during the 19%uZ-

8o
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183, (cont)

185,

1963 period. 624 observations were taken; of these, 106 verti-
cal profiles of the coefficient of turbulent exchange were
constructed, Several graphs of turbulence in relation to lapse
rate, specific humidity, and coefficient of turbulent exchange
are included, (DLB)

Mitchell, Finis A. and Prophet, David T, Meteorological
Analysis of Clear Alr Turbulence in the Stratosphere, Locke=
heed-California Co., Burbank. Boeing Scientific Research
Labs,, Seattle, Document D1<820T40, Aug 1968, Separately=
paged paper (8 p), figs. (Symposium on Clear Air Turbulence
and its Detection, Seattle, Wash,, Aug 1l4-16, 1968, Summaries
of papers). DAS M51,5 S989sum,

...In Part 1, a detailed meteorological analysis of several
high altitude Clear Air Turtulence (HICAT) flights is presented.
The evaluation of the highw-altitude forecast procedures cduring
field operations for the HICAT project indicates that the most
effective method is to analyze the horizontal and vertical
temperature profiles. The intensity of turbulence in the lower
stratosphere is shown to be normally associated with the magnie-
tude of vertical and horizontal temperature gradients, Based oun
an analysis of HICAT flights, the relationships between tempera-
ture gradients and turbulence, \presented in tabular form for
small, medium, and large temperature gradients) is suggested as
an aid in forecasting turbulence intensity. In Part 2, an
interpretation of radiosonde temperature profiles is presented
in terms of wave motion in the stratosphere, It is demonsirated
by mathematical and physical analysis how a simple sine wave
disturbance could provide a physical explanation for the
apparent relationships of Clear Air Turbulence and large
changes in vertical temperature gradients on the one hand, and
of smooth air with constant, or only slightly varying, vertical
temperature gradients oo the other. A mathematical expression
is derived permitting calculation of values for RMS vertical
acceleration directly from the temperature profile, (JPD)

O'Hera, F. et al. The Atmospheric Environment and Aircraft -
Now and the Future, Royal Aircraft Establishment, Farnborough
(ingland). Tech Mewo Rept. No. RAE-TN-AERO«1067, Jul 1963, 52 p.
AD 843696,

+++A survey is made of the effects on aircraft of the main atmoe-
spheric factors and of the way they are dealt with in design and

operation at the present time. Poasible developments in the
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185. (cont)

pattern of the relationship of aircraft to the atmospheric
environment are discussed, in the light of expected advances
like operational VI'OL and orbital-type flight, reliable
weather forecasting, effective turbulence avoidanc: and gust
alleviation systems. These developments should all be conducive
to safer and more comfortable flight. Further benefits would
accrue from weather control in the vieinity of airfields, of
which there are some prospects. Improvement in en~route
operation through weather control appears less probable, and
the prospects of smoothing turbulence shead of the alrcraft
are speculated on. (Author)

Oklahoma State Univ, Stillwater School of Electrical Engineers
ing. A Center for tk>» Deseription of Environmental Conditions -
Weather Phenomena, Annual Rept, No. OSU-WP-09~-lek, Oct 1968, 90
p. Contract DAABOT-68-C-0083. AD 691122,

...The program was initiated with a three-phased effort: 1) the
development and use of instrumentation to measure the electro=-
magnetic signature of certain weather phenomena (Clear Air
Turbulence, thunderstorms, tornadoes) in airborne and grounde
based laboratories: 2) the investigation of pattern recogni-
tion iv the totsl data acquisition program (sferics, severe
weather, existing meteorological information); the data
snalysis and application to identify indicators for probabi.
lity of specific phenomena; to determine possible itrigger
mechanisms which induce the phenomena; and to define teche
niques for possible modification-abatement, diversion, or
intensificatioc of the phenomena; 3) the development of one 7
or more simple airborme instrument packeges which can be

put in any aircraft for short term measurement of the
severity of weather imrediately ahead., (Author) 7

Panofsky, H.A. et al, Case Studiea of the Distribution of
CAT in the Troposphere and Stratosphere, J. Appl. Meteorol.,
Vol. 7, No. 3, Jun 1968, pp 384=3€9., DAS M{05) J8vjoa.

...Twe separate case studies of Clear Air Turbulence are
presented, one in the stratosphere over the Rocky Mountains,
the other in the upper troposphere over the midvestern piains.
The mechanism in both situationa appears to be similar. CAT
occurs in strongly baroclinic zonea with strong vertical wind
shears and low Richardson numbers, There is a tendency for the
most severe turbulence to be located at the edges of the baro-

clinic zones, (Author)
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188,

189,

Pao, YiheHo (chairman). Symposium on Clear Air Turbulence and
its Detection, Boeing Scientific Res. Lab., Document Dl=l2e
0750, Seattle, Wash,, 1lk=16 Aug 1968, DAS M51,5 S989sum.

...This symposium presents and reviews the recent developments
in CAT, especially on: 1) theories and measurements concerning
the origin and structure of CAT, 2) methods of forecasting
CAT, and 3) methods for the remote detection of CAT, Special
emphasis is placed on CAT in the upper troposphere and strato-
sphere, (Fr. author's abst,)

For individual papers appeering in the Proceedings, see
Iten Numters

Pchelko, I.G., et al, Turbulence in a Clear Sky. Foreign
Technology Div,, Wright<Patterson AFB, Ohio. Rept. No. FID=-

...The results of a systematic and statistical study of Clear
Air Turbulence encountered along the main airline routes over
the Soviet Union and the socialist countries of eastern Europe
are now available in summary form. The data were collected by
crews of turboprop and turbojet aircraft, generally flying
at altitudes of 6-10.5 km for four 5-day periods (9-13 Dec
1964, 10-1k Mar, 9-13 Jun, and 8-12 Sep 1965). The data were
grouped into four 6-hour daily observation periods (2400~
0559) 0600-1159: 1200-1759, and 1&)0-2359 hr Greenwich time).
Some of the results of a similar study made by Colson in
1962 for the United States, and those obtained in an earlier
study by Soviet scientists, are compared with the data of
the present study, Major aspects of the analysis include
determination of (1) the probability of encountering turbue
lent zones in various regions of and altitudes abov: the area
covered by the study, and (2) the relationship of turbulence
to vind speeds and directions, vertical wiod shear, Richardson
number, and horizontal wind shear, Data on actual encounters
with turbulence are pregented for the four S-day periods in
té,ubles ’nd are graphically portrayed on four smalle-scale maps.
Author
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Pedeau, R. Contribution A L'Etude De La Turbulence en Air
Clair [Contributions to the Study of Clear Air Turbulence J,
Ministere des Transports, Direction de la Meteorologie
Nationale, Monographies de La Meteorologie Nationale, No, 68,
Paris, Dec 1968, 143 p. DA3 M(055) F81%mo.

...This statistical study is well documented with 30 figures
and 88 tables. Many ef the figures are maps showing synoptic
sltuations involving CAT. Tables include freguency of occur=-
rence of CAT at various altitudec and locatirns, also, ine
cludes CAT in vicinity of iropopause. (ALS)

Priestley, J.J. et al, Low-level Critical Air Turbulence.
Boeing Co,, Wichitae, Kans, Airplane Div., Monthly Tech,
Progress Rept., 6 Dec 67=5 Jan 68, Rept. No. D3~7087-2l, Jan
1968, 46 p, Contract No. AF 33(615)-3724. AD 83007z,

«..The contents of this report describe lowelevel critical
air turbulence prcgram accomplishmernts during the period from
6 Dec 1967 through 9 Jan 1908 and include milestone forecast
and accomplishment schedule data as of 1 Jan 1968, (Author)

Reed, Rizhard J. Study of the Relation of (lear Air Turbu=-
lence tn the Mesoscale “tructure of the Jet Stream Hegion,
Atm. Se. Dept., Wash, Univ., Seattle. Boeing Scientific
Research lab., Seattle, Document D1-82-0740, Aug 19c8,
Separately-paged paper (6 p), fig, refs. (Symposium on Clear
Air Turbulence and its Detection, Seattle, Wash., Aug lk<l6,
1908, Summaries of papers), DAS M51.5 S989sum.

os.With regard tou the occurrence of a widespread persistent
area of Clear Air Turbulence {CA1) cbserved over a 500~km
distance between Nev York City and Gordonmsville, V&, on
April 18, 1965, the relation of the CAT to the mesoscale
structure of the jet stream, previously found by Penn and
Pisinski (19¢7), is contirmed avd reviewed, and the origin
of the mesoscale structure is determiped by tracing air
trajectories, The meteorological synoptic setting is des-
cribed and the principal features of the mesoscale structure
and its evolucion are presented ani analyzed, It is concluded
among other findings that CAT can rapidly alter the atwo-
spheric structure in the jetestream region, producing sharp
features as heat and nomentum are rapidly redistributed in
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192, (cont)

thin layers, Mesoscele features may assist in locating CAT,
but do not necessarily have predictive velue, although they
may gerve as initiators of further turbulence, once smalle
scale features have been produced, (JPD)

103, Regula, H. Luftaufnahmen von Turbulenzcirren in einem
Hohentrog. (Aerial Photos of Cirrus Turbulence in an Upper
Troughl, Of fenbach am Main, Meteorologische Rundschau, Berlin,
21(5):155-2.56, Sep/Oct 1968, figs, refs. German and English
summaries » 155. DAS M(05) M587.

++oCirrus clouds are often an indication of the presence of
Clear Air Turbulcnce, A pnotograph of Ci turbulence cbtained
from an aircraft near Newfoundland on March 31, 1967, and a
chart showing the topography of the 500-mb surface at 1200

GMI' for the same date are presented. Turbulence occurred in
the vicinity of the clouds and a light disturbance was per=
ceived at a distance of 60 n mi, Turbulence was intense at a
height of 10,000 m for a distance of 40 n mi, but it was light
during flight above the Ci clouds. The turbulence was associated
apparently with & trough aloft above Newfoundland, The clouds
vere in the longitudinal axis of the trough. (ILD)

194, Reiter, Elwar R. HNature of Clear Air Turbulence: A Review,
Atm, Sc. Dept., Colo. State Univ., Ft. Collins. Boeing
Scientific Res. Labs., Seattle, Document D1l-82<0740, Aug
1968, Separately-paged paper (12 p), refs. (Symposium on
Clear Air Turbulence and its Detection, Seattle, Wash,, Aug
1&<16, 1908, Summaries of papers). DAS M51.5 S389sum.

...Clear Air Turbulence (CAT) is defired as comprising "all
turbulence in the free atmcsphere cof interest in serospace
operations that is not in, or adjacent to, visible convec-
tive activity. This includes turbulence found in cirrus
clouds not in, or adjaceat to, visible convective activity,
(1900 Resolution, Natl. Comm, for Clear Air Turbulence)."
The meteorological aspects of CAT are discussed ir relation
to the problem of CAT detection, forecasting, and forewarning.
The dimensions of CAT, the conditions and locations of its
occurrence, as theoretically derived and actually observed;
and the nature of the phenomenon are discussed, vith special
reference Lo the inertial subrange of turbuience. and to the
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194, (cont)

195 L]

196.

conditions lying beyond this subrange in which the redistribue~
tion, generation, and/or dissipation of kinetlc energy by
various physical processes became important. "Models" of CAT
formetion are evaluated. (JPD)

Reiter, Elmar R, Rezcnt Advances in the Study of Clear-Air
Turbulence (CAT). Navy Wea, Res. Facility, NWRF 15-0Lo6=136,
17 Apr 1908, 28 p, 39 refs. IPB Files,

.«.This paper summarizes the contemporery state of CAT research,
Among the features noted are that CAT is essentially & smalle
scale phencmenon with a horizontal extent which is usually 40
wil or iess. lte occurrence and intensity depend upon the degree
of instability of tne atmosphere and tlLic presence of a "small
perturbation” to act ag & catalyst. A physical CAT model is
presented which explains many of the characteristic features
that nave besn observed, and effects to be expected by aircraft
in the future. This model has exhibited promising forecasting
applications, {Author)

Scorer, R.S. Mechanisms of Clear Alr Turbulence. Imperisl
Coll,, London. Boeing Scientific Res. Labs., Seattle, Document
D1-82-0740, Aug 1968, Separstely-paged paper (22 p), figs, refs,
eqs. (Symposium on Clear Air Turbulence and its Detection,
Seattle, Wash.,, Aug lh-l6, 1568, Summeries of papers).

DAS M51.5 S989sum.

...Presentc a theoretical discussion of the mechanisms which
produce the vorticity held respensible for Clear Air Turbulence
(CAT), It is essential to an understanding of CAT to discover
vhere those mechanisms can operate which will coptiouously

change tue vorticity structure € the air as it passes through.
The discussion considers tne fo.iowing: 1) changes in the
velocity profile, accompanied by changes in the temperature
prefile of t.e air (an increased static stability may accompany
the prodiction of greater shear); 2) mechanisms for chamging the
voriticity-analyeis of the relevant equatious developed leads to
the conclusion, awsong other findings, that the yreatest decreases
in Ri occur where air with torward shear is decelerated and flows
upslupe, or where air with backward srear (negative n) is dece-
lerated while flowlng iownslope; 3) ceatrifugal instability,
where aczceleration due to curvaturs can produce important

effecsts when the static instability is small and the shear

9
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196. (cont)

already large; and 4) thin shear layers produced by larger
scale centrifugal instabilitye-cellular overturning will
produce in jet streams both the velocity and temperature
gradients required for the mechanisms discussed above to
become operative in creating CAT, The discussion concludes
wi’" comments on the form of CAT, with special reference to
blllows and billow motion, and on other possible forms of
CAT. (JPD)

197. Sharme, Om P, et al. Molecular Backscatter of Laser Radiation
from Turbulent Air. California Univ,, San Diego La Jolla., Jul
1968, 5 p. Contract FuU620-68-C-0010. AD 682115.

...The backscatter of laser pulses transmitted from the ground
has beeh previously used to determine density profiles of air.
For detection of Clear Air Turbulence {CAT) produced by random
temperature fluctuations, theoretical estimates were reported
for turbulent backscatter of laser light; correlations of
lager backscatter with turbulent regions of the atmosphere
have also been reported. In this note, theoretical estimates
for meagurements of density and velocity fluctuatiors
associated with turbulent molecular backscatter of airborne
laser sources are discussed. The analysis includes detailed
conslderation of molecular backscatter, The effect of unusual
aerosol concenirations is, of ccurse, easily calculated once
the nature of the aerosol is specified, However, this problem
hes nothing to do with our analysis. The occurrence of slizew
able aerosol concentrations can only simplify the detection of
CAT, Evidently, deviations from normal backscatier may indi-
cate CAT. (Author)

198. United States Alr Force, Air Force Systems Command, DOD
National Program for Clear Air Turbulence, (NCAT) Development
Plan; Advanced Development Program, DOD Program Elemert o34
XXXXF, 17 May 1968, and DOD Measurements and Observations
Program, 30 Jun 1968, IPB Files.

++.Because of the concern of various governmental agencies obn
the level of coordination of the efforts in the Clear Alr
Turbulence {CAT) area, the National Committee for Clear Air
Turbuleuce (NCCAT) was established in February 1966 to
investigate the research and development of airborne (AT
detection devices, CAT forecasting, tasic CAIl research, and
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198, (cont)

199.

CAT data collection, This Committee concluded in a rezport

dated December 1960 that the solution of the CAT problem is

in the national interest and there is a need for a coordinated
national effort leading to a common solution. The NCCAT Commite-
tee recommended that DOD assume primary responsibility for, and
coordination of government efforts in the area of measurements
and observations of CAT, including remote detection, and act

as the executive agent for the operaticn of <he National CAT
Data Collection Project, Tuese responsibilitics were dele-
gated to the Air Force by DDR&E, {Author)

Welss, M, KEvalusticn of an Infrared Spectrometer as & Clear
Alr Turbulence Devector, Pt. 1, Barnes Engr, Co., Stanford,

Conn., Symposium on Remcte Sensing of knvironment, 5tn, Univ,
of Mich., Ann Arbor, Apr lo-i8l, 1908, Proceedings. Ann Arbor,
Sep 18, pp 587-597, figs, puotos, refs, DAS M(051) S939p.

Part ¢ of this report - see Mather, G.K.

...This paper briefly surveys a variety of techniques that
were tried for tne cCetection of Clear Air Turbulence (CAT)
including microwaves, lasers, electric fields, light beams,
and infrared; etc., and then discusses in detail the infrared
method. The primary objective is to provide a way of remotely
detecting CAT and to obtain adequate advance warning of the
presence of CAT so as 1o prevent encounters with it, Indicae-
tions are that of the variety of techniques explored, infrared
appears to be one of the most promising. The infrared instrue
ment and its principle of operation are described. Data traces
are presented of tne actual flight records that show the pat-
tern of the instrument response for instances of detection of
mountain waves, CAT, and the response of the instrument as it
approaches the side of s mcuntain as a known boundury having
a well-defined temperature discontLinuity. An improved instrue
pent wae developed based on the results of the above flight
test results. This instrument is presently under test. The
basic lmprovements include much simpler optical sampling,
precise pitch stablilization of the line of sight, and a
mechanical design cornfiguwration and size more suitable for
use in operational rather than researche-oriented aircraft,
(Author)
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200.

201,

X,

Vinnichenko, N.K. Recent Investigations of Clear Air Turbue
lence in the USSR, Central Aerolog. Obs, Boeing Scientific
Research Labs., Seattle, Document D1-82-0740, Aug 1968.
Separately-paged paper (6 p). (Symposium on Clear Air Ture
bulence and its Detection, Seattle, Wash., Aug 1l4-16, 1968,
Summaries of papers). DAS M51.5 S989sum.

.«.States the need for prediction and detection of Clear Air
Turbulence (CAT), especially for supersonic transport at
high altitudes; review current Soviet methods of investie
gating CAT at various altitudes using meteorological towers,
helicopters, balloons, aircraft, and radar stations; and
describes the types of standard airborne equipment employed
in CAT research. Results of investigations suggest the pree
sence of at least U types of energy spectra, whose distri-
bution and characteristics are described. Frequent condie
tions of severe turbulence noted over mountains, where
effective vertical velocities up to 10-12 m/sec have been
determined and turbulent zones are retained over periods

of several hours., Future research will require the combined
use of aircraft, special ground based radar, and aerological
techniques. At present there is a lack of any theory des=-
cribing the conditions of mesc= and microescale instability
of 3=dimensional flow in the free atmosphere. (JFD)

Wilson, H.P. On Forecasting Clear Air Turbulence, Met. Branch,
Canadian Dept. of Transport, TEC 072, 6 May 1963, Toroato,
9 p, 5 vrefs, 5 eqs. DAS M09.329 WTkBon,

...Presents a discussion of forecasting Clear Air Turbulence,
based partly oa observation but mainly on Clodman's theory
on the sucject. (Author)

1969

Brylev, C.B. Radar Probing of the Troposphere under Clear

Copditions. Leningrad. Glavnaya Geofizicheskaya Observae-
toriya. Trudy (Russian) 1968. FID-MT~24+160<69, 9 Sep 1909,
28 p. Orig., art. has: 7 figs, 1 table, and 29 formulas. IPB
Files,
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202, (cont)

.++The author discusses the nature and the origins of radar

echoes in clear air in the absence of hyd:rometeors. Four

different types are defined: 1) discrete-coherent echo, 2) H
reflections from inversion layers, 3) reflections from layers
containing aerosols, L) reflections from regions of turbulence.
The latter source is extensively discussed., (Author)

203, Buldovskij, G.S. Meteorological Conditions for the Occurrence
of Aircraft Bumpiness in the Stratosphere. National Lending
Library for Science and Technology, Boston Sps (England). 20
Jul 1909, 24 p, refs Transl, into English from Tr, Nauchn,=
Issled. Cent., SSSR, Gidromet. (Leningrad), v. 35. 1968 pp 36~
L8, Avail: Natl. lending Library, Boston Spa, Engl., NLL-M~
T7¢8~(5828.4F) ).

.+ oCharacteristic features of the stratosphere and thelr role
in turbulence formation were studied for their disturbances
of aircraft flights, Meteorological analyses of cases of tur-
bulence in the stratosphere showed that turbulence develuped
mainly at levels near which there was a more or lest¢ sharp

"kink" in the enviromment curve, Turbulence which produced

moderate or severe pumpiness was observed at stratospheric
heights up to 18 km. Analysis of upper air synoptic condi-
tions during bumpiness in the stratosphere showed that turba-
lence formation occurred in upper frontal zones and regions
of divergence,

204, Burnham, J, Atmospheric Turbulence at Supersonic Transport
Cruise Altitudes, Quart, J. Roy. Meteorol. Soclety, London,
Vol. 95, No. 406, Oct 1969, pp 782-783. DAS M(05) R883q.

...The passenger in a supersonic transport is likely to have

@ notlceably smoother ride than he might expect om current
subsonic aircraft, Although severe turbulence can cccur at the
altitudes at which he will fly, research done in receat years
has led to a fairly good understanding of the situations which
produce it, and means are available by which flight in likely
affected areas ocan be avoided. (Author)
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205,

200,

Cooley, D,S., et al. Research to Determine Cloud and Synoptic
Parameters Associated with Clea. Air Turbulence Interim
Report, Travelers Research (emter, Inc., Hartford, Comn,
Contract NAS12-699, NASA~CR=-86229; Rept-Tu96-362, Jul 1969,
T8 p, refs. Avail: CFSTI CSCLOLB.

...The relationships between Clear Air Turbulence (CAT) in

the stratosphere and upper troposphere with meteorological
variables, circulation data, and clovd features were studied.
The principal turbulence data used were instrumented reports
of CAT in the 45,000~ to 70,000-ft layer. Approximate quanti-
tative specifications were determined for ranges of parameters
representing vertical variation of wind and temperature de-
rived from revinsonde observations. Large values of wind shear
and negative values of temperature lapse rate or irregular
lapse rate in the stratosphere were often associated with at
least light to moderate intensity of CAT. Significant strato-
spheric CAT appears also to be assoclated with strong southe
westerly flow and with banded and cumulonimbus clouds,
(Author)

Delov, I.A. Turbulence in the Upper Atmosphere at Altitudes
of 90-110 Km and its Relaticnship to0 other Phenomena, Kiyev.
Universitet. Problemy Kosmicheskoy Fiziki. Sbormik (Kiev.
University. Problems of Cosmic Physics), Compilation No, 1,
1966, pp 126-139. Foreign Technology Division Translation,
Wright-Patterson AFB, Ohio. FTD=HT=23-761-68, 31 Jan 1969,
14 p, 7 figs, 12 refs, IPB Files,

«+.Systematic radiosond e measurements of turbuleat motions
and average wind speeds, (about 200,000 wird speed measure-
ments), carried out at altitudes of 80 to 110 km (meteor
zone) over Kharkov in the period from March 1962 to December
1963 are analyzed. Vertical profiles are constructed for the
mean arithmetic values of the turbulent velocity gradient,
the mean square turbulent wind speeds, the mean wind speeds,
and the vertical dimensions of large-scale eddies to deter~
mine the dependence of these parameters on altitude, diurnal
changes, seasonal variations, and long-period variations in
relationship to other phennmena (solar activity, cosmic rays).
(Author)
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2017,

208,

Gebhard, J.B. Mementum, Heat Transfer, and Energy Spectirs
for Clear Air Turbulence in the Mid-Stratosphere. A Thesis
submitted to the Faculty of the Univ, of Utah, Dept, of
Meteor., Univ, of tah, Aug 1969, 58 p. (in publication).

.++An analysis of the Clear Air Turbulence in the mid-
stratosphere indicates that the turbulence is generaliv
characterized by a highly anisotropic field of turbulence
with an intense lateral component of turbulence, associated
vith strong thermally-stable stratificaticn.

Three categories of turbulence are coasidered. They are
daytime, nighttime, and mountainewave turbuleice. The daytime
turbulence is found Lo be associated with large turning in
the wind direction with height ard a Richardson number
smalico= then 1/4, The nighttime and mountain wave turbu-
lence are generally associated with smelli turaing in the
wind direction with height and a Richardson numoer greater
then 1/4,

Analyses of the mcientum and heat transfer in reglons of
turbulence indicate that there is an upward transfer of
the horizontal momentum, however, the vertical transfer of
heat varies from case to case, (From Author's Abst.)

Glover, Kenneth et al, Simultaneous Radar, Aireraft, and
Meteorological Investigations of Clear Air Turbulence, in
Proceedirgs of tne Alr Force Science & Engineering Symposium
(1908) vol. II, USAF, Arlington, Va. Report No. DAR=-69-000k,
Mar 1999, pn wlew37. AD 686101.

...5imultanecus studies of tne lower 15 km of the atmosphere
by multi-wavelength radar, jet aircraft, and special radio-
sondes have been conducted at the JAFNA radar facility at
Wallops Island, Va. Probably the most important result is
that for ihe particular aircrafi and veloecity used im these
experiments, every clear air radar echo atove 3 km has been
associated with aircraft reports of at least some percep-
tible degree of turbuleuce. Between the altitudes of 3 and
5 km, all CAT was detected by the radars; however, the
ability of the radars to detect weak CAT decreased with
increasing altitude and only the more intense turbulence
vags detected above L km, The indications are that more
sensitive radars thas tnose at Wallops Island should make
it possible to detact most, it not all, of the significant
CAT up to altitudes of at least 15 km. (Pt, Author Abst,)
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209,

210,

all,

Gunter, D.E, et al, Low Altitude Atmospheric Turbulence
LO-LOCAT, Phases I & II. The Boeing Company, Wichita Div,,
Wichita, Kans. ASD-TR=69-12, Contract No. AF 33(615)=3724,
Feb 1969, 418 p, 37 refs. AD 853299,

+..This report presents procedures, analysis methods, and
final results pertaining to the LO-LOCAT Program (Phases I &
II). Approximately 300 hours of lows=level (0=1,000 feet)
turbulence and acsociated meteorological date recorded from
Sep 15, 1966 to Dec 20, 1967 are analyzed. A model of the
turbulence environment at lowelevel is presented in terms of
gust velocity primary peaks, amplitude samples, RMS values,
maximum values, and derived equivalent gusts. Mathematical
expressions of turbulence spectra and scale~length statis~
tics and correlations between atmospheric gust velocities
and meteorological and geophysical phenomena are shown,

The frequency spectrum of turbulence and the associated
characteristics of isotropy, homogeneity, and stationarity
are discussed, (Author)

Jones, G.W, et al. Interim Anelysis of Low Altitude Atmo=~
gpheric Turbulence (LO-LOCAT) Data, Boeing Co., Wichita
Div., wichita, Kansas, TR 69-], 15 Apr 196615 Sep 1907,
Contract AF 33(615)=-3724, Feb 1969. 129 p. AD 850301.

+..The contents of this report described low-level critical
air turbulence (LO=LOCAT) program accomplishments through
15 September 1967. These accomplishments cover the first
year of the flight period. Utilizing four instrumented
C131B aircraft, turbulence and meteorological data were
obtained at absolute altitudes below 1,000 feet while
flying over specified routes located in Califormnia,
Colorado, Kansas, aud New York, At the one-year point,
approximately 600 hours of lowelevel turbulence data had
been obtained, Analyses of these data show consistent
agreement of gust velocity statistics as obtained from
amplitude and peak samples. (Author)

Kadlec, P.W, Atmospheric Temperature Changes Associated
vith High Altitude Turbulence, Eastern Air Lines, Inc.,
Miami, Fla. Jul 1906, 27 p, refs. Contract NAS4=1392,
Avail: CFSTI CSGCLOUA,

.+ Previous research has indicated a correlation between
atnospheric teaperature changes and Clear Air Turtilence
in the upper troposphere and lower siratosphere, Data froa
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211, (cont)

212,

213.

13XB~T0 test flights and militery training flights were
analyzed in conjunction with information compiled on
commercial flights to further explore the temperature=
turbulence relationship. Thre« cases were discussed in
detail in which significant high-altitude turbulence was
encountered, This analysils revealed that horizontul tempera-
ture gradientis of L.0°C per 10 neautical miles deploted on
meteorclogical comstant pressure charts wre indicative of
moderste tursulence, Cialcseo iln isotsers orieatstlion of 45°
or more between two suaccessive waindatory constant pressure
levels appear to L2 velated o similar intensitles of Clear
Air Turbulence, Thig informaticn, together with vertical
tempersture profile c¢iritersia; may De usefil in developing
remote seasing devices to detozt Clear Air ‘arpbulence in
the stratospaere, (4athor )

Kap-owits, Albert, Jevere cumplog of flroraft Caused by
High Aluitude atmospheric Turbaience, FID, Wright-Patterson
AFB, Gtilo, Reve. No. FID=HT23-~li4G-08, feb 1969, 12 p.

AD 852150,

...A detailed discussion is presented for the occurrence oI
high-altitude turbulence which caused severe ailrcraft bumping
on the Budapesierrankfurt au Main route., Various hypotheses
on turbulence analysis developed in recent years are taken
into consideration in an effort to give Hungariin aeronauti-
cal meteorclogists better insight into tinils phenomenon and
to formulate an approach to successful analysis of turbulence
cones in everyday forecasting. (Author)

Litvinova, V.D, Daiiy Varistion in the Turbulence Co-
efficient above Fiat Terrain. TeentialiNaya Aerologlicheskaya
Observatoriyas. Trudy (Russian), FT), Wri.nt-Patterson AFB,
Ohio, FTD-MTezi~hi<ay, 1909, 9 p. IPD “lies,

e.othe results of alrcraft investigations of mimospheric ture
bulence between 100 n to < &m In the area around the city of
Dolgoprudnyy cerried ocul vy the Central Aevnlogical Observa-
tory in lY4yv are anamlyred. A meteorog.apr. and an acceleroe
graph for reccordiog acceleration in a vertlcal plune were
installed on the aircrafc. During the fiights vertical
sounding: were made from areasz at heiynts of 1vo, 300, 500,
1000, 1500, X000, and 3000 m, and at the surface of the nartn,
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213. (cont)

21k,

215,

The turbulent exchange (K) was computed, Individual flights
analyzed with the aid of graphs of the vertical profile of
the turbulence coefficient and the daily variaticn of the
turbulence coefficient at different altitudes, (Author)

MacPherson, J,U, and Lum, K., Instrumentation of an RB«5TF
to Measure High-Altitude Turbulence Encounters, National
Aeronautical Establishment, Ottawa, Ont., Report No., NAE=LR-
522, Mar 1969, 24 p. AD 690304,

.».The National Aeronsutical Establishment has installed a
turbulence instrumentation package and memory recorder on a
USAF RB~5TF weather reconnaissance aireraft at Kirtland Air
Force Base, New Mexico. The object of the project named
'COLDSCAN' is to record turbulence encounters and tempera=
ture changes on routine weather patrol and training flights
at altitudes above 50,000 feet, A description of the instru-
mentation system and ite operation 1s presented along with
example data from two of the first project flights. These
initial results are most significant for the megnitudes of
the temperature gradients encountered near 60,000 feet.
(Anthor)

Nathan, N.H. et al, Airborne Turbulence Measuring System
Design Stu Instrumentation Laboratory, Mass. Institute
of Tech. (MIT), Cambridge, Mass., Report No. R<640, Jun

1969. 129 p. DAS M(051) M41uSr R«6LO,

...This report covers work performed by personnel of the
Massachusetts Institute of Techuology Instrumentation
Laboratory under contract to Woods Hole Oceanographic Instie
tution. The objective of the work has been to join with
personnel from Woods Hole and conduct a design and feasibi-
lity study for an aircraft turbulence measurem.2at system based
on the Pace 1l inertial navigation system, An advanced state-
of-the-art system is proposed consisting of a gust-data
reference system interfaced witn a remote meteorological ine
strument package. The reference system measures the position,
velocity, and attitude of the gust probe mount with respe~t
to the earth and records this data and the meteorological
instrument data on a real-time basis., An optical measure-
ment unit, conceptually designed under the contract,
references the externally-located gust probe to the inboard
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215. {cont)

inertial weasurement unit, The system mechanization, although
oriented towards use of the WHOL Ce54 aircraft and an available
15-foct vertical mast, is flexible enough not to be restricted
to this particular aircraft or this partieular configuration.
In addition, the reference system can be used independently

for other airborne applicetions requiring accurate position,
velocity, and attitude datu, Analysis covers system design,
including velocity compensation of the gust-probe data, and

a technique for accuratciy aligning tne inertial measurement
unit fn the aircraft prior to flight, (Author)

2lo, Prophet, Lavid T, Clear Air Turbulence iu the Stratosphere
above 8 Squali l.ine. Lockaeed.-Calif, Co., Burbank, Calif.
Couference on Severe TLocal Sicrms, btn, Chicago, Apr 8-10,
1923, Preprint cf papers presenced at the Conference,
(3o0sucn, American Meteorclogical Society), 1969. pp 363-366.
Pic, tiple, refs. DAS M15,3 C74Spa.

«eoAirerufi turbulence date ortained in the lower siratospnere
above 8 sguall line are znelyzed in terms of observed irre-
gularities in radiosonde ascensional rates and mesoscale
meteorological features essociated with the squall line over
the specisl meso-network cf radicsonde stations in Oklahoma,
On this occasion, the irregularities in radiosonde asceunsional

rates in the stratospher¢ are shown 1o be small and less than

1 m/sec prior to the arrival of the squall line, However,
after thunderstorms appecred over tihe meso-networks, some
goundings displayed relatively large lrregularities amounting
to 2 to « m/sec. These velues are shown to be comparable to
the aircraft vertical guct data obtained over nearby thunder-~
storms. (Author)

21, Tatarskii, V.1i. Atmospueri: Turbulence; Foreign Techrolcgy Div,,
Wright-Patierscu AFB., Chic. Edited Trans of Zemlya 1 Vselennaya
(UsSR) Vol. 4, No. ¢, pp 43=45, 1903, Rpt. No. FID-MIelu=4559,
23 May 1969, 13 p. 2D «Q3ue,

... In this coaversational approach to the effect=s of atmospheric
turbuisace, the atmosphere is compared to & tLube filled with
watesr contaloing some vicible particles vwiica can be observed
at Lhey are affested Ly turbulent motion. The effects of turbue
lence are seen in the action of an alrpiane when pressure on the
wving: ix uneven, causing a tumpy ride, Turosulence nas a great
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218,

219,

effect in preventing heavy gases, smoke, radiocective waste,
and such substances from collecting at the surface of the
earth, It is alsc seen to have great influence on the heat
cycle, refractinn, propagation of radio waves, and astrono-
mical cobservations, causing stars to appear to twinkle.
(Author)

Vasilev, A,A., An Ana.ysis of Clear Air Turbulence Using Raiioe
sonde Data, Transl into English from Tr Nauchn-Issled, Cent.
SSSR, Gidromet (Leningrad) No. 35, 1968, 20 Jui 1969, 32 p,
refs, pp 13-28, Avail: Natl, Lending Library, Boston Spa,
England (NLL-M=7726=(58284F),

...Clear Air Turbulence (CAT) forecasting is studied, The diffie
culties involved are: 1) small-scale atmospheric processes,
distinguished by intense turbulence, from a few meters to a
kilometer in thickness and from a few kilometers 1o hundreds in
horizontal length ané variable in time and space; 2) the sube
Ject pature of estimeting the severity of the turbhulence,
Optional predictors of turbulence for an objective ana.ysis

and turbulence forecasting from radiosonde data are chosen for
this investigation., It is concluded that the btest form of
analyses are pilot reports of turbulence on regular flights.
Turbulence forecasts by means of simply moving the actual
report eastward using the best meteorological parameters are
considered highly reliable.

vasilev, A.A. An Assessment of the Effectiveness of Synoptic
Criteria for the Existence of Clear Air Turbulence, Transl,
into English from Tr, Nauchn-lssled. Cent, SSSR, Gidromet (Len=-
ingred) No. 35, 1968, pp 29-35. Avail Nati. Lending Livrary,
Boston Spa. Bngland, NLL-M<7732=(5828<4F),

«s.An analytical method for squaring off turbulent and none
turbulent aress in the upper troposphere is used to test the
predictive ability of synoptic criteria, Four observation
serieg vere used to deterizne ithe frequency of turbulent
squares, the frequency of nonturbulent squares, and the pro-
bability of bumpiness for 1l synoptic models. Statistical
distributions of these frequencies revealed that none of the
synoptic 20dels vas adequate to forecast turbulence worpholo-
gical criteria wvere essential for this achievement., Findings
are 1) bumpiness zoves produced by turbulence could develop
in eny ~f the synoptic criteria, 2) turbulenze ia observed
most frequently in a diffluent gonteur zone, on the cyclonic
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©19, (cont)

(320'

side of a Jet stream, ur the axis of a trough, and formed in
ridges almost as often as iu troughs. 3) Bumpiness formation is
greatest in troughs, and sometimes unassociated with any prese
sure field characteristics, but instead with vertical wind shear
zones, Synoptic and quantitative criteria combined were ree~
comrended in the analysis of bumpiness,

Zimmerman, Samuel P, ‘Turbulent Atmospheric Parameters
Determined from Radio Meteor Trails. Hanscom Field, Bedford,
Mase,, Alr Force Cambridge Research Labs., Office of Acrospace
Research, U,S. Air Force, 196G, 14 p. (U.8. Air Force, Office
of berospace Research. Enviroumental Research Papers, No. 30C)
AFCRL-09-0L0Z, DAZ M{05) U55en no, 300.

...The appiicetion of wirbulence theory {to atmospheric strue-
ture revealed by radic meteor trails clearly demonstrates that
“atehelor ana Chhukoff's structure function for isotropic tur-
balence expiains some o. tne obse 3G rzlatioins. From these
measucemshtg, parsmeters such as the rate of viscous dissipae-
tion, the eddy intensity, the local eddy Reynolds nuamder
deseribing the turbulence, and turbulent diffucion cceffli-
cient are detevmined. An cstlmate of the rate at which
turbulence extracts w7ind energy froum the diurnal tide 1s
given,

The results of t' @ parametric study suggest very strocgly
thay the universal renge of the turbulent spectrum, in the
upper atmosnhere, contains little or no energy extending
into the inertial suzrange. but lies for the most part near
the viecous (high wave-numver) regior. (Author)
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