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ABSTRACT

‘The research supported in this study was part of a joint government
and industry accelerated evaluation of the operational impact of wake
turbulence produced . by large jet aircraft. Data were collected through
Tow altitude aircraft flybys of instrumented towers by Boeing 727 and
707 aircraft, a Douglas DC9, and a Convair 830.

Aircraft induced air circulations were measured by hot film anemometry.
Smoke visualized vortex circulations were filmed by FAA personnel to squTé—
ment the vortex measurements. The fundamental purpose of this data set
is the provision of a quantitative estimate of vortex characteristics for
FRA follow-on studies. These studies would attempt to relate these charac-
teristics to the cﬁaracteristics of the particular test aircraft, its

erodynamic parameters.,

[o3]

flight configuration, and other relevant
The tower measurements and calculated vortex characteristics are
shoﬁn in é number of data tables and graphical depictions. The vortex
characteristics presented are vortex size, bésic shape, tangential speed
versus radial distance, core diameter, age, speed of horizontal transport,
separation of vortex pair centers, and Supp]ementa] measurements of
atmosphieric wind speeds and temperatures.
A smaller vertical spacing of tower sensors, on the order of one foot,
1s necessary to better measure and better quan{itize the vortex core
characteristics and the radia]idistribqtion of tangential speeds. Se-

L
Corcatotran

=m for the same

e

guential tower measurements of the energy of
vortex, combined with the appropriate micrometeorological measurements

are neeced to evaluate and quantitize voriex decay in the atmosphere.
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During May &nd June of 1970 a fo1iow—5n esting serias was conducted at
the National Aviation Facilities Experimental Center (NAFEC), New,Jeréey.
Tha Air Resources Laboratories Field Research Office, Idaho Falls, was again
requested to provide for the recording of air flow data and some atmospheric
paramaters, proceés the project raw data, and where possible, determine_
vortex characteristics such as core diameters, maximum tangential speads,
horizontal transport, and atmospheric properties affecting vortices.
An.earlier three pnase test series was conducted during February 1970

~

at Edwards Air Force Base, California, at Boeing, Seattle, and at the

National Reactor Testing Station (NRTS), Idano. The NAFEC test series was
initiated to cetermine and compare the charactaristics of vortex systems

generated within the ground effect region to those vortex systems genearated

~ ,

above and descending into the ground effects region.

The test measurement procedures were basically the same as the NRTS
testing fn Fesruéty. Jet aircraft were flown by an instrumented 100 foot
tower at SE]ECLed comb1natlons of lateral distances and heights aoove the
ground. lhe tower was instrumented with hot film anemometers, temperature
sensors, a siow response wind vane and propelTer'and colored smoke grenadés‘

for flow visualization. In conjunction with these measurements, FAA per-

sonnel used 16 mm color movie film to record the smoke indicated vortex

.circulations, and used double photo-theodolite tracking to provide aircraft

positions with respect to the tower and the times of fly-by.

1. Ba\,kr’r‘ound of Problem

Interim traffic control restrictions applying to both the Boeing 747

and Locknheed C-5A advanced technology transports, were announced by the



Federal Aviation Administration about nine hours before the 747 entered

!
i

commercial service. The FAA action, which might be modified after acdi-

tional testing of the aircraft, was based on an indication that the air-
craft.may produce greater wake turbulence, both in the air and on the E
ground, than do earlier jet.transports.

In February 1970 the FAA, in cooparation with industry, the Department g
of Defense, the egﬁartment ot .Commerce, and other govgmrmm: agencies, con—g
ducted an accelerated evaluation of the operational impact of wake turbu-
lence produced by large jet aircra?t. The program was divided into tﬁree g
pheses, all of which were conducted concurrently in three geographical
areas. The first ph’Sc involved the Western Region (WE), the National

Aeronautics and Space Administration, NASA, Flight Research .Center, Edwards @

California, and the U. S. Air Force, Eawards Flight Test Center, California.

=)

These flight tests were conducted in the Edwards area. Primarily, the testﬁﬂ

pertormed by the above groups were intiight penetrations of the vortices

the Lockheed C-5A by an instrumented Convair 590 at Edwards.

bl .

ne second phase was conducted by the Boeing Company in the Seattle,

Washington area. In these tests, Lhe above mentionad Convair 990, a

Boeing 737, and a North American r86 aircraft penetrated the vortex systems E{
of the Boeing 747 and 707-300 series aircratt

Thé objective of the third phase of this wake turbulence programbwas
to conduct flight tests at the ARL-ESSA Test Grid'Facility at the Nationai
Reactor Testing Station, Idaho. These flight tests were made to gather
quantitative data on the vortex wake turbulence characteristics of large,

mecium, and sma x] jet ransport aivcratt from a low-altitude tower fly-by
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technique. Thi bdse Was reported in M
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rcin 1970 Interim Report
Dickson and Start§iqes},

These preliminary studies indicated that Térge jet transports may
nave certain operating characteristics which will require special handling.
Cf concern %e indications that these aircraft may generate greater wéke
turbulence both on the ground and in the air.

On April 21, 1570 FAA Flight Standards rcque:ted that NAFEC investigate
the deterioration of a vortex that is g' nerated in ground effect. The re-
guest was precipitated by the Boeing Aircraft Company who veported that the
strength of vortices generated in ground effect deteriorate very rapidly.
Accordingly, closer aircrait separation criteria can be tolerated during
takeoffs and landings. The tests described in this report were conducted
at NAFEC jointiy with NAFEC/ESSA-ARL Idaho Falls perscnnel and ecuipment
auring the period May-Jdune 1970. ESSA-ARL recording equipment was used
for the daia acquisition. The resultant data tapes were compatible wit

(ESSA's) data processing equipment. A1l data was processed at Idaho Falls.

III. Instrumentation and Data Handlina

The testing site Tor this series was at NAFEC, Atlantic C1uy, New Jersey..
The NAFEC compliex includes several runways, similar to most international
airports around the United States. A TOO foot instrumented tower was erec-
ted 125 feet from the edge (200 feet from the center) of runway 22/04.
WOoded areas began approximately 1/4 mile to the northeast of the tower,-
1/2 mile to the north and east of the tower, and a mile or more in the

remaining. directions. The ruWWajs and taxiways were ]ocated within a

large area of mowed grass, typ1cq1 of most airfields.



The 100 foot tower used for these tests was of & tapered, triangular §
cross-section, about five feet on a side at the base and two Teet on a .

:.,.IJ' :

side at the top. The iowar is shown in 11gurh G2

Fast response instrumentatiion Tor sensing the vortex induced airf]ows !&

were mounted on ten foot, norizontal sliding booms. These booms were uO]ted

to the tower at the 100 foot height level and at successive 10 foot lower

intervals and could be telescoped parailel to runway 22/04. The acauisitiong

of fast response instrumentation and its positicning on the tower were ad-

. . e 1 ,
ministered by personnsl of FAA, NAFEC. The sensors were quartz-coated,

hot piatinum film elements cperated at constant temperature (4OOOF). These

~

anemometers were mounted at the outer enc of the telescoping booms in a gE
clamp which could be rotated through a 180° horizontal sector. The not
Tilm sensors were a single cylindrical vrod about 1/2 inch Tong. The Tongi-

tudinal axes of the rods were aligned paraliel to the plannad aircraft

fiight path and horizontal. The sensors were plug-in tips which were in-

serted in short tubular probe arms. A view oT the installed hot Film EE

sensors is shown in figure'c;.;f The output signals from these sensors
were in the range of 4 to 14 volts.
Signal voitages from the hot film sensors were recorded on an Ampex

(FR 1300) 14 track tape recorder. The-tape recorder and periferial elec-

tronic equipment were supplied and operated by the Specia1 Instrumentation

Group, Idaho Nuclear Corporau1on, who were under contract to ESSA, as in

the February MRTS study. The input voltages.were recorded in-the frequency
modulation mode (FM). Output voltages from the hot film sensor electronic

modules were conditionad for improved signal to noise ratio prior to

-

1 P . L 3 .
A product of Tnermo-Systems, Inc., St. Paul, Minnesota.




7
J2.  An opposing voltaga (hereafter termed a bucking vol-

tage) of approximataly nine volts was used to displace the relative zero

voltage of the electronics output. The relative output voltages from the

-5 to +5 volts. This ocutput voltag

LA

was attenuated by a factor of Tour through operational amplifiers. The

final conditionad vo]ta

to the tape recorder were now with-
in the range 7imi r the recordar. The recovary of

output voltage as from the hot film electronic modules is given by eguation

(1).
EHF = EB + (ATTN)(TZC) + (ZFCE(TSI) - ZFCE(FIELD)) + ATTN(ETR) (1)
where |
EHF = hot Tilm electronics module output voltage
EB = bucking voitage (abou 9 olts)
TZC = tape recorder zero reference dritt (volts)
ZFCE(TSI) = zero flow .aTi-_atxon voltage measured by manufacturer
ZFCE(FiELD) = zero Tlow calibration voltage measured in the Field
during testing
ETR = tape recorded voitage
ATTN =

operational amplifier attentuation adjusted for
deviations of AIPEQLEﬂLy/AVOILage

In practice, “terms on the right side of equauion (1) are grounad and

s1mp11f1ed into the unnt1t/ tape vo‘tage times the attenuation, plus a

constant effective buckirig voltage, and plus the difference between the

manufacturer's and the field observer's value of the zero flow sensor vol-

tage. FEach testing day the hot film sensors were shelterdd from the nat-

ural atmospheric air motions and the voltage output Tegged. Also, the



R

bucking voltages and attenuations aopnlicabie to each hot f]xﬂ sensor

system were adjusted as needed and logged each day. Following each air-

crait data run, the bucking voltages were recordad to constantly check

for any voltage drift. The electronics systems were very stable and

extremely Tittle change occurred.

-iF
EHF
The recovered output voltages, ZZ

.g;,.

» wWere compensated for air temper-

v

(3

ature and density variations using an approximate correction factor basad éE

[ 2 -
on a mean air temperature during the aircraft data pass®. The observed

Tim system output voltages were multiplied by the following guantity, gz

__},

hot

termed a cooling factor, K.

whnare
= oy du ‘ 2 Or"
IS = oparaiing tempara ature of the sensor, 400°F

- . . e 0
IC = air temperature at time o bration, °F

cal

=l

TE

air temperature of environment during sampling, .

Atmospheric measurements were made with slow rasponse instrumentation

to provide a first indication of the state of the atmosphere. Temperatures

were measured on the tower at 100 feet, 30 feet, and 10 feet above the

heignt.of tha runway. The temperature was sensed by«m Honeywell nickel-A

were recorded on a six-point multiplexing type of strip chart recorder.
three sensors were carefully calibrated against one another, and the absolu

temperatures and temperature differences are accurate to +0.2F°

ZOperating and Service Manual, 1050 Series, Constant Temperature Anemometer
and Related Accessories, Thermo-Sys zers, Inc., t. Paul, Minnesota, p 4-2.
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cated at the 103 fcot jevel of the tower (clamped to a short vertical mast
mounted at the tower top). The wind directions and speads were recorded
as analog ink pen traces on a strip chart recorder. The Bendix-Friez

aerovane sysiem was calibrated in the ESSA Tow speed wind tunnal at Idaho

N of the data acquisition systems is given

were  perforied by Tnhermo-Systems, Inc., at their facilities before ship-
ment of the sensors to the field site location. Eighteen pair red calibration
point values were datermined for each sensor, spanning airflows betwaen
zero and approximately 145 feet per second (¥ps). A plot of log voltage
versusATOg airflcw was a very good gpproximuu1o of a straight Tine.

To be sure the calibrations would encompass all observed field data,
one additional calibration point was extracted from the extrapolated log-

ne not Tilm electronics. This extended

ct

log plots at 15 volts output from

M

the Tlow calibration range to at least 232 fps for all sensors, bounding
all field observations.

A flow diagram of raw data extraction pfocedures is shown in Tigure
. Four extraction proccaures viere oer;orwad by personnel scanning

strip chart records of temperatures, wind soeed and direction, and brush 2

\3
_ ’».u—-w...,,m__‘s&\ &}I ,‘

recorder traces of analog tape recorder voltages. ST
: AW

The only automated data extraction procedure, but most essential, was

the analog to digital conversion of hot film voltages from five 14 channe]‘ﬁ

analog tapes. [}ﬁe'wind speeds were rounded to integer values in miles per

}
, e S L i
nour. Wind directicns were recorded to the nearest five degree vaTue:}~/

o



el

Tha analog tapes ware digitized at a rate of one data point per 104 milli-

seconas (msec) with 208 msec Tiltering by a Honeywall DDP-124 anzlog to

cigital conversion systam. The DIP-124 output was stored on digital mag-

netic tape for further processing. -Since the extrema valuss may be ob-

=]

tained from analog records, the 104 msec digitizing rate was selected as

ﬁféﬂ

the best rate. The FAA project director was brieted on this data extractio

method and concurred on the aoproach. The digitized

D._

hot fi?m voltages for pm
Ii
individual sensors wera marged or groupad according to data points acquired

at the same instant during testing, as was the data from the February test-

=

ing at the NRTS (Dickson and Start, 1870). During this same merge process,

the hot film electronic module cutput volitages were converted to ajr Tlow g:

speeds. The spead conversion process was a linear interpolation within a

fl.- 5

matrix of calibration voltages versus air Flow.

During the second aircraft fly-by of the field experiment, May 27, the E

rno ?é Im anemometer at the 70 oot Tavel on the tower developed an electrical
hor For the remainder of the day this tower level had missing data. I@
The e]ectrica?_short could not be corrected or replaced prior to the com- m—
pletion of the field experiment. The hot Film anemometer at the 100 Toot

level was interchanged with the anemometar from the 70 toot level during

~

the remainder of the testing to avoid non-uniform sized neight gaps be-
tween Sensors

For synchronization of FAA movie film data and tape recorded hot film
voltages, a flashbulb was ignited at the time the aircraf: wing was abeam
of the tower, showing in the films. At the same inst tant, a voltage pulse
was recorded on a channel in the analog tape recorder system, marking the

: ' ~ .. . - N [N
voltage records at the same reference time. During the first two fly-bys,
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727 passes 1 and 2, and during 707 pass 1; the voltage pulse was missing.
For the 727 pass 28, the voltage pulse ccecurred 1. 2 seconds before the

tape recorder record of hot film voltages began. Finally, for 880 pass 28,
the vo}tgge pulse was between 10 and 15 seconds late. For all cases of
abnormal timing voltage pulses, except for €30 pass 38, the age of tne
vortex was obtained from vortex smoke visualization films. The photo-
graphic angles of view were inaceguate for resoiving the age Yor | the 880

fly-by.

V. Results

The results of this rese2arch are a numder o7
denictions of vortex size, basic snape, térje ntial spead versus radial
distance from the vortex center, radius of maximum speed, age, rate o
ric transport, and supplemental atmespheric characteristics.
While these tabias and grapns qqutitize many types of vortex character-

1
~

.
adi-

-

rov

o)
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[at]

istics, their more fundamsntal value is to provide the b

tional FAA interpretations and analyses. The FAA follow-on studies would

attempt to relate these vortex characteristics to the characteristics of

the partfcu?ar test aircraft, its flight configuraticn, and other relevant
aerodynamic parameters. The data Tisted and plotted in the accompanying
collection of tables and figures are all expressad in.Eng1ish units, feet,
seconds, feet per second, pounds, Fanrenheit degrees, etc., for the con-
f

venience of the FAA. Since the FAA works with these types of units, the

Follow-on studies will be simplified by exprassing the results of this

study in the same units
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Buring the seric

{

ey 27 through June 7, 1970 a total of 153 aircraft

tower fly-bys were made. OFf this total, 750 passes possessed tower data

Tor analysis. Four aircrar: were used in the tower Tly-bys, a TWA 707,

and three FAA aircrat:, a 727, and a DCY based in Oklah noma City, and a

CVEED based at KAFEC. Data fro; eighty-five passes were collected for the

D

=

CV880, from forty-two passes for the 727, and from twelve and eleven passes

respectively, for the DC9 and TWA 707.

=

Contour analyses of vortex p1us atmospiieric flow speeds are presented

ATe Tt
h -

The speed contour ane lyses are derived

TR

]l

from the digitized hot film sensed air Tlows. The contours
in a time-vertical neight set of reterence coordinates. To
concepts of equal area and equal Tength along the individua

axes, the plotting scale for the time axis is adjusted. A scaled cis

along the timz axis (the product of the 100 foot atmospheric wind spead
component normal to the aircraft track and unit time) is given a nlot
Tength wnich the same real distance would have, 1f scaled along the ver-
tical height coordinate axis. Fach contour plot is identified by a title
listed aleong the top of the plot. Besides the aircrafi identification,
date, and time groups, the component of atmospheric wind speed nofmai to
the aircraff Tlight track (denoted U) and the interva] betwean contoured
isotachs, are Tisted. A1l contour 1evéjs are Ttor 10 feet per second or

integer multiples of 10 fps. With time increasing from left to right, the

first vortex will always poOSsess c]oc kwise tangential flow and- the second
vortex will possess counterciockwise €low. The atmospheric wind speed
component will always be directed from right to left (large time to small

. R ) - .. . oL 2 » 3 1
time), along the direction of vortex transport. !‘ nﬁ.iégh T @ﬂ“ﬂL

&
b i . j
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In genefa], w0 cnaracterisiic regions are found above and be1ow the
vortices within which vortex-atmospheric flow interactions stand out. In
one region the voriex flow adds to the at mospheric flow and prodﬁces a
relative flow maxima; in the other region the vortex flow blocks the at-
mospreric Tlow and produces a minima. An indication of the horizontal
separation of the centers of the vortex pairs may be obtained from the
contour piots. Plots in which the radial gradient of vortex speed be-

- )

comes relatively Tlarge, the contour analyses wiil not suitably illustrate

/7are the best source

to peak sensed vortex speads. throughf-

-

or obtaining these peak speeds.

The contoured patterns 07 spead deviate- from symmetrical, smooth,
ideally-shaped flow patterns. But this is not all bad. To a Tirst ap-
proximation, the more chaotic the contour pattern, the more turbulent is
the atﬁbspheric flow; the less the vortex induced motions dominate the

contour analysis, the Tess the organized energy of circuiation (and hence

the tendency for a more advanced stage of vortex .decay) existing in the
zﬁ vortex. Additional discussion of the sources of irregular, somewhat-

ragged plotted speed contours is contained in'Appendix A.

1

Approximately thirty aircraft fly-by cases were not coﬁtoured, be-
- cause there was a Tack of_f]ow speed data suitable for contouring. Two
primary causes of i1l-suited daté were a failure of the sensors to inter-
cept the vortex or an extremely slow transport of the vortex across the
sensors. For se]ected cases and also those fly-bys which were not con-

toured, & two page plot was made of the speeds sensed by the array of hot

T1lm anewometers. These time-ser1es p1ots of speeds for the various

-

neights are presented in f1gu“ess,§

The timing




synchronization voltz ge pulse is a vertical line which Crosses the time

axis. The hei ights of the sensor traces being pTo ted are given (in feet)

by the larger sized numbers to the Teft

ot
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he vertical axes. The verti-

cal axes are labeled for speads of tens of f
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where the Tlow speeds excesd 100 tps, the plotted speed traca is broken, l

discontinuously, and the speed value minus 100 Tps is plotted in this

moaified manner until the real speed again decreases o Jess than 100 fps.

L ‘:‘!

4§ Tor pass 8 of the 727 testing, 1ilustrates this effact for

Figura?
data from the sensor located at the forty foot height. Again, as in the

contourad speed analyses, the values of peax sensed speed should be ob-

= e M

peak vortex plus atmosprieric speeds Tisted in tzbiles

—w

voriex characteristics are listad, (under the

heading vortex core) a along with aircrast f1i ght 7uenLi i ication data and
U)m‘-t‘:w*' f:'u © daafe) N
atmospheric transport information. Fre data co?unn<:n:£ﬁesewva@¢es lists

En Ex

the month, day and year: the group 052770 represents May 27, 1970. The

time column contains the nour

Er

. Minute and second of when the plane was

abeam of the tower. The group 063813 rapresents 0538 and 13 seconds,

Eastern Daylight time. Vor: No. in the table is one or two, depending

wnather the information describes a first or second vortex. The first
vortex Is always definad as the vortex ‘generated by the wingtip which

passed closest to tha sensors.

.
peak sensedavortex ¢

The columns Tabeied V1, V2, and V3 represent the

speéds. When V2 and V2 are given, thay represent the speeds obtained when

the sensor penetrated inside the vortex core, and when the sensor again

passed through the point of maximum spead as it left the core. The speeds



econd. The column headad DIA contains
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the estimated core diameters, in Teet, when they were calculated. -A value

of zero indicates no calculation was made. The age of the vortax, (in

seconds), wnen -intercepting the sansors is in the column next to the dia-

of maximum vortex speads versus ages is given by figurefﬁ~f,1M:Cons1uerab7e

data points. Tnis boundary of the observed data reprasents an estimate of

a given vortex age, if all

ading for aimospheric transport.

gnsunder the h

1]

A1l Tisted transport speeds are in units of fest per second. The last
column, ATMO, 1ists the component of aumospner1b wind speed along the per-
pendicular to the aircraxt Tlight path: Tne speed listed in the next to

last column, 0BS, is the observed mean transport speed. This observed

speed is derived from the Tauerq1 distance moved divided by the age of the
i vortex. Appendix A contains a discussion of possible sources of error in
calculation of these observed speeds. The column labeled GEFS is the dif-

ference between the observed speed and the atmospheric wind speed component,




a
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3

listed under column ATMO. The term GEFS is-an estimate of the ground
etfect on transport spzads and co..xins all the sources of variability in-

atmo

arent in botn the cbserved and meisured

U’)

ospheric speeds. Scattergram

P

1ots of the atmospheric speed comnonents versus the mean observed trdn:por

‘\x: ) uL ‘x)

pheric spead component, and s#mﬁw%”%vaeStT

observed Tor the second vortex. Information of this type can be inter-

prated to give some guidanca regarding vortex dwell time over runways and/o

)G 0T vortices being in a position to affect aircraft opara-

For selected cases, in which a hot Film sensor éppeared 0 make a
eep penetration into the core, approximately twenty values of speed were
extracted from time versus speed records. The 'sequences of speed data
contained the peak speed value and data points extrécted at equal incre-
mental steps 7n time outward from the peak.. An example showing the charac-
Lol .

ter of a hot wizme voltage versus time analog record is given 1in figure
This trace is from the 40 foot sensor height during 727 pass 8.
The upDD“ trace shows the effects of both vortices intercepting the sensor.

In the Tower trace the time scale is expanded by a factor of ten. In the

expanded plot each vertical line is separated in time from its neighbor
by one tenth of a second. o - o -
The observed data were expressed as speeds versus radial distance,

wnere distance was caicuiated as the core radius plus the mean observed



1

T

|

ﬁl:{. ,;'

o

%

e o P o L - by o~ s S ~-T I LR
che cata were vTitted gy an efuaticn oy the Torm
9
V(R) = —
;
n 3
: aRk (3)
R
P I U, o~ -~ Ay A s R b L PN
where V{R} dentoes speed and R denctes radial istance. A Teast-scuares
] R BRI L, .} L - TF - - A
Caicu,ation o7 Tne coefTric ent wes ohtained and & caiculated speed gener-

versus radial distance are 11St°d in tabl:

a 1s listad for each vortex

spead, and the other caicula

Tor-tha 727

these calculatis

tion during thes

descent back

to ambient. Additional investigation of the relationsnip batween spead

and vortex radius are desived. Some additional no.ma];z1ng of the data,
perhaps sometiing like the ratio of theoretical vortex strengths, may per-

bution of speeds from a single

was 0.0070,

5
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vortex cove, ciamater calculations derived from a speed Tluctuation jess
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1d be rejected or

o.

than the magnituce of the atmospheric wind speed sno

<

From the information available Tor this test series, it is impractical

to determine, with any confidence, the role of atmospheric conditions in -
determining the vate of vortex dacay. The data measuraments were.not E
suited to thnis end. Any Tuture attempis to determine a voriax rate of da-

cay in relation to atmospheric characteristic should a) provide at least i;

specify the cetiiled characteristics of the atmosphere, such as

dimensional turbuience intensities, as well as the common Ly
. R
clogical measurements made at airports. 1

ne radial distribution of vortex tangenti

ected passes from the 727 data ser

mation, tangential spead is proportional to radial distance to the -3/4

o
Q
©
]
<2
_f_L;

&
-
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ses were measured which were suited for this type

evaluation. A much smailer vertical spacing of se nsors is reguired,
oraar of one foot separation, to increase the likelihood of deep penetrationms
of vortex cores by a sensor. Without consicderably greater resolutiocn in

tne vortex measurements, both the radia distribﬂtion of tangential spead

and the decayed state of the vortices wil] be difficult to quahtify.
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APPENDIX A
THEORY AND DERIVATION OF EQUATIONS
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Fppendix A - Darivation of Equations and Definitions

Descriptions of vortex tangential spcﬂd vortex radius at the point o4

~

maximum tangential speed, mean speed of vortex horizontal transport through

Ti the atmosphere and ground effect modifications, the reiationship between
- tangentiai speed and vortex radius, and the characteristics of the atmos -
- : phere in which the.vortex was imoedced, are some of the information de-
™ sired. If it is postulated that spatial simil arity exists within the vor-
: te% over short times (distances) so that sampling along a diagonal slice
ﬁ' through a vortex (with respeét to the vortex axis) is basically equivalent
. to‘samp1ing thrbugh'a cross-secti fon normal to the vortex axis, soma useful
23 definitions and simple equations may be Tormulated.
i The following definitions are schematically shown in figurééﬁﬁ %, The
) aircraft passes by the tower sensors at some lateral separation, Y. The
23* wingtips therefore pass by at Y = (wingspan/2), defined as YP. The air-
craft horizontal speed is called C. The atmospheric wind is a vector, VA,
zg which generally is non-perpendicular to the Tiight path. Four possible
B trajectories by which a vortex e]emenﬁ reaches the tower sensors are il-
lustrated. One trajectory, SA, is paraliel to the'wind vector and is the
é longest expected path. The minimum length trajeciory,'SU, is along the
g perpendicular joining the tower sensors and the fiight'pgth. The actual
: trajectory, ST, and the straight-lire approximated trajectory, STA,'shou]d
J" - begin on the wingtip track at a point between where SU and SA intersec:
the wingtin track. The actual vortex trajectory is expected to be curvéd
l 4 because a time changing, surface Eoundany induced lateral movement (ground
1 effect speed) is added to the atmospheric wind transport. The four solid
‘ dots on the trajectories denotz the position of the vortex element (which
I, .



reaches the sensors) when the wingtip is abeam of the sensors, at time
TE. When the atmospheric wind vector is normal to the flight path, all

four points coincide. ' '

The total lateral displacemenis of vortex elemants intercepting the

sensor are all equal to YP. The times at which each of the Tour elements

/=

were generated are different by the time increment required for the air-

craft to Tly from the point of vortex element generation to the point a-

beam of the sensors. At time T the vortex elem ent intercepts the tower

sensors. The approximate age of the vortex element, T-TE, differs from

s

the true age of the vortex by some T', which is generally smaller than T".

.x’"‘ "‘Tl!

The mean speed of vortex lateral transport is defined as the lateral

distance of travel YP divided by the voriex age.

=

Thus,
VU ¢ YP/(T-TE) (A_])T
VT = YP/(T-TE+T") | (n-2)
VA = YP/(T—TE+T“) | (A-3) &
where | E
VU = transport speed along trajectory SU ‘
VT oo " ST
VA= " " " SA
T* and T" = increments of time'réquired for the aircraTtﬁj

to fly from the respective points of genera-
tion to abeam of the.tower.

By knowing the wind direction and the aircraft heading, the angular depar-

ture, 8, of the wind vector from the normal to tn flight path is calcuiate

From the right triangle in ¥i ure‘
gh

[

| {

tan 8 = (C)(T“)v/;}; | £
- | [

£

Ao




or

T" = (YP)(TANa)/C. ‘ (A-4)

h

T" represents an e

>

timated upper 1imit of the error in vortex age

gefined by (T-TE). These errors versus 8 are

~

vaiues of T" are developed from th

~h

[¢8]

ollowing approximate initial condi-

tions. LA TARer e AN Fd Coamnfir PG

C = 200 fps, and 60 ft. < YP < 350 ft.

50
Two bracketing values of T" were calculated based on 0.25 < %E- 1.75 sec~

onds.

Since vortex age must be underestimated by T", the mean speed of vor-

tex Tateral transport must be ovarestimated. The maximum expected frac-

=

tional overestimatec of VT is obtained by dividing equation (A-1) by

equation (A-3), or

(A-5)

=

are listed in tab]eﬁf #For wind directions within 65 degrees of the

perpendicular to the aircraft track, the estimated transport speed should

] T

be in error by ten percent or less, and the age in error by 1/2 to 4 sec-

onds, depending on the initial lateral distance between the sensors and
the wingtip.
The ground effect modification of vortex horizontal transport may be

approximated by the difference between VYU dafined in equation (A-1) and

the wind speed component zlong the normal tne flight path. This yields
v/ | Ceee ' '
e  GERS = [YP/(T-TE)] - VA(Cos @) (A-5)
] N ’ Rz
\\\\*\\\,_ Sk o

At




X

i
&
i

wherea

1 ~

GEFS = ground effect speed (fps).

I

IT a vortex were to impinge, exactly centered, upon a hot film sen-

sor, a plot of vortex tangential speed versus time or distance would pos- Eﬁ

sess thase genera? teatures. The tangential speed would increase to a EE
i

peak vaiue, V1, then drop mora rapidly zero at the vortex center, V2,

rise to a second peak value, V3, and then decrease to the initial -condi- EZ

tions. The vortex center region batweesn the two peaks is termed the
vortex cora or vortex tube. In practice, thz observed speeds do not de- i
crease to zero curing a sensed vorteyx passage, b&t may decrease somewhat
Trom tne peak speeds. A speed versus time plot of the voréex induced

Tlow will look like a peak with a dimple in it. An illustration of this

2

effect is shown in figure C» R,

a sensor through the vortex core which
would generate a time series plot of vortex tangential speeds 1ike the

sequence in T

P2

ne sensor had passed through the core center, -
the core é(ameuer could be calculated as the product
Diameter = (AT)(VT).
When the sensor fails to pass through the core center, this may yield poor
estimates of the diameter.
Within the vortex coré, theory postulates solid rotation; the angular

velocity is a constant and the following relationships may be stated.

VI/RT = V2/R2 = V3/R3 =)= constant
where, ' ' K“i P N
V = tangential sneed
‘R = radial distance
e - '_@}= angular speed.




=y - =

Pl

From figure C- , along the dashed path of the sansor,
(chord Tength/2)2 = R12 -R22 = R32 -R22

Since RT = R3 and R2 = R1 V2/V1 = R3V2/V3

o - LLYT)( T)I2
RIZ = gn=vz v
and - (A-7)
32 = _L(VT)(aT)12
RS% = v vt

and the greater of V1 or V3 by VMAX,

(VT (aT)]?
T = VMINZ/VIARZ] (A-8).

D2=[

Equation A-8 was used to estimate vortex diameters for speed vs time traces
containing a dimpled peak.
A theoretical relationship between vortex tangential spead and radial

aistance outward from the voriex center has been suggested (Morris, et al.)

o

and Voniises (1945) in which the tangenQ&ﬁ? speed is inversely proportionéﬁi
to the radial distance. To assess the radial extent of the vortices and
the adequacy of the theoretical model above, a Tew measurements through
vortices were carefully selected. Through curve %itting of the actual data,
the relationship bétween tangential speed and rédius can be examined. A

hyperbolic relationship of the form

—

Y = (A-89).

o
L~
x
~
=

was used. Applying the method of Teast squares, the equation for the

=
o



were also measured. The vertical temperature Tapse rates were calculated

)

v
‘?w»

coefTicient a beacome

v i
.21 X0 =

a = (A-10) &
RS ik
i=1

where .

X. = valuas of radial distance

Y. = values of tangential speed

=
i

numbar of paired (x,y) data points.

'

agared for possible curve fitting, the reciprocals

—da

Otner functions were cons

id

(@}

)

functions and logarithms, but their snhape characteristic

i
—

Q
urs
(D

xponan?

didn't appear as promising for fitting of the observed data as did the nynerf}}

{

bolic form. Also, the exponant n was varied to induce slight curve shape
e p Faapt JUSE A IE RN SN i
modificationg o =& gt dtihe it FiTeeg Bliud bd wabaa te o QS T L LMt il
i - L ' . 4 + [y ' g
o ShaeA JJ'../\ E. '.-um'»«%—f? J}“-"-Azﬁ‘. e T‘r\"z!‘:'s\- ‘( be T Qv /ey,
Wnile data for the vortex stiucdy wera being collected, some characteristiceme

of the atmosphere in which tha vortices were imbedded were also documented.

Temperatures were measured at 10, 30, and 100 feet above the ground using

tower mountad sensors. The wind speed and direction at the 103 foot height

for the thres different height combinations of temperatures. Tne calcu-
— - -0

lated lapse rates were exprassad as an equivalent number of F~ per 1000

feet. A non-dimensionai atmospheric index, containing both temperature

and wind speed information was formulated | .
AL = & (AT)EEOO) (h-11) ,
L20 U
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of the vortices easily snanned the %eﬁ'foot enemometer. spacing, so that

the Targer scale vortex effecis were better measured
To coﬁpensate Tor the coarse datz resolution along the vertical axis,

the speed data were interpoiated o a iess coarse mesh of data points in the

vertical ¢irection. Tiis interpolation was examined for two gifferent dis-

. T,
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vortex center, Y5, was 40 Teet.

In a contour analysis it is CuStCﬁ’TV to smooth larce data variations
from the data set before analysis. For the wingtip vortex probiem, howaver

an examination of the perturbeiions is desired a
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smoothad without cegrading some of the information. To reduce scme irreg-

O

ularity and raggecness of the speed contours, the coordinate positions of

the points descriding the contour Tine ware smoothed. A simple set of

rules were selactzd which determines Bow or 9T a contour should be smoothe

One of three smactaing choices was usad, not to smooth, smooth with a five

point running average, or "smooth" with a snline internolation method. If
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Had suitadie vertical reso

1

reduced.

3

Two.zaditional illustrations are included to point out the major

0}

i ~ o

s A R I P e [ R cnde whan -l TR
eTTeCis UpGn CohRTouras Géwa and oeax sensed vortex SDEECS Wian th2 vortex

naasuraments ara not derived from voriices in which a sensor senetrates
; ~

the vortex center. Tnis ef
ceuse it most acistorts those vortex measurements which are of least value.
Note that contoured vortex centers (really pseudo-centers) will always be

centered at a level of a hot film sensor because thé interpclation routine

=

111 never generate a speed greater than the maximum sensad air flow.
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727 DATA

I1st Vortex 2nd Vortex . " 1st Vortex . 2nd Vortex
ACFT HGT AGE HGT AGE ACFT  HGT AGE HGT AGE
‘Pass#  (ft.) (Sec) (ft) (Sec) Pass# (ft) (Sec) (ft) (sec)

] 0 16.3 30 54.2 23 30 . 12.1 - -
2 36 154 80 547 24 40 11.5 40  58.3
3 30 8.6 30  38.9 25 40 9.4 - -
4 30 6.1 50 31.0 26 40 13.8 40 . 45.2
‘ 5 30 107 50  46.2 27 40 12.2 - -
6 0 10.6 10 38.0 28 30 9.6 80  40.0
7 0 8.3 20 31.0 29 20 8.0 20  63.5
8 0 7.7 40 25.9 30 30 13.8 60  41.7
9 10 12.6 40 24.] 313 131 10 51.4
10 40 10.5 60 26.8 2 30 13.5 - -
1 0 9.5 10 31.9 33 30  20.6 - -
12 50 5.7 50 141 340 1.5 20 40.2
3% - 13 30 13.7 50  58.3 35 50 12.3 20 29.8
Ig BT 60 8.1 10 2.1 36 40 13.5 50  22.8
| | 15 50 7.7 30 158 37 50 16.3 50  34.2
16 50 5.1 40 10.7 38 30 14.6 - ;
17 .60 2.7 5 5.4 39 60 4.1 20 11.5
18 - - 40 40 19.4 40 226
19 0 12.1 - - 41 90 10.0 80  20.9
20 30 12.7 50 61.3 . 42 40  25.1 - . -
21 30 8.9 30 46.9 43 50  39.5 - -
gg 22 30 7.3 - .
B-3
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707 DATA DCY DATA
1st Vortex 2nd Vortex 1st Vortex 2nd Vortex
ACFT ~ HGT AGE HGT AGE - ACFT HGT AGE HGT AGE
Pass#  (ft) (Sec) (ft) (Sec) Pass# (ft) (Sec) (ft) (Sec)
1 30 37.1 - - 1 40 8.3 50 15.4
2 30 7.7 40 16.7 2 50 ’21.6 30 27.5
3 30 6.7 20 19.2 3 40 7.9 30 13.6
4 20 6.1 80 26.1 4 40 8.2 30 13.8
5 - 40 12.1 50 62.0 5 40 11.2 40 16.0
6 40 12.5 - - 6 50 8.5 - =
7 40 14.9 50 62.3 7 80 8.4 60 11.8
8 50 12.8° 60  54.5 g 50 146 - -
9 30 10.9 - - 9 40 9.8 40 14.6
10 30 11.6 50 46.2 0 - 70 9.4 50 12.9
11 40 11.5 60 §5.7 11 30 9.9 e v

12 20




880 DATA

1st Vortex  2nd Vortex . Ist Vortex  2nd Vortex
ACFT HGT AGE HGT AGE ACFT HGT AGE HGT AGE
Pass#  (ft) (Sec) (ft) (Sec) Pass# (ft) (Sec) (ft)  (Sec)

1 - - - - 26 40  14.8 - -
2 - - - - 27 40  18.5 20  46.0
3 - - - - 28 50 24.4 - -
4 - - - - 29 50 30.1 - -
5 - - - - 30 - - - -
6 50 14.0 - - 31 50  40.5 - -
7 30 12.9 - - 32 - - - -
8 10 7.9 - - 33 40  28.9 - -
9 50  16.8 - - 34 40 19.8 - -
10 40  19.0 - - 35 50 21.7 - -
1 - - - - 36 40  17.3 70  35.6
12 30 9.9 : 37 50 16.0 - -
13 30 14.5 - - 38 40 12/17 - -
14 50 18.6 60  24.1 39 50  16.0 - -
15 10 17.2 50 245 40 50 16.4 40  28.8
16 60 157 50  18.8 4] 60  22.7 - -
17 30 8.5 40  16.6 42 50  20.0 - -
18 50 8.4 50 14.5 43 50 17 - -
19 500 9.2 40 14.1 44 50 14.7 - -
20 40 9.5 30 16.4- 45 4Q 8.4 - -
21 40  17.3 - - 46 40 11.5 - -
22 50 15.2 40  30.8 47 30 11.4 - -
23 60 12.1 30 17.1 48 40  14.9 - -
24 90 10. 90  18.5 49 70 21.0 - -
25 90 71 50 12.0 50 30 11.9 - -
|
B-5



880 DATA , I

1st Vortex 2nd Vorteyx ‘ 1st Vortex 2nd Vortex
ACFT HGT AGE HGT AGE ACFT  HgT AGE  HGT GE
c

A
Pass#  (ft) (Sec) (f¢) (Sec) Pass# (ft) (Sec) (ft) (Sec)

l
51 (40137 - - 69 50 7.2 50 12.5 E
[

52 30 12.3 - - 70 40 8.3 49 14.4

71 30 12.2 - -

54 40 17.9 - - 72 30 8.6 50 475 f

53 - 30 6.0 40 17.7

55 LI | R 0 100 .

56 AR R . 0126 L [
A0 e T T i
58 20 6 - - V
59 300 164 o 77700 4. .

60 0o s e .

61 0o 9700 s L

62 LN [ 80 - .

63 0 78 - 81 . -

64 0 78 - g2 . -

65 ot _— -

66 000w s 0 61 .

67 00 w0 e 0 172 .

68 40 118 30 7.5 8 30 1y ] ;

87 40 17.3 - -

B-6
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Calculated and Observed Vortex Speeds

727 Pass #8 st Vortex

’ Ist Half 2nd Half
_ Radial 1 Observed  Calculated Observed Calculated
Distance (ft.) Speed* Speed Speed* ~  Speed
0.9  129.7 . 155.2 171.9 168.4 f
21 - g5.7 . 78.7 86.4 85.4
3.4 71.6 55.4 67.4 ' 60.7- [
4.6 55,2 43.7 56.4 47.4
5.9 41.6 . 36.5 49.2 - 39.6 E
7.2 39.1 31.5 40.2 34.2 [
8.4 36.6 27.9 .. 34.0 30.3 '
9.7 31.3 25.2 . 303 27.3 [
10.9 28.5 23.0 - 27.4 24.9
12.2 23.2 21.1 24.3 22.9 E
13.5 19.9 19.6 21.6 S 21.3 ﬁ
14.7 18.6 18.4 9.0 19.9 |
16.0 . 15.6 17.3 16.9 18.7 i
17.2 - 12.5 16.3 14.8 17.7
18.5 10.3 15.5 12.8 16.8
19.8 9.0 4.7 10,3 15.0 .
21.0 7.8 14.1 8.4  15.3
22.3 6.6 13.5 6.9 14.6
23.5 5.5 12.9 5.7 14.0
24.8 4.4 12.4 4.6 13.5
a = 0.0072 a = 0.0067

*Less atmospheric flow




Calculated and Observed Vortex Speéds

727 Pass #9 Jst Vortex

1st Half 2nd Half
Radial Observed Calculated Observed Calculated
Distance (ft.) ' Speed* ~  Speed _Speed* Speed
0.7 174.5 184.5 134.4 176.1
2.2 9.5 81.2 89.2 77.5
3.6 67.8 55.4 64.6 52.8
5.1 55.3 43.0 48.8 41.1
6.5 41.0 35.6 35.6 34.0
8.0 33.5 30.7 20.5 29.3
9.4 27.7 27.1 $26.2 25.8
0.9 22.8 24.3 24.2 23.2
12.3 20.8 22.1 22.8 21.1
13.8 19.8 20.4 21.3 19.4
15.3 ©18.7 18.9 19.9 18.0
16.7 15.7 7.6 18.7 16.8
18.2 12.9 16.6 7.7 15.8
19.6 1.1 15.6 16.5 14.9
217 9.3 4.8 15.3 1441
22.5 8.2 14.1 13.6 13.5
2.0 8.1 13.5 12.0 12.8
25.4 7.7 12.9 10.6 12.3
26.9 7.1 12.3 9.6 11.8
a = 0.0069 | a = 0.0072

*Less atmospheric flow
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Calculated and Observed Vortex Speeds

DCO9 Pass #10 2nd Vortex

i

Tst Half 2nd Half

Radial Observed Calculated Observed Calculated
Distance (ft.) '~ 'Speed* ~ Speed §pe§d* Speed g@
0.6 75.1 116.4 70.3 113.5 -
1.3 58.6 67.6 59.0 66.0 |
2.0 51.4 49.5 52.9 48.3
2.7 44.0 39.8 4422 38.8
3.3 39.2. 33.6 38.5 32.7 il
4.0 34.8 292 34.5 28.5 i
4.7 3.5 . 26.0 31.5° 5.4 . - W
5.4 28.8 23.5 28.7 22.9
6.0 26.7 21.5 26.1 21.0
6.7 24.5 19.9 241 19.4
7.4 22.9 18.5 21.8 18.0
8.1 21.4 17.3 19.7 16.9
8.7 18.5 16.3 17.6 15.9
9.4 18.3 15.4 15.7 15.0
- 10.1 15.4 14.6 4.6 - 14.3
10.8 14.0 13.9 13.3 13.6
1.4 12.8 13.3 12.1 13.0
12.1 11.1 12.8 1n.0  12.4
a = 0.012] a = 0.0124

*Less atmospheric flow




ACFT
127

ACFT
727

ACFT
727

ACFT
727

ACFT
727

PASS
T

DATA
10 ~
30 -
10 -

PASS

CATA
16 -
30 -
10 -

PASS

DATA
10 -~
30 -
10 -

PASS

DATA
10 -
30 -
10 -

PASS -

DATA
10 -
30 —
10 —

CATE
52770

STRATUH
30 FT

100 FT
10C FT

DATE
52710

STRATUM
30 FT
100 FY
100 FT

CATE
52770

STRATUM
30 FT

100 FT
1CC FT

DATE
52770

STRATUM
30 FT
100 FT
100. FT

CATE
52770

STRATUM
30 FT

100 FT
100 FT

£0T YPRIME
63813 233,
LAPSE RATE (F
) 20.0
11.4
13.3

EDT YPRIVE
64836 203.

LAPSE RATE

EDT YPRIHE

65732 185.
LAPSE RATE (F
. -5.0
8.6
5.6

DT TYPRIME
7C611 162,

LAPSE RATE (F

-5,
ll’o
2.

Now O

eDT YPRIME
72040 233.
LAPSE RATE (F
_5"
0.0
-1 l

HIND DIR TEMPERATURES
LPRINE & SPEED 1OFT 30FT 1l0CFT
57, 31011 57.8 58.2 59.0
DEG/1000FT} AN ATMOSPHERIC [NDEX
0.366E-0L"
C.236E 00
0.300& 00
WIND DIR TEMPERATURES
ZPRINME & SPEER 10FfT 30FT 100FT
46, 31011 58.0 58.1 58.5
CEG/1000FT} AN ATHngHER[C INDEX
0.915E-0Q2
0.118E 00
0.125€ 00
HWIMD DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 10CFT
57, 31012 58.3 58.2 53.8
DEG/10Q0OFT) AN ATHOSPHERIC INDEX
~0.767E-02
0.149E QO
0.105€E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 10Q0FT
5%a 31011 58.7 58.6 58.9
CEG/1000FT} AN ATMOSPHERIC I[NDEX
-0.7046E-02
. 0.882€-01
0.497e-01
WIND DIR TEMPERATURES
IPRIHE & SPEED  10FT 30FT 100FT
67. 31010 59.5 59.4 59.4
DEG/1000FT) - AN ATMOSPHERIC IMDEX. .
: —~0.108E-01
0.0
~0.297£-01

B-r3”



ACFT
727

“AGFT

727

-ACFT
727

ACFT
T27

ACFT
727

PASS

DATA
10 -
30 ~
10 -

“PASS

DATA
10 -
30 -
10 -

PASS

DATA
10 ~
30 -
10 -

PASS

CATA
10 -
30 -
10 ~

PASS
10

DATA
10 ~
30 -
10 -

DATE
52770

STRATUM
30 FT
100 FT
100 FT

DATE
52770

STRATUM
30 FY
100 FT
100 FT

DATE
52770

STRATUM
30 FT
100 FT
100 FT

- DATE
52770

STRATUM
30 FT
100 FT
100 FT

CATE
52770

STRATUM
30 FT
100 FT
100 FT

€T YPRIME

T2922 209.
LAPSE RATE (F
-10.0
_114
-3.3

DT YPREIME

73849 178

LAPSE RATE (F
=25.0
-lo4
"6.7

EDT YPRIME

74608 151.

LAPSE RATE (F
-20.0
-2.9
"'6.7

EDT YPRIME

75844 237.
LAPSE RATE (F
~20.0
-2.9
~6a7

1301} YPRIME
80609 210.

LAPSE RATE (F
=20.0

_4Q3

_7- 8

WIND DIR TEMPERATURES

IPRIME & SPEED 10FT 30FT 100FT
13. 31510 60.4 60.2 60.1
DEG/1000FT) AN ATMOSPHERIC INDEX
=-0.213E-01
-0.347€-01
-0.880E-01
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT ' 30FT 100FT
Tl. 32012 6l.4 60.9 60.8
DEG/1000FT} AN ATMOSPHER IC INDEX
-0.365E-01
~0.239E-01
~0.121E 0O
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
T1i. 32511 62.1 61.7 61.5
DEG/1000FT) AN ATMOSPHERIC INDEX
-0e343E-01
-0.561E-01
~0.142E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
101, 32511 62.6 62.2 62.0
DEG/1000FT) AN ATMOSPHERIC INDEX.
=0.341€-01
-0.556€E-01
-0.141E 00
WIND DIR. TEMPERATURES
IPR IME & SPEED 10FT 30FT 100FT
2. 32011 62.9 62.5 62.2
DEG/10COFT) AN ATMOSPHERIC INDEX
) ~0a339E-01
~-0.831E-01
-0.154E 00

A(
7:

AC
72



ERATURES
T 100FT

ERATURES

-~

PASS

11 .

DATA
10 -
30 -
10 -

PASS
12

DATA
10 -
30 -
10 -

PASS
13

DATA
10 -
30 -
10 -

PASS
14

DATA
10 -
30 -
10 -

PASS
15

DATA
10 -
30 -
10 -

DATE
52770

STRATUM
30 FT
100 FT
100 FT

DATE
52770

STRATUM

30 FT

100 FT
100 FT

CATE
527170

STRATUM
30 FY

100 FT
100 FT

DATE
52770

STRATUM
30 FT
100 FT
100 FT

DATE
53770

STRATUM
30 FT °
100 FT
100 FT

EOT YPRIME
81347 175.
LAPSE RATE (F
~30.0
"2.9
~8.9
EDT YPRIME
82751 143.
LAPSE RATE (F
-3000
-5.7
"ll.ol
EOT YPRIME
83459 232,
LAPSE RATE (F
~-40.0
-2e9
-11. 1
EDT YPRIME
102225 223.
LAPSE RATE (F
—5500
—403
_15 )
EDT YPRIME
103227 199.
LAPSE RATE (F
-60.0
-1000
=21la1

B-17

WIND DIR TEMPERATURES
ZPRIME &€ SPEED 10FT 30FT 100FT
78. 32511 63.5 62.9 62.7
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.505E-01
~-0.550E-01
-0.185E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
9l. 32513 64.1 63.5 63.1
DEG/1000FT) AN ATMOSPHERIC INDEX
—0.358E-01
-0, 781E-01
-0.165E 0O
WIND OIR ~ TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
75 33013 64.2 63.4 63,2
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.477E-01
-0.391E-01
-0.164E 00
WIND DIR TEMPERATURES
ZPRIME £ SPEED 1OFT 30FT 100FT
99. 34012 68.1 67.0 66.7
CEG/1000FT}) AN ATMOSPHERIC INDEX
=-0.72TE-01
-0.651€E-01
-0.255€E 00
WIND DIR TEMPERATURES
ZIPRIME & SPEED 10FT 30FT 100FT
102. 33016 - 68.4 67.2 66.5
DEG/1000FT) AN ATMOSPHERIC-.ENBEX
~0.445E-01
-0.855E-01
-0.195E 00



ACFT
727

PASS
16

DATA
10 -
30 -
10 -

ACFT
127

“PASS
17

DATA
10 ~
30 -
10 ~

ACFT PASS
707 1

DATA
10 -
30 -

ACFT ' PASS
707 2

DATA
10 -
30 -
10 -

ACFT PASS
707 3

DATA
10 -
30 -
10 -

DATE -
52770

STRATUM

30 FT
100 FT
160 FT

DATE
52770

STRATUM
30 FT

100 FTY
100 FT

CATE
52770

STRATUM
30 FT
100 FT
10C FT

DATE
52770

STRATUM
30 FT
100 FT
100 FT

CATE

52770

STRATUM
30 FT

100 FT
160 FT

EOT  YPRIME
105550 175.
LAPSE RATE (F
—4010
~1l.4
-17- 8
‘EDOT YPRTHME
-11G339 150.
LAPSE RATE (F
—55.0
-10.0
-20.0
€DV YPRIME
101720 T 224,
LAPSE RATE (F
-55.0
-10.0
-20.0
EDT . YPRIME
102933 224,
‘LAPSE RATE (F
_50¢0
~-8.6
-17.8
EDY YPRIME
104025 230.
LAPSE RATE (F
-"0.0
-12.9
-18.9

WIND DIR TEMPERATURES |
ZPRIME & SPEED 1O0FT 30FT LOOFT .
92. 33018  68.6 67.8 67.0 F
DEG/L000FT) AN ATMOSPHERIC INDEX
-0.233E-01
~0.766E~01
~0.129E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT -
4. 32520 68.7 67.6 66.9
CEG/L00OFT) AN ATMOSPHERIC INDEX
-0.259€-01
-0.544E-01
~0.117E 00
WIND DIR TEMPERATURES
ZPRIME € SPEED 10FT 30FT 1OOF .
39, 34015 68.0 66.9 66.
DEG/LO0OFT) AN ATMOSPHERIC INDEX
~0.466E~01
~0.9776-01
-0.211E 00
WIND DIR TEMPERATURE
ZPRIME & SPEED 10FT 30FT 100F
58. 33014 6B.2 67.2 66.6

DEG/1000FT} AN ATMOSPHERIC INDEX:

-0.485E-01

~0. 956E-01

-0.214E 00
HIND DIR TEMPERATU
IPRIME € SPEED 10FT 30FT 10
50. 34017 68.5 67.7 664
DEG/1000FT) AN ATMOSPHERIC INDEX

-0.261E-01
=0.968E-01
~0.154E 00

~ W0

—we=~0

P,

Di
1(
EL
1(



RATURES

100FT

67.0 gggT
INDEX '
RATURES

100FT CET
\ 6649 $07
INDEX '
:RATURES
T 100FT ACET
) 66,2 707
INDEX -
‘RATURES .
T 100FT ‘ACFT
! 6646 707
INDEX
:RATURES
I 100FT ACFT
! 66.8 707
INDEX

PASS
4

DATA
10 -
30 -
10 -

PASS
5

DATA
10 -
30 -
10 -

PASS
6

DATA
10 -
30 ~
10 -

PASS
T

DATA
10 -
30 -
10 -

PASS
8

DATA
10 -
30 -
10 -

DATE
52770

STRATUM
30 FT
100 FT
100 FT

DATE
52870

STRATUM
30 FT
100 FT
100 FT

DATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
52870

STRATUWM
30 FT

100 FT
100 FT

CATE
52870

STRATUM
30 FT .
100 FT
100 FT

EDT YPRIME
105145  237.
LAPSE RATE (F
~40.0
-10.0
_16'7
EDTY YPRIME
65442 251,
LAPSE RATE (F
0.0
4.3
3.3
EOT YPRIME
70054 235,
LAPSE RATE (F
-15.0
0.0
-3.3
EDT YPRIME
T7C634 236.
LAPSE RATE (F
~15.0
1.4
242
EDT YPRIME
71243 225.
LAPSE RATE (F
-15.0
2.9
—la1l

WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
42. 34015 68.5 67.7 67.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.336E-01
~0.965E-01
~-0.174E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
41. 36010 4B.5 48.5 48.8
DEG/1000FT) AN ATMOSPHERIC INDEX
0.0
0.129E 00
0.109E 00
WIND DIR TEMPERATURES
ZPRIME &€ SPEED 10FT 30FT 100FT
50. 36010  49.2 4B.9 48.9
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.393E-01
0.0
-0.108E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
T4. 36009  49.5 49.2 49.3
DEG/1000FT) AN ATMOSPHERIC INDEX
-0 .483E-01
0. 524E-01
-0, 884E-01
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
68. 36010  49.9 49.6 49.8
DEG/1G00FT) AN ATMAGSPHERIC INDEX
-0. 388E-01
0.841E-01
-0.355E-01



ACFT
707

ACFT
707

ACFT
707

ACFTY
127

- ACFT
727

PASS

DATA
10 -
30 -
10 -

“PASS'

10

DATA
10 -
30 -
10 -

PASS
11

DATA
10 -
30 -
10 -

PASS
19

DATA
10 -~
30 —~
10 -~

PASS
20

DATA
10 -
30 -
10 -

DATE
52870

STRATUM

30 FT
100 F7
100 FT

DATE
52870

STRATUM
3C F7Y

100 FY
100 FT

DATE
52870

STRATUM
30 FT
100 FY
100 F7Y

DATE
52870

STRATUM
30 FT
100 FT
100 FT

DATE
52870

STRATUM
30 FT

100 FT
10 FT

EOT YPRIME
71824 228,

LAPSE RATE (F
-10.0
~2.9
-4'4

EDT YPRIME
85849 226.
LAPSE RATE (F
-35.0
"4-3
—1101

EDT  YPRIME
9C636 225.

LAPSE RATE (F
-30.0

=29

-8. 9

ENT YPRIME
60647 209,

LAPSE RATE (F
: 60.0
17.1

26.7

EOT YPRIME
61221 2264
LAPSE RATE (F
. 35.0
14.3
18.9

WIND DIR TEMPERATURES

‘PR IME & SPEED 10FT 30FT 100FT
39, 36009 50.4 50.2 50.0
DEG/1000FT) AN ATMCSPHERIC INDEX
-0.316E-01
~0.103E 00
~0.174E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
59, 511  55.8 55.1 54.8
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.671€E-01
~-0.943E-01
~0.264E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
56, 35009 56.1 55.5 55.3
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.854E-01
-0.931E-01
~0.314E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
35, 36014  46.3 47.5 48.7
DEG/1000FT) AN ATMOSPHERIC INDEX
0.839E-01
0.266E 00
0.456E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
39, 36014  46.8 47.5 48.5
DEG/LO00FT) AN ATMCSPHERIC INDEX
0.487E-01
0.222E 00
0.322€ 00

B-20




ERATURES
T 100FT
2. 50.0

INBEX

RATURES
T 100FT
1 54,8

INDEX

ERATURES
T 100FT
5 55.3

INDEX

ERATURES
T 100FT
5 48.7

INDEX

ERATURES
T 100FT
5. 48.5

INDEX

ACFT
121

ACFT
727

ACFT
127

ACFT
727

ACFT
127

PASS
21

DATA
10 -
30 -
10 -

PASS
22

DATA
10 -
30 -
10 -

PASS
23

DATA
10 -
30 -
10 -

PASS
24

CATA
10 -
30 -
10 -

PASS
25

DATA
10 -
30 -

10 -~

DATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
52870

STRATUM
30 FT
100 FT

100 FT

DATE
52870

STRATUM
30 FT

100 FT
100 FT

CATE
52870

STRATUM
30 FT

100 FT
100 FT

EDOT YPRIME

61809 176.
LAPSE RATE (F
30.0

10.0
14.4

EDT YPRIME

62342 145,

LAPSE RATE (F
15.0
12.9
13.3

EDT YPRIME

63015 225.
LAPSE RATE (F
- 25.0
l4.4

EDT YPRIME

63554 209,

LAPSE RATE (F
10.0
10.0
10.0

EOT YPRIME

64146 173,

LAPSE RATE (F
0.0
5.7
4eb

WIND DIR TEMPERATURES
ZPRIME & SPEED 1OFT 30FT 100FT
41. 36013 4T .2 47.8 48.5
DEG/1000FT) AN ATMOSPHERIC INDEX
0.481E~01
0.1B0E 00
0.284E 00
WIND DIR . TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
42, 356013 4T7.1 47.4 48.3
CEG/1000FT) AN ATMOSPHERIC INDEX
0.242E~01
0.233E 00
0.263E 00
WIND DIR TEMPERATURES
IPRIME £ SPEED 1OFT 30FT 100FT
40, 36012 47.2 4T.T 48.5
DEG/1000FT) AN ATMOSPHERIC INDEX
" De.4TIE-01
0.241E 00
0.334E 00
WIND DIR TEMPERATURES
ZPRIME & SPEEC 1OFT 30FfT 100FT
46, 36011 47.5 4T7T.7 48.4
DEG/L1000FT) AN ATMOSPHERIC INDEX
0.223E-01
- 0.252E 00
0.274E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 1OFT 30FT 100FT
33, 36010 47.9 47.9 48.3
DEG/1000FT) AN ATMESPHERICINDEX: -
0.0
D.174€ 00

0.147€ 00




ACFT
127

"ACFT
T27

ACFT

127

ACFT
127

ACFT
727

PASS
26

DATA
10 -
30 -
10 -

"PASS

27

DATA
10 -
30 ~
10 -

PASS
28

DATA
10 -
30 -
io0 -

PASS
29

DATA
10 -
30 -
10 -

PASS

30

DATA
10 -
30 -
10 -~

DATE
52870

STRATUM

30 FY
100 FT
1C0 F7

‘DATE
52870
STRATUM

30 FY
100 FT7T

100 FT

CATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
52870

STRATUM
30 FT
100 FT
100 FT

CATE

52870

STRATUM
30 FT

100 FT
100 F7

EDT YPRIME
82923 235.

_LAPSE RATE (F
-30.0

=249

—8.9

“eEDY  YPRIME

835C6 210.

I.APSE RATE (F
=50.0
—4-3
’14-‘!

FOT YPRIME

84123 185.
LAPSE RATE (F
-‘!500
-‘903
_13¢3

"EDT  YPRIME

84659 149.
LAPSE RATE (F
-35-0
-2.9
-'1000

EDT YPRIME
9C121 227.

LAPSE RATE (F
~-35.0
-5n7
—1202

WIND DIR TEMPERATURES

ZPR IME & SPEED 10FT 30FT 100FT
T1l. 1010 54.8 54.2 54.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.708BE-01
-0.773E-01
-0.260E 0O
WIND DIR . TEMPERATURES
"IPRIME & SPEED 1O0FT 30FT 100FT
49, 1011 55.4 5S4.4% 54.1
CEG/1000FT) AN ATMOSPHERIC INDEX
~0.968E-01
~0.955E-01
-0.347E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 1O0OFT
58. 1011 55.5 54.6 54.3
DEG/1000FT) AN ATMOCSPHERIC INDEX
-0.869E-01
-0.952€-01
-0.319E 00
WIND DIR TEMPERATURES
IPRIME € SPEED 1O0FT 30FT 100FT
S54. 2012 55,7 55.0 54.8
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.565E-01
=0.529E-01
-0.200E 0O
WIND DIR TEMPERATURES
IPR IME & SPEED 10FT 30FT 100FT
73. 510 55.9 55.2 54.8
DEG/10C0FT) AN ATMOSPHERIC INDEX
-0.810E-01
-0.152€E 00
~0.351E 00

B-22



RATURES
100FT
54.0

INDEX

‘RATURES
" 100FT
13 54.1

INDEX

*RATURES
I 1OOFT
5 54.3

INDEX

SRATURES

I 100FT

) 54.8

INDEX

ERATURES
T 100FT
2 54.8

INBEX

L ACFT
721

CACFT

127

ACFT
127

PASS

31

DATA
10 -
30 -
10 -

PASS
32

DATA
10 -
30 -
10 -

PASS
33

DATA
10 -
30 -
10 ~

PASS
34

DATA
10 -
30 -
10 -

DATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
52870

STRATUM
30 FT
100 FT
100 FT

CATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
52870

STRATUM
30 FT
100 F7
100 FT

CATE

52870

STRATUM
30 FT

100 FT
100 FT .

EDT YPRIME
90936 209,
LAPSE RATE (F
—40.0
~5.7
—13.3

EDT YPRIME
91706 188.
LAPSE RATE (F
“20-0
~2.5
—6.7

EDT YPRIME
92414 150.
LAPSE RATE (F
’30.0
0.0
-6 7

£DT YPRIME
93125 200.
LAPSE RATE (F
_1500
-2.9
-5.6

EDT YPRIME
93714 189.
LAPSE RATE (F
—403
-13.3

B-23

WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FT 30FT 100FT
77. 1012 56.5 55.7 55.3
DEG/10060FT) AN ATMOSPHERIC INDEX
-0.637E-01
. —-0.105E 00
-0.264E 00
WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FYT 30FT 100FT
57. 1510 56.6 56.2 56.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.456E~01
~0. T45E~-01
-0.188E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
60. 1509 56.6 56.0 56.0
DEG/10C0CFT) AN ATMOSPHERIC INDEX
—0.846E~01
0.0
-0.233€ 00
WIND DIR . TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
94, 1009 56,5 56.2 56.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.423E~01
-0.920E~01
-0.194E 00
WIND DIR TEMPERATURES
IPR IME ‘& SPEED 10FT 30FT 100FT
92. 35009 57.2 56.3 56.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.126E 00
-0.138E 00
-0.463E 00



ACFT
727

ACFT
727

ACFT
127

ACFT
T27

ACFT
727

PASS.

36

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 -~
10 -

PASS
38

DATA
10 -
30 -
10 -

PASS
39

CATA
10 -
30 -
10 -

PASS
40

DATA
10 -
30 -
10 -

DATE
52870

STRATUM -

30 FY
100 F7T
100 FT

DATE
52870

STRATUM
30 FT
100 FT
100 FT

DATE
52870

STRATUM
30 FT
100 FT
1CC FT

DATE
52870

STRATUM
30 FT
100 FT
100 FT

CATE
52870

STRATUM
30 FT
100 FT
1€0 FT

EDT YPRIME
94324 240,

LAPSE RATE (F
-15.0
~12.9
-13.3

CEDT  YPRINME
94847 218.

LAPSE RATE (F
-20.0
-14.3
-15.6

€orT YPRIME
95525 186.
LAPSE RATE (F
=50.0
~5.7
-15.6

EDT YPRIME
10C439 139.
LAPSE RATE (F
"65.0
-8.6
~21.1

EDT YPRIME
113735 2117,

LAPSE RATE (F
-30.0

~5«7

~-11l.1

: WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT
83, 32510 57.1 56.8 55.9
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.339E-01
-0.334E Q0
-0.376E 00
] WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT
1C5. 32010 57.5 571
DEG/LO0OFT) AN ATMOSPHERIC INDEX
=0.449E-01
~0.369E .00
-0.436E 00
WIND DIR TEMPERATURES
IPRIME . & SPEED 10FT . 30FT
86, 35512 58.3 57.3
DEG/1000FT) AN ATMCSPHERIC INDEX
-0.77T3E-01
-0.102€ 00
-~0.298E 00
HWIND DIR TEMPERATURES
IPRIME & SPEED 1O0FT 30FT
86. 34012 58.5 57.2
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.100E 00
=-0.153E 00
-0.405E 00
WIND DIR TEMPERATURES
LPRIME & SPEED 10FT 30FT
131. 35508 60.7 60.1
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.998E~01
-0.218E 00
~0.459E 00

B-24

[ R PRSI
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RATURES
100FT
55.9

INDEX

RATURES
100FT
56.1

INDEX

RATURES
100FT
56.9

INDEX

RATURES
100FT
56.6

INDE X

RATURES
100FT
59,7

INDEX

ACFT
727

ACFT
727

ACFT
127

ACFT
Cco

ACFT
oC9

PASS
41

DATA

10 -

30 -
10 -

PASS ~

42

CATA
10 -
30 -~
10 -

PASS
43

DATA
10 -
30 -
10 ~

PASS

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 -
10 -

DATE
52870

STRATUNM
30 FT

100 FT
106 FT.

DATE
52870

STRATUM
30 FT

100 FT
100 FT

CATE
52870

STRATUM
30 FT

100 FT
100 FT

DATE
60370

STRATUM
30 FT

100 FT
100 FT

CATE
60370

STRATUM
30 FT -
100 FT

10C FT

EDT YPRIME

114318  212.
LAPSE RATE (F
"50.0

-403

-14.4

EDT YPRIME

114914 179.
LAPSE RATE (F
~55.0
"19-3
-15.6

FOT YPRIME

115514 152.
LAPSE RATE (F
'—45.0
—403
-13.3

EDT YPRIME

64800 . Q.
LAPSE RATE (F
_1000
~2.9

-4.4

EOT  YPRIME

65223 0.
LAPSE RATE (F
-10.0
"l. o
“303

B-25

WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
124. 34007 61.3 60.3 60.0
DEG/1000FT) AN ATMOSPHERIC INDEX
—0.216E 00
-0.213€ 00
-0.773E 0D
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
98. 3509 61.4 60.3 60.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.144E 00
-0.129E 00
-0.503E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
110. . 4013 61.6 60.T 60.4
DEG/1000FT) AN ATMOSPHERIC INDEX
: -C.560E-01
-0.613E-01
-0.206E Q0
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100fT
O. 22012 66.3 66.1 65.9
DEG/1000FT) AN ATMOSPHERIC INDEX
-C.135E-01
-0.440E-01
-0.743E-01
- WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FT 30FT 100FT
O. 21512 66.4 66.2 66,1
DEG/10COFT} AN ATMOSPHERIC. INDEX
~0.135E-01
-0.219E-01
—~0.556E-01



ACET  PASS
DC9 3

DATA
10 -
30 -
10 -

ACFY “PASS
DCe 4

DATA
10 -
30 ~
10 -

ACFT PASS
DCca 5

DATA
10 —~
30 -
10 -

ACFT PASS
DC9 &6

CATA
10 -
30 -
10 -

ACFT PASS

pCcs T

DATA
10 -~
30 -
10 -

DATE
60370

STRATUM

30 FT
100 FT
1C0 FT

DATE
60370

STRATU¥
30 FT

100 FT
100 FT

CATE
60370

STRATUM
30 FY

100 FT
10C FT

DAYE
60370

STRATUM
30 FT

100 FY
100 FT

CATE
60370

STRATUM
30 FT

100 FT
100 FT

EDT  YPRIME ZPRIME £ SPEED 10FT 30FT 100FT
65715 177. 86. 21511 66.6 66.4 6642
LAPSE RATE (F DEG/1000FT) AN ATMOSPHERIC INDEX

~249 -0.521E-01
-4 . -0.880E-01
WIND DIR TEMPERATURES
‘EDT  YPRIME ZPRIME £ SPEED 1O0FT 30FT 100FfT
7C424 188. 93, 22011 67.3 6648 6647
LAPSE RATE (F DEG/1000FT) AN ATMOSPHERIC INDEX
~25.0 ~0.396E-01
. -0.259E-01
-6.7 -0.131E 00
‘ WIND DIR TEMPERATURES
EDT  YPRIME ZPRIME € SPEED 1OFT 30FT 10CFT
71001 203. 92. 22513 67.5 67.2 67.0
LAPSE RATE (F DEG/1000FT) AN ATMCSPHERIC INDEX
~15.0 -0.169E-01
-2.9 -0.369E-01
-5.6 -0.T78E-01
’ WIND DIR TEMPERATURES
EDT  YPRIME ZPRIME & SPEED 10FT 30FT 100FT
11449 218. 106. 22513 67.9 67.5 67.3
LAPSE RATE (F DEG/1000FT) AN ATMOSPHERIC INDEX
. =20.0 -0.225E-01
-2.9 -0.367E-0L
-6.7 -0.929E~-01
: WIND DIR TEMPERATURES
EDT  YPRIME ZPRIME €& SPEED 10FT 30FT 10CFT
71859 203. 108. 22514 68.3 67.7 67.5
LAPSE RATE (F DEG/L000FT) AN ATMCSPHERIC INDEX
-30.0 -0.289E-01
-2.9 -0.315E-01
—8.9 -0.106E 00

WIND DIR TEMPERATURES

B-26




RATURES
100FT
66.2

INDEX

RATURES
" 100FT
b 66.7

INDEX

ZRATURES

I 10CFT
2 67.0

INDEX

ERATURES
T 100FT
5 6T7.3

INDEX

'ERATURES
T 10C0FT
7 67.5

INDEX

PASS

DATA
10 -~
30 -
10 -

PASS

DATA
10 -
30 -
10 -~

PASS
10

DATA
10 -
30 -
10 -

PASS
11

DATA
10 -
30 -
10 -

PASS
12

DATA
10 -
30 -
10 —

DATE
60370

STRATUM
30 FT

100 FT
100 FT

DATE
60370

STRATUM
30 FT
100 F¥
100 FT

CATE
60370

STRATUM
30 FTY

100 FT
100 FT

DATE
60370

STRATUM
30 FT
100 FT

100 FT

CATE
60370

STRATUM
30 FT
100 fF¥
100 FT

EOT YPRIME
72253 357.
LAPSE RATE (F
-25.0
B ~-2.9
_7- 8

EDT YPRIME

T2732 247,

LAPSE RATE (F
~20.0
-1003
"7.8

EDT YPRIME
73227 239.
LAPSE RATE (F
-40.0
~2.9
-11.1

EDT YPRTHME
73801 258.
LAPSE RATE (F
-20.0
-403
-7.8

EDT YPRIME
T4242 223.
LAPSE RATE (F
—30.0
—1.[#
—7.8

B-27

WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FT 30FT 100FT
io0l. 22513 68.4 6T7.9 67.7
DEG/1000FT) AN ATMOSPHERIC INDEX
=-0.279E~01
~0.365E-01
-0.108E 0O
WIND DIR TEMPERATURES
IPRIME & SPEED '10FT 30FT 100FT
89. 23013 68.6 68.2 67.9
CEG/1000FT) AN ATMOSPHERIC INDEX
~0.222E-01
-0.545E-01
-0.107E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT ' 100FT
127. 23014 69.4 68.6 68.4
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.380E-01
=-0.311€-01
-0.131E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
35. 23013 69.8 69.4 69.1
CEG/1000FT}) AN ATMOSPHERIC TNDEX
~0.219E-01
~0.536E-01
-0.105€ CO
WIND DIR TEMPERATURES
IPR IME & SPEED 10FT 30FT 100CFT
33. 23015 70.5 69.9 69.8
DEG/1000FT) AN ATMOSPHEREC I'NBEX
=0.244E~-01
-0.133E-01
~0.784E-01



ACFTY
a80

ACFT
880

ACFT
g80

ACFT
860

ACFT
880

PASS

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 ~-
10 ~

PASS

DATA
10 -
30 -
10 -

DATE
60170

STRATUM

30 FT
100 FV
100 FT

DATE
60170

STRATUN
3C FT

100 FT
100 FT

CATE
60170

STRATUM
30 FT

100 FT
100 FT

DATE
60170

STRATUM
30 FT
100 FT
100 FT

CATE
60270

STRATUM
30 FT

100 FT
100 F7

EDT YPRIME
143332 240,
LAPSE RATE (F
"’85.0
209

-16.7

EDTY YPRTME
143921 234.
LAPSE RATE (F
-85.0
4.3
-15.6

EOT YPRIME
144607 162.
LAPSE RATE (F
&k
1.4
—23¢ 3

EDY YPRIME

- 150537 162.
LAPSE RATE (F
_90-0
-2.9

~22.2

EDT YPRIME
15345 227.

LAPSE RATE (F
: =-45.0
-2.9

-12.2

WIND DIR TEMPERATURES

ZPRIME & SPEED 10FT  30FT 100FT
21. 20018 T8.6 1609 1T7.1
DEG/1000FT) AN ATMCSPHERIC INDEX
-0.434E-01
0.168E-01
-0.105E 00
WIND DIR TEMPERATURES
ZPRIME € SPEED 10FT 30FT 100FT
43. 20019 78.2 T6.5 7T6.8
DEG/ 1000FT} AN ATMdSPHERIC INDEX
-0.391E-01
0.227€-01
-0.885E-01
WIND DIR TEMPERAYURES
IPRIME & SPEED 10FT 30FT 10CFT
39. 20019 79.1 76.9 77.0
DEG/1000FT) AN ATMCSPHERIC INDEX
-0.502e-01
0.752E-02
-0.132E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FfT 30FT 100FT
111. 20020 T8.4 Tb6 Tb.4
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.373E-01
-0.137E-01
-0.114E 0O
WIND DIR ~ TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
44, 25016 Tl.4 70.5 70.3
DEG/1000FT) AN ATMCSPHERIC INDEX
-0.319E-01
-0.232E-01
~0.107E 00

B-28




IRATURES

r

; .

100FT
T77.1

INDEX

RATURES

r
>

r
)

r

5

r
3

100FT
76.8

INDEX

RATURES

10CFT
77.0

INDEX

RATURES
100FT
T6.4

INDEX

RATURES
100FT
70.3

INDEX

PASS
6

DATA
10 -
30 -
10 —-

PASS

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 -
10 -

PASS

CATA
10 -
30 -
10 -

PASS
10

DATA
10 ~
30 -

10 -

DATE
60270

STRATUM
30 FT

100 FT
100 FT

DATE
60270

STRATUM
30 FT
100 FT
100 FT

DATE
60270

STRATUM
30 FT

100 FT
100 FT

DATE
60270

STRATUM

30 FT
100 FT
100 FY

DATE
60270

STRATUM
30 FT

100 FT
100 FT

EDT " YPRIME

80100 218.
LAPSE RATE (F
~15.0
—4.3
—607

EDT YPRIME

81113 177.
LAPSE RATE (F
-50.0
—2.9
~13.3

EDT  YPRIME

81833 167,
LAPSE RATE (F
. _SO-O
-7.1
-16.7

EDT YPRIME

83027 178.
LAPSE RATE (F
-40.0
-7.1
~1l4.4

EDT YPR IME

83712 210.
LAPSE RATE- (F
’2000 !
-2.9
-607

B-29

WIND DIR TEMPERATURES
ZPR IME & SPEED 10FT 30FT 100FT
50. 25514 Tl.7 7T1l.4 7Tl.1
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.138E-01
~0.449E-01
~0.758E-01
WIND DIR ~ TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
40, 25515  T72.4 Tle& Tl.2
DEG/1000FT) AN ATMOSPHERIC INDEX
—~0.397€-01
-0.261E-01
-0.131E 00
WIND DIR TEMPERATURES
ZPR IME & SPEED 10FT 30FT 1O0CFT
28. 25515  73.2 T72.2 Tl.7
DEG/10GOFT) AN ATMCSPHERIC INDEX
~0.393E-01
~0.645E-01
—0.163E 00
WIND DIR TEMPERATURES
IPRIME € SPEED 10FT 30FT LOOFT
58. 25015  73.5 T72.7 72.2
OEG/1000FT) AN ATMOSPHERIC INDEX
-0.313E-01
—0.641E-01
© ~0.140E 00
WIND DIR TEMPERATURES
ZPRIME &€ SPEED 10FT 30FT 100FT
58, - 25514  T13.6 73.2 73.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.179E-01
-0.292E-01
-0.738E-01



ACFT
880

ACFET
880

ACFT
880

ACFT
880

ACFT
880

PASS
11

DATA
10 -
30 -
10 -

PASS
12

DATA

10 -~
30 -
10 -

PASS
13

DATA
16 -
30 -
10 -

PASS
14

DATA
10 -
30 -

10 -

PASS
15

DATA
10 —
30 -
10 -

DATE
60270

STRATUM

30 FY
100 FT
100 FT

‘DATE
60270

STRATUM
30 FT

100 FT
100 FT

CATE
60270

STRATUM
30 FT

100 FT
100 F7

DATE
60270

STRATUM
30 FT

100 FT
100 FT

CATE
60270

STRATUM
30 FT

100 FT
100 FT

. 84307

EDT  YPRIME

233.
LAPSE RATE (F

—-25.0

~2e9

—T7.8

EDT - YPREME
84902 186.

LAPSE RATE (F
-30-0
~4.3

£0T YPRIME

9c041 180.
LAPSE RATE (F
"4000
-1 o
-10.0

EODT YPRI ME
90656 176,

LAPSE RATE (F
~2.9
-12-2

EDT - YPRIME

91328 187.
LAPSE RATE (F
-30.0
-2.9
-8.9

WIND DIR TEMPERATURES
ZPR IME £ SPEED 1OFT 30FT 100FT
51, 25016  T73.7 73.2 73.0
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.171E-01
~0.223E-01
~0.659E-01
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
“50. 26015 73.9 T73.3 73.0
CEG/1000FT) AN ATMOSPHERIC INDEX
—-0.233E-01
~0.381E-01
-0.963E-01
WIND DIR TEMPERATURES
IPRIME £ SPEED 10FT 30FT 100FT
79. 25513  T74.0 73.2 73.1
DEG /1000FT) AN ATMCSPHERIC INDEX
: -0.414E-01
-0.169E-01
-0.128E 00
WIND DIR TEMPERATURES
ZPRIME L SPEED 1O0FT 30FT 100FT
67. 25015 74.5 73.6 713.4
DEG/ 1000FT) AN ATMOSPHERIC INDEX
-0 .34TE-01
-0+253E-01
-0.117E 00
WIND DIR TEMPERATURES
ZPR IME € SPEED 10OFT 30FT 100CFT
67. 25015  T4.7 7T4.1 73.9
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.230E-01
-0.251E-01
~0.846E-01

B~30

ACFT
880

ACFT
880

ACFT
880

CACFT

880

-

‘
) e ()



ERATURES

2

INDEX

ERATURES

T
3

ERATURES
LOOFT

T
2

ERATURES ..
100FT

T
6

E
T
1

100FTY
CT3.0

100FY
73.0

INDEX

73.1

INDEX

73.4

INDEX

RATURES
100FT
73.9

INDEX

ACFY

880

ACFT

880

PASS
16

DATA
10 -
30 ~
10 -

PASS
i8

DATA
10 -
30 -
10 -

PASS
19

DATA
10 -
30 -
10 -

PASS
20

DATA
10 -
30 ~

.10 -

DATE

60270

STRATUM
30 FT

100 FT
100 FT

DATE
60370

STRATUM
30 FT
100 FT
100 FT

CATE
60370

STRATUM
30 FT

100 FT
100 FT

DATE
60370

STRATUM
30 FT
100 FT
100 FT

CATE
60370

STRATUM
30 FT

100 FT
100 FT

EDOT YPRIME

91925 192,
LAPSE RATE (F
-3510
-2.9
=10.0

EDT YPRIME

91824 222.

LAPSE RATE (F
—40;0
-5.7
—1303

EDT YPRIME
92854 222a

LAPSE RATE (F
-55.0

-5.7

-16.7

EDT YPRIME

93500 O,
LAPSE RATE (F
'55-0
-2.9
-14.4

EDT YPRIME
94111 310.

LAPSE RATE (F
=70.0
"5.7
~20.0

B-31

WIND DIR TEMPERATURES

ZPRIME & SPEED 1OFT 30FT 100FT
69. 25016 T4.9 T4.2 74.0
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.236E-01
-0.220E-01
-0.8356-01
WIND DIR TEMPERATURES
ZPRIME & SPEED 1OFT 30FT 100FT
82. 24015  T4.4 T3.6 73.2
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.309E-01
~0.506E~-01
-0.128E 00
WIND DIR TEMPERATURES
ZPR IME & SPEED 10FT 30FT 100FT
116. 25017 75.3 74.2 73.8
DEG/1CCOFT) AN ATMCSPHERIC INDEX
-0.327€-01
-0.391E-01
~0.123E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 1OFT 30FT 100FT
0. 23018  75.1 74.0 73.8
CEG/1000FT) AN ATMOSPHERIC INDEX
~0.293E-01
-0.175E-01
~0.953E-01
WIND DIR TEMPERATURES
IPRIME &€ SPEED 1OFT 30FT 100FT
86 . 23519  T5.4 74.0 T73.6
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.334€-01
-0.314E-01
-0.118E 00



ACFT

880 -

ACF-T
880

ACFT
880

ACFT
880

ACFT
880

PASS
21

-DATA

10 -
30 -
10 ~

-PASS

22

DATA
10 -
30 -
10 -

PASS
23

DATA
10 -
30 -~
10 -

PASS

24

DATA
10 -
30 -
10 -

PASS
25

DATA
10 -
30 -
10 -

DATE
60370

STRATUM
30 FY

100 FY
100 FT

DATE
60370

STRATUM
30 FT

100 FT
100 FT

CATE
60370

STRATUM
30 FT

100 F7VY
100 F7Y

DATE
60370

STRATUM
30 FY
100 FT
100 FT7

CATE
60470

STRATUM
30 FT

100 FT
100 -FT

- EOT YPRIME
94701 418.
LAPSE RATE (F
-6500
_‘9o3
-1708

€07 YPRIME
95200 0.
LAPSE RATE (F
. -55.0
-2.9
_ll'o"

EOT YPRIME

i0c236 383.
LAPSE RATE (F
-7500
~2+9
-18. 9

EDT YPRIME
100815 379.
LAPSE RATE (F
~-55.0
—8.6
-18.9

ENT YPRIME
65610 133,
LAPSE RATE (F
_1500
_1.4
"10-4

WIND DIR TEMPERATURES

ZPR IME & SPEED 10FT 30FT 100FT
95. 24018 T75.0 73.7 73.4
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.347E-01
-0.263E-01
-0.118E 00
WIND DIR TEMPERATURES
‘ZPRIME & SPEED 10FT 30FT 100FT
0. 23016 T5.6 T4.5 74.3
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.368E-01
=0.219E-01
-0.120E 0O
WIND DIR TEMPERATURES
ZPRIME & SPEED 1OFT 130FT 100FT
l1i6. 23518 75.6 T4.1 73.9
DEG/1000FT) AN ATMQOSPHERIC INDEX
~04398E~-01
-0.174E-01
-0.124E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
122, 23018 T15.8 T&4.7 74.1
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.290E-01
-0.520E-01
-0.124E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 1O0FT 30FT 100FT
118. 2510 63.6 63.3 63.2
DEG/1000FT) AN ATMCSPHERIC INDEX
-0 304E-01
~0.330E-01
-0.112E 00

B-32




LATURES
100FTY
T3.4

INDEX

RATURES
100FTY
T4.3

INDEX

RATURES
100FT
73.9

INDEX

RATURES
100FT
T441

INDEX

‘RATURES
" 100FT
b 63.2

INDEX

ACFT

880

ACFT
880

ACFT
88c

ACFT
880

ACFT
880

PASS
26

DATA
10 -
30 -
10 -

PASS
27

DATA
10 -
30 -
10 -

PASS
28

DATA
10 -
30 -
10 -

PASS
29

CATA
10 -
30 -~
10 ~

PASS
30

OATE
60470

STRATUM
30 FT

100 FT
100 FT

DATE
60470

STRATUM
30 FT

100 FT
100 FT

CATE
60470

STRATUM
30 FT

100 FT
100 FT

DATE
60470

STRATUM
30 FT
100 FT
100 FT

DATE
60470

EDT YPRIME
70447 232.
LAPSE RATE (F
-10.0
-2.9
—4.4

EDT YPRIVME

71238 236,
LAPSE RATE {(F
—20-0
-2.9
-6.7

EDT YPRIME

72056 324,

LAPSE RATE (F
"2.9
—50 6

EOT YPRIME
73307 331.
LAPSE RATE (F
-10.0
-2e9
-6.4

EDT YPRIME
0 , 0.

B-33

WIND DIR TEMPERATURES
ZPRIME & SPEED 1OFT 30FT 100FT
104. 2009 63,5 63.3 63.1
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.250E-01
-0.816E-01
-0.138E 00
WIND DIR ~ TEMPERATURES
ZPRIME & SPEED 1O0FT 30FT 100FT
86. 2009 63.6 63.2 63.0
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.501E-01
-0.818E-C1
-0.207E 00
WIND DIR TEMPERATURES
ZPRIME &€ SPEED LOFT 30FT 1OOFT
97. 1510 63.5 63.2 63.0
DEG/1000FT} AN ATMCSPHERIC INDEX
-0.305E-01
—-0.662E-01
-0.140E 00
HIND DIR TEMPERATURES
ZPRIME: & SPEED 10FT 30FT 100FT
in3. 505 63.3 63.1 62.9
DEG/ LO00FT) AN ATMOSPHERIC INDEX
-0.814E~-01
~0.265E 00
-~0e 448 00
WIND DIR TEMPERATURES
ZPRINME &€ SPEED 1OFT 30FT 1OOFT
O. ' 0 0.0 0.0 0.0



ACFY
880

ACFT

880

ACFT
880

ACFT

880

ACFT
880

PASS
31

DATA
10 -
30 -
10 -

PASS

32

DATA
10 -
30 -~
10 -

PASS
33

DATA
10 -
30 -
10 -

PASS

34

DATA
i0o -

30 —

10 -

PASS

DATA
10 -
10 -

DATE
60470

STRATUM

30 F7T
100 FT
100 FT

DATE
60470

STRATUM
30 F7T
1CC FT
100 FT

DATE
60470

STRATUM
30 FY
100 FT
100 FY

DATE
60470

STRATUM
30 FT
10C FT
100 FT

DATE
60470

STRATUM
30 FT
100 FT
100 FT

(402} YPRIME
75811 246.
LAPSE RATE (F
‘2.9
-5.6
EDT YPRIME
8C637 243.
LAPSE RATE (F
-10.0
-2<9
—4e4
EDT YPRIME
81355 192.
LAPSE RATE (F
-15.0
-2.9
-506
EOT YPRIME
82219 1584
LAPSE RATE (F
-15.0
-249
-5n6
€oT YPRIME
83929 155«
LAPSE RATE (F
A =20.0
-~2.9
-6.7

WIND DIR TEMPERATURES
ZPRIME & SPEED - 10FT 30FT L1OOET ACET
1l4. 2507  63.4 63.1. 62.9 860
DEG/1000FT) AN ATMOSPHERIC INDEX |
. -0.622E-01
-0.135E 00 >
~0.286E 00 :
WIND DIR TEMPERATURES
ZPRIME € SPEED 10FT 30FT 100FT ACET ¢
9. 2006  63.4 63.2 63.0 880
DEG/1000FT) AN ATMOSPHERIC INDEX c
=0.564E-01 1
~0.184E 00 3
-0.311E 00 1
WIND DIR TEMPERATURES
ZPRIME £ SPEED 1OFT 30FT 100FT ACET p
100. 506 63.5 63.2 63.0 880
DEG/1000FT) AN ATMOSPHERIC INDEX D,
~0.846E~01 » 14
-0.184E 00 3¢
-0.388E 00 1¢
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT ACFT Pa
100. 2006  63.5 63.2 63.0 880
DEG/1000FT) AN ATMOSPHERIC INDEX oA
~0.846E-01 10
~0.184E 00 30
-0.388E 00 10
WIND OIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT _ACFT  pa:
370. 3507 63.6 63.2 63.0 880 p
DEG/1000FT) AN ATMOSPHERIC INDEX DAT
~0.828E~01 10
-0.135€ 00 30
-0.342E 00 10

B-34 ' ,



RATURES
100FT ACFT
62.9 880

INDEX

'RATURES :

T 100FT ACFET

' 63.0 880
INDEX

ERATURES

T 100FT - “ACFT

2 63.0 . 830
INDEX

ERATURES :

T 100FT ACFT

2 63.0 880
INDEX

'ERATURES

‘T 100FT ACFT

2 63.0 880

. INDEX

)
)

PASS
36

DATA
10 -

30 -

10 -

PASS
37

CATA
10 -
30 -
10 -

PASS
38

DATA
10 -
30 -
10 -

PASS
39

CATA
10 -
30 -
1¢ -

PASS
40

DATA
10 -
30 -

10 -

DATE
60470

STRATUM
30 FT

100 FT
100 FT

DATE
60470

STRATUM
30 FT

10C FT
100 F7T

DATE
60470

STRATUM
30 FY

100 FT
100 FT

DATE
60470

STRATUM
30 FT

100 FT
100 FT

DATE
60470

STRATUM
30 FT

100 FT
100 FT

EDY YPRIME
110105 302.
LAPSE RATE (F
-35.0
"5.7
—12.2
EDT YPRIME
11C€930 290.
LAPSE RATE (F
-30.0
—70 l.
-12.2
EDT YPRIME
111622 295,
LAPSE RATE (F
_1903
~12.2
EDT YPRIME
112313 285.
LAPSE RATE (F
-40.0
—2-9
-1101
EDY YPRIME
113249 285.
LAPSE RATE (F-
-7000
~Bab
‘2202

B-35

WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
75. 7513 64.9 64.2 63.8
DEG/LO00OFT) AN ATMOSPHERIC INDEX
-0.413E-01
-0.773E-01
~0.179E 00
WIND DIR . TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
117. 8013 64.5 63.9 63.4
DEG/1000F T) AN ATMOSPHERIC INDEX
-0.356E-01
~0.9T71E-01
-0.180E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 10OFT
96. 7512  64.4 63.6 63.3
CEG/LO00FT) AN ATMOSPHERIC INDEX
-0.558E-01
-0.686E-01
-0.212E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 1OFT 30FT 100FY
96. 7511 64.4 63.6 63.4
CEG/10C0FT) AN ATMOSPHERIC INDEX
. ~0.664E-01
~0.544E-01
-0.229E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 10OFT
 104. 7014 65.3 63.9 63.3
DEG/1000FT) AN ATMOSPHERIC INDEX.-
-0. 711E-01
-0.101E 00
-0.281E 00



ACFT
880

ACFT
880

ACFT
880

ACFT

880

ACFT
880

PASS
41

DATA
10 -
30 -
10 -

PASS

42

DATA
10 ~
30 -~
10 -

PASS
43

DATA
10 -
30 -
10 -

PASS
44

CATA
10 -
30 -
10 -

PASS

DATA
10 -
30 ~
10 -

DATE
60470

STRATUM.

30 FT
100 FT
100 FT

DATE
60570

STRATUM
30 FT
100 FT
100 FY

DATE
60570

STRATUM
30 FT
100 FT
100 FT

DATE
60570

STRATUM
30 FT

10C FT
100 FT

. DATE
60570

STRATUM
30 FT

100 FT
100 FT

EDT YPRIME
114133 321

LAPSE RATE (F
_507

EDT YPRIME

80232 241,
LAPSE RATE (F
_35.0
-7.1
-1303

EDT YPRIME

80907 215.
LAPSE RATE (F
-25.0
_8.6
-1202

€T YPRIME

81426 191.

LAPSE RATE (F
=25.0
—701

EDT YPRIME
81909 162.
LAPSE RATE (F
-25.0
~Ta1l
-11.1

WIND DIR TEMPERATURES

ZPRIME & SPEED 10OFT 30FT 100FT ACET
DEG/L1000FT) AN ATMOSPHERIC INDEX
-0.588E-01
-0.773E-01
-0.227E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 1O0FT 30FT 100FT ACFT
5s. 26005 64.4 63.7 63.2 880
DEG/100OFT) AN ATMOSPHERIC INDEX
-0.281E- 00
-0.659E 00
-0.133€E 01
WIND DIR TEMPERATURES
ZPRIME &€ SPEED 10FT 30FT 1OOFT ACFT
36. 26006 64.6 64.1 63.5 880
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.139E 00
~0.546E 00
-0.844E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT ACFT
43, 25008 64.8 64.3 63.8 880
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.778E-01
—-0.255F 00
~0.430E 00
WIND DIR  TEMPERATURES
ZPRIME € SPEED 10FT 30FT 100FT ACFT
40. 26007 65.3 6448 64.3 880
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.101E 00
-0.330€ 00
-0.557E 00

B-36

(L) e ™
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ZRATURES

;
2.

I

100FT
63.8

NDEX

ZRATURES

[
r

100FT
63.2

INDEX

ZRATURES

r
1

ZRATURES .

r
H

E
3

100FT
63.5

INDEX

1O00FT
63.8

INDEX

RATURES
100FT
64.3

INDEX

(ACFT’
1880

ACFT
880

ACFT
88¢

ACFT

880

PASS
46

DATA
10 —
30 -
10 -

PASS
47

CATA
10 -
30 -
10 -

PASS
49

DATA
io -
30 -
16 -

PASS
50

DATA
10 -
30 -
10 -

DATE
60570

STRATUM
30 FT
100 FY
100 FT

CATE
60570

STRATUM
30 FT

100 FT
100 FT

DATE
60570

STRATUM
30 FT

100 FT
100 FT

CATE
60570

STRATUM
30 FT

100 FT
100 FT

DATE
60570

STRATUM

30 FT
100 FT7T
100 FT

EDT YPRIME
83349 166.

LAPSE RATE (F.
~20. (o}
"3.6
"110 1

EDT YPRINME
83808 200.
LAPSE RATE (F
~-30.0
-8.6
_13-3

€OV YPRIME

84214 221.

LAPSE RATE (F
‘30.0
"507
-1l.1

EDT YPRIME

84659 246,

LAPSE RATE (F
=30.0
~443
-10.0

EOT YPRIME
85959 230,

LAPSE RATE (F
C =35.¢0

-701

~13.3

B-37

WIND DIR TEMPERATURES
IPRIME & SPEED 1OFT 30FT 1OOFT
6l. 24509 66.3 65.9 65.3
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.480E~01
-0.236E 00
-0.332E 00
WIND DIR _ TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
50. 24508 66.7T 66.1 65.5
DEG/1000F T} AN ATMOSPHERIC INDEX
-0.908E~-01
-0.298E 00
-0.502€ 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100OFT
54, 25009 © 67.0 66.4 66.0
DEG/1000FT) AN ATMOSPHERIC INDEX
~0a714E-01
-0.156E DO
-0.328F 00
WIND DIR TEMPERATURES
ZPRIME & SPEED - 10FT 30FT 100FT
58. 24509 676 67.0 66.7
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.708E-01
-0.116E 00
-0.293E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
&8, 25010 69.3 68.6 68.1
DEG/LO0OFT) AN ATMOSPHERIC INDEX
~-0.653E-01
-0.153E 00
-0.309E 00



ACFT
880

ACFT
880

ACFTY
880

ACFT
880

ACFT
880

PASS
51

DATA
10 -
30 -
10 -

PASS
52

DATA
10 -
30 -
10 -

PASS
53

DATA
10 -
30 -
10 -

PASS
54

DATA
10 -
30 -~
10 -

PASS
55

DATA
10 -
30 -
10 -

DATE
60570

STRATUM
30 FT
100 FT
100 FT

DATE
60570

STRATUM
30 FT.
10C FT
100 FT

CATE
60570

STRATUM
30 FT
100 FT
100 FY

DATE
60570

STRATUM
30 FT
1CC FT
100 FT

CATE
. 60570

STRATUM
30 FT
100 FT
100 FT

EDT YPRIME.
90628 252«
-LAPSE RATE (F

~40.0
=-5.7
-13.3

EDT  YPRIME

QPEST  -205.

LAPSE RATE (F
=25.0
-4-3
~8.9

EDT YPRIME
91716 165.
LAPSE RATE (F
-40.0
=-5.7
-13.3

EDT YPRIME
1C4636 0.
-LAPSE RATE (F
-60.0
. 104
"12.2

EOT YPRIME
105353 0.
LAPSE RATE (F
-45.0
—443

—13.3

WIND DIR TEMPERATURES

IPRIME £ SPEED 10FT 30FT 100FT
64 25012 70.3 69.5 69.1
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.511E~01
-0.838E-01
-0.211F 00
WIND DIR . TEMPERATURES
ZPRIME & SPEED 1OFT 30FT 100FT
76. 26012 70.5 7T0.0 69.7
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.318E-01
-0.623F-01
-0.140E 00
WIND DIR TEMPERATURES
IPRIME € SPEED 10FT 30FT 100FT
65. 25512 71.2 70.4 T70.0
DEG/LO0OFT) AN ATMOSPHERIC INDEX
-0.505E~01
-0.827E-01
-0.209E 00
WIND DIR TEMPERATURES
IPRIME . & SPEED 10FT  30FT 100FT
0. 24516 T6.0 T4.8 7T4.9
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.400E-01
0.109E-01
-0.101E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT - 30FT 100FT
0. 27015 T6.2 15.3 175.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-04340E-01
~0.371E-01
-0.125E 00

B-38

ACFT
880

880

ACFT
880

ACFT
880

ACFT
880

ACFT

wlﬂh-o

D

L
3
1¢

. DA

10
30
10



ATURES
100FT
659.1

NDEX

LATURES
100FT
69.7

[NDEX

RATURES
100FT
70.0

INDEX

RATURES
100FT
T4.9

INDEX

RATURES
100FT
75.0

INDEX

B~-39

WIND DIR TEMPERATURES
ACFT PASS DATE EDT YPRIME ZPRIME & SPEED 1OFT 30FT 100FT
880 56 60570 105819 C. 0. 25510 76.5 7T5.6 T5.4
DATA STRATUM LAPSE RATE (F DEG/1000FT) AN ATMOSPHERIC INDEX
10 — 30 FT -45,0 -0.761E-01
30 - 100 FYV ~-2.9 -0.554E-01
10 — 100 FT ~-12.2 -0.256E 00
, WIND DIR TEMPERATURES
ACFT PASS CATE EDT  YPRIME ZPRIME & SPEED 10FT 30FT 100FT
880 57 60570 11C235 0. O. 22510 17.3 76.0 76.0
DATA STRATUM LAPSE RATE (F DEG/1000FT) AN ATMOSPHERIC INDEX
10 - 30 FT ~65.0 -0.109E 00
30 — 1CO FT 0.0 0.0
10 — 100 FT ~14. 4 -0.300E 00
~ WIND DIR TEMPERATURES
ACFT PASS DATE €E0T YPRIME ZPRIME & SPEED 10FT 30FT 100FF
880 58 60570 111818 O. 0. 24011  T76.9 75.6 7T75.9
DATA STRATUM LAPSE RATE (F DEG/LOO0OFT) AN ATMOSPHERIC INDEX
10 = 30-FT 6550 : =0.906E=01
30 - 100 FT 4.3 0.684E-01
10 — 100 FT ~11.1 -0.191E 0O
WIND DIR TEMPERATURES
ACFT PASS CATE DT YPRIME ZPRIME E SPEED 1OFT 30FT 10CFT
880 59 6057C 112236 0. 0o 24510 77.0 76.1 76.0
DATA STRATUM LAPSE RATE (F DEG/1000FT) AN ATMOSPHERIC INDEX
10 - 30 FT -45.0 ~0.756E-01
30 - 1C0 FT ~le4 -0.275€-01
10 -= 100 FT ~1l1.1 ~0.231E 00
, : A WIND DIR TEMPERATURES
ACFT PASS DATE FOT YPRIME ZPRIME & SPEED 10FT 30FT 100FT
880 60 60570 112707 O. O. 24011 . 7746 7T6.5 76.2
DATA STRATUM LAPSE RATE (F CEG/LO0OFT) AN ATMOSPHERIC INDEX
10 - 30 FT . -55,0 ~ -0.759E-01
30 - 100 FT ~4.3 -0.679E-01
10 - 100 FT -15.6

-0.266E 00



ACFT
880

ACFT
880

ACFT
880

ACF7Y
880

ACFT
880

PASS
61

DATA
10 -
30 -
10 -

PASS
62

DATA
10 -
30 -
10 -

PASS

63

DATA
10 -
30 -
10 -

PASS
64

DATA
10 -
30 -
10 -

PASS
65

DATA
10 -
30 -
10 -

DATE
60570

STRATUM
30 FT
100 FT
100 F7

‘DATE
60517¢

STRATUM
30 FT

100 F7T
100 FT

DATE
60570

STRATUM
30 FT
100 FT
100 FT

CATE
60570

STRATUM
30 FT

100 FT
100 FT

DATE
60570

STRATUM
30 F7
100 £T
100 FT

EDT YPRIME
113138 0.
LAPSE RATE (F
‘1-4
-11.1
.2 eDT "YPRIME
114211 Oa
LAPSE RATE (F
"7.1
-22.2
DT YPRIME
114630 Oe
LAPSE RATE (F
-60.0
-T.1
-18.9
EDT YPRIME
115059 O
LAPSE RATE (F
-65.0
_701
—20.0
EDT YPRIME
115531 C.
LAPSE RATE (F
~T70.0
-B8.6
—22.2

WIND DIR TEMPERATURES
1PRIME € SPEED 10FT 30FT 100FT
0. 23014 T7.3 7T6.4 76.3
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.384E-01
-0.140E-01
-0.117E 00
WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FT 30FT 100FT
0. 24512 78.5 7T7.0 7T6.5
DEG/1000FT) AN’ ATMOSPHERIC INDEX
-0.861E-01
-0.945E-01
-0.317E 00
"WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FT 30FT 100FT
0. 24013  T8.4 T71.2 7T6.7
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.587E-01
-0.803E-01
~0.229E 00
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 10OFT
0. 23513 78.5 T7.2 16.7
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.635E-01
-0.803E-01
—0.243E 00
WIND DIR TEMPERATURES
ZPRIME £ SPEED 10FT 30FT 10OFT
0. 22515 79.3 77.9 77.3
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.509E-01
-0.718E-01
~0.201E 00

B-40

ACFT
880

ACFT
880

W) =

ACFT p,
880

D¢
1C
3¢
1¢

ACFT
880

ca
10
30
10

ACET pas
880 7

DAT
10 -
30 -
10 -



ATURES

100FT ACST
76.3 88

NDE X

ATURES ACET
100FT 880
76.5

NDE X

tATURES ACET
LOOFT 480
7647

'NDEX

LATURES ACFT
100FT 860
76.7

[NDEX

'ATURES ACFT
100FT 880
77.3

[NDEX

PASS
66

DATA
10 -
30 ~
10 -

PASS
67

DATA
10 -
30 -
10 -

PASS
70

DATA
10 -
30 -

10 -

DATE
60570

STRATUM
30 FT
100 FT
100 FT

CATE
6057¢

STRATUM
30 FT
1C0 FT
100 FT

DATE .

60570

STRATUM
30 FT
100 FT
100 FT

CATE
60570

STRATUM
30 FY
100 FT
100 FT

DATE
60570

STRATUM

30 FT
100 FT
100 FT

EDT YPRIME
170905 O.
LAPSE RATE (F
~T75.0
0.0
-16.7
EDT YPRIME
175709 0.
LAPSE RATE (F
~20.0
—507
_B.q
EDT YPRIME
180228 0.
LAPSE RATE (F
-20.0
"'5.7
—8.9
EDT YPRIME
18€750 O.
LAPSE RATE (F
"25.0
—2.9
~-7.8
EDT YPRIME
181226 0.
LAPSE RATE (F
~-20.0
l.4
—3.3

B-41

WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
0. 18011 79.8 78.3 78.3
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.101E€ 00
0.0
-0.277E 00
WIND DIR TEMPERATURES
ZPRIME € SPEED 10FT 30FT LOOFT
0. 18513  74.5 7T4.1 73.7
DEG/100GFT) AN ATMOSPHERIC INDEX
 =0.2056-01
-0.669E~01
-0.113E 00
: WIND DIR TEMPERATURES
ZPRIME & SPEED 10OFT 30FT 100FT
0. 18513  74.5 7T4.1 73.7
CEG/1000FT) AN ATMOSPHERIC INDEX
~0.205€~01
~0.669E-01
-0.113E 00
WIND DIR TEMPERATURES
ZPRIME € SPEED 1CFT 30FT 100FT
0. 18515  T4.6 74.1 73.9.
DEG/1000F T) AN ATMOSPHERIC INDEX
-0.1926~01
—0.251E-01
-0. 741E~01
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
0. 19015  75.5 75.1 75.2
CEG/1000FT) AN ATMOSPHERIC INDEX
~0.152E~01-
0o 124E~01

-0.313e-01



ACFT
880

~ACFT
880

ACFT
880

ACFT
880

ACFT
880

PASS
71

DATA
10 -
30 -
10 -

PASS

12

DATA
10 -
30 -
10 -

PASS
73

DATA
10 -
30 -
10 -

PASS

DATA
10 -
30 -
10 -

PASS
75

DATA
10 -
30 -
10 -

DATE
60670

STRATUM

30 FT
100 FT
100 FT

"CATE
6C670

STRATUM
30 FT

1CC FT
100 FT

DATE
60670

STRATUNM
30 FT
100 FT
100 FT

DATE
60670

STRATUM
30 FY
100 FT
100 FT

DATE
60670

STRATUM
30 FT
100. FT
100 FT

EDT YPRIME
74855 186«

LAPSE RATE (F
-15.0
_2.9
"5.6

EDT “YPRIME

8C039 - 163

LAPSE RATE (F
—25.0
"1.4

~6a1

- EDT YPRIME -
80520 189.

L APSE RATE (F
-20.C
~2.9
-6.7

EDT YPRIME
8C932 213.

. LAPSE RATE (F

~25.0
—403
-8.9

EDT  YPRIME

81335 248 .

" LAPSE RATE (F

-35,0

443

-11l.1

WIND DIR TEMPERATURES

IPRIME € SPEED 10FT 30FT 100FT
73. 28006  64.5 64.2 6440
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.833E-01
-0.181E 00
-0.382E 00
» WIND DIR TEMPERATURES
IPRIME £ SPEED 10FT 30FT 100FT
61. 31006 64.7 64.2 64.l
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.139E 00
~0.905E-01
-0.458E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
55, 29507  64.7 64.3 64.1
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.814E-01
-0.133€ 00
-0.336E 00
WIND DIR  TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
51. 29507 65.0 64.5 64.2
DEG/100CFT) AN ATMOSPHERIC INDEX
-0.101E 00
-0.199€ 00
-0.44TE CO
WIND DIR ~ TEMPERATURES
IPRIME & SPEED 10FT 30FT 100FT
51. 29008 65.4 64.T 64.4
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.108E 00
-0.152E 00
-0.426E 00
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ACF
880

ACFT
880

ACFT
880

ACFT
880

ACFT
880

— L re

T p

PA

DA
10
30
10

PAS:
8]

DAT2
10 -
30 -~
10 -



ATURES
100FT
6440

NDEX

ATURES
100FT -
64.1

NDEX

\ATURES
100FT
64.1

INDEX

YATURES
100FT
64.2

[NDEX

TATURES
100FT
64.4

INDEX

ACFT
880

ACFT

880

ACFT
880

ACFT
880

ACFT
880

PASS

77 .

DATA
10 -
30 -
10 -

PASS
80

DATA
10 -
30 -
10 -

PASS
81

DATA
10 -
30 -
10 -

DATE
60670

STRATUM
30 FT
100 FT
100 FT

DATE

60670

STRATUM

30 FT
100 FT

- 100 FY

DATE
60670

STRATUM
30 FT
100 FT
100 FT

CATE
6C670

STRATUM
30 FT

100 FT
100 FT

DATE
60670

STRATUM
30 FT -
100 FT
100 FT

EDT YPRIME
95824 406.

. LAPSE RATE (F
-50.0

5.7

-6.7

EDTY YPRIME
10¢402 496

LAPSE RATE (F
"50.0

2.9

_809

EDT YPRIME
106908 485,

LAPSE RATE (F
-45. 0

le4

-8.9

EDT YPRIME
101426 596,

LAPSE RATE (F
' ~40.0
4.3

-5.6

EDT YPRIME

102055 576«
LAPSE.RATE (F
"50-0
-209

—1303

B-43

WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
108, 21005 67.8 66.8 67.2
DEG/1000FT) AN ATMOSPHERIL INDEX
-0.382E 00
0. 499E 00
—-0.629E 00
WIND DIR . TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
110. 22006 68.3 67.3 67.5
DEG/1000FT) AN ATMOSPHERIC [NDEX
-0.263E 0D
0.172€ 00
—0.579E 00
WIND DIR TEMPERATURES
ZPRIME € SPEED 10FT 30FT 10GFT
78. 23006 684 675 6T.6
CEG/1000FT) AN ATMOSPHERIC INDEX
-0.237E 00
. 0.859E-01
~0.578E 0O
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT 100FT
83. 24006 68.5 677 68.0
DEG/1000FT) AN ATMOSPHERIC INDEX
-0.21CE 00
0.257E 00
-0.360E 00
WIND DIR - " TEMPERATURES
LPRIME & SPEED 10FT 30FF 100FT
88, 25506 69.2 68.2 68.0
CEG/1000FT) " AN ATMOSPHERIC .INDEX:-.
-0.260E 00
-0.170E 0C

-0.859%9E 00



ACFT
880

ACFT
880

ACFT
880

ACFT
e8o

ACFT
880

PASS
82

DATA
10 -
30 -
10 -

PASS
' 83

DATA
10 -
30 -
10 -

PASS
84

DATA
10 -

10 -

PASS
85

DATA
10 -
30 -
10 -

PASS
86

DATA
10 -
30 -
10 -

DATE
60670

STRATUM
30 FT

100 FT

100 FT

DATE

60670

STRATUM
30 FT
10C FT
100 FT

CATE
60670

STRATUM
30 FT
100 F¥
100 FT

DATE
60670

STRATUM
30 FT
100 FT
100 FT

DATE
60670

STRATUM
30 FT
100 FT
100 FT

EDT YPRIME
102547 504.
"LAPSE RATE (F
_"5. 0
"". 3

EOT  YPRIME
103159 410.

LAPSE RATE (F
-40.0
-2.9
-11.1

EOT YPRIME
104535 232.

LAPSE RATE (F
: -25.0
-8.6
-12.2

EDT YPRIME
104938 199.
LAPSE RATE (F
=20.0
-5.7
_859

EOT YPRIME
105357 197.
LAPSE RATE (F
-35.0
-5.7
-12.2

WIND DIR

IPRIME & SPEED 10FT 30FT
83. 22506  69.4 68.5
DEG/1000FT) AN ATMOSPHERIC INDEX
~0.233E 00
~0.255E 00
-0.857E 00
WIND DIR TEMPERATURES
IPRIME € SPEED 10FT 30FT
89. 26005 70.0 69.2
DEG/10COFT) AN ATMOSPHERIC INDEX
-0.296E 00
—-0.242E 00
-0.102E Ol
WIND DIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT
70. 28507 70.4 69.9
DEG/LOOOFT) AN ATMOSPHERIC INDEX
~0.935E6-01
~0.368E 00
-0.568E 00
WIND DIR TEMPERATURES
IPRIME & SPEED 10FT 30FT
S4. 28506 70.5 70.1
BEG/1O0QQFT) AN ATMOSPHERIC INDEX
-0.102E 00
~0.332E 00
-0.561E QO
WIND CIR TEMPERATURES
ZPRIME & SPEED 10FT 30FT
57. 25007 71.3 70.6
DEG/LO000FT) AN ATMOSPHERIC INDEX
-0.129E€ 00
~0.242E 00
-0.561E 00

B-44

TEMPERATURES

ACFT
880



ACFT
880

PASS

87

DATA
10 —
30 -
10 -

DATE
60670

STRATUM
30 FT
100 FT
100 FT

EDT  YPRIME
105921 190.
LAPSE RATE (F
-40. G
=T7.1

~14.4

WIND DIR * TEMPERATURES
LPRIME & SPEED 10FT 30FfT 100FT
T6. . 24506 7l.4 70.6 70.1
CEG/1000FT) AN ATMQOSPHERIC INDEX
~0.201€ 00
-0.413E 00

~-0.903& 00




Table A. Errors in Vortex Age T" vs. Angle 6
8 (degrees)
Seconds 0 10 15 20 30 40 60 70 80 85

N T"(minimum) 0 0.04 0.07 0.09 0.14 0.21 0.42 0.69 1.42 2.86
@a T"(maximum) 0 0.31 0.47 0.64 1.01 1.47 2.9 4.81 9.93 20.00

Table B. Overestimations of Transport Speed vs. Angle 6

6 (degrees)

30 60 70 85
YP/C. (Sec) .387 .549 426 .568
T-TE (Sec) 4.1 11.5 8.0 25.1
™ (Sec) .22 S 1.17 6.50

VU/VA 1.055 1.080 1.145 1.259

B-46







APPENDIX C
FIGURES
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