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PREFACE 

The characteristics of the trailing vortex system o£ fJie DC-7 airplane have 
been investigated by the National Aviation Facilities Experimental Center 
(NAFEC) during a series of flight teats conducted during September 1971. 
These teats were conducted in support of a Federal Aviation Administration 
program to demonstrate the feasibility of a bi-static acoustic Doppler 
sensor for vortex measurement. This report covers the vortex flow measurements 
made and characteristics noted by NAFEC, using the NAFEC Instrumented Vortex 
Flow Measurement Tower and the tower fly-by technique. 
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INTRODUCTION 

.•' 

FÜRPOSE. 

The work described 1A L iis report was performed with the Intro* ion /, f gaining 
a better understanding of the structure end behavior of the vale of a relatively 
large propeller-driven transport airplane, in this case, the Doug.as DC-7 
airplane (Figures 1 and 2)* The possibility exist" of further application 
of the test results to proposed STOL termini &i 
propeller-driven STOL airplanes» such as the Bre/o^c 

BACKGROUND. 

<&*■ 
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The Federal Aviation Administration (FAA) has a continuing *rogra«* underway, 
the purpose of which is to safely Increase air traffic flov rat'as in terminal 
areas. One of the major considerations bearing on the aehieveffön* of increased 
traffic flow rates is the demonstrat, i hazar : associated with *.he trailing 
vortex system caused by large aircraft. This teaard Ixreasey as the longi- 
tudinal separation between aircraft 4 \  redtxed. 

Various schemes have been proposed *ad are tau'st 'inuresCation to reduce or 
eliminate this hazard. These scherar* include v&txmx. wake detection and avoid- 
ance systems, aircraft-mounted vortex dijUpatioL systems, and ground-based 
dissipation systems, in support of FAA's weite r irbnlence program, there 
has been established at the Nation t Aviation Facilities Experimental Center 
(NAFEC) a full-scale vortex measure jeit facility, described herein, which 
is capable of acquiring detailed information on the flow velocities in aircraft 
wakes. Analysis of this detailed )r nation yields data on vortex movement, 
size, intensity, persistence and- to a lesser extent, structure, as a function 
of atmospheric conditions. 

Concurrently with NAFEC'a own test work, a requirement existed to support 
work directed toward the development of a vortex acoustic detection device. 
This support necessitated flying the test airplane past the test tower at 
a very close lateral distance, with the result that the majority of data 
is for relatively short vortex ages. 

DISCUSSION 

FLIGHT TEST PROGRAM, 

TEST AIRPLANE. A Douglas 2C-7 airplane was used for the flight test 
program. It is a large <:o?i,aercial four-engine propeller transport airplane 
powered by Curtlss-Wright 713350 turbo-compound reciprocating engines 
(Figures 1 and 2). It can bo seen that the propeller thrust line is nearly 
coincident with the wing chord, which, under cower-ON conditions, would 
distribute the propeller slipstream equally above and below the wing, 
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adding energy Into the wing vortex sheet. This condition is discussed further 
in this report in the analysis section* Further general specifications for 
the DC-7B airplane are listed in appendix A. 

TEST PROCEDURE. The tower fly-by technique was used to gather quantitative 
data on the DC-7 vortex flow characteristics in an environment representative 
of the terminal -rea operation« 

The technique, as shown in Figure 3, consists of flying the test aircraft at 
right angles to the ambient surface wind, as measured neat the top cf the 
tower« at an appropriate altitude and distance upwind from the tower. Proper 
space-positioning permits the aircraft vortex system to drift laterally into 
the Instrumented tower. By manipulating the vertical and lateral position 
of the test airplane, the "age" of the vortex system can be varied. Miscal- 
culating the wind or mispositionlng the airplane can easily result in the 
vortex passing over the tower or settling prematurely into ground effect. 

It was desired to have the vortex system travel through space out of g*.-i jnd 
effect as long as possible prior to its reaching the tower. This condition 
permits a more persistent and Intense vortex to intercept the tower as compared 
to one attenuated by ground friction. Because of this, and since only a 
140-foot Instrumented tower was being used, it was very Important to determine 
the vortex-settling rate before each test. Classical theory, using an assumed 
elliptical lift distribution» was used for initial descent calculations and 
associated aircraft vertical positioning. Ambient-wind direction and velocity, 
as measured at the 140-foot tower level, were used for lateral positioning. 

A colored smoke grenade system was installed on both wing tips, with the 
Intention of rendering the vortices visible as the airplane passed the tower 
(the port wing installation is shown in Figure 4). The system failed to 
provide sufficient smoke density and persistence, even with the simultaneous 
firing of several grenades, and accordingly, no use was made of it during these 
tests« 

The me" ity of tests were conducted during the early morning hours 
in»aed* ely following sunrise. This time of day, more than any other, has 
been tound to produce the kind of atmospheric conditions (very stable KLT mass, 
with a wind of I to 5 knots) that are most conducive to persistent, hazardous 
vortices-* 

While it wouli be desirable to correlate the vortex data In some manner with 
parameters descriptive of the state of the atmosphere, such as Richardson 
Number (R±), power spectral density of atmospheric turbulence, or the ambient 
wind direction-speed Index, it was not possible with available instru- 
mentation to determine any of these, and the only atmospheric parameter 
available was the ambient-'find velocity. 

The flight tests required that the DC-7 airplane be in level stabilized flight 
when passing abeam of the tower. All flights past the tower were controlled 
by the "Test Range*1 Safety Officer, who was stationed near the tower by the 

I 

■' **»«■*» 
AfraOimiiyiT^-'^ 

ia^faM|^jj)Bfei)j^^ -' —- ■-. ■;::'_ 



mm 

■' 

ro 

o 
M 
»4 

a 3 
ü 
« »-* u 
>* 
H 
W -• 
fc 
< 
tfj 

^ -  im^aaai «w-, -h-vaairijMi n*Wii-i -,-■ Tn.n*^!?^ rrffclrt« i ■ir iTi   — — 11     'I Wl-i ~^L* 



Bf-         m—■iiiiiimi i | i i^^^^^Müvmmmm^i.m  -r»*-""----^'"^!»^^*'»^--^^^— ^ ^^-^«^mw^^ 

"*  . ^ * ^%%k^   ^■^^*äJ^«ÖB|®W* »^^ 

* 

FIGURE 4.       COLORED SMOKE GRENADE INSTALLATION ON DC-7,  PORT 
WING. 



ground-air radio command control vehicle. This vehicle, which had rotating 
beacons, was used in combination with strobe lights to facilitate aircraft 
alignment with the flight test track. 

Phototheodolites were used to derive accurate space position information 
on the test airplane when it was abeam of the tower. For data reduction 
purposes, the rei rente point for the tracking stations was the nose of 
rhe airplane. The system has an overall accuracy of + 5.0 feet at a range 
of 1,000 feet. 

TEST TOWER. The tea*, tower is 140 feet high with its base 76 feet above 
sea level. It is of equilateral triangle cross-section tapering from 5 feet 
on a side at its base to approximately 1 foot on a side at the top, using 
steel cantilever construction, requiring no guy wires. The tower, shown 
in Figure 5, is located 2,456 feet from the centerllne of Runway 13-31 and 
2,925 feet from the centerllne of Runway 4-22. Details of the location are 
shown on Figures 6 ano 7. The adjacent area is relatively flat, and covered 
with short grass. 

INSTRUMENTATION. 

AIRCRAFT. The test airplane carried no special instrumentation, none being 
required. A pilot log sheet was used to record the following information at 
the time the airplane was abreast of the tower: 

1. Aircraft configuration. 5. Pressure altitude. 
2. Weight. 6. Track. 
3. Airspeed. 7. Lateral offset from tower. 
4. Radar altitude above the 8. Engine performance. 

ground. 9. Atmospheric turbulence level 
noted by crew. 

Phototheodolite data was used as the primary aircraft position information 
source, except where noted on the data sheets. 

TOWER VORTEX MEASUREMENT. The 140-foot tower was instrumented with hot-film 
anemometers to measure vortex airflow. Vortex flow visualization was accom- 
plished through the use of colored smoke grenades which were installed on 
racks at 20-foot intervals on the tower (see Figure 8). A further discussion 
of the instrumentation may be found in Appendix B. 

Because of the signal degradation caused by the sound of the grenades burning, 
during those runs made for the purpose of testing and evaluating the XONICS 
acoustic vortex detection system, flow visualization by this means was not 
employed. An alternative visualization scheme, using streamers was tried 
(Figure 8), but these also caused too much acoustic interference, and their use 
was discontinued. 

The airflow sensors re :ord the total scalar magnitude of velocity components 
perpendicular to the hot-film element axis; i.e., the magnitude of the resultant 
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FIGURE 5.  NAFEC VORTEX TEST TOWER. 
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NOT TO SCALE 

ME TOW ER 
LAT. 39° 28» 12. 6" N 
LONG. 74* 35» 00. 7" W 
TOP ELEV.    232. 1 (MSL) 

SCAFFOLD   TOWER 
LAT.       39* 28» 15.0" N 
LONG.    74° 34» 59. 7" W 
TOP ELEV.  230. 7   (MSL) 

NOTE:   SCAFFOLD TOWER IS ORIENTED 
PARALLEL AND PERPENDICULAR 
TO THE METOWER, 

FACE   OF   TOWER 

N 68° 30» 25. 7»» W   (TRUE) 

•  • * ll - 
SSr-'H*. 

»i •   «- 

VORTEX   TOWER 
LAT.       39°28» 07. 7" N 
LONG.    74° 35'  02. 9" W 
TOP ELEV.   207. 7 (MSL) 

13.3l 

FIGURE 7.   LOCATION OF VORTEX AND METEOROLOGICAL TOWERS. 
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FIGURE 8.  VIEW OF TOWER SHOWING AIRFLOW VELOCITY SENSORS, SMOKE GRENADE 

RACKS, AND STREAMERS. 
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vortex tangential velocities and the ambient wind flow velocities, 
«ere spaced at 4-foot Intervals up the tower from 8 to 142 feet. 

The sensors 

TOWER ATMOSPHERIC MEASUREMENT. Meteorological instrumentation was Installed 
at five levels on the tower at approximately 25-foot spacing as shown on 
Figure 9. Ambient wind velocity and the air temperature were recorded at 
these levels. Atmospheric pressure and relative humidity were recorded at 
ground level during each test run. 

- 

PBQTOGKAPHY. With the aid of the colored smoke grenades, motion picture 
photography was utilized to determine if and when the vortex systems Intercepted 
the tower and the corresponding level for correlation with sensor data and 
vortex characteristics. 

TIME. Correlation between aircraft passage and vortex passage was accomplished 
by central time which was recorded along with airflow sensor output on magnetic 
tape, and on the phototheodolite data. An event marker switch was closed when 
the test airplane was abreast of the tower, denoting "time sero." This con- 
currently ignited a flash bulb located in the field of view of the motion 
picture cameras and started the elapsed time clocks also located In view of the 
cameras. 

DATA PROCESSING. 

The signals from the hot-film airflow velocity sensors were recorded on 
magnetic tape and subsequently digitized at the NAFEC Central Data and Recovery 
System (CENDAR) facility (see Reference 1 for details of CENBAR) for auto- 
matic data processing. The data processing, handling, and computations 
were performed on the IBM 7090 Computer. The special software programs 
for data conversion supplied information for the California Computer Products, 
Inc. (CalComp), large flatbed plotter, which produced sensor velocity history. 
Appendix C describes the data processing techniques. 

DATA PRESENTATION. 

The data output and presentation consisted primarily of: 

1. Computer printout (tabular) of peak-recorded vortex tangential 
velocity with associated vortex ages as recorded by the hot-film sensors 
on the tower. 

2. Printout of atmospheric data on temperature, wind direction, wind 
velocity, relative humidity, as recorded by appropriate sensors located on 
the tower at the 21-, 45-, 70-, 100-, and 140-foot levels. 

3. Plots of recorded tangential velocity scalar component versus 
time for the hot-film sensors. 

4. Plots of recorded tangential velocity versus time, examples of 
which are shown in Appendix D. 
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FIGURE 9.       METEOROLOGICAL INSTRUMENTATION INSTALLED ON VORTEX TOWER. 
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5. Plots of recorded tangential velocity versus expanded time for 
better resolution when required for detailed vortex analysis. A sample of 
this data plot Is shown In Figure 10. 

6. Selected flight test data were further analyzed to produce vortex 
velocity profiles, which consist of vortex tangent*al velocity (corrected 
for wind) plotted versus sensor height on tower, ije resultant velocity 
profiles are presented in the section "Data Analysis11 following. 

DATA ANALYSIS 

As described under "Data Presentation," the processed output from each of 
the tower-mounted sensors is presented in the for* of a time history of the 
scalar magnitude of the resultant velocities sensed, since the instrumentation 
in use did not yield directional information. The interpretation of these 
individual time histories to describe the flow within the wake of an airplane 
is based on an assumed general flow pattern within the wake. This pattern 
is justified on analytical grounds and has been established by flow studies, 
both in the DC-7 series of tower fly-by tests, using tower-mounted colored 
smoke grenades, and on many other occasions in which visualization was achieved 
by emitting smoke from a system installed in the airplane. The type of flow 
pattern developed is depicted in Figure 3. It is characterised by a downwash 
field behind the wing, across the complete span. Outside of the wing span, 
there is a corresponding upwash, and the two flow fields are coupled by a 
pair of vortices springing from the wing tips, trailing an indefinite distance 
downstream. 

The time period over which measured flow velocities depart from ambient wind 
values may exceed a minute, but the bulk of this data can, for the time being, 
be set aside and attention concentrated on just two points in time; namely, 
when the axis of each vortex is instantaneously between sensors. In general, 
a vortex axis will be up to 2 feet from the nearest sensor, rather than in 
close proximity to it, because of the 4-foot spacing between sensors. Data 
prior to and following each vortex interception wa« considered only to the 
extent that it aided in the reconstruction of the tangential velocity distri- 
bution in the vertical plane defined by the sensors, at the instant of 
Interception. 

Because of the limitations imposed by the small height of the tower, and 
the dependence on a crosswind to cause the vortices to drift into the tower, 
the flow pattern in any of the subject vortices differs somewhat from that 
which occurs out of ground effect in a uniform wind field. Ground effect, 
which is apparent at a height of one wing span or less, causes the vortex 
sink rate to diminish and eventually become zero. At the same time the vortices 
move laterally away from each other. In ground effect, the influence of 
the wind is more difficult to predict because of wind shear in the earth's 
boundary layer, which not only causes height-wise variation in wind strength, 
but in direction too. A complete reversal in direction can occur between 
ground level and 200 feet. Any trailing vortex close to the ground then, 
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FIGURE 10.      TANGENTIAL VELOCITY vs.TIME ON EXPANDED SCALE FOR 
ENHANCED RESOLUTION 
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is subject to several influences which distort ehe flow pattern» and it was 
determined to be impractical to attempt to account for all these influences, 
especially wind shear» for the large number cf vortices on which data was 
recorded« accordingly» it waa decided to account for the wind» aa far aa 
the data permit» by subtracting the magnitude of the wind (or adding it where 
ii. is in opposition to the flow in the vortex) on the assumption of uniformity 
in direction. The wind strength was determined at each sensor level by taking 
the sensor output at time zero and/or after the vortex system had passed. 
There is adequate justification for leaving uncorrected the interference 
effects of the other member of the vortex pair and of the ground plane. These 
interference effects are always present and are indeed part of the overall 
problem. The situation is net analogous to the wind tunnel testing of models» 
where wall Interference effecua are an undeslred and unavoidable by-product 
of the experimental technique and must be accounted for as fully aa possible 
to make teat results applicable to an actual flight situation. 

The data reduction scheme used, then» reduces to identifying the first 
(downwind) and second (upwind) vortex and determining the ag~ and height 
at which each strikes the tower. The possibility does exit»«., for some 
airplane configurations» of there being more than the usual pair of counter- 
rotating vortices in the wake, due, for example» to rapid changes in the 
local lift distribution associated with the end of a fully deflected flap» 
but this is only true for short time intervals after generation» and 
anything but a rolled up vortex pair is unstable and very rapidly develops 
into a normal vortex pair. At the instant when there is a vortex core in 
close proximity to one of the sensors» the tangential velocity distribution 
up the tower la determined. The rotation la such that the tangential velocity 
in the lower part of the first (downwind) vortex and the upper part of the 
second (upwind) one is additive to the wind» and is in opposition to the 
wind in the upper part of the first vortex and in the lower part of the second. 
For the latter situation» a problem arises in Interpreting the data. A result- 
ant velocity vector of 10 feet per second (ft/s) may be the result of a 20-ft/s 
wind opposing either a 10- or a 30-ft/s tangential velocity. Only with three- 
dlmenalonal anemometry» capable of resolving all directional ambiguities, 
can this type of ambiguity be resolved. It frequently happens that neither 
value appears to fit the expected tangential velocity distribution. This 
is due to the fact that in any part of either vortex, where the local tangential 
velocity is in opposition to the wind, it is inevitably subject to interference 
effects from the tower and/or sensor-mounting arms. 

A typical set of velocity-t5me-history data is presented in Appendix D. 
Figure 10 is a time history drawn on an expanded time scale for enhanced 
resolution. The complete set of tangential velocity distribution plots is 
presented in Appendix E. Typically they show a tight» rapidly rotating core 
with a rapid fall in tangential velocity beyond the core. The plots may 
be used in directly determining the upset moment experienced by an airplane 
encountering a vortex, bearing in mind (1) that the peak velocity apparent 
in the plot is usually not the maximum that actually was generated by the 
vortex, on account of the wide (4-foot) spacing between sensors, and (2) 
that the interpretation of the velocity-time-history plots to arrive at the 
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velocity distribution 1« a rather subjective aatter at present» especially 
from the cose center outwards into that half of the vortex where the Induced 
velocity is in opposition to the wind. 

In all discussion of vortex rations and locations» it Is assumed that the air" 
plane's track over the ground 1» situated on the windward side of the tower. 
With this in mind» the first (downwind) vortex is the closer one to the tower. 
The terns part and starboard appear at some points in the text •- they have the 
usual meaning and do not Indicate first or second» upwind or downwind. Tiuy 
do have significance when discussing vortices of conventional propeller-diiven 
airplanes» howevev» since» with the normal rotation (right-handed when viewed 
from behind on all engines) of propellers» those on the port wing rotate with 
the corresponding tip vortices» while those on the starboard wing rotate against 
the tip vortices« 

Having determined the horizontal velocity profiles (Appendix E) of the vortices 
(and owing to mutual Interference» wind and ground effect, these will not be the 
same as the vertical velocity profiles)» a simple analysis of the results can 
be made. Optical tracking by the HAFEC theodolite towers accurately (45 feet) 
pinpoints the position of the subject airplane as a function of time. Time 
"zero" is defined as the time when the subject airplane is abreast of the tower, 
and the time for a vortex generated it time "zero" to reach the tower may be 
determined. At the same time» the verticil distance travelled by each vortex 
can be measured. Horizontal and vertical transport velocities can then be 
determined. 

The data presented in thie report apply to the DC-7 airplane (Figures 1 and 2), 
which was flown in the following configurations: 

Takeoff] 

Holding] 

Landing 

Power settings in each case were those required 
for level flight at 120 - 130 knots. 

Figure 11 shows peak-recorded velocity as a function of vortex age for the 
entire set of runs and several deductions may be made from this plot. It 
illustrates the fact that at any given point along the abscissa» considerable 
variation in the data occurs» primarily because of the wide (4-foot) spacing 
between sensors. In general, the true peak tangential velocity in a vortex 
will not be encountered by the sensor» since distance between the vortex 
axis and the nearest sensor varies randomly from run-to-run» between limits 
of +2.0 ft. If a very tight vortex core is formed, the tangential velocity 
distribution falls off «harply from either side of the peak, and among a 
large number of values of peak-xecorded velocity, a high percentage would 
fall in the middle tc lower nart of the possible range of values. This is 
the case with the data in Figure 11 and any typical set of time-history plots 
likewise indicates the existence of a very tight core. At each vortex inter- 
ception, local velocities peak and fall off again very rapidly. At any 
vortex "age" between 10 and 30 seconds (insufficient data exists outside of 
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this range to draw any conclusions), the majority of data points fall between 
100 and 30 ft/s, with only a small number reaching the maximum value. This 
is consistent with the existence of a very small diameter core. 

Figures 12 and 13 present data derived from the peak-recorded velocities. 
Figure 12 shows the peak-corrected velocity (wind subtracted), and it is noted 
that there is little or no change. In Figure 13, the peak-corrected velocities 
were normalized by dividing by (1/2 C^ V) in order to account for the effect of 
weight and airspeed. 

Figures 11 through 13 are of interest in that they appear to establish an 
upper boundary if peak tangential velocity as a function of time. The boundary 
can b« represented by the function Vd Jaax - 476.8 exp(- .03067t), with half- 
life of 22 seconds. This is not a rigorous index of the severity and upset 
potential of a vortex, because the velocity distribution of either s-ide 
of the peak is what really determines the moment generated on a following 
airplane making an encounter with the vortex. It is nevertheless, useful 
to know hew the angular momentum of the core is diffused radially as a function 
of time, and for a given (generating) airplane, in a given flight condition 
and configuration, the peak velocity is an index of how far diffusion has 
progressed, assuming constant circulation at the core radiun. The graphs in 
Appendix F present peak-recorded velocity as a function of time (vortex age) 
and ambieut wind velocity. 

In the graphs on pages F-l through F-6, the peak-recorded absolute velocities 
are presented according to airplane configuration and whether it is the upwind 
or downwind vortex. The significance of the distinction is simply that the 
effect of the wind is not the seme on each vortex. In the absence of wind, 
the vortices, on entering ground effect, move symmetrically, horizontally 
away from each other, counter to the direction a solid disc would move having 
the same direction of rotation* Referring to Figure 3, the wind adds to 
the lateral velocity of the first vortex and subtracts from that of the second. 
However, if wind shear is such that velocity increases progressively with 
altitude (linearly, parabcllcally, or logarithmically for example) with no 
change in direction, any velocity profile would tend to strengthen the second 
vortex and conversely, weaken the first. From the foregoing considerations, 
it seems possible that quite large differences could develop between first 
and second vortices. As it turns out, comparing graphs on page F-l with F-2, 
F-3 with F-4, and F-5 with F-6, the idea of the second vortex being the stronger 
(age for age) does not appear to be supported. If anything„ judging from 
present data, ehe reverse may be true. 

Comparing the data on the basis of airplane configuration, the highest peak 
velocities occurred in the landing configuration,, while the lowest values 
are generated in takeoff configuration (with a marked fall off in peak 
velocity for upwind vortices). In holding configuration, for the relatively 
small number of data poi ts, peak velocities may be as high as for landing 
configuration. 
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In the case of conventional, propeller-driven airplanes» the propellers all 
turn one way (clockwise viewed fron behind), and the Influence of slipstream 
rotation on the adjacent tip vortex is possibly significant, especially on 
large airplanes in flight configurations employing large flap deflections. 
A rapid change in the local circulation occurs at the end of the flap, and 
the thrust line of the outboard engines of conventional four-engined, propeller- 
driven airplanes is near the same spanvise station, where slipstream would be 
most expected to augment or counter the large amount of shed vorticity associ- 
ated with that rapid change in local circulation. In the present series of 
tests, most runs were made with the port wing closest to the tower. A few 
runs were made with the airplane's starboard wingtip closest to the tower. 

These runs have been categorized according to configuration and propeller 
rotation and the data presented in Appendix F, pages F-23, F-24, F-27 and 
F-28 for the takeoff and landing configurations. In holding configuration, 
the total number of data points is small, and it is doubtful if a valid com- 
parison can be made - however, the data has been extracted and is presented 
in Appendix F, pages F-25 and F-26. The greatest effect due to slipstream 
rotation would be expected to show up in the takeoff configuration and the 
least in landing. For holding configuration with zero flap setting and an 
intermediate power setting, the slipstream rotation effect would fall between 
the maximum and minimum represented by takeoff and landing. In point of fact, 
the flight configuration that has been consistently referred to as "landing" 
in this and all tower fly-by test documentation differs somewhat from the 
true landing configuration since the power setting was sufficient to maintain 
level flight at equivalent airspeeds between 120 and 130 knots. Likewise, while 
the term "takeoff configuration" indicates gear down and flaps in the takeoff 
position, the power settings employed were again appropriate to level flight at 
indicated airspeeds between 120 and 130 knots and were at all times consistently 
lower than those employed in the so-called "landing configuration." Bearing 
in mind the above, and the fact that all the data runs, regardless of airplane 
configuration, were flown at airspeeds between 120 and 130 knots Indicated 
Airspeed (IAS), in level flight at 200 feet altitude or leas, the holding 
configuration would require the least power (flaps and gear, both up), and 
the landing configuration (flaps 50°, gear down) would require the most power. 
In terms of Brake Mean Effective Pressure (BMEP) and fuel flow rates, this 
is confirmed in the experimental record (Summary Flight Test Data Sheets 
Appendix G). This being the case, it would be expected that the greatest 
slipstream rotation effect, if it is significant at all, would occur in the 
landing configuration. Referring cow to Appendix F, pages F-23 through F-28, 
a marked difference appears in takeoff configuration, a difference which 
definitely appears to indicate higher peak velocities in vortices augmented 
by slipstream. In holding configuration, an  already remarked, it is doubtful 
whether any determination can be made. In landing configuration, there is 
an unexplained absence of any trend. 

Appendix F, pages F-7 through F-16 were plotted in order to determine if corre- 
lation existed between peak-recorded velocity and ambient windspeed. The 
effect of the wind has been discussed earlier, with an indication of possible 
effects on vortex structure. Another effect to be considered is atmospheric 
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turbulence. The only available index of turbulence for this repeat is the 
wind velocity; if increasing wind velocity results in greater atmospheric 
turbulence» then one result of this would be a »ore rapid disintegration 
of the organised flow pattern in the vortex» with a reduced peak velocity. 
To eliminate two variables from consideration in each plots the data was 
categorised according to "age" group and whether it related to the upwind 
or downwind vortex, the significance of which distinction has already been 
discussed. 

The results of this categorization are not very conclusive» however in Appendix 
F, oages F-7, F-8 and F-14 (and to a lesser extent pages F-9, F-10 and F-U.) 
the graphs appear to exhibit the expected trend. An alternative scheme 
of grouping which should produce supporting evidence is to group by wind 
velocity and vortex type (i.e., upwind or downwind) and plot the results 
as a function of vortex age. The results are presented in pages F-17 through 
F-22 and again, the result is inconclusive, but does appear to exhibit a 
trend of decreasing peak velocity with increasing windspeed. 

Accurate measurement of the airplane's position in space relative to the 
tower was made using the NAFEC Photo theodolite Range. This provides, as a 
function of time, the horizontal and vertical position, track over the ground, 
and absolute groundspeed. Using the available wind data, which in this series 
of tests was limited (wind strength and direction were measured at one height 
only, 100 feet), an estimate of the crosswind velocity component was made, 
and it has thus been possible to correlate vortex lateral transport velocities 
with the magnitude of the crosswind velocity component. The theodolite data 
locates the nose of the airplane, and it was assumed that the lateral spacing 
of the vortices, except at the instant of generation, was less than the air- 
plane's geometric span, by a factor of ir/4. It is thus a simple matter to 
determine how far each vortex has had to travel between time "zero" and time 
when it hits the tower« To the extent that the crosswind as determined is 
rarely an exact crosswind, and that the wind close to the ground is variable 
in intensity and direction, as a function of altitude and usually time as 
well, it is impossible to be very precise in determining the wind velocity 
that should be correlated with the measured lateral transport velocity of 
the vortices as a whole. Appendix H discusses this small error, introduced 
by the deviation of the wind from the true crosswind direction. 

Potential flow theory gives the descent velocity of a vortex pair, and the 
lateral velocity that develops as such a pair enters ground effect. The 
solution can be obtained for zero wind or for any wind whose velocity profile 
in the area of interest can be described by a potential function. A detailed 
solution has been worked out for the zero wind case, and two of the more 
important results are presented. The lateral and vertical velocities are 
as follows: 

y -± 4ST?" 
-r 
4*8 

(z* - s*)3/a y (i) 

(y positive for starboard vortex, negative for port) 
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Where y «ad z «re defined in the sketch following, with their origin et the 
centrold of the system. In the limit, es tine epproechee infinity, s epproeches 
s (s - half the initial lateral distance between vortices, out of ground effect), 
end we have 

7     *rs 
*■ o 

(2) 

while Initially, out of ground effect, z is very large, and we have 

s ■ -r 
4*8 (3) 

The time for e vortex pair to descend Lhe vertical distance between two 
points 

z and x is given by 

T . £•! Cot 20 

h 

U 

(4) 

where 0 - Arcsec z /s 
l        i 

0 - Arcsec z /s 
■*        i 

r - Medien Circulation, ft*/sec. 

GROUND   PLANE 

A  •  ►      >VORTEX   TRAJECTORY 

6   U\\U\\U\\\\\\\ w 
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Evaluating this for a typical DC-7 run, to which the following data apply: 

Run No, 61 
Gross Weight 92,000 pounds 
EAS 126 knots 
Lift Coefficient q. 1.168 
Configuration Takeoff 
Median Circulation 2,390 ft2/sec (Schrenk's Method (Ref. 2)) 
Wing Span U7.5 ft 
e 46 ft 
Aircraft height abreast 127 ft 

of the tower ' 
Vortex height at tower 58 ft 
Vortex age 22 seconds 

Using Equation (4) to compute the time for the vortex to descend fron 127 
to 58 feet, we obtain: T «30.3 seconds. 

Equation (4) can easily be transposed to yield the horizontal transport tines 
in ground effect. Appendix F, pages F-29 through F-34 show the experimental 
mean vortex descent rates as a function of airplane height abreast o£ the 
Instrumented tower, categorized by airplane configuration, upwind or downwind 
vortex (the latter categorization was unnecessary except to avoid crowding 
of data points), and the plots show the expected result that the descent 
rate is higher for the higher altitudes in which ground effect is initially 
weaker. The very large amount of scatter stems from the fact that descent 
rate is a function of many more variables than the obvious ones of circulation, 
wing span and Initial altitude. The problem is complicated by a marked tendency 
of the vortices to loop and "snake" about, plus their (as yet undetermined) 
sensitivity to the temperature lapse rate, thermal activity (which is not 
restricted to just warm weather), and buoyancy effect«». For the example quoted 
here, the vortex appeared to travel a vertical distance of 69 feet in a time 
interval of 22 seconds, for an average descent rate of 3 ft/s, with initial 
altitude of 127 feet. At the other end of the scale, the following data 
apply to Run 142: 

i 

Gross weight 
EAS 
Lift Coefficient C^ 
Configuration 
Median circulation 
Aircraft height abreast 

of the tower 
Vortex height at tower 
Vortex age 

92,600 pounds 
125 knots 
1.194 
Takeoff 
2,420 feet2/second 
205 feet 

83 feet 
21.5 seconds 

Equation (4) yields an elapsed time of 28.9 seconds to descend the 122 feet 
between time zero and striking the tower for an average descent rate of 
4.2 ft/s. 
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The theoretical mean descent rates have been determined for every run» based 
on a median circulation calculated by Schrenk's approximation. The calcula- 
tion assumes that at time zero, ground effect is negligible and that the lateral 
spacing between vortices very rapidly reduces to ir b /4. The correlation with 
the measured mean descent rates is shown for the three test configurations in 
Figure 14. The scatter 1B very great» due to a number off enures, principally 
"snaking" of the vortex which can obvious??, cause the mean descent rate of a 
segment of the vortex to differ. over a limited time interval» from the mean 
descent rate of the system as a thole« Though the data are scattered» however, 
the central values correlate quite well with the theoretical values. 

Vortex lateral transport velocities a* a function of crosswind velocity com- 
ponent are presented in Appendix I» pages 1-1 through 1-7. The data is fairly 
scattered and a least squares fit has been applied. Out of ground effect, in 
a uniform crosswind, the lateral drift rate is simply equal to the magnitude 
of the crosswind. In ground effect, due to momentum loss in the boundary 
layer, correspondence between drift rate and crosswind is not one-to-one since 
the wind plotted here is that measured at 100 feet above ground level and does 
not necessarily represent a mean taken over the height range of interest. 
The slope of the line yielded by the least squares fit, relating lateral trans- 
port velocity to crosswind velocity component, falls between 82 and 96 percent 
for the takeoff and landing configurations. The data is very sparse for the 
holding configuration and the slopes obtained should not be regarded as typical, 
especially since no data points were obtained at the higher crosswind velocities. 
There is nothing so far unusual about the results - the drift rate bears a plaus- 
ible relationship to the crosswind velocity, both as to slope and linearity, 
and data pertaining to downwind vortices (Appendix I, pages 1-1, 1-3 and 1-5) 
Intercepts the vertical axis at a consistent 5-6 ft/s, compared with 4 ft/s 
yielded by potential flow theory. An apparent anomaly arises, however, in 
the upwind vortex data, which should yield a "zero wind" lateral transport 
velocity opposite in sign to that obtained from the downwind vortex data, 
but does not do so. 

A final series of plots is presented in Appendix I, pages 1-7 through 1-12, 
in which peak-recorded velocity, grouped by "age," has been plotted as a 
function of airplane height at time zero, the intent here being tu show 
the effect of close proximity to the ground in absorbing the rotational 
energy of the vortex. This is certainly known to happen and has been amply 
demonstrated in flow visualization studies, but does not show up at all 
convincingly in the plots presented here. This could be for two reasons, 
the large scatter in peak-recorded velocities arising from the 4-foot sensor 
spacing obscures the picture, and there is insufficient spread between the 
maximum and minimum airplane altitude abreast of the tower. 

Figures 15 through 22 are a representative selection of flow visualization 
photographs that clearly demonstrate the circular nature of the flow, the 
downwash field between vortices and the tightness of the vortex cores. 
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CONCLUSIONS 

1.  All data point» obtained on peak-recorded tangential velocity fall on 
or under an exponential curve V$ mmx - 476.8 exp(- .03067t). This eapirical 
result la substantiated between 3uIeconds and 70 seconds for 
to 30 seconds, it yields a result that is auch too high. 

't.? Prior 

2.  The use of 4-foot spacing between adjacent sensors leads to vide 
variation in the peak-recorded tangential velocities noted at auy given time* 
This has baa  ted for all airplane configurations and is evidence of the 
existence of * mall dissaeter vortex core« 

3«  Ho significant differences have been noted between upwind and downwind 
vortices, whan coopered for the sane airplane configuration, at comparable ages. 

4.  Lateral transport velocities appear to correlate quite well with the 
estimated crosawind velocities« 

5.  Vertical transport velocities exhibit a great deal of scatter when plotted 
against the potential flow values, this is attributed to atmospheric effects 
and the tendency of the vortices to "snake." 

6» Like rotation of ths slipstream appears to augment; the vortex in the take- 
off configuration, but this augmentation is not apparent in the other configur- 
ations 

7.  The effect of wind in hastening the decay of the vortices in ground effect 
has not been clearly shown in these tests. 

i* 
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GLOSSARY 

List of Symbols 

b       Airplane geometric span, ft. 

CL      Airplane lift coefficient. 

8       Semldl8tance between members of trailing vortex pair» downstream, 
out of ground effect» ft. 

S Airplane wing area» square ft. 

t Elapsed time» seconds. 

T Vortex descent time» seconds 

V True airspeed» feet per second. 

x Longitudinal distance» feet. 

y Lateral distance, ft. 

z Vertical distance, ft. 
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APPENDIX A 

DC-7B AIRPLANE GENERAL SPECIFICATIONS 

Wing Span (feet) 117.5 

Wing Area (feet2) 1463 

Aspect Ratio 9.5 

Root Chord (at fuselage centerline (QL) 19.05 

Tip Chord (feet) 5.88 

Take-off Weight (lb) 122,200 

Take-off speed (knots) 125 

Flap Setting (degrees) 20 

Max. Landing Weight (lb) 95,000 

Landing Speed (knots) 111 

Flap Setting (degrees) 50 

(See Figure A-l) 
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FIGURE A-l.       DC-7B AIRPLANE DIMENSIONS. 
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APPENDIX B 

TOWER INSTRUMENTATION 

INSTRUMENTED TOWER. 

The tower is located at a point 2,456 feet f: om the centerline of Ruuvay 13-31. 
It is 140 feet high with its base 76 feet above sea level. The tower is self- 
supporting, of triangular cross section, so designed to present low blockage 
to air currents from any direction and accordingly, causing little Interference 
with air flow measurements. 

The tower was instrumented with hot-film anemometers to measure vortex airflow 
velocity. Vortex direction was observed through the use of colored motion 
pictures and colored smoke dispensers, the smoke being entrained in the passing 
vortex system, thus producing a visual indication of its movement and structure. 
Instrumentation and smoke dispensers were located as shown in Figure B-l. 

INSTRUMENTATION TRAILER. 

A 10- by 40-foot instrumentation trailer was located approximately 60 feet 
northeast of the tower and was used to contain the recording equipment, neces- 
sary electronic accessories, and served as a control room for all recordings. 
The location was selected to be generally downwind or crosswind from the tower 
during most flights. In this location, the trailer did not disturb the air- 
flow pattern prior to the vortex penetration through the tower. 

TEST INSTRUMENTATION. 

The sensors mounted on the tower were divided into two groups. Group One con- 
sisted of 34 hot-film anemometers, capable of recording velocities up to 250 ft/s 
at frequencies well above 1,000 Hz. These were installed at 4-foot increments, 
starting at 8 feet and terminating at the 142-foot level, and were mounted 
on the ends of movable booms that extended approximately 10 feet from the 
center of the tower, and were aligned in a single vertical line. Each anemo- 
meter was mounted on a protractor fixture installed at the end of the boom, 
adjustable over a + 90° range. The range of coverage was 130° through 310° 
magnetic (Figure B-2). 

The hot-film sensors were mounted with the axis parallel to the ground. They 
were ligned through the use of the protractor fixture so that the axis was 
perpendicular to the direction of the ambient wind. This position allowed the 
tangential velocity of the vortex to impact the hot-film sensor in a normal 
plane. Axial flows are not detectable by this system. In the event that 
the ambient wind was in the range of 310° through 130°, the sensors were 
aligned downwind, keeping the axis still perpendicular to the wind. With 
these conditions, the turbulence around the hot film resulted in what appeared 
to be a noisy output. However, this noise disappeared or was minimized when 
the vortex penetrated the hot-film area. 

•. 
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SENSOR   LOCATIONS,     VORTEX   TOWER, 

SEPTEMBER   THRU   DECEMBER,      1971 

rO ADO 0 

K>   G 

-ßAD 

~k>    D 

O   Hot film anemometers   (34), single axis 
located at   4'   increments between   8* 
and   140». 

A Five levels of wind velocity, direction 
and temperature at levels of 23', 45', 
70»,    100»   and   140«. 

Q   Humidity sensors at levels of   23*   and   140*. 

0   Pressure sensors at levels of   93'   and   140'. 

D Smoke dispensers located at   201   increments 
between   20'   and   140». 

ft   Total vector velocity hot film anemometers 
located at levels of 38',    46',  and   54'. 

FIGURE B-l.       SENSOR LOCATIONS,  NAFEC VORTEX TOWER. 
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INSTRUMENTED   TOWER 

CUP   ANEMOMETER 

WIND   DIRECTION ASPIRATOR FOR 
TEMPERATURE 
AND HUMIDITY 

310* 

SMOKE   GRENADES 

130' 

HOT FILM ANEMOMETER 

I 
220' 

FIGURE B-2.  ANEMOMETER LOCATIONS AT VORTEX TOWER SITE. 
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The sensors were manufactured by Thermo-Systems, Inc. They utilize the "constant 
resistance" node of operation in which a voltage is a measure of the cooling 
effect of the wind» which is directly related to wind velocity. The output 
voltage of the bridge is in the range of 4 to 14 volts, which represents 
wind velocities of zero to 210 ft/s. Figure B-3 is a schematic of the basic 
circuit. In order to have the anemometer output compatible to normal recording 
system standards, a zero suppression circuit and a gain control circuit was 
added to have a zero to 5-volts output for zero to 210 ft/s velocity. 

Group Two sensors consisted of standard meteorological instruments to measure 
the low-frequency components of the atmospheric conditions. Cup-type anemom- 
eters, wind direction sensors, and temperature sensors were located on five 
levels, with approximately logarithmic spacing. Two humidity sensors were 
installed, one at the 25-foot level, the other at the 140-foot level. The 
temperature and humidity sensors v.re located in ventilated, shielded housings 
to minimize effects of solar radiation. 

Two pressure sensors were mounted on the tower, one at the 93-foot level and 
the other at the 140-foot level. They were used to obtain information relative 
to the pressures within the vortex core. 

CALIBRATION AND ROUTINE CHECKS. 

Single-axis hot-film anemometers were calibrated periodically by use c.f a 
laminar flow air velocity calibrator. Each anemometer was calibrated at 
21 points, zero to 211.68 fp/s. The square root of the velocity vs. the 
square of the voltage was plotted and an equation in the form of: 

y velocity ■ Aj + (Bi x voltage2), was obtained. At the start of each 
data run, reference voltages of zero and 5.00 volts were substituted for the 
anemometer outputs. These reference voltages were used in the computer program 
to properly scale the voltage outputs from the anemometers. 

Early in the testing, efforts were made to calibrate the anemometers after 
two weeks of use. More frequent calibrations were desired, but proved to be 
impractical due to the heavy test schedule and the long period of time neces- 
sary to remove the sensors from the tower, calibrate each of the 34 sensors 
at 21 points and re-install them on the tower. A definite degradation of 
the anemometer output was noted after the two-week test period, which resulted 
in an error band of + 10 percent of the full scale reading. Later in the 
tests, the anemometers were tested at the end points of zero and 210 ft/s. 
If the output was within + 1 percent of the previous reading, no changes were 
made. If the output was beyond + 1 percent, the amplifiers were reset and 
a new calibration obtained. 

The continuing calibration of the anemometers was necessitated by persistent 
drifting. 
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ZERO 
+$ SUPPRESSION 

GAIN 
*5 ADJUST 

— VOLTAGE 
SOURCE 

OUTPUT 

FIGURE B-3.       BASIC OUTPUT VOLTAGE CIRCUIT,  SCHEMATIC DIAGRAM. 

B-5 

, -„r,.,^l.-M-,.>--.H-,lrfllt^lr-.^ 
^^^»..^...^.■^■^^^^^^^■^ou 



The total velocity-vector anemometers have a built-in system for calibration 
that performs as follows: A shield is positioned over the hot-film sensors 
in order to obtain zero air flow. Shield operation is controlled remotely. 
A flow of air, controlled by a sonic orifice and a pressure regulator, is 
allowed to flow past the sensor while the shield is in position. This results 
in a second point along the velocity vs. voltage curve. These outputs, under 
the two set conditions, are used by the computer to properly scale ehe voltage 
output. These tests were made prior to each data run. During the data run, 
the calibration air source was shut off and the shield wlthdravn to expose 
the sensing film. 

Due to the relationship of velocity - K voltage*, the error percentage at the 
lower velocities was less than at full scale, where it reached +10 percent of 
full scale. Calibration experience gained with the calibration of over 100 
anemometers Indicated that errors were in the order of +5 ft/s in the lower 
velocity range of zero to 21 ft/s. 

The cup-type anemometers were calibrated at the factory and these values were 
used during the test. After a month's operation, they were returned to the 
factory for re-calibration. Accuracy was within + 0.5 miles per hour (mi/h) 
In the range of 2 to 30 mi/h. The threshold velocity was 1 mi/h with a distance 
constant of 5 feet. 

The wind direction sensors were calibrated at NAFEC and were within + 6° of 
true wind direction. This error was due primarily to the inability to accurately 
align the sensor in a given direction. The dead-band area was 3°, which was set 
at 357° to 360°. The distance constant was 3.5 feet. Initial recording problems 
arose which invalidated the output data. Therefore, hand-recorded data was 
obtained when required. 

Although a considerable effort was made to accurately record temperatures 
on five levels of the tower, oscillation in the electronic circuits due to the 
200-foot distance between the resistance sensor and the electronics resulted 
in unreliable outputs. 

Relative humidity measurements were made at the 23- and 140-foot level. An 
amplifier failure on the 140-foot sensor prevented the recording of the signal. 
The error band of the sensor at the 23-foot level was + 3 percent of full scale 
between relative humidities of 10 and 90 percent. 

Prior to test periods, all signals were checked for condition and the status 
recorded on the Daily Checkoff Sheet. Time would not permit the repair of 
malfunctioning signals prior to the test. However, every effort was made 
to have all signals functioning for the next testing period. 

During the test periods, the real-time output of an oscillographic recorder 
was monitored to determine the functioning of the hot-film sensors and cali- 
bration voltages. 
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DATA COLLECTION SYSTEM. 
! 

Figure B-4 is a block diagram of the flow of signals to the data recording 
systems. During tests» data was recorded on two systems as follows: 

1*  Analog Magnetic Tape Recorder. This system was considered primary 
and all signals as listed on the Daily Checkoff Sheet (Figure B-5) were 
recorded on it. Referring to Figure B-4» all incoming signals are routed 
through signal conditioners where they are standardized to a range of zero 
to 5 voltso A second function of the signal conditioner is to substitute 
reference voltages in place of the incoming signals. This substitution of 
voltages is usually referred to as calibration and uses two voltages, zero 
and 5 volts dc. 

The electrical signals are then routed to voltage-controlled oscillators 
where the voltage is changed to a specific frequency range. Fifteen propor- 
tional bandwidth Voltage Controlled Oscillators (VCOs) with center frequencies 
ranging from 400 Hz to 30,000 Hz are summed and the output signal is recorded 
on one track of the seven-track analog magnetic tape recorder. During these 
tests, five tracks were dedicated to the FM multiplex from the VCOs; one 
track for voice, and the remaining tracks for central time. 

The frequency response of the VCO varies directly with the frequency 
bandwidth. The higher frequency VCOs were reserved for hot-film anemometer 
data. However, all hot-film data could not be on high frequency VCOs. For 
instance, VCO No. 8, having a frequency response of dc to 45 Hz was used on 
levels of 8, 12, 16, 20, and 24 feet. VCO No. 15 have a frequency response 
of dc to 450 Hz and were used on levels of 48 and 52 feet, plus some of the 
total velocity-vector anemometers. The result of such a combination was that 
upon vortex penetration of the measuring complex, the higher frequency VCOs 
appeared to be more active or "noisier" than adjacent sensors. 

2.  Oscillograph!c Data System. A 36-channel direct-writing oscillograph 
was connected to 33 of the 34 single axis hot-film anemometers, one film 
of a total velocity-vector anemometer, an event signal, and NAFEC time. 
The osclllographic data system was used for real-time monitoring of the 
hot-film data, calibration signals, and vortex "hits" on the tower. After 
each series of flight testL, the oscillograph output was edited to determine: 
(1) the vertical location of the vortex "hits" on the tower, (2) the time 
interval between the first and second vortex, and (3) the time interval 
between passage of the aircraft past the tower and the vortex "hits." This 
editing greatly reduced the time required for subsequent data processing, 
since only pertinent data was processed. 

AIRCRAFT SPACE POSITION. 

The phototheodolite range was used to track the aircraft in the vicinity of 
the vortex test tower. Three phototheodolites were normally used for tracking 
with the best two being used for the solution. Data obtained from the theodolite 
included groundspeed and track of aircraft, altitude, and horizontal distance 
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SIGRAL TS VCO SICKAL TS VCO 
'el. 8 68 E8 ~- [Cup 23 48 D3 ^ 

12 53 D8 kr 
M 45 49 04 *» 

16 38 C8 •*" " 70 50 D5 * 
20 23 W ■*" " 100 51 D6 X 
24 8 A8 V " 140 52 D7 •* 

28 69 E9 * 
32 54 D9 * Dir 23 63 E3 K- 

36 39 C9 * " 45 64 E4 ^ 
40 13 A'3 *-                   LOM/ " 70 65 E5 ^ 
44 59 D14 •" " 100 66 E6 * 
48 60 B15 ^ " 140 67 E7 »^ 

52 75 D7 m. , 

56 74 E14 *■ Hum 23 2 A2 «     i.siV 
60 28 B13 V* " 140 47 D2 X 
64 43 C13 •* ■■ ~ 

68 58 D13 •" 3D1 Al 15 A15 V 

72 73 E13 kf A2 14 A14 y 

76 12 E14 \S Bl 7 A7 i»- 

80 27 B12 • B2 6 A6 y*- 

84 42 C12 • Cl 5 A5 *• 

88 57 D12 • C2 4 A4 tr- 

92 72 EH fc"- T 3 A3 ^     l.flfev/ 
96 11 All ^ . . 
100 26 Bll • 3D2 Al 30 B15 X 
104 41 Cll ^ A2 29 B14 *~ 

108 56 DU i ~ Bl 22 B7 »— 
112 71 Ell« • B2 21 B6 *r 

116 10 AlOi w Cl 20 B5 *<- 
120 25 BIOi r C2 19 B4 V 

124 40 CIO! • T 18 B3 v        \.$0V 
128 55 D10: „ 
132 70 E10 i ' 3D3 Al 45 C15 *- 
136 9 A9! - A2-44 C14 k~ 

' 140 24 B9 i " Bl 37 C7 »*»• 

1 B2 36 C6 »^ 
• T23 32 C2I ^      T>.-\<*\/ Cl 35 C5 X 

T45 16 Bl! K   2,0* C2 34 C4 ^ 
T70 17 B2 ^  v*r T 33 C3 '**-        f.tf// 
T100 61 El i ^  1.11 Event  2 A2 *^ 
T140 62 E2 • ^ i,bi 16 Bl 

\ 32 C2 
} Core 31 Cl X 46 Dl 
* Baro 1 Al, X 61 El 

TEMP SWITCH 
POSITIONS 

23    3 
45    % 

31JL 
100    > 
140   % 

Baro. Press 
Humidity 
Probe angle gflO* ^ 
Time    08/< 

Aircraft  
Run numbers jg\  - 1Z. 

PC-7. 

Date 1 '1-11 
•/" Indicates signal satisfactory 
X Indicates signal is no good. 
Comments are to be placed on back 
of this form. AAH 

FIGURE B-5.  SAMPLE OF DAILY CHECKOFF SHEET, INDICATING SIGNALS 
NOT OPERATING 
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from the aircraft to the tower. Time zero» which is defined as the tlae that 
the aircraft crossed a perpendicular line to the tower, was also obtained from 
the theodolite data. 

SYNCHR0NI7ATI0N OF ALL DAIA SOURCES. 

Synchronization of the phototheodolite» analog magnetic tape, and the oscillograph 
was through a central time source synchronized to Radio Station WWV. As 
the aircraft passed the tower, an operator pressed a switch that placed 
an event mark on the analog tape, digital tape, and the oscillograph. In 
addition, it ignited a Large photo flashbulb on the tower that was within 
range of all data cameras and started an elapsed-time clock that was also 
in the range of the data cameras. In this manner, all data sources were 
synchronized by time* A check on the accuracy of the time zero-switch opera- 
tion was obtained by checking that time agaiust the time that the theodolites 
indicated for the shortest distance between the aircraft and the tower. 

EQUIPMENT MALFUNCTIONS. 

Some loss of daca occurred during the tests due to malfunctioning equipment. 
Some of the malfunctions were observed at the start of each testing period, but 
repair could not be accomplished in the short time period available. Other 
malfunctions did not become known until computer output was available. There 
was only one test period in which all 34 single-axis anemometers were good. 
On average, 30 of the 34 single-axis anemometers functioned properly. 

The total velocity-vector anemometers were damaged on several occasions when 
foreign material struck the fragile sensors and broke them. It proved impos- 
sible to keep the air supply hose to the total velocity-vector anemometer 
from leaking. The hot debris from burning grenades, used for smoke genera- 
tion, constantly burned holes in the air lines. Since most of the time 
was spent on keeping the necessary equipment in commission, the total velocity 
vector system was not used for these tests. 

The cup-type anemometers and direction vanes generally worked. Some data 
was lost when bearings became sticky» Usually, bearing replacements put 
them back in operating condition. 

The temperature results have already been discussed and generally were of 
little use for determining lapse rates. The 45- and 70-foot temperature sensors 
worked throughout the testing period and were satisfactory for ambient tempera- 
ture measurements. 

Other instrumentation that was to be used, but which failed early in the tests 
included two sensitive pressure transducers intended to detect the pressure 
within the vortex. Both failed due to the high overpressures generated. 
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APPENDIX C 

DATA PROCESSING 
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DATA FORMAT REQUIREMENTS» 

The signals from the tower instrumentation were properly conditioned to 
voltage-controlled oscillators in the ?M Multiplex System as shown in Appendix B, 
Figure B-4. 

DATA SCHEMATIC FLOW. 

A schematic of information flow is shown in Figure C-l. Data was demulti- 
plexed» unpacked» calibrated, and floated by the 7090 computer program. The 
output consists of calibrated velocity curves grouped by individual sensors 
along with the associated meteorological information. Data for each sensor 
appears in chronological order in floating point format. The data retrieval 
program including calibration» conversion» format plot subroutine» and selected 
variable time history output is shown in Figure C-2. 

DATA RETRIEVAL. 

The multiplexed CENDAR data is checked for validity by investigating such 
items as "0" bit error» time word error» tape redundancy» data channel 
malfunctions» and record word count error. During demultiplexing» data 
was grouped according to each sensor and then outputted.  During unpacking 
and floating» data words were broken down into bytes and decoded into floating 
point format. The history of data retrieval was then outputted for future 
reference. 

X - CENDAR tape data value in units of volts. 

Y * Calibrated data value in units of ft/s. 

Py and PL values with accompanying sensor voltages are obtained at the probe 
calibrated standard conditions (70°F» 29.92" Hg). To compensate for atmospheric 
conditions» all versions of the CII Program multiply these values by the 
following factor: 

["(29.92)0*460)1 
L 530(P)    J 

Wh-^re T 
P 

eoblent  temperature in degrees fahrenheit 
ambient pressure in inches Hg 

The hot-film sensors operate at a steady temperature of, 450° at standard 
conditions. To compensate for non-standard operating conditions, the CII 
M3-1*, CII M3-1**, CII M5, and CII M6 Programs, multiply M and B by the 
following factor: 

r 380 1 
[450-Tj 

450 - 70 
450 - T 
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"I   ^Q 

ANALOG   RUN   DATA 

IBM   7090 

PACKED - MULTIPLEXED 
RUN DATA IN DIGITAL FORM 

DATA   RETRIEVAL   PROGRAM 

CALIBRATED - FLOATING PT. 
RUN DATA 

DATA   REDUCTION   &   ANALYSIS 
PROGRAM(S) 

TIME 
HISTORY 

HARD COPY   PLOT 

SCHEMATIC   OF   INFORMATION   FLOW 

FIGURE C-l.       SCHEMATIC OF  INFORMATION FLOW. 
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DATA   RETRIEVAL   PROGRAM 

TYPE & ORDER OF SENSORS 
IN OUTPUT TAPE INFORMATION 

INPUT RECORDSJ^l 
READ 

READ 
INPUT TAPE 

RECORD 

YES 

CHECK FOR 
& PRINT RECORD 

ERRORS 

0 

STORE INPUT 
FOR EACH PROBE 

IN ITS BUFFER 
AREA 

FIGURE C-2a.       DATA RETRIEVAL PROGRAM. 
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DATA RETRIEVAL PROGRAM   (CONT.) 

DUMP   BUFFERS 
ON 
SCRATCH   TAPES 

NO <D 
END FILE   &   REWIND 
SCRATCH TAPES 

READ CALIBRATED DATA FOR 
PROBE FROM SCRATCH TAPE 

FIGURE C-2b.       DATA RETRIEVAL PROGRAM. 
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DATA   RETRIEVAL   PROGRAM    (CONT'D) 

YES 

YES 

READ DATA FOR A PROBE 
FROM SCRATCH TAPE 

CALIBRATE 
DATA 

WRITE DATA ON OUTPUT TAPE 

END FILE ON OUTPUT TAPE 

PRINT RUN 
SYNOPSIS 

E 
C     END    J 

FIGURE C-2c.       DATA RETRIEVAL PROGRAM. 
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COMPUTER PROGRAMS. 

There are two basic data collection computer programs being used by this 
project. The first is entitled CENDAR II, Modification I (CII MI). It 
operates upon digitized raw data yielding calibrated date and a processing 
history. The second program is entitled Plot II (PII). It accepts cali- 
brated data as input and yields a tape formatted for use on a data plotter. 

Three data plotters have been used on this project. Originally, NAFEC used 
an EAI-3440 plotter. This was replaced by a CalComp-718. The Naval Weapons 
Laboratory, Dahlgren, Va., also has a CalComp-718 which is available to NAFEC. 
Because none of these machines have compatible input format requirements, 
there is a profusion of plot programs. It has also been found expedient to 
change or add features to these plot programs from time to time. However, 
the output (plots) have remained unchanged. The modifications are, therefore, 
of little interest to anyone but NAFEC's operational personnel and will not 
be discussed. All plot programs yield a time history of tangential velocity 
versus elapsed time. Each normal plotted point is the average of 50 data 
values (0.050 sec). The averaging has a low-pass filtering effect and 
also reduces the number of plotted points to a manageable size. Expanded 
plots have an adjustable time scale i.e., less than 50 data values per plot 
point, and, therefore, the low-pass filter characteristics will also vary. 
A schematic of the sensor plot program is shown in Figure C-3. 

The CII MI Program has been used to process this data. A brief description 
of the CII Program series is Included for completeness: 

CII (4/15/71). This program was developmental in nature, being written before 
all project requirements were available and was never used in production. 

CII MI (5/10/71). This is the first production program. It <ieai process five 
files of input data (75 sensors). The sensors can be one-diirensional linear 
or fourth-order calibrated, or three dimensional. However, a three-dimensional 
sensor displaces seven one-dimensional sensors. Up to three, three-dimensional 
sensors may be processed per run. Three-dimensional sensors have not been 
processed to date and the CII M4 Program is being developed to handle this 
type sensor more efficiently and with fewer restrictions. 

CII PROGRAM SERIES LOGIC. 

This FORTRAN IV and MAP Program is intended to be run on the IBM 7090 Computer. 
It requires two data channels with seven tape drives per channel. 

There are three types of internal program tables: 

Type 1. Tables remain more or less constant. These tables contain 
values related to particular sensors and need only be updated when a sensor's 
calibration changes or a sensor is replaced. Updating is accomplished by 
NAME LIST Cards. 
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1ST RECORD OF 

YES 

CALL PLOT 
ROUTINES 

TERMINATE 

(STARTJ 

READ DATA 
CARDS 

I 
SET INTERNAL 
PARAMETERS 

READ DATA 
TAPE HEADER 
RECORD 

READ DATA 
TAPE DATA 
RECORD 

DO   NOT   PLOT 
SENSOR 

FIGURE C-3.       SCHEMATIC OF PII  PROGRAM SERIES. 
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Type 2. Tables remain constant for the duration of a single run. 
Atmospheric conditions» sensors to process» header Information» etc.» fall 
Into this category. These tables are updated using data cards. 

Type 3. Tables are updated for each run» but this Is done automatically 
by the program using Input data and values from Tables Type 1 and 2 above. 
CENDAR calibration values» maximum tangential velocity tables» etc., appear 
In this class. When the program goes into execution, it reads the NAME 
LIST Cards, if any, and data cards. Appropriate tables are updated. The 
input file contains 20 records of low-calibration values and then 20 records 
of high-calibration values followed by data values. All input on tape is 
multiplexed. The program reads the low-calibration values and finds the 
mean (X) and standard deviation a for each sensor. A second look Is taken 
at this data and all values outside the limits X" -a, X +a are discarded. 
A new mean X and standard deviation ö* are found and output ted as part of the 
processing history. The 7 value is stored in a table of low-calibration 
tape values. This same algorithm is followed for obtaining the high-calibra- 
tion values. 

There are actually three sets of calibration values for low- and also for 
high-calibration of each sensor. The sensor voltage value related to a 
particular physical parameter, the physical parameter itself, and the 
CENDAR tape calibration values. It is necessary to relate the CENDAR 
values which are in units of volts to the sensor calibration values in 
units of volts and then obtain the physical value represented by a particu- 
lar sensor output. 

Once the sensors have been calibrated, the data is read into the core in blocks 
of five physical records. Only the first sensor in use for the current 
file is calibrated and outputted. The other sensors are demultiplexed and 
written on scratch tapes. When an "end-of-file" is sensed, on the input tape, 
the scratch tapes are rewound and their contents processed and outputted one 
sensor at a time. Just before a sensor's data is written on the output tape, 
it is calibrated and checked for maximum value and related time. The program 
continues processing data until all desired sensors are processed. Routines 
are incorporated to skip files which contain no useful data. Extensive 
quality control procedures are observed to monitor the input data, scratch 
tape data, and time. 

The program prints out quality control tables which form part of the processing 
history and are retained; it is therefore possible to check on the data of 
srxy given run, in case of questionable output. A table of maximum values is 
also outputted. Caution is necessary when using this table because of the 
possibility of the vortex magnitude associated with the far wing tip exceeding 
the normally greater magnitude of the near wing tip vortex. Times associated 
with vortex hits are outputted to resolve this difficulty. 
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PPI PROGRAM SERIES LOGIC. 

This FORTRAN IV Program is intended to be run on the IBM 7090 Computer. It 
requires two data channels with one tape unit per channel. Data cards are 
used to describe various parameters such as sensors to plot scale factors 
for abscissas and ordlnates, number of data points to average per plot point, 
etc. CII output is inputted to this program. The calibrated data for the 
various sensors processed appears in serial fashion on this input tape. 
PII processes up to 39000 plot point data values for any requested sensor. 
It then outputs on the plot tape using standard CalComp subroutines. When 
all required sensors for a given run are processed, the data plotter accepts 
the plot tape and plots a time history for each sensor. There are two distinct 
noncompatible sets of CalComp subroutines, one for NAFEC and one for Dahlgren's 
712 CalComp Plotter. 

Programming efficiency dictated a variation in algorithms used to determine 
maximum tangential velocities in the CII Series and the PII Series of programs. 
The CII Series operates upon 50 consecutive legal data values while the PII 
series operates upon legal values contained within 50 consecutive data values. 
The operation of either program consists of finding the mean data value and 
checking it against the existing maximum mean data value. When the maximum 
mean is redefined, its associated time is declared as the median time value 
associated with the group of data values related to the new maximum mean. If 
there are no illegal data values, the results of these two algorithms are 
identical. However, divergence occurs in proportion to the degradation of 
quality of input data. The quality of input data so far has been high, so 
this has posed no real problem. 

CII PROGRAM MATHEMATICS 

In order to remove spurious values from calibration data, the program performs 
the following commitations on the first 40 records of each file. The first 
20 records contain low-calibration values, the next 20 high-calibration 
values. An indication of the quality of calibration values, and quite probably, 
test data values also, can be obtained by noting the number of calibration 
points, Nf, used in the final calculations of KJj and 1^. 

A * „ Raw mean N 

. f£Xc-(£Xc) /N 1 
I N-l      ] 

i/s 

Raw standard deviation 

Where Xc - input tape calibration value (-10V <Xc< +10V) 
N * number of x values (840) - number values in the absence of 

"O-Bit" errors. 

Let the set X^c values consist of all X values satisfying the criterion 

X - 1G<X 
_     I - 
X - 10<XC<X+C 

x - EXc 

7. [g(x1)f-<a1)2^I| 
l        Nl-1 1 

111/2 
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X, o, X, and a are calculated separately fcr both low- and high-calibrations. 

X is used in calibration of data, N1, and o" are outputted along with 7 

in processing history. 

This routine remains unchanged in all versions of the CII Program. 

rest data is calibrated by using a linearized calibration an shown in 
Figure C-4. 

Sensor data is calibrated using the following expression: 

Y - MX + B 

M « (%l/2 - PLl/2 )/<&-%) 

B . %l/2 . ri^l/2 

Where 1^     * Physical value (ft/s) equivalent to high-calibration 
sensor voltage. 

PL     - Physical value (ft/s) equivalent to low-calibration 
sensor voltage. 

- CENDAR voltage representation (volts) of high-calibration 
sensor voltage. 

■ CENDAR voltage representation of low-calibration 
sensor voltage. 

\ 
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VELOCITY - ft/s 

212 

VOLT   (SENSOR) 
0 5 
TRUE CALIBRATION CURVE 

USED IN FOLLOWING PROGRAMS: 
CII,   CIIM1,   CII M2,  CII M3,  CIIM3-1, 
CIIM3-1*,   CIIM3-1**,  CII M5 

0 5' 

LINEARIZED   CALIBRATION   CURVE 

• 212 ii 
USED   IN   CII M6 

0 5 
SEGMENTED   LINEARIZED   CALIBRATION   CURVE 

FIGURE C-4.       SEGMENTED LINEARIZED CALIBRATION CURVE. 
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APPENDIX D 

RUN 151,  TANGENTIAL VELOCITY 

VERSUS TIME RECORDS 
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APPENDIX E 

VORTEX TANGENTIAL VELOCITY 

DISTRIBUTION PLOTS (Ve vs h) 



AIRCRAFT PW 
CONFIGURATION     T/O 

RUN NO 

DATE 
VORTEX   (I) 

AGE (ttc.) 
AMBIENT WIND 

(a/ttc) 

132. 
9/23/71 
PORT 

JL 

-L 

X J_ -L 
140    120    100    80 60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, Vflf ft./ttc. 

60     100    120    140 

E-l 
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140    120    100    60 60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /sec. 

E-2 

100    120    140 

^■r^-frfmiteti^wirr^^ - '   |afliiÜÜ Ifi^fflifiiiiinrrir 



I*U 

|                            AIRCRAFT K-7 
|                             CONFIGURATION T/0 

130 |                             RUN NO 106 
1           k              DATE M7/7I 
1          /                 VORTEX (1) PORT 
{        1                  AGE (MC.) 10.5 

120 ,        L                 AMBIENT WIND 
I       f9                        (a/ftc) II 

HO J_l 
3 
JlOO 
K 
IJ 
UJ 
If» 

Z V   ' 

H
E

IG
H

T 8 \ 

i ! 
o 
§80 
UJ 
CO 1          11 

70 
L       i! 

60 i 

50 

!            ; 

40 i    i    i    i    i    i    i    i    i    i    i    i 1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$f ft./sec. 

E-3 

80     100    120    (40 

gggBjuaay^aggi 



60     40     20       0      20     40     60 

TANGENTIAL VELOCSTi, ty, ft./s*c. 

E-4 

■ mi i liitiTliif »ÄW-.W.^i'.v 



140 t 9                         AIRCRAFT DC-7          1 
U                     CONFIGURATION VQ             1 

130 X                      RUN NO 
V                 DATE 

\.             VORTEX  (1) 

X      AGE (tec.) 

157 
9/23/71 
PORT 

II 
120 

^■AMBIENT WIND 
f         -    1 

110 

3 
o 
5 loo 
Ul 
Ul u. ©\ 

z O 
H 90 
O 
bJ 
X 

oe 
o 
§80 
Ul 
if) 

70 - 

60 - 

50 - 

4 J 1 1         1         1 1         1         i 11         1         1         1 1         1        1 
140    120    100    80 60      40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /sec. 

E-5 

80     100    120    140 

^..^■..„.^^^^^»A^^^^B^^^.^ft^y^j mmtmm IrildS^iim^M^-i^e^^ täm 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./sec 

E-6 

^v.i-.~^*^^:^s:.u^^-.^>**».-i*^±»^->^i^- ■•■^■•.^t^tfrfiimAiftiii'^«!^ -iriiiVr'-n"    i"-'ii-i-'iivn- irirrifr m '-f grViTrrhrtrt---1 -■i-inri-[-n"-"-aua 



icv 

AIRCRAFT DC-7 
CONFIGURATION 70 

MO RUN NO 

DATE 
VORTEX  (1) 

AGE (MC.) 

112 
9/17/71 
PORT 

12.5 

100 
AMBIENT WIND 

(fl/MC.) 17.5 

90 

o 
Seo 
bJ V 
z 

SE
N

SO
R
 

H
E

IG
H

T 

s 
  
  
  
 s

 

0> 

^lÄ, 

\      0 
50 

°\ 
40 

30 - T 

20     L       1 i    t    i    i 4 1      1 1                          1                         1                         1 1         1 
140    120    100    80     60     40     20 20     40     60     80     100    120     140 

TANGENTIAL VELOCITY, V$, ft./stc. 

E-7 

fiiliilii iiilitriiTlriitri" M* 
^KJ|tt&jU^UUML ^i^^^^^j^'j« ttü MSüitfü ~~,^^;^, ^■-.»-.■v,.-l...,-t.„,-. -^ 



140 

130 

120 

110 h 

äioo 
tu 

H 90 
o 
bJ 
I 

o 
(0 
z u 
0) 

80 

70 

60 

50 

40 

AIRCRAFT 

CONFIGURATION 
RUN NO 

DATE 
VORTEX      (I) 

A6E(s§c.) 
AMBIENT WIND 

(R/MC.) 

-fifcZ— 
JE/g 
JS8__ 

PWT 
JS  

-2§  

0 

-L _L -L -L J_ J- -L _L -L -L -L -L 
140    120    100    80 

JL 
60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./iec. 

E-8 

80     100    120    140 

iia*a*siÄiiäki»aiÄrt*iSBä ii   TiifiiiriiifiiifiirmM^Miilft MüLü -•— »'■'■■iii in mi i i   iattjü 



100 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft/tec. 

nYirnl'itfiiTfriiii 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft /sec. 

E-10 

II'HüMM»? ii«iri     ' ilWftiiiirii^^ ««^1 MÜÜü im-^.^1 



140 

130 

!20 

110 

-j 
o 
Sioo 
Ul 
UJ 
u. 

H 90 
o 
'xi 
I 
AC 
o 
z 
UJ 
0) 

80 

70 

60 

50 

40 

AIRCRAFT DC-? 

CONFIGURATION T/0 
RUN NO 115 
OATE 9/(7/71 
VORTEX   (1) PORT 

AGE (sec.) 14 
AMBIENT WIND 

(a/tec.) 14.7 

_L -L 
140 60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vg, ft./$ec. 

E-ll 

60     100    120    140 

*~***#s*i X I ff ■ W#HiijatflM^WM %}^-^rt*.it**mid<m-< *i* « *tm 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX (I) 

AGE (tec.) 
AMBIENT WIND 

(ft. /tec) 

PC-7 
im  
J44  
9/23/71 

-Pffl3T_ 
14  

11.7 

JL -L J- 
60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-12 

80     100    120    140 

«H*»Stt»S*«**<«*»»», i-.*-*SMteww«{ia>iS- 



JSS. 

PC-7 

CONFIGURATION T/O 
RUN NO 
DATE 
VORTEX (I) 

AGE (etc.) 
AMBIENT WIND 

(R/stc.) 

J/23/7L 
PORT 
14  

J- J- 
140    120    100    80 60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-13 

IftT-    - — - 



140    120    100    80 60     40     20       0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, V$, ft./tec 

E-14 

- ~  ,r  



■ 

AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX  (I) 

AGE (tec.) 
AMBIENT WIND 

(ft/ttc.) 

STBO. 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /MC. 

E-15 

80     100    120    140 

h;.1ifirhi,f.--riii.l-ifcirri<A>-»i'--i>:nrt~i-rfJfili'Tllkli»ltWii 
^.^»■^aLc^^ä aa^aiaiaeaiiiirtiffl^ii 



140 

140    120    100    80     60 100    120    140 

TANGENTIAL VELOCKY, ty, ft./aec. 

E-16 

■ ■ ■ 

t_......., -.,.,._ _..„■--- ---■.. ....... . ji^ajffigfcijhja ._:,. itjsjjjijsm  imiMttiiiiif ^-^A"^~^ —^~-    ^.^.^^   üüi 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX (2) 

AGE (ttc.) 
AMBIENT WIND 

(ft/MC) 

SÜIOL 
CM 

140    120 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./tec. 

E-17 

80     100    120    140 

TfH-l-Wfl.ä'.H^MMi.'r teCrfi'l infiftilUH-'ll-n-inirt Vrtir>1hrftF> 



AIRCRAFT es-7 
CONFIGURATION   JA) 
RUN NO 
DATE 
VORTEX (I) 

AGE Use.) 
AMBIENT WM 

fft/wcl 2LZ  

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY ty, ft./wc. 

E-18 

J- J_ -L J J 
80     100    120     140 

litffaim'iff^^-^^^^-^TnYrtTwiiiMfMrriri ^■•-... -    --,-., niiirMnWai 
^^.^.,_^,^^.^ -., yf'^'.-wrfr 



60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, Vg, ft./wc. 

E-19 

 _ 



1 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-20 

- 

^*«*?«a«tt irfilftTi>aihhiil»iW^waiw^ Atssfttem^-ii-: ■ —     ,--- 



i*o 

AIRCRAFT              DC-7 

CONFIGURATION    J/0 

ISO RUN NO                  18? 

OATE                    JMW/71 
VORTEX   (1)          PWff 

|ra 
AGE(MC.>            JA  

120 
AMBIENT WIND 

(a/we.)      2J 
!©\ 

110 

_i 
o 
JlOO 

HI 
u. 
z 
H 90 
g 
kl 
X 

o 
$80 
hi 
(0 

70 

60 - 

50 - 

40 
, i         i         i         i         i i.,,    i 1       1      I      1      1      1 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-21 

90     100    120    140 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Va, fl./MC. 

E-22 

**. u- -.ir   >«imtn<m'rm*m,n*i.' t. n»«*^a«twf*: i«*~ti nw> -: 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /tec. 

100    120    140 

- 



140 

130 - 

120 

110 

JlOO 

u. 

H 5>0 
o 
X 
K 
O 
§80 
ÜJ 

70 

60 

50 

40 

AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX (1) 

0 AGE (tec.) 

D AMBIENT WIND 
(ft./MC.) 

PC-7 

JEfi  
141 
ygyyi 
PORT 

11.7 

X X X JL X X X X X X 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./itc. 

£-24 

60     100    !20    140 

?*.»».».-.-' 



f 

AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX (I) 

AGE(stc) 
AMBIENT WIND 

(fk/MC) 

ta&ai 
?IBB— 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, tyt ft./r«c. 

E-25 

80     100    120    140 

■- *"•"?$ 



t^w.uwWWWW™->      ■   ■-   ' -^■■! ■■■-»■■■»,* W.AH■-u. 
■ wLWiM-Hl^,lliPJ ■,wJunii«iw maiuiiALJiixJ4uw,^wyi,.„.ii ji.iV-k'pi^wyi.ijiwLUjiftM.iLiu^iiiiii jII,. iijjiiBilHlM.ilM1 .UJWIIvi 

140 

130 

120 

110 

-i o 
< loo 

Id 

H 90 
<9 
UJ 
X 

§ 
$80 
UJ m 

70 

60 

50 

40 J 1 1 1 I ■ 

.SSL 

AIRCRAFT PC-7 

CONFIGURATION    T/0 
RUN NO 
OATE 
VORTEX (I) 

AGE (MC.) 
AMBIENT WIND 

(ft/MC.) 

9/1/71 

16 

12 

J 1 1 L -L J L 
140    120    100    80     60     40     20      0      20     40     60     60     100    120    140 

TANGENTIAL VELOCITY, fy, ft./MC. 

E-26 

- v4^«)i»K«Mft**> 



..   U'WJUiWW.^WjmM.M*'- IWWf^M >Wj*'l. ili.M»L#Jl!IIJ.^L|IIU4l^..^iJiW>J»UWlJI!.Jt^mi^W-l^».l»! 
*)wwi***<mf><i f^m* m*n**mmmwm ui'i.u,    --"* 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./MC. 

E-27 

80     100    120    140 

■ 



Zkim« verirr 

»40    120    100    80     60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

£-28 

80     100    120    140 

■ ■-' 

wfrwart ■flto^fav>-rt ■ 



1   .^.«■Jj.WSlWJUr-.. wjPMTf .ny.in -amj> -JUL «mi ,i   ii.. ^-— —      ■HMHaMMHMMMnMMMi 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft, /MC. 

100    120    140 

E-29 



LWWIIRII     I IJ.I..I      II   111. win mmu.i      —■—»*■»».    i uw\m.w*mmmmm&'^**«**«~^'**i&mm 

140 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-30 

100    120    140 



[iipjui,,)l*[lifilJ^pijtpr  "—  - MHHWIWI -i"yi^iy r->"» -'■■■>-"H""~T'«JSP»aBM| 

140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 
TANGENTIAL VELOCITY, Va, ft./tec 

E-31 

»'** ^.«*..:-i-4.^ - '-^«J* 
iiiTlriiMftitWWi-iijuiiiiilwiMifPi^nitifi- ifflBrffiJ^^toiiiWiiTil^ 



I    I WIIIM    IB ;._._     -    "".ify^'Ff"1'™'~" . . .,      ,,  .._.,.....v. 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-32 

100    120    140 

- 

i£_*^_^» -^ ■^^.^...■to-irv^^n^^^ ^.^^■.^^^„^,^..^^..t, -.„ ...^....^■..^ -..- j 



 I tm* 

140    120    100    80     60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-33 

100    120    140 

■ —   '- v-«' ai»<ÄSi«A»a*^*i^-»v..= 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-34 



140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Va, ft. /tec. 

E-35 

100    120    140 



^WHPWWWW^^ 

1 

140    120    100    80     60     -40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-36 

100    120    140 

£B^*ij6ti*ämi*l*'-~----~>-~~-*     ■ 



rJVJW-J-STVSWy« -r'';-T^,;'"-"^''~'- '.«" i':T*",r'>~^:.T'm'^ »r 

f 

140    .20    100    80 60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, ty, ft./ttC. 

E-37 

100 120 140 

l'll>^t»Mrrt»il>ii'»-i TimiHfcrriBflrir . jiafrarMJMi H ill iimm i&vmimmmittiiim jgäiiiiiiiiiiBiMMifrawdto^^ i i w^Thea-Marm.-^-« 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, f!./MC. 
r 

E-38 

^■^^w^^ia*»^^^   mil nni iiVn^lTBImiMWli WWW nw-riMTfiiifi *m* 



*.w Ji.t,n.;vlf,VA'"P'.'i!''';'W!i'*" iym'*iiaHVß&m/rJV^' ,iF^i'ij*ay»PM«ij«'m~«»»i.w"-1   ■■ >■   ■■-- 

100 

90 

80 

70 

-J 
(9 
360 
I- 
kl 
hi 
b. 

50 

S 
CO z 
UJ 
CO 

40 

30 

20 

10 

-L 

A«CRAFT        DC-7 
CONFIGURATION VO 
RUN. NO 188 
DATE 8/24/71 
VORTEX (2)     8TBP 
A0E(wc.) J7  
AMBENT WHO 

(ft/we.) JL 

-L J- X -L 
140    120    KX)    80 60     40     20       0      20     40     60     80     100     120    140 

TANGENTIAL VELOCITY, V$, ft/ttc. 

E-39 

Wn.i r   nn   „■■■I. ■ 

« ■jt'tiiMi'tiiir)intiUmt-\ TfftniliAiifiiii'-lr   aiiinriiiriailillliTf i lii   i' 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 
TANGENTIAL VELOCITY, ty, ft. /MC. 

E-40 

Safei.'öS*.3»*««^******'""" 

!-<i~kw^»-*«i«v 
IkUmmmmm»**-** 



AIRCRAFT 
CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 
AGE (MC.) 
AMBIENT WIND 

(ft/stc) 

3£&OL 

60     40     20      0      20     40     SO 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-41 

80     100    120    140 

■ ■ i >■'-■"■ •"■-■ M i       M i rniMmttfiiM MM ** mmmam --"•:" "-*a 



AIRCRAFT PC-7 

CONFIGURATION    T/O 
RUN NO 143 
DATE 
VORTEX CD 

AGE(ftc) J7.3 
AMBIENT WIND 

(ft/stc)        11.7 

9/23/71 
PORT 

> 

-L 
140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vg. ft./MC. 

E-42 

J I 

•..v.Ä-i-i-Ja-SÜr.---' 
H^jH ■Mlk'illll mjMWMMMWWM «s*»«»*»»*»*! «I 



I*U 

AIRCRAFT DC-7 
CONFIGURATION T/o 

130 RUN NO 
DATE               } 

175 
9/24/71 

VORTEX (2) 

AGE (MC.) 

PORT 
17.5 

120 - 
AMBIENT WIND 

(a/ttc) " 

110 
• * 

o 
5 too 

0, 

tol 
IÜ 
to. 

c 
Z D 
£ 90 
(9 0 
ÜJ 
X 

QC 
O 
2 80 
111 

D 

III 
CO 1 

©\ 

70 
•w^^  y 

60 - 9 

• 

e 

50 

40 1         l i  i —1~.... i    _j —1—1- i        i         i 1    .    1 
140 120 100 80 60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, V*, ft./ttc. 

E-43 

80  100 120 140 

tJf^LJL^^ ^Wr».„l .J..:..^.: «au^W.artflm&a 
^^1^1 jswftTiT'r-fc^EU—. 



f'i 

140 

130 - 

120 - 

-1 
o 
«100 

FE
E

T 

z 
H90 
o 
Q z 

o 
2 so 
Ul 
(0 

60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, ty, ft./ttc. 

£-44 

 ...,.,-^.K^i-^^.^v^, - fMittMäi-jiüiiiMttiii ^■■■^■^rt,^ MMM 



1 

l*U 

' AIRCRAFT 
CONFIGURATION 

K-7 
VQ 

130 RUN NO 
DATE 
VORTEX (2) 

AGE (Me.) 

112 
9/17/71 
?TK>r 

19 

120 
AMBIENT WIND 

(R/MC.) !7f? 

110 - 

-i 

<ioo 
& 
It! 
Ik 

Z 

H
E

IG
H

T 8 

S 

(0 

70 

60 

50 

40 1         1         1         1         1         1         | ' 1         1 1         1         1 i         ' 

140    120    100    80 60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, Va, ft./ttc. 

E-45 

80     100    120    140 

»-,-* t flMaMjaaKaaaMMaajMii - ,r .nrr,^,,n.,- M ■   ■ «r Jftitat^ jftertnnm-iiiiMf'iliihnTim,fliTiBlii^ - nri'iitV.1igS» Vaiif nfr-uift  i,ü i-r'mSri ■ -iaaa 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./MC. 

E-46 

L. ̂ -:.-,J.J.. :...■■-■   ■■■   .^Jeiim  -*^^- ■ttüittittii ii.i.ft-^tr.nwftiBiii^-r^iMi'nnfiünlnii    I 



' 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vfl, ft./itc. 

E-47 

MMM (JiÖftiaBiäWteaW^rira.ttTiriiiir^m><;iilif »^»fh^iW'^i-iwinBinrti.imiiirrTii- ri-i- •^rronrrr^rw'nnnr-h- --tv -   ■     -        *■■--_.^*v   ■ 



■ i m ■ I>J y*H 
■ 

140    120    100    60     60     40     20 '   0      20     40     60 
TANGENTIAL VELOCITY, Vg, ft./MC. 

E-48 

100    120    140 

..frMjtfW» '•" 

'*. :*. J*^ JJ^J^ä- äÜEÜH liilMjiiiiMiiiii^ 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
V0RTEX12) 

AGE (ttc.) 
AMBIENT WIND 

(a/ttc) 

-Bfl  
JÄ4  
ft/23/71 
STgP 

-Jf  

Ilt7 

X JL X X X 
60     40     20      0      70     40     60 

TANGENTIAL VELOCITY, V$t ft./ttc. 

E-49 

80     100    120    140 

i--m^i-iiiiiM^ir ii rim •Titirtfiirf iiafci lilTitfttfffirüiMI 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 
TANGENTIAL VELOCITY, ty, ft./MC. 

E-50 

n ■ -Um    .■>  N.-^M., aw^MMtow.to fr«».ftag««T«*.a ■tA**~**H*. 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /tec. 

E-51 

»-ttoMWte.«**»»* S±**«A*MI»-~~M -njtoiiirfrri-r-——- ■   - 



140 

140    120    100    80     60     40     20      0      20     40     60     60     100    120    140 
TANGENTIAL VELOCITY, Vg, ft./tec. 

E-52 

^*i^-^.J^,y-^-*.*^^rii"-tt^^ 
^^^^"*"**^» 



140 

T   i AIRCRAFT              DC«? 
CONFIGURATION    T/Q 

130 
' RUN NO                 138 

31     [ DATE                     9/23/71 
VORTEX C2)            STBD 
AGE (stc.)             21 

120 - 
AMBIENT WIND 

(ft/MC.)         11.7 

110 

3 o 
5ioo 

hl 
Ik 

H
E

IG
H

T 
IN

 

o/ 

1 

o: o 
£80 
Id 
(0 

70 - 

60 

50 - 

40 i         i         i  -I.. ...   JL     ,,-L     ...i 1 1             1             !             1             1             1 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V^, ft./tec. 

E-53 

80     100    120    140 

jfcaaajnitftinjjfrjgfitti ■*•<-■'■*■*■•« nrrftiiltinmrtiliw1' MlrtftuOfaTkiftftoWA ... ati^flÜ jfe-iitll^Tl^iiirWM^aiMi^ l1ViMitii%iiT^^*^^ 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-54 

aW^^^tA^»^^^ 
*^^^^^.^*^^x^^.^^,.^ ^^^J,,.^:^^^»^;^^..^ 



60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V*. ft/stc. 

E-55 

.^.x^a^^- ^-^^^^ 
i inttÜä^^ iffjtilfjj »^^^utv^t^»*«^^ 



140 

140    120    100    80 60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-56 

^jataaüüi HanjgggflflMÜüaJMilülWM 



!W 

AIRCRAFT        DC-7 

CONFIGURATION I/gL-, 

90 RUN NO           JU  
DATE                9/1/71 

VORTEX            PORT 

AGEfttC.)          22 

80 AMBENT WWO 
fftVMcJ   6 

70 

3 
<60 
bJ 
III c 

\   0 

2 

S
E

N
S

O
R
 H

E
IG

H
T 

30 
01 

1° 

20 0 

( > 

10 
( i. 

6 

n  I_l 1 !_,.   J         1 II         1 i        ii        i        i 

(40    120    100     80 60     40     20      0      20     40    60 
TANGENTIAL VELOCITY, V0,ft/MC. 

00     100     120    140 

E-57 



AIRCRAFT 
CONFIGURATION T/O 
RUN NO §&  
DATE 9/1/71 
VORTEX PORT 
AG£(tte.) 22  
AMP>£NT WWO 

(It/tic.)   6 

140    120    100    80     60     40     20      0      20     40     60     80     100     120    140 
TANGENTIAL VELOCITY, V$, ft/tec. 

E-58 

-:-i^i,.,..^ a..^   - s ■■■ .--■j.a- ^;; ^«■»^MfortBE'ä'äwffri . Mi,  ..-   ..- ,-. ^^-^.^.„a***.-! JJ_!.._ w^^.^^...^^^..;. *w^i*£., :-.v ;.,-...   ..^..J.^.^^^^,^,^.^,a.sfl 



100 

90 

80 

70 

■J 

«60 

UJ 
ÜJ u. 

50 

i 
s 
z 
tu 

40 

30 

20 

10 

X X X X X 

AIRCRAFT        PC-7 
CONFIGURATION T/0 
RUN NO £8  
DATE 9/16/71 
VORTCX«)        8TB0 
AGE(wt) .22  
AMBIENT WIND 

X X X X 
140    120    100    80     60     40     20      0      20     40     60     80     100     120    140 

TANGENTIAL VELOCITY, V$, ft/itc. 

E-59 

■i- Miffli---frlfcnri)t^a-i»Wftri i' 
- mriTffiJH rMiiiM'iMHin^fittaBtttÜi WrirTr%'-~ rTMf^ 



140    120    100    60 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./tec. 

E-60 

100    120    140 

..... ■..„^■^■■i- ---.* ^.^.^«^aiMhAii üttjüi üftunührtmitfi üMtitt 



wu 

AIRCRAFT OC-7 
. CONFIGURATION T/0 

130 RUN NO 140 
DATE 
VORTEX (1) 

AGE (tec.) 

9/23/71 

PORT 
22 

120 

• 

AMBIENT WIND 
(a/ttc) 10 

no - 

3 
5ioo - 

U u. 
2 jo 

S
E

N
S

O
R
 

H
E

IG
H

T 
CD

   
   

   
   

   
   

   
   

  i
O

 
O

   
   

   
   

   
   

   
  O

 

- \ 

70 
fflf 

60 \a 
♦ 

50 - 

40 i       i       ii       i       i 1        '        ' 1        1        1 1        1 
140 120 100 80 60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, ty, ft./wc. 

E-61 

80     100    120    140 

**^^^^ri^ •^■•iiWtJ^ i    i*ttiriFh^iMrtfiM«n^ iiWiirtt ^.,i,^n.:^.^^^^.i.^^r;. 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V*. ft/stc. 

E-62 

ijmtä ■rltri-f i-iilriVitlririfJH niiifr^iftiAMäiattiiiiililii^^ MSiwrwififti* -■■r^^—-^»^ -^■^-^^-^■.■^.^ ;■>■:■■.*; 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX   (I) 

A6E (MC.) 
AMBIENT WIND 

(fi/toc.) 

m 
stMOL 

32.  

J2  

JL -L X 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./MC. 

E-63 

80     100    120    140 

Itaa --■ -.-■-.•■     ■■--- ■.-.-^.-^.-«^.>.«.-—w,^=.^»--^.^ .^      im'   i f'w'am 



AIRCRAFT 

CONFIGURATION 
RUN NO 

DATE 
VORTEX  (2) 

AGE (tec.) 
AMBIENT WIND 

(a/ttc.) 

iflftQB 
■OTfr 

60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-64 

60     100    120    140 

- 

I n iMBMHI ■°--^-^ i^-.^.^ niifiifiiliWfrtiiiIM r'Tii i1111 -1 I "-- !■  



140    120    100    80 60     40     20       0      20      40     60 

TANGENTIAL VELOCITY, V*. ft/we. 

E-65 

100     120    140 

,      ^-~—;—^--—^^.^..^tl,   TTl.r>-»»,1t-Jm«  «dj^riflÜ H^jUjgl —-"—-- —-nui^iiI^-f-rWi i •■■ n-i    in       i      -   ■       -*»>*. 



60     40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-66 

! .^.:^-~.' *■■»■^.^ ^.t,^^^:,-^.■^ttt'rtigi-^rhMftiiriiriint—'J----ja^^,ftti""-'i'rrtfrtl"aiiii M ^^-~~^-^ 



60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft/wc. 

E-67 

»;.v.rf<-i'jfn-rt.i-.»Viaiiiiiff>'iin.inMter-ft ■ murn.-iN-.TtBr'M.nnn^iiriiir.i^ri-wrt 
-—^- 



140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-68 

100    120    140 

»«k'rf.«*.Wil>'-~'- 



140 120 60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-69 

amaaÜaüiMaiiiMiidiifi •^-^"■--^ffiriifiifilii I  Ii iI-I-^— ggjgM 
^i.^^^^^^^^^^ffi,^^ 



I«HJ 

AIRCRAFT PC-7 
CONFIGURATION T/9 

130 
o 

) 

RUN NO 
DATE 
VORTEX   (1) 

AGE (tec.) 

99 
9/19/71 
?TPD 
24 

120 
AMBIENT WIND 

(ft./ttc.) 9t9 

no 
O 

3 
<2 

Ö 

JlOO 

III 
ll. 

■M 

z 
£ 90 
o 
UJ z 

ro 

o 

UJ 
(0 

70 

60 

50 

40 1         1 II         l 1    ,. i     i J 1 .     1        l i       i 

! 

i 

140    120    100    80 60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-70 

^.^mj ■ Wii^tiT.iV--ir.Ji>fy:f^riT^M,^l^y 

JliiiMiBHBBiiiMilMiiiBM 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX(2) 

AGE (ttc.) 
AMBIENT WIND 

(a/ttc) 

DC-7  

IßL  
J52  
9/arr\ 
CM 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V^, ft./tec. 

E-71 

80     100    120    140 

i^HMli^&.i..- .....; -.   .:,. Iiiil "...   ^ „- i^^üÜSiÜl iiliiiiiiim 



I*U 

• AIRCRAFT 

CONFIGURATION 
DC-7 
7/0 

130 RUN NO IM 
OATE 

VORTEX   (2) 

AGE (sec.) 

9/am 
?TBP, 
?4 

120 
AMBIENT WIND 

(ft/MC) 6 

HO 

3 
<!00 

©/     1 

Id 
u. 

<V     i 

z 

H 90 
o 
UJ 
X r 
o 
$80 
UJ 
CO 

O 

70 

r 

60 - & 

50 - 

40 1         1         1 1       11       1 ... i          1          1          1          1 1      1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-72 

80     100    120    140 

^.,'^_i^i,..üüi .:.■.■+  .■,.^-,ato^-':-i.i.<.a-:«ii"«Mü-  ■  -■■■■•  ■ jt.-««i.MitaWi iiiiiiiyiiüii ifteiflitfiftirrifitih^^"^-^^- ~ ^.=^,:^^^.:^.~^^^-^.>~,,-.... >!■<. 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 
TANGENTIAL VELOCITY, ty, ft./MC. 

E-73 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$t ft./tec. 

E-74 

ittj-'irii^.S'yiHftftirtin i,. ii^tMBiiTYifriTiM-i. ■r.ja ■   ■-•-■ -1  iiWinmvnriariii .^4.^^^^,...,. 
---•■>-*-» 



I*U 

i AIRCRAFT K-7 
■♦ |                              CONFIGURATION T/9 
130 j                              RUN NO 

1                             DATE 
J                             VORTEX (2) 

AGE (ttc.) 

1« 

-SML_ 
25 

120 - 1 
,                             AMBIENT WIND 

>                                       (a/itc.) 11.7 

110 - 
e 

o 
Sioo 

IAJ °/ 
z 
H 90 

UJ 
z 
ox 
o 
§80 
UJ 
(0 

- 

70 - 
Jjb 

60 - 

50 - 

40 1         1 i  i    ..i.     i -41          1          1          1          1 1      1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./ttc. 

E-75 

80     100    120    140 

jj^mgg iif-fflftfflii m ;in 
j^^^^^^n »~'-i>^^-^-    <""»-■-— ""'-«i- -«^ ■ *-~~*--.-- 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /tec. 

E-76 

■**, -■i.^wf^iilMiii^fny-^rffflfiffitm,u,-^™täia^immmmmjuimBäiiiiitatfm JBlttM INI Mill fittÜMl 



100 

90 h 

80h 

70 h 

(9 
< 60 

u 
u 

t 50h 

s 
z 40 
» 

30 I- 

20 h 

10 k 

- 

^> 

■ 

AIRCRAFT        DC-7 
CONFIGURATION Tfy 

RUN NO            JOOm 

DATE                  ft/tt/71 
VORTEX (1)       STBO. 
AflE(MC)          265 
AMBENT WND 

(ft/wc.)   5 J   , 

1 c 

> 

- 1 0 

- 

0 

D 

- 

b 

 1 —-l  1—J L-.  1 — L-..I           I  1 J 1        1      . L_ 
140    120    KX)     80 60     40     20      0      20     40    60 

TANGENTIAL VELOCITY, V* ft/wc. 

E-77 

80     I0Ö     120     140 

1.1, —■-,,-..«-i-ift« - m^ir^iüi 

^g^^^^^^jÄ nl^gg gg|..... | mg ,^^^^ m gana - -- - 



100 

90 - 

80 

70 

-i 

560 
IAJ 

ÜJ 
b. 

Q 
x 

CO 

CO 

40 

30 

20 

10 

X X X X X 

AIRCRAFT DC-7 

CONFIGURATION T/0 

RUN NO 70 

DATE 9/1/71 

VORTEX PORT 

AGE(tac) 27 

AMBIENT WIND 

(ft./MC.) 12 

X X X X 
140    120    100    80     60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V*. ft/tec. 

E-78 

80     100     120    140 

«■^^ai^--... ..^-■-T-,r^,i.T— ,-frtlftln • —- ■—.,-.»-~*..—   «.-nFiiniiiniw«r*a 



!40    120 60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vfl, ft/iec. 

E-79 

■■ i-vr-ii«iM rir-imt-llfdir-   ■ ***ru    '        ii   n^fnntoirillll     . - ■ v.f   , - .n.,^,.^,- -, »>r UjAÜMÜiifttyüai&Sfitaäi 



60     40     20      0      20      40     60 

TANGENTIAL VELOCITY, Vf, ftywc. 

E-80 

„^._ ..:_,. ^ifm-M^^^"^'-"-'-^'---'----'--'' aUMMM 



I*V 

• AIRCRAFT              DC-7 
CONFIGURATION     T/Q 

130 RUN NO                  195 
DATE                     9/23/71 
VORTEX   U)         STBD. 

**<•*♦>                 2M  

120 
AMBIENT WIND 

(a/Mc)      7 

HO 

o 
< 100 

III 
bJ 
b. 

z 
H 90 
c 
bJ 
X 

• 

O 
$80 
id 
(0 

0  1 
70 

60 - £Q 

50 - 
T3L 

40 .   1         1         1 1        l        I 1     ,i i      i_i      ii      i 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /tec. 
80     100    120    140 

E-81 



140 

140    120    100    80     60     40     20      0      20     40     60     80 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-82 

100    120    140 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-83 



140 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg. ft. /tec. 

E-84 

i^flnrftfrriiMii^^ tflfflft^lMillimttii^^ 



140    120    100    80     60 80     100    120     140 

TANGENTIAL VELOCITY, V$, fi/iec. 

E-85 

^-,..^,y^.:^.^   ~--- ,-   |- fftMMitf.*-.^*^-^. ..^.■^.^.^^^^^ 



140 

AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (I) 

AGE (MC.) 

AMBIENT WIND 
(ft./MC) 

yig/7i 
3TPP 

/1 

140    120    100    80     60     40     20 20     40     60 100    120    140 

TANGENTIAL VELOCITY, ty, ft. /tec. 

E-86 

Ba-;fi'";^>Tai'Atiri¥r-l'-'trf»1>i B 
^^^•»M^i-i^aa^^JAi^iaiic^^.-^-^ 

|g|gg|jj|gggg^^ 



IW 

AIRCRAFT DC-7 

CONFIGURATION T/9 
ISO RUN NO 

DATE 
VORTEX (1) 

AGE (MC.) 

94 
9/16/71 

STBD       ! 
33.5 

120 
AMBIENT WIND 

(ft/stc.) 3 

110 - 

<2 

0 

«100 

UJ 
u. 
z 
H90 
o 

i 
©L^^ 

<E to- 
§80 0     y 
UJ 
(0 

r 

70 

T 

60 0 

50 

40 1         1 il          i          i 1 1         1         1         1 1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /tec. 

E-87 

80     100    120    140 

■-"■•■-•    i i ■ -••■[■ -1-'i r:i i"iiittiiiiiliail^YP'''':'"Tii^''i^ii1iliiihiT mmm ma IT.™r-h»,..-,,,„.»■»„..,. *™>..,. 



140    120    100 60      40     20       0      20     40     60 

TANGENTIAL VELOCITY, V* ft/wc. 

E-88 

80     100     120    140 

.   .,...   .- ^^Ü^^^J ,.^-^.    ->niii ii\M***maiai*iu*aaäamtiitmm t^a^Müi^i^iaa^s^g^amtiä^^^A^mm 



AIRCRAFT 
CONFIGURATION   JJL. 
RUN NO 
OATE 
VORTEX (2) 

AGE (tec.) 
AMBIENT WIND 

(a/stc) 

9/16/71 
PORT 

■      I 

140    120 80 60     40     20      0      20     40     60 
TANGENTIAL VELOCITY, Vg, ft./tec. 

E-89 

80     100    120    140 

■JUT ftfUliti lrtf -«^"ia»"*»-»-^- 
ygj^^jBJI ■MUM ifTlrfrriWfiJTtfrMülMmtTWIT i JÜttJÜ I rrti-Ynmr Ütett 



IUU 

• 

AIRCRAFT         D0-7 
CONFIGURATION T/0 

90 RUN NO             100 »w 

DATE                9/16/71 
VORTEX (2)        PT. 

AGE(Mfc)           34.S 

80 AMBIENT WIND 
(ft/wc.)   5.9 

70 

J o 
«60 
kl 
hi 
b. 

o\ 

V ° 
Z 

i50 
i 
X 

s 
2 40 
UJ 
0) 

- 

Cot, 

30 

\ 

20 - 

10 

o 1       1 i      i      i      i 1      1 1        1        1         1        1 
140    120    KX)    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V*. ttJuc. 

E-90 

80     100     120    140 

.■w^>^»A^li-rii--h^it1tfffl-^-^--^- - --■-^^.^^-^««^»JaaiMüü 
„ .i^-^ -^. 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg8 ft./tec. 

E-91 

■ nil nrrriT* nn ~> HI irr iii mii i --------   —agmgfafl i i inrnnffi i iin.r —-^-—■ 

.^y 



AIRCRAFT 
CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 

AGE < MC.) 
AMBIENT WIND 

(ft./tec.) 

3/2/71 

' 

80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Va, ft./MC 

E-92 

80     100    120    140 

te^.—^ü»j-rr in   . ■■■ ' i -  hiri-- ■-■■: ——■■-- --■- -■ ■■ m ii i-r■trmMim&m***'' AM ^iB MBä^iBBliiiiw i i -  - 



:! 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tie. 

E-93 

M—   —'-"—----- ---'-■ -■ —---■■ -'-        '        ~<°emJ*i*aüSair. BttMJM     I—» MMJfci—TJftiiiiiiifrtfifr i  ' . i   ■■        m   nri•■ r, yo ■   ■ ri ..    ,.~^^J- J 



60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, V$, ft./wc. 

E-94 

j^^^-A^^^.^.^ ^■^^iM'iMmtSar^ i ii '-" ' ir'rf'fiiitiiiftiiiiiii tt^^ fifth    iüü Üjgjt . 



140 

AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 

STEX    (2) 

AGE (tec.) 
AMBIENT WIND 

(ft./*•€.) 

9/2/71 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-95 

80     100    120     140 

^>*^.-;^.aiB^!^^äWM~fi*jteM^ 
i jjjjjjjillfflriinft^^ 



120    100    80 00     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, V$, ft./MC. 

E-96 

.. ~~-'i^&ff.^^*0^^;^y&&tii£:-^. ■:, 



140 

130 

120 I- 

110 h 

J 
5ioo 

LÜ 
U. 

£ 90 
© 
ÜJ 
I 
$ 
O 
§60 
i&j 
V) 

70 

60 h 

50 h 

40 

- 

K 

AIRCRAFT 

CONFIGURATION 
RUN NO 
OATE 
VORTEX  (|) 

AGE (MC.) 
AMBIENT WIND 

(ft/Me) 

DC-7 
HLDG. 
71 
9/1/71 
PORT 
14 

1? 

m <£■" 
->* 

- ll 
- 

0 

0 

0 

1 

t 
1 
1 
1 
1 
1 
| 

<• 

( 

1 
1 

I 
- 

c 
! 
1 
1 

      1                    1                    1 

1 
1 

JL.       L  1       .™l U 1         1         1         1 i        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./MC. 

£-97 

60     100    120    140 

jiiiiifriiMiMiwfrlitliiiiirtfcwn i i jgjj 
«aaaaaak^^^^ 



140 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$f ft. /sec. 

E-98 

ü,»ü«i!VEü»»üi*«<iär * • ü ■ a amaSimmm imi^üüBS^ ktau^aiiaa^-^^^^kWi^^ 



140    120    100 60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, ty, ft. /tec. 

E-99 

. ^;v^-^---—-^-^-^ am~%tM*Mt*tmtim&M i&KmiM^wi&wm 



140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-100 

100    120    140 

yw^Wiiiiii*^ i ii m msmmme^sm 



tiOr 

140    rc:0 60     40      20      0      20     40      60 

TANGENTIAL VELOCITY, V$, ft./*ec. 

E-101 

y 

&iimmm^ssmm 



60     40      20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-102 

■■- -■ _■ v.:..-..■■■.:, . -^r^^^A^a-i^ 



AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (I) 
AGE (MC.) 

AMBIENT WIND 
(ft/MC.) 

PC-7 

HLP3. 

UL 

£ÖBI_ 
19  

12  

j. J. J- 
140    «20    .00    80     60     40     20      0      20     40     60     80     100    120     140 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-103 

^■'-v.viv^.';:,.^ ..:^.,a^^^-s*»>^ mm wtf8»äia8w!liaB8gjaw»<0g>i^^ 



AIRCRAFT 

RUN NO 

DATE 

VORTEX (I) 

AGE dec.) 
AMBIENT WIND 

-BfcL 
CONFIGURATION     HLDfi. 

ILL 
■ 8/17/71 
PORT 

JÄ. 

JL2- 

140    120    100    80 
JL -L 

SO     40     20       0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /sec. 
80     100    120     140 

E-104 

H-v^-MA-^aaw*« igiifiiiiftrftiw^ s*«Mir*aä«sä»&T«^& 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-105 

>   t*i-aJ-*.V»iVir^vi>*iV*-*TM liWiWtiiiitiuiiffi ill* «in iiitim'iWiÜMi^il-ilWiiiliiT. ai^irtäBäiriii^äi'äiiBt«piti»rTi». "rtrwti *Tiii*«*fitiri3n*ia»iaii> im .MU.I if» ttac 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./tec. 

E-106 

■■—- ■-^**»^«-<a^.--,-*^^ M«w^^a»r,äi^»)i:]^twta>w, v '^aaaaatafesteris^ 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-107 

I 

tf$gfifajBfätfffj^-^it&mm. Ji^:jny^-*m***& 



i: 

1 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./tec. 

E-108 

tmamm i  «m i   - 

U^A^^ifcavw-i^-frirrSa.l*^ 
^i^VijjijjjJ iriWi^yirtiftii^'«*»ai^frm 



? 

AIRCRAFT 
CONFIGURATION HLD6. 

RUN NO 72  

DATE 
VORTEX 

AGE(t^) ££ 
AMBENT WIND 

140    120    100    80     60     40     20      0      20     40     60 
TANGENTIAL VELOCITY, V$, ft7ttc. 

E-1Ö9 

100     120    140 

fiiiltilirlffiiffffflffWi In 
^«i^a^riM.jrf», 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-ilO 

tttiattäitmmäAit^t in ■■urM^iagiririMilh'Ü m^afcjgaü m riWWintfi-iliHill ■mn.n..»....™,—» 



r? I 
-   , 

60     40     20      0      20     40     60 
TANGENTIAL VELOCITY, ty, ft. /tec. 

E-lll 

L ^^-^^^^-t^risjtfeffä^'il^fiiCiV^iMtiM^ 'ifHMH^-Wirni-l^-H ■   i r      in i MiiMMi^HtetWn^^aä^Wi^^ 



r 
t 

140 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$t ft. /MC. 

E-112 

80     100    120    140 

««^^«Ä-i^-eASWiWeM*!«*^ k*Mm**arii*#ntiifrH  ^tgggmmmmm *~ *M*mim* nwiiiBiHiniiriifffr- - --^-' ^^^ ■;■<-..«*• --^^.^v.-iti^,.....», ■-». -H«.I.I*ü 



T 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /ttc. 

E-113 

- ■■•-.-■ -■---■^■^«w**».»** .t^i4**^»ii*Umfiii* mt %mtiii ^iff^aiiiiS^i^^ ' "T~'^*^-'^mtrii^^ ■-,*tfate*w*iw>g.Ti*»«> 



 L~±~. ".---TV««, 

140 r 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, f!./MC. 

E-114 

to* ■ v .W«**=ä»öi:*i:>«*6-f* **>.> ̂ giiy^jg^jg^gill^^g^llB^^MiMMMAiiitott ijägü mortriiii >MnMit1li)ii-i<)1Hirtfli»rim(rfi irfiilwUB 



V '""f*" ■■'! -.'■■■J-f •*"■ ■*■'*■ ■"-■■■,    ■■'■     ■■■■'■ ' ■■*'-.."' <S7'VT'l-" Im.ij ... .—- -.TW^W-.I      ij., . »lu^lVii* ^'*H»'V»J - -'■■.'. ■J-WVT f.' jy^^y^yTO-v~ 

AIRCRAFT DC-7 
CONFIGURATION     HLDQ. 
RUN NO 
DATE 
VORTEX   (I) 

AGE (MC.) 

AMBIENT WIND 
(ft/MC) 

90 
9/16/71 

.1L 

JA 

140    120    100    80     60     40     20      0      20     40     60     80     100    120    WO 

TANGENTIAL VELOCITY, V*, «./MC. 

E-115 

. * - -. *4 ^ «-i,*«4rtp<ä*j ̂ gMjMgttagMBggaiittiMaiilMMi^^*«»«^a*aMiai^   ■ .. um,    »mfat Hvmä&MBS&H&tfltilMa^fr**'»* J n n . n m   n »M 



140    120    100    80 60     40     20      0      20     40    60 

TANGENTIAL VELOCITY, V* ft/ttc. 

E-116 

120    140 

|tÜS»««iw»»"'   

.    ...«_:»...»—. 
^mmä** ^I^M^n 



' 

• AIRCRAFT        PC-7 
CONFIGURATION HyXL_J 

90 i                                     RUM NO            J0Ö       , 1 
DATE                3/16/71   1 
VORTEX CD        STBO       1 
AfiE(Mc)           29 _      1 

ec AMBENT WWD                  I 
ULhml  4.3      

70 «c k 
-i o 
5 60 
K 
UJ 
Id 

*            1 

' 

z 

H
E

IG
H

T 8 

S 
2 40 
8 

30 

20 

• 

10 

1      . 1      .-1      . JL 1         1 1         1         1         1         1         11      .1         1 
140    120    KX)     80 60     40     20       0      20      40     60 

TANGENTIAL VELOCITY, V*, ft/ttc. 

E-117 

80     KX)     120    140 

■jfi.,-1.1-..«-   . ..Tl  -I'.-iml ■1 ■nif.Ti.iM^tt^iüatüMÜhMaoai ■niw^r ii i inifii -—^------»-■^•^  —-•* 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 
VORTEX (I) 

A6E(MC) 

AMBIENT WIND 
(a/MC) 

K-7 
HLPO. 

M  
mm 

ÜSfiL— 
3f 

10 

-L -L -L 

I4C«    120    100    60i    60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V*. ft./MC. 

E-118 

80     100    120    140 

■   &m-\m-uirmim<****'-'+~~-^-'«'** ''*>*'»'»'** in    »H ■!»*—«irtM^MMJiidi'tt»     >■   Um      *»i «WT». in    »\itam 



60     40     20      0      20     40     60 

TANGeariAL VELOCITY, ty, ft./MC. 

E-119 

+1   *.*  ,.     tm    WMI rin«nl.r.1»i.l-t.iifViri 



)ki.i.!^...i»iii.i   i,   .uug-.i^wim 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /sec, 

E-UO 

■^^^M^.^.J^.a^^..^.v^H-v^.,\^^^^\v^r^fr|f%ri|tiJ1j ■ä*üMrttttfhli HBMMI :■ >.^>-:-.^,.A^^^-^-.^1|^<tf|tfj||rgl||^i.r^^^^A^a, 



PHQPPmPPPi •■ i  J"JWJU.i*«ui. pH^MHpHBHI Uü%I.WL*UJ),II-,»!,HI .i.«f,,umi4Wlmiu-m>^im)m*"*Mj'~>m «,<■■ -    ■■ ,1U.U..nW«UI>M 

140    120    100    80     60     40     20      0      20     40     60     80     100   120    140 
TANGENTIAL VELOCITY, Vg, ft./MC 

E-121 

| i.   *, ,±.*>U,r>A*tiltmrWiillt<ÜT*ltifr«tfl-^^gm,"'fifiiiVi! I I I UllUlWflllgÜ'li i^Hi'iiiimtMfliiii^^ .nan-nnrt^r 



-   U .; i+—up^m» fmummumi.m^Jli ,!U.J^PMHIMM..I liW»WMMJWH^MW^^W^WyM'JllW Will « ^JP»>' »» '-» j ^ ..^P.H^W  -m » ^.»^yi»^j««jtflWjB.'IWWi*WH-WJ1 " ' I.IJ^ 

140 

130 - 

120 - 

no - 

«100 

c 
tu 

i 
H 90 
o 

s 
»80 z 

70 - 

60 - 

50 - 

40 

■ 

AIRCRAFT             DC-7 

CONFIGURATION    HLD6, 
— RUN NO                $7 

j OATE                     9/1/71 
VOR^Xfc)           STBO 

AGECstc.)             34 I ■N 

AMBIENT W.ND 
(a/we.)      9 

^ 

©/ 

GJ 

D 

< > 

- 

c 

© 

G 

1      1 •       i I.   , 1      ( | ,    J        1 i.i      i      i      J     _ 
140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft. /tec. 

E-122 

..,^.>,.^:,..^.J.^^, i n, Vi,liitlliiimiliii.MiririltfMiriilnlitfrr-iili-^"- ' '" ■^tiiihammmjmäi jfifii' ^gjiftiiiinffliiHr^ ■*■■•- -■ 



v:i'.rv.i» ": ■■■■^ywiw' ""~     -1*"-       S   -.'«-"". -I»*?""    ">'   ■»" i^n^^ .. <w , ■ Fk.wrFVg^       -J-t   i.l.H.t-Mltqi 

AIRCRAFT K-7 
CONFIGURATION     HUM. 
RUN NO 

DATE 

VORTEX  12) 

AGE (ttc.) 
AMBIENT WIND 

(ft./ttc) 

-2JL 
9/16/71 

34  

7.3 

J. JL 
140    120    100    80     60     40     20      0      20     40     60     60     100    120    140 

TANGENTIAL VELOCITY, ty, ft. /ttc. 

E-123 

■rttiViftWiflito^ 



Ee^PW8WB|^HWWWg^.Wü:!,t<auiJ..»4|iyw.!JIWJ'IU-Ul-JU   ....  -u   ,i  iiii.L^f|l.4->-ffl -tfjgilj»! M»*'■«---■»'•' ■■■"- -~W- «U.WHK. H-M"   -1 ■■■■'»»■ »I. H _Jj..J > V,l Jlj ■'» IHS »"I*'!!    i..»l|UWj 

140   120    100    80    60     40     20      0     20     40     60     80    100   120    140 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-124 

,.s-.ff«*»*^rViiiini'iii^ 
lÜi'Ülitiffcriiiii *-■'■'■*■"^•^^■--'irtirtTiHr^ 



m*mmmmnmm*v*. WiVi»    UIIBII1JIII    ■-!!■[ '-- •-—■- 

i IIMII jmjm winmuMnijUJijp ■ ju\» , ILJUUKIMJIIIH^II "I"» "Wm **"' «m **'■""'"■ 

l*U "     —       1 

[                              AIRCRAFT DC-7 
1                              CONFIGURATION HLDG. 

130 1                              RUN NO 91 
1                              DATE 9/8/7! 
I                              VORTEX    (2) STBD. 

!                            AGE (sec.) 49 
120 

,                              AMBIENT WIND 
(ft./ttc) 7 

no 

3 o 
Jioo 

Ik f\ 
z J    1 
H 90 
o 
i 

7  ' 
J ! 

O 
g80 
bi 
(0 ' ~=^L       ' 

70 -°^===:^        ^   ' 
60 |f • 

50 | 

40 J 1   ,.   .1 1 L   _  J          |          1           1          1          I          I 1         1 
140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, V$, ft./$tc. 

E-125 

f>^iVTilir.-.-.:->^.Vi .^iirtWi-^^-.-M' laMntinri 
^^J.-^-.^.v.-..-     ^MsM* i ■ r■ 11 >n T'riiiilMTiiTfrnirnn rmmtttfi 

..^^■^,,.v-.>.-i-.,—.a^^.-^-.-.-,.-,,.-^c->,^^.,-.^-.:^ .■.■=;...-...,..^|1j|i[t|M||^ji1^ll^.ajJ„  . ■    -..,-J 



^«.■n'.i ■<■   im *miL»HUHPI.L'llM!l  ■ 
W-WWim? drianmuxmMjMAiutwnjniwm.n II.J MI       tlil.n. m 

140 

140    120    100    80     60     40     20      0      20     40     60     30     100    120    140 
TANGENTIAL VELOCITY, V$t ft. /MC. 

E-126 

^^^ 



■ I.     LMJJIIII.WI   IWI.II       .        »■■■»—   '■'■- I...M^^,..«.^.W...W. .,„. Qggp 0VUW«g| w* i iiiiJi .1 .uiiiJ«I 4WKI*IUJIIHIUIH w ,wi i iiyj. yuwi.ij »*w«HW 

140 

130 

120 

110 

2 Jioo 
Ul 
UJ 

H 90 
o 

§ 
$80 
ui 
0) 

70 

60 

50 k 

40 

AIRCRAFT DC-* 

CONFIGURATION     HLÖQ. 
RUN NO 93 
OATE 
VORTEX (2) 

AGE (tic.)   
AMBIENT WIND 

(a/Mc.)      e.e 

ft"6/7l 
PORT 
62.5 

-L -L JL J. -L 
140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vg, ft./ttc. 

E-127 

:  - ._ . -■  -^ -.T-«~». ^i..^^:—.,-•■.> —^ ic^Ja^^'M^iMiMaiM^aii^AaL^-^ ÜMilÜMÜÜiMftTiiiniinftfinii iütflrfUJmnrtifitiidtiifiiiiiin- n i i ■ r -    - ■ ' —-   ■i.i.n. ,, „n, 



WBWR^iW u niJwiJiPMDWBpmwuwiiii imiuu wm 

140    120 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft /i«c. 

E-128 

r^<.-,,*^,.-,;..i.<-^i**Uem*^*Kr*;.iJ** » «./- 

^^^^^.^.^^..a^ .^^^^1^--^-^. 



vmi «A»   11 wu!iR»mw 

"«■■■■'"■■ ■«■ '-■mm«m_^- ■«————— in i ■■■■■■■■■■■■■—I — 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./t«c. 

E-129 

100    120    140 

..-■-■^.i—~^-~ asf ^?iP»rirhyrtT.iifti^arM^^ tite>Jdfe«tt'iiirnil iiiiwrt riflir Milfliln MnilTi ni -r ■ ■ • ^.^.-^■.^....W^^.....—I ■■ ■■ fg 



^PSPfUJPPPUP J »»■wiwi'WSPWWiwowwB'l»''»''*"«"*"^^ 
UWKU« »■, W«!P«!|M 

140    120    100    30     60     40     20      0      20     40     60     80     100    liO    140 

TANGENTIAL VELOCITY, ty, ft./ttc. 

E-130 

f^a..^.^.v;.,.v,.,. „i. .,,.Uif^.a.-n«<i»'i>r<-<BT«ej^A 
r.'rt^ii-iihi-MhiTiteMi Mi^^ ^^tfnli'inift^ifciTlfciiiiaiäiiiMi^'ki i niim rtii mi tnviiiin n<i ^ ..^..    _.   . _..-.,■, 



111 mn pppjpiWWW»^"-.'-U'lUiWwwfwp^w'ww^PMW'U'iP^ j^i^wipiiu^iJ^ 

AIRCRAFT 
CONFIGURATION     LDfl 
RUN NO 
DATE 
VORTEX   (I) 

AGE (t«c.) 
AMBIENT WIND 

(R/M&) 

0/23/71 
PORT 

140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Va, ft./ttc. 

E-131 V 

i n i pin it* nrr W.MW 11   r, T-^.-Mwiatri    in -|-|i iiW^rt^^i^i^iBliMiBlHliiii^ t-^^^miMnailiil^n    i - im m  rrnriilmin-nn 



t..^Wn—f'j-.'.' ..»■■.■■».■■■.-.   .i      .j.i M.umi.1,   ii.ii 

in i !■ .ini»     HUM inTifirTnTrTrrnrnr 

140 120 100 80 60  40  20  0  20  40  60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-132 

100    120    140 

■   r i.-^,    r     . ■ W -      -^-..  ■mi ifii ■ BMUflt in rh^niiriiMmirfiir mttmmeLmatm ~— 



I       WHWWWI« mtjmmm* 

.Li    i ——— m I WMWMWMMMMWBi 

140 

j                             AIRCRAFT PP-7 
1              . i !                             CONFIGURATION LOG. 

130 L {                             RUN NO 113 
1                             DATE W2L7\ 
|                             VORTEX fl) PORT 

AGE (ttc.) II 

120 h AMBIENT WIND 
(a/ttc.) 1*. 

ilO 1                 * 

3 
2 loo 
111 
Id 
li. 

Z f 
K90 JL- -I 

% 

T 
III 
X 

s \ $801 r         i 
1 

70 
< 

3 

60 31 

50 

40 1 1      1.     1      1      1      1 f   ... J.i.i        i        i 1        1 
140    .20    100    80 60      40     20       0       30     40     60 

TANGENTIAL VELOCITY, ty, ft./Me. 

E-133 

80     100    120    140 

 T,_  '■'■"TIM   nifirii - n iTiinrrt-iMMMMtiMiiti ni n. ■ - 1 n I    — ...>m.- - ■,».,.,,   ^ -m*—..^..~*. .^.^ 



60     40     20      0      20     40     GO 

TANGENTIAL VELOCITY, V$, ft./tec. 

r-i34 

- «awia* rMtiMfc- mirtw'n -atw mmmmmtt^t mm mmm mi flUiNf- -IHTi-MUtl 



I*U 

AIRCRAFT DC-7 
9      |                             CONFIGURATION 109, 

130 T      j                             RUN NO m 
6      1                             DATE W»/7l 
/       j                             VORTEX (2) STBp. 

f                                    AGE (ttc.) "1 
120 J          I                              AMBIENT WIND 

J          j                                    (a/ftc) n 

HO ^i^\.k ■ 

3 
Sioo 
U 
U j    / 
z •       i 
t 90 „                                          j 

(9 
ÜJ 
X 

• 

e o 
$80 
id 

70 

60 j 

50 

40 __!_..      -11            1            1            L            |            1            1            1            1            1 1      1 
140    120    100    80 60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /tec. 

E-135 

80     100    120    140 

,,,.^:^,.^        ■ r-ihlfirfi*i'ij ilHilll-fliBllfcTilllliTllilTT-—' i*^**-^   ^-«.Trtwaa 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft./$tc. 

E-136 

^^.^^,^to(iii,.«l--vLaäJrJ,r.,^w^^.tl»^..-..,...:.:--^| -    j     ■'fflJMfffrlii mm .K^-.*^^^'..^..«.*^^ 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./we. 

£-137 

_, u.i*M*a—— T-.^.I^T r.L^-i <•  i  n iilar HiiiaialiaÜliaiM jMj^^"*^* 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /tec. 

E-138 

^tirint^ait«^.ä^rJjttiL>.^ia!Aa,>L..-i.. ,.■..-    fleitifeiaiBtltttf • nriififtiftttSi '■'■">»■'     ■■-■■ -• - -- '-■- ■-•■■- ■'- 



140 

140    120    100    80 60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-139 

■-■■ :*       >•■>•.■- — -■- ■ ^-■•"rrrifiiimiiitiMiM^ mmmtmwmmmumum mm ■ ^.^^^..^.,...^■■^.MM^T,. mm; m 



140 

60     40     20      0      20 '   40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-140 

a^<itmiiiei'Kfr«a,tM'iiifi^'^- ■-■ fcjgjaj ^^^^^Luii^L^^t^ r«a^ ftttHfrrjW^tfl^^rtttfc^m.ft^-^ ■-'"   ■'■"■■»''■■aJ*^-- 



!*U 

AIRCRAFT             OC-7 

CONFIGURATION    LOG. 

130 RUN NO                179 

DATE          j&nrn 
VORTEX (1)            PORT 

AGE (MC.)             13 

120 
AMBIENT WIND 

(a/Mt)        20 

110 

F
E

E
T

(A
G

L
) 

8 

i 

Q\ 

z 
——■" V^ H 90 

o 
u 
X 

Pr^~~~- 

o: 
o 
$80 
hi 

Pi 

70 

60 

50 

40 1               1               1 1          1          1 |         1         1         1         1         1         \ .1- 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /MC. 

E-141 

80     100    120    140 

t<r»»ia«>«ili.ic»«Ä^.i54» 

*tmm mmmmmm  —■ 

^jto*^L^^^^^V^£%2^* 



AIRCRAFT 

CONFIGURATION 

RUN NO 

TE 
VORTEX (I) 

AGE (MC.) 
AMBIENT WIND 

(ft /MC.) 

PC-7 

HI 
a/24/71 

PORT 

J4. 

x -L 
|40    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VEIOCITY, ty, ft./tec. 

80     ICO    120    140 

E-142 

^^■■.^■^^ -•--^itni-iiiiinimtn- '" :--~.+~**~* 
^ mm^mmmmmmk 



FJ 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./MC. 

E-143 

^lifa-wM^s^viiM^iTfiM^^Tiiiiiiai^i^iMYri-tfiii liümi .ijüii«üi^ja»AÄ IftaüBfilir« i     r-n      m 



1 

nu 

> \ $                        AIRCRAFT 
I                        CONFIGURATION J*2fe._ 

130 

^0 

| f                        RUN NO 
1   V©                     DATE 
\                       VORTEX   m 
4                    AGECMC.5 

1« 

1?? 
120 - k 

I      \                 AMBIENT WIND 
,^-ä               (a/»tc) 8.8 

110 
\     0 

3 
Sioo 

B u. 
z (!■ 
£ 90 
o 
u z 

o 
$80 
Id 
(0 - 

70 

60 

50 

40 II         | i.           1             1             | .i.  i   i   i   i 1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /MC. 

E-144 

80     100    120    140 

Iht'iJM-ifliVr ÜMMBM t-1-iwdW-M'«■■- Il'-'itniVTlilr f'ifHll - I ' HiiHilTiiiMiriri Til m*mmmmm 



run» in mmmmmmWWMW 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /tec. 

E-145 

..-^.„■-^wihW.-V.. ■iVi     >^ii--.-i»rriäTM-i» - -—- — —--^—-•■-—-— ■ .«--..-■ ■».^^«■..A^..-. 



140 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-146 

100    120 

. -■ ^- -»v,«.. .-.je» f
-rf.|ilflr-..-^.. ^-^„..111,-   «miMin^ii- n r m ing^----——^^-^---^^■■- ;*^ ^ ..:h:>^^v--„- ifi_. .  ifTir- ■" -•• ' 



140 

AIRCRAFT 

CONFIGURATION 

OC-7          | 

LPG, 
130 RUN NO 

OATF. 

VORTEX (1) 

151 
9/23/7» 

PORT 
\0 AGE (tec.) 14 

120 

°\ 

AMBIENT WIND 
(ft/NC) 13 

110 

3 
o 
«100 
1- 
ÜJ 
ÜJ 
u. 
z 

H9o! 
o 
ÜJ z 

°\ 
o 
z80 
UJ 
V) 

Pi     i 

70 

60 
._ 

50 

40 1 1         l 1         I         1         1         { i 1            1            1            I 1        1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, VIJ, ft./MC. 

E-147 

80     100    120    140 

 -      mmiiiiMMttM» — fcMfc 1—iw^nrt- ■■ 



f I 

I 
l«»U \f 

AIRCRAFT              DC-7 
CONFIGURATION    LD6.          1 

130 

• 

RUN NO                 152            | 
OATE                     8/23/71 
VORTEX (1)           PORT 

AGE dec.)              14 

120 
AMBIENT WIND                          1 

(ft./MC)           11.7 

no - 

3 
e 
5ioo 
H ^_ 
LU 
UJ u. 
z 
H 90 

©\         | 
o 
UJ 
X 

0    \      1 

K 
O 
S80 
UJ 
CO 

0 \ ! 

»0| 

70 - 

60 

50 

40 1 i         i i    i   i    i   i    i 1         1         1         1         1         1         1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-148 

60     100    120    140 

«Mtt um 



140 

AIRCRAFT 

CONFIGURATION 
RUN NO 

OATE 

VORTEX    (I) 

AGE (MC.) 
AMBIENT WIND 

(ft./tec.) 

9/23/71 

140    120    100    80     6C     40     20      0      20     40     60     80 

TANGENTIAL VELOCITY, V$, ft./itc. 

E-149 

00    120    140 

nm ■".-I,y-iHiWintiinim i    i ■   ii i    MMttjrta6 ^£~dHjjjÜUjäjifcKä 
'—^ ■-*■-■■ 

mmmmm . .^v..._.■—.^~.,:r   ,-^.—u...^:^..^... 



140 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-150 

u. w- nüftmiii^<tä^nüm&i&ä£MäitiM ÜJJjfcÜiÜ "n    il ■■■ij>if|-riiiiTii1|-rf^fa^^<"J-^-*"--—---J--¥trffiiri«-«Mi(«ii   ■  -    ■ nti 



AIRCRAFT 
CONFIGURATION 

DC-7 

130 RUN NO 
DATE 
VORTEX (1) 

AGE (tec.) 

9rt4/7i 

P9RT . 
14     . 

120 
AMBIENT WIND 

(ft/etc.) 20 

110 

«100 

UJ 
lil 
u. 

i d 

z 

SE
N

SO
R
  

H
E

IG
H

T 

S 
    

    
    

    
   8

 

I    C D\ 

70 

60 

w 

50 • 

40 1 1      1       1      1      1       1      1 1 ■         i         i         i 1        I        1 
140    120    100    60 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-151 

80     100    120    140 

l^J.^...^-.....».-..^^..!.]..^.^-^^.^,,.^:;^ ^    n,   rtl|-^W^ lüffliirff riiiiir'w*^-a^^ tfwfryjfti-fe ■ tj^jämmäMiämmi^äiiauäatiläM 



AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 

AGE (MC.) 

AMBIENT WIND 
(ft/tec.) 

9/23/71 
STBP. 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-152 

60     100    120    140 

^^^tt.il^^^.dlEtt^^ JtMtölättfiifa^ 



AIRCRAFT 

CONFIGURATION 

RUN NO 

DATE 

VORTEX   (I) 

AGE (MC.) 

AMBIENT WIND 
(ft/stc) 

PORT 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 
80     100    120    140 

E-153 

M*aaat^...!.:,aA..»,ai^i:-^ja>»it8i iirii-iiiMirtirifci.taifi .^f^tfa fjmimmmäiäaimmm \ttiMmmnWlMilimtiriirrF-—■—~"^—*-^-ni r nrnifniiMiriTiiinhM«minr« ■   m■ ir--*■*-"-»- 



140 

AIRCRAFT 

CONFIGURATION 

RUN NO 

OATE 
VORTEX   (I) 

AGE (MC.) 
AMBIENT WIND 

(a/ttc) 

9/17/71 

140* 120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vd, ft./sec. 

E-154 

warni^*-''""' <«■»«< .-^.-^^^■^.^^^^^^■i;^ m-Mumt**^, i -if,  . MI ■■■ i   „fi-,1,1    -  ^^----^—--~^-^^-^^ 



60     40     20      0      20     40     60 

TANGENTIAL VELOCtTY, Vg, ft. /tec. 

E-155 

a-j>a.., K'Agffi'riHiBta. li    i iiifnürniiiiiiiiiiiiMiiüil jagHÜJÜg fiüitai 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 
TANGENTIAL VELOCITY, Vg, ft./tec. 

E-156 

^A,^.i^.^^^. ij^^ta^ft^*A ~    •     —— Mmmmm rnüwriüriiniii^-—- -  -.ii-niiimniiimM n ■   ■ n ail « 



mmmm 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./ttc. 

E-157 

100    120    140 

ittvn-nrnMi-»wu—_,,.T^.^».-M^. fniiftfnaiMrfcnfi-if • I        i    vi    >ni>iirifUMffTii'iiimTtfftfiiWiilM<rtMiiiittiiliiiBftaiMMa"rnf iwiiaüi'M""-1^"—^^^^!-^-^-'^■ ^"fci!■ i =■—: — n —--—■•■ —a 



AIRCRAFT 

CONFIGURATION 

.RUN NO 

DATE 
VORTEX (I) 

AGE (ttc.) 
AMBIZNT WIND 

(ft./tec) 

g/H/71 
PORT 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /tec. 

E-158 

80     100    120    140 

^^11^^^ ..^-    -^ 



AIRCRAFT 

CONFIGURATION 
RUN NO 

OATE 

VORTEX   (I) 

AGE (tec.) 
AMBIENT WIND 

(ft /we.) 

140    120    100    00     60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./wc. 

E-159 

80     100    120    140 

Efc*^. :--.A      - .,.-. J-.-=.-J,^,w.J.^..-.-.^>--~^--~.-^»a^»-'^^ ■-•■— --.v.-.^^^.'^.ajaaaadli —   — - —.■■-— — -^ ^--~-^-:------ - -■■-   . ---»»■ 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-160 

.i.'.i'-cT». -'«mir--- —   =■-• 
,,..,-     ,.;,,-,■;.-      ......„^.—t^ —->- -      -^-^^-^^=  ^--^-^^ -.,-.   - -.....-     .....:,.^..       .,_-,.._,■ J-s-^v^-^ ;..■_...- ^..A.^^ 



mmw*mf*i&«*^<m<mm*iwm 

l*U 

AIRCRAFT 
CONFIGURATION 

DC-7 

IP«. 
130 RUN NO 

DATE 
VORTEX (1) 

122 
9/22/71 
PORT 

AGE (Me.) 16 

120 AMBIENT WIND 
(a/t«c.) 11.7 

110 

(V-T-      ' **-> -j 

JlOO 

id 
la. 

H
E

IG
H

T 
IN

 

8 10 

C 
O 
§80 
Ul 
CO 

70 1 

60 

50 - 

40  1 1—      L         J            |             | \-        J-           1 -i-     i      i 1,        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./«tc. 

E-161 

80     100    120    140 



60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-162 

.. ^...„—^.,,--_,-. ,.^..^^,v..v..tor-ii-y^-v-twiittiaaiaaMBift 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft. /tec. 

E-163 

100    120    140 

Lkt^talttä^ttäkU^^ ÜflÜM iiitfiinii inniT    iirniinr ^MMMJal^..tH.t— 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /sec. 

E-164 

K^L^^-.^;-.-:,.-^.,^ H- W.^iiHlMW.1 iaiiyttiätfHiiliiM tu^^ ^'firtfrirtritfiM'fcT^'-*^ V-^->^ 



140    !20    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Ve, ft.Vtec. 

E-165 

100 . 120    140 

fia^wj^^^a^^««*^^ l***immkikmfflM~^ -^ 



AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (I) 

AGE (tec.) 
AMBIENT WIND 

(a/iec) 

PORT 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /sec. 

E-166 

80     100    I2Q    140 

,,^*^*^^ U^AMtiäte ii'iwiihwiff'i'itwi 4i_^ü* 
. jgj^v-,Vlfc,.

L. ^.^.«wiVa 



140 

130 

120 

110 

< 5ioo 

UJ 

K 90 
o 
UJ 
X 

K 
O 

UJ 
0) 

70 

60 

50 

40 J- -L 

AIRCRAFT DC-7 

CONFIGURATION LDG. 
RUN NO 199 
DATE 
VORTEX    (1) 

9/24/71 
PORT 

AGE (MC.) 16 
AMBIENT WIND 

(ft./tec.) 20 

X J- _L JL 
140    120    100    60 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-167 

80     100    120    140 

,,A/L,^^^..^.^.,^^;^...^^^.^..W..^^ 
^iff^S******* kMr^im-r^^mtiki i^s** 



AIRCRAFT DC-7 
CONFIGURATION LOG. 
RUN NO Iß  
DATE 
VORTEX    (2) 
AGEUec.) 
AMBIENT WIND 

(ft/tec)      JJL 

STBD 
16.5 

140    120    100    80 
-L -L -L 

60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-168 

-L 

80     100    120    140 

&et«^-i.»a.,^ :--: >.,>^w>...--,-^.,^ .s^ •■-■    inrniiriia'ri —■— -  —-■■ Üü ÜÜÜ 8ÜÜ ttM'fcüti'iti'frätfiiiili ■~H*ii**&üU^i,^L^. ■ ,.*^^.^.^.w.,^-w,^-^....^. , -■^-.^-^ 



IW 

AIRCRAFT DC-7          1 
CONFIGURATION kPQ.        I 

130 L RUN NO 178            I 

I f 

DATE 
VORTEX (1) 

AGE (tec.) 

*24/7L   j 
STBD        1 
l$5 

120 fly. AMBIENT WIND 
(a/sec.) 16 

110 r 

o 
«100 

QT 

i- 
ÜJ 
UJ 
la. 

b 
Z 

H 90 
o 

r 

SE
N

SO
R
 

H
E 

O
 

0 

70! - 

60 

50 

40 1 1          1 I        1        1         1         | 1         1 1        1         1 1         1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Va, ft./sec. 

E-169 

80     100    120    140 

—        -  - ■•   ^---•-^irL--T'Tiiiir'-itiiiiiaiMfitfs^riii       i  i i£MZM~~:,~~~. -. - -^...^ 



140    120    KX>     80     60     40     20       0      20      40     60 

TANGENTIAL VELOCITY, V$, ft/tec. 

E-170 

100     120    140 

iMmün-flUteH ■ r I'I r • ■ y • i ih i^ PiWjKiririiiftii^ 
iiit^'iiiifliVrraMnrtt^ftrtik^ 



I^U 

AIRCRAFT DC-7 

CONFIGURATION LP<?. 
130 

i 

RUN NO 
DATE 
VORTEX(2) 

AGE (tec.) 

I?P 
9/23/7f 
STBD 
17 

120 AMBIENT WIND 
<ft./stc.) 11.7 

110 

/   ° 
5100 

1 

i- 
UJ 
UJ u. 
z 
K 90 
o 
UJ 
Z 

It o 
$80 
UJ 
(0 

70 
m 

60 

50 

40 1         1         i 1             1             1 \         X ,       1          1          1          1 i         ' 

140    <20    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /MC 

E-171 

80     100    I2Ö    140 

-^    r  '■ i'   mrtiWMiUMiHi 
■■■■■•■J--.,..-.r.!^'i    •,.---■■ ^^^.a-^^v^^,.  ••- — 



fftam met-* rq»^^^*--^!: w 

l-»U 

AIRCRAFT DC-7 
CONFIGURATION M><*. 

130 RUN NO 
OATE 

VORTEX (1) 

AGE (tec.) 

194 

9/24/71 
PORT 
17 

120 
AMBIENT WIND 

(ft./tfC.) 23 

110 
- 

0 

3 
«100 

UJ 
U. ®v 
z 
H 90 
o 
Hi 
z 
gr 

^^^^^*si«l 

O 
$80 
UJ • 

IQ 

°\ 70 
\©| 

60 - 

50 - 

40 1         1 1         I         1         1         i 1 1         II         1 '        • 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./iff 

E-172 

80     100    120    140 

^.^  AMM*. . ^--....,,      .■■.      ■■.—.,<,■<■ niü -r-iin-~iffl«rVrtt tttte -.-:■■■. ~^ -: ■ -—» 



AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 

AGE (sec.) 
AMBIENT WIND 

(ft /tec.) 

9/24/71 
STBO 

140 120 100 80 60  40  20  0  20  40  60 

TANGENA^ VELOCITY, ty, ft. /tec. 
80     100    120    140 

E-173 

■ .■.■.-..^..^■.-- --■ .■=. -..——- -  -     1~- i«* a^MAjt^^aU^jMMUK,  . — .^-^i-, -^    ■ ■ ■    ■   _- ^,-^^_^_ ... _.  . ^| 



I«»U 

AIRCRAFT DC-7 
CONFIGURATION LD6. 

130 RUN NO 

DATE 

VORTEX  (!) 

AGE (sec.) 

198 
9/24/71 
PORT 
17 

120 
AMBIENT WIND 

(ft /sec.) 18 

110 

3 
JlOO 

Q 

i- 
UJ 
UJ 
u. 
z (4 

S
E

N
S

O
R
 

H
E

IG
H

T 

o
  
  
  

  
  
  

  
  
o

 

1° 
10 

70 - 

60 ^^0 

50 1               ' 

40 1           i           1           |           |           |           | _l         1 1        1        I 1         1 
140    120    100    80 60      40      20       0      20      40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-174 

60     100    120     140 

...       .-..■■^.....     ■^■■—.■.■w.^i.-.;.  :•■-■-   >—-^--     - —      ■..■.....^^■.■.■„.■r^;' riwfcm   -- »^.HT-IVI ft Jüan 



AIRCRAFT 
CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 

AGE (tec.) 
AMBIENT WIND 

(ft /tec.) 

9/24/71 
STBD 

80 60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-175 

80     100    120    140 

__„_.,^_IAJ ^-  a....*« ^»    i i in«i   u-Mwt^tiamnat in lifcliii illTMiiniliii T'  ' Ütttti—~~ ^--^^^i^^.^ »^^.^^...^.^ . .^»- 



I 

Wü 

AIRCRAFT DC-7 

CONFIGURATION LD6. 

130 RUN NO 

DATE 

VORTEX (1) 

AGE (sec.) 

133 
9/22/71 
PORT 

17.5 

120 
AMBIENT WIND 

(a/tec) 14.7 

110 

o 
Sioo 
UJ 
UJ 
Ik 

z 
£ 90 
0 
u 
X 

CT 

ff o 
§80 
UJ 
V) 

Co 

70 

60 - 

50 
to 

40 1         1 1       1       1       1       j 1              1              1              1              1 1        I 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$t ft./sec 

E-176 

80     100    120    140 



140    120    100    80     60     40     20 20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vgt ft./tec. 

E-177 

U, 

r,*am»^iW-r»>viiiftfTTit^ mtmsmumM KÜJ^^ ;-ür«d'.y^'V~ y 



60     40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-178 

*^tl^^«a^l,.,^ll^hnrli-|^Y'■lt^git,■^i^^ya■."Tf,r 
hVilY[ii^Wir:M[illilrsriiimiTiiffliiriifm ^^^^ :-^_^_jj^jr_-   ..-,.  V   , ..^  . _^.  J ._    tj_  ., ftrtrrt^fr 



140 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./sec. 

E-179 

l^lgmiflMiMUMJUMjMH i'-f iriiiirMiriiiaiilllfi 
••' i. 

_^^^-..^^J^j1_^ 



60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-180 

■' ■  - ---*--'-" ■■■■   -■ ■■-- v—^^.^--tjj-ito—^i. ■«-.-....-.-^ri iftteifflififfl .»»^jafajL^a^^A^-^iiiiljftBji' i  ,.». -■,■•,,,.  ,-rY-,-r--, ;.^.^;;..^..,-.-^v.,i,^>^.-1.^1, ^v.^ 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-181 

I 

■     '■■'■■             -■ ■■ ■■-'—■■■■■-*■■ -^^■^»^u^a^^.^^--^^^a^a-CTa lä«äai»^ii£j^ias*iaa aaaaata äattsti liaiflflMüdf <a aMteiaMai 



I«IU 

0 AIRCRAFT PC-7 

i 

CONFIGURATION LD6. 

130 RUN NO 194 

9 

DATE 
VORTEX (2) 

9/24/71 
STBD 

0 AGE (tec.) 18.5 

120 0 

0 

0 

AMBIENT WIND 
(a/sec.) 23 

110 
/0 

3 
o 
5.100 

=<_ bJ 
Ul 

Z ^"/X) 
H 90 
o 
UJ 
Z 

O 
g80 
ÜJ 
(0 

•/ 

70 
ttr 

60 - 

50 

40 1         1 l        1        I        l |               1                1                1               I               1 1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-182 

80     100    120    140 

äuM&ikaä^äyy&Mtitt ■v iitfitffti^ifr^rifBitfl i^2i&&i&*i&MX ' rtMitumilhi^rk mm«mmä^^MmmMtvmn ■•^ü 



120    100    80 60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-183 

100    120     140 

.....  „„..,—.-^^.^^.--'virffc^i¥iHn)iti*Wtfrt&iih-^daeMSiJ^J^. r rmViT--"""^ .^^^■^....^..^^w^^^^,,,^:^-. ■„„   ■^■~.! . .„.l2L*^S.<-.^*-.-.*^-X.-^,~ 



140 

130 h 

120 J- 

110 f- 

-j 
o 
2 loo | 
U 
UJ 

H 90 
o 
UJ 
I 
a: 
o 
£80 
UJ 
V) 

70h 

60 L 

50 I- 

40 

- 

AIRCRAFT 
CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 

AGE (sec.) 
AMBIENT WIND 

(ft./sec.) 

DC-7 
LOG. 

II? 
9/17/71 
STBD 
19 

13 

- h 
- 

G 

b 

— 
0/   1 

*" 

A>     \ 
i-f*i     .^—_ 

- 

^ 

- 

p 
'b 

G 

1 1   . 1 1         I         | 1 lilt 1        l 
140    120    100    80     60     40     20 20     40     60     80     100    120     140 

lANOtNTIAL   velum r, V0, u./sec- 

E-184 

■^^^^•■-aiin.j-'-HiiiMri 

:       ■ j,—■^■^i ÜiTMfüfinfiT" 8 aaüB fc'~mii'<fcvii 



130 ■• 

0   f 

AIRCRAFT 
CONFIGURATION 
RUN NO 
DATE 
VORTEX   (2) 

ra-7 

lei 
9/23/71 
STBD. 

120 '© 

AGE (tec.) 
AMBIENT WIND 

(ft. /tec.) 

19 

HO 
0 

F
E

E
T

(A
G

L
) 

O
 

O
 

©/ 

z 

H 90 
X 

1»^^^^»^ \ 

S
E

N
S

O
R
  

H
E

K
 

G
O

 
O

 

^° 

70 - r 

60 0 

50 

40 1         l 1         1         1         i         | i       i 1         1         1 1         1 
140    120    100    80 60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-185 

80     100    120    140 

. ■■w^tjjCJiu^Q^fca^'fl^Tlirriil fimiiti ^_ ,    ni.n iii'WMil-Tiri i      1 II   ■ mjam ügJÜÜi ■ ^ L.-..    .   . r^^^^.^^.^.      ■■-,. 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$f ft./tec. 

E-186 

gmgJIgmJEl i   iirnftii 
^j^^f^ ■- ^~-— 

y^^^^y^^ 



140 

130 

120 

110 

5ioo 
LJ 
LÜ 

I- 
X 
O 
Hi 
I 
K 
o 
c/> 
z 
UJ 
0) 

90 

80 

70 

60 

50 

40^ 

AIRCRAFT OC-7 

CONFIGURATION 

RUN NO   . 

DATE 

VORTEX (1) 

AGE (tec.) 
AMBIENT WIND 

(a/«tc.) 

LDG. 
177 
9/24/71 
STBD 

19 

17 

J_ J- -L JL J_ -L J_ 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 
»■ 

E-187 

80     100    120    140 

«-*■« :iiialmnüMfmr^tMUtmmWmmm1M nimrt firm at»Hiiin- ■ ■ fb..^..^^ fi^^rf^*i^U^* 



AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX  (I) 

AGE (sec.) 
AMBIENT WINO 

(ft. /MC) 

9/16/71 
STBD 

J8J     , 

20      0      20     40     60 
TANGENTIAL VELOCITY, ty, ft. /tec. 

E-188 

80     100    120    140 

„„^ --^-^i i-1 -II > 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./itc. 

E-189 

^~~. ~~- m iimin i am* irriiii nn- < n Til i i «■tin i     - •_ i—r»fcl !MU 



140 

AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (I) 

AGE (sec.) 
AMBIENT WIND 

(ft. /tec.) 

PC-7 

LD6. 

J2fi_ 
9/22/71 
PORT 
19.5 

11.7 

JL -L J_ 
60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-190 

80     100    120    140 

mm jgUUI 



140    120    100    80 60      40     20       0      20      40     60 

TANGENTIAL VELOCITY, ty, ft./$ec. 

E-191 

100    120    140 

■ ^^^-^^.^LW^..,^/!*^^^ fift^MtnilViirfiinTiiirfi tfiifWirtfi 



140  e-j  
el AIRCRAFT              BC-7 

130 

c 

> j 
■ 

CONFJOUftäTfÖN    LPG. 
RUN NO                  152 
DATE                     *23/72 
VORTEX (2)           STBD 

AGE (MC.)              2P 

120 
AMBIENT WIND 

(ft/stc)          7 

110 

fa     \ 

3 
< 100 

UJ 
UJ 

z 

i- 90 
e^^C.   _ 

w 
X 

"^^■^^^^fc^^ 

o 
$80 
UJ 

i   °/ 

70 

60 - 

50 

40 i     i     i i     ii     |     i 1         1         1         1         1         1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$t ft. /tec. 

E-192 

80     100    120    140 

W*i imi i I   il   II mm liiln m&s&k Saä&aamSmttii&mä n^rmi^^«**™ 



i«tu 

AIRCRAFT PC-7 
CONFIGURATION LOG. 

130 RUN NO 
DATE 
VORTEX   (2) 

AGE (tec.) 

162 
9/23/71 
?TBp, 
20 

120 
AMBIENT WIND 

(ft./tec.) 8.6 

no 

3 
e> 
5 loo 

1° 

UJ 
tu 
u. 

Of 
z 

T 
t- 90 
T. 
O 
UJ 
I 

0/ 

o 
2 80 
UJ 

/o 
(0 <•£ 

"V 
70 ^N 0 
60 

50 - 
0 

40 1 1         1 1             I              I              | 1      1       1      1       1 1         1 
140    120    100    80 60     40     20       0      20      40     60 

TANGENTIAL VELOCITY, Vg, ft. /tec. 

E-193 

80     100    120    140 

■*jft3toSW»ttM^ 



60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-194 

zutj&jtiijluJljt&jU* ^mäi¥mH^f^mmmimn-' H miäWtiliifm'i SwjiiW-Act^ajjki' j^sg gjtüy^tetii jMhiiMiiiiBMifihiMBBMiiSifcaiii^MiMrt 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-195 

oMau —^-^--" - 



SO      40     20       0      20      40     60 

TANGENTIAL VJ-XOCITY Vg.ft./sec. 

E-196 

iTJTii i tii Vn tfnir i IIITY iii-niMiiiifciil'^'^^'^ ,.~.i..i_*....—^^—i_«^^.«^_i*^—- - £££{■ 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-197 

ifli^^^^O^^ 

teKi£U»sa«to:«** 



140 r 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /sec. 

E-198 

^^Wa.r.^äj;-firMfrraiW 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-199 

ita&jmju&aaiekm&Sätii ä aüttÜSIttaa - iii i (i:imrtfrirmiriiit«iiii li' 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty. ft./sec. 

E-200 

: i-f-i - 



i«tu 

AIRCRAFT              P?-7 
CONFIGURATION     LPQ. 

130 RUN NO                122 
DATE                     9/22/71 
VORTEX (2)          STBD 

AGE (MC.)             21.5 

120 

fjj 

AMBIENT WI.ND 
(ft/*tc)         117 

• 
110 / 

o 
Sioo 

A 

z 

H
E

IG
H

T 
1 

o
 

_^^v) 

O 
$80 
UJ 

0/ 

70 

60 

50 

/            i 

40 __l_       .!_.......      1             1              1              1              1 1 1 1 L         1           1           1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /sec. 

80     100    120    140 

E-201 



i«tu 

AIRCRAFT DC-7 

CONFIGURATION LOG. 

130 RUN NO 

DATE 

VORTEX (2) 

AGE (tec.) 

149 

STBD 
21.5 

120 
AMBIENT WINÜ 

(ft /tec) •16.1 

110 
/      © 

3 
5 loo 
i- u 
UJ 
u. 

Qt* 

Z 

H 90 
r\                    .«__        ,,._ o 

Ul 
z 
z o 
g80 
Ul 
V) 

"   » 

70 

60 - 

50 - 

40 1             1              1 1             II 1             1             1             1             1             1 1         1 
140    120    100    80 60      40     20       0      20      40     60 

TANGENTIAL VtLOCITY, Vg, ft. /sec. 

E-202 

80     100    120    140 

L 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vg, ft./tec. 

E-203 

i- n ^■Trr.tiiiiB-Tüitir r   nrni'ViriiiMi 
a'-fKr-i^rriiri if! m.uri •mvntoiwj 



140    120    tOO    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-204 

100    120    140 

■ ■ 

tana™A^«iii«Uiiafa^^ mm igiBftaaaiaaiitaBt^^ r^.,,,.mi.1 . yt 



■■■gMMMi m 

140 

130 h 

120 k 

110 h 

<I00 

K 

H 90 

i 
K 
O 
2 80 
Id en 

70 h 

60 h 

50 h 

40 

AIRCRAFT OC-7         1 
CONFIGURATION LOG.         ! 

P" RUN NO 

OATE 

VORTEX (2) 

II«      -    | 
9/17/71      1 
?TPP 

©1 AGE CMC.) 22.5         1 

u O! AMBIENT WIND 
(a/ttc) 13 

u 

d 

[- 
Qt 

/  °    s 

1   © 

i   /o 

0 

u l 

i 
1      1 1 .1 1 i    i    i    i    i 1         1        1  1        1        1 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./MC. 

E-205 

80     100    120    140 

i^^,^^.,...^.....-^,...;^...,-^,...,,. mm 



I*U 
■ 

AIRCRAFT OC-7 

CONFIGURATION LOG. 

130 RUN NO 
DATE 
VORTEX (1) 

AGE (sec.) 

1» 
9/22/71 

PWT 
22.5 

120 - 
AMBIENT WIND 

(ft./sec.) n.7 

MO 

FE
ET

(A
O

L
) 

8 
H

EI
G

H
T 

IN
 

o
 

or 
o 
$80 
Id 
CO 

70 

6C 

AIT     v 

50 

0 1 
40 1         1 II          !          1 §         1.1         1         1         1 •      1 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /sec. 

E-Ü06 

80     100    120    140 

.    ..,.,,.   .    ■.-«s„srt#»S 
^.v*..^.afc«»^«j*« 



140 

J                             AIRCRAFT PP-7 
I                             CONFIGURATION LOG. 

130 j                             RUN NO 145 
A       1                             DATE 9/23if7l 
/        j                            VORTEX (2) STBD 
f        !                            AGE (ttc.) 23 

120 1          J                              AMBIENT WIND 
r       !                         (a/itc) 14.7 

110 «S\. 
-i 

5 loo ■ / t 
lü 
li. /° 
z i     e/ 
K 90 

Id 
X 

i     1 

i / 
IE o 
§80 
Id 
CO 

70 i 

60 

50 

40 i    i    i    i    i    i    •    i    i    i    i    i 1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /«ec. 

E-207 

80     100    120    !40 

- - - -- --■— ■--■ Maü^aaMü—- -.****** ^^ iÜMüiiüü ^r^,,^-^ 



140 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /MC. 

E-208 

^^ta«^^..KJ^.---^-^^^JV,;^. iMMimm^ta^ähWftimmmkiT ——"■■-rllM^in.lrii,fata«ii 



I«HJ 
1 
1 
L AIRCRAFT 

CONFIGURATION 

OC-T 
LOG. 

130 
T 

RUN NO 
DATE 

177 
a/24/71 

> VORTEX (2) PORT 
AGE (MC.) 23 

120 
< i AMBIENT WIND 

«a/we.) 1? 

no 
i > 

3 
JlOO 

Z 

H 90 
(9 
B 
X 

lo 

K 
O 
$80 
UJ . 

70 

/^ eo 

50 

40 1        1 1      .1        1 ■    •    0 i i      i      i      i 1        1 
140'   120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /MC. 

E-209 

80 

—w. ia.ili*~M* -j.\--'^.   j 



140    120    )00    60     SO     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Ve, ft./sec. 

E-210 

L *z^^^. ^■^■.^^■^..x^^ ^-..v^ :^. V:.-^,^w^>.~;ia^^^ ^urilifiiriHiiil 
K^SAfaT-a^m.«.   ----.   „ 

rfiiiinmriii'iiTii'irniiii uawH 



140 

130 h 

120 h 

• 

5100 

FE
E

T 

Z 

H 90 

S 
X 

o 
£co 
lil 

140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, V$t ft./MC. 

E-211 



i 

140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft. /aec. 

E-212 

-.._._=..      ...^ ,~ .—i ,vV,-,yi ..>- ■■■■—. .—=~^ ^-.-.yMfftfgihfi«n--^'^-->"'^^-<',n>;a^*u"A-',w'' —'•   J" ---^■■-^^•-^'^—-^—--■-"- TJjj^^tJ'i.A 



AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX  ft) 

AGE (MC.) 
AMttENT WIND 

(ft/sec.) 

PS-* 
■ LPft 
Jte  

11  
ass 

AS  

140    120    100    80     60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$t ft./sec. 

X ■J—14. 
60     100    120    140 

E-213 

N&Wnyityi^-*-*^>Virli^Bitftt'1lttfl iiaftlt'ltlr^-jfr -■•-- ii-' -1• fiinirrMiniif-[^v^llä^MMia^i^^-'--^^^iliiirftttmim MI ■ • iVi'->*Anirfc"j i,   -IT 



140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 
TANGENTIAL VELOCITY, ty, ft. /tec. 

E-214 



AIRCRAFT 
CONFIGURATION 
RUN NO 
OATE 
VORTEX (I) 
AGE (MC.) 

AMBIENT WIND 
(ft./wc.) 

PC-7 
IPS, 
98 
9/16/71 
STBP 
26. 

b.9 

X _L -L -L 
60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, ty, ft. /tec. 

80     100    120    140 

E-215 



I^U 

AIRCRAFT OC-7 
CONFIGURATION LOflt 

130 RUN NO 

DATE 

VORTEX (2) 

AGE (sec.) 

128 
9/22/71 

?TBP 
26 

120 
AMBIENT WIND 

(ft./sec) 11.7 

HO 

3 o 
JlOO 
tel 
bi 
it. 

. 

z 
H 90 
(9 
ÜJ z 

o 
§80 
HI 

70 
| 

60 

/ 

• 

• 

50 X 
40 _   1 .        i          1       -1          L.... 1          | \     , 1        1         1 1        1 

!40    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-216 

80     100    120    140 

f Tf'i Wn tnianHIt ifPi-flri' i i'ti^^^^^"'^*,i'iiiliil^iiitiliiiiii"lf>ii-,-'i'rm I 
^^^■^ jgjggygjiigijiiiaa | 



ISO 

120 

110 

{00 

-j o 
5 90 
Ü 
Hi 
b. 

H 80 
o 

X 

g 
g70 
CO 

60 

50 

40 

30 4 

AIRCRAFT 

CONFIGURATION 
RUN NO 
DATE 
VORTEX (2) 

AGE (MC.) 
AMBIENT WIND 

(a/MC.) 

PC-7 

LMi 
133 
9/22/71 
?TBD. 
26  

14.7 

JL —1 

140    120    100    80     60     40     20 20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, ty, ft. /MC. 

E-217 

, ■■,■.,■.,.■... ,,.,-.,..^-....^-^-, .,^t^. ^«^.a^A^üm;-,. >ta.i^,.-.VttMaiü>-J' If-iMnfiTii'ii riiTffiiiftiiiti^r^m^-tt'Vi-^---  — "•■'- ■■■■--"■■^-^-■---- -.-~^. ■■■■.:-•«->■■■-'■■■ - ■-■■-^ 



• •*&W^1&,Ki£**tM!^'rr?r?^^^JHP**IP*^ilblWJJI^VU   MIU! "" - •^5T?7WOsr.-- 

I*U 

,,      . • AIRCRAFT DO-7 

> CONFIGURATION LOG. 

130 RUN NO 
OATE 
VORTEX (2) 

1?? 
9/22/71 
STBD 

120 

AGE(MC) 
AMBIENT WIND 

(a/tte.) 

27 

10.3 

110 

3 
Sioo 

H
E

IG
H

T 
IN

 

8 

0 

S
E

N
S

O
R

 
O

B o
 

70 
j/    !ß 

60 - 0 

50 - 

40 ...      1 1         1         1 —<■ J 1 1 1 1      1      1      1 l       1 
140    120    100    80 60     40     20      'J      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-218 

80     100    120    140 

i.ttH.flii-ia* -ire; j'i-iMr^^it-iiiiii.idViitiiäia* .. ■„ .-.inwiiAiiMjii.i ^v«Lrfw^..iMi|-|ri ■iittfntfit'litfiiiiiiii'^i 
Tihl^lilhiiaiiitil'iiliaaiiBfaii i i" nifii , j.^.*^^^^^^*.^^-.«*--^^»>^,.,»,..=. 



_—.^ —  

{40    120    100    BO 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./MC. 

E-219 

^«■»»Miihrrtrtn^^ lü^l  ill» 



f g"*W« .*■-■   I «H  —————— 

AIRCRAFT DC-7 
CONFIGURATION    LOG. 
RUN NO 
DATE 
VORTEX   (I) 

AGE (Me.) 
AMBIENT WIND 

(ft/ttc) -L2. 

ma 

140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

£-220 

80     100    120    140 

T 

 ....... .   ■..-.-. >...^M.».il.i.lhMn.lii. ».«II** ************ &S&i>tea«iM»»«*»^ 



1 
w^Mi^^^-w^' «Bi.M*..Kyii^i«-Mptn^-W!-->"«^ - 

100 

so - 

80 - 

70 

© 
«60 
toJ 
UJ 
u. 

S" 
s 
X 40 
u 

30 - 

20 - 

10  - 

- 

AIRCRAFT         OC-7 

1 
CONFIGURATION LOG. 

RUN NO             95 BI 

DATE                 0/M/7I 

VORTEXfl)         «TO 

A6E(«KL)          20 

C I 

AMBIENT WHO 
(ft/MC.)     7 

- 
c I 

7 
- 

i / 
7 

- 

!• 

- 
O 

) 

' 

- 1 c 

- 
i  ( I 

...     1- L .1         1         1 it     i .   i 1,    1      l_J —JL  
140    120    KX)    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V* ft/tec. 

E-221 

80     100     120    140 

..,.. i ..D.1 »i. -.riMa wr»irtf»>a*ai^^^ 4fra^tt*mm»^>**>^*-i^+~-~'~ -^ 
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100 

AIRCRAFT        PC-7 
CONFIGURATION LDQ. 

RUN NO 74  
DATE mm 
VORTEX (2)      STBP 
AGE(ttc) 30  

AMBIENT WWO 
(ft/WC.)   A 

-L J L 
140    120    KX)     80 60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft/tec. 

E-E22 

80     100     120     140 

  ,.-^*^i«f»aa*t«»^^'«^M^*?K^ <w*awM*ca»ww«^iw^aflw«t^^ ■ 



1 
reu 

AIRCRAFT DC-T 
• CONFIGURATION LOG. 

130 - RUN NO 
DATE 

199 
9/22/71 

VORTEX (2) 

AGE (tec.) 

STBD 
30. 

120 

/o 

AMBIENT WIND 
(ft. /sec.) 10.3 

ilC 

3 
o 
< loo 
ÜJ 
laJ 

Z 
© 

£ 90 
o 
X 

o 
£80 
UJ 
(0 

70 

60 

50 

40 1         1         1  1 1 1  1         1         1         1         1 1        1 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V$, ft. /sec. 

E-223 

80     100    120    140 

ttfai™^^--,,.^,,. 
ir IT r ihmftrilrftfl 

****** MJafeHtofc**itfantirir m ■ rntt^u-■ irnrfi-1-fftnnm nfryirtr^imil 



•    11 

n 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./tec. 

E-224 

i • T.WnTHtrtiVrrtWrilnrii-ril t■^riiMTMir'" v>*M«»--~»«*ii-J« irtiüfün in im ivft 
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7»»^MMPJJH^"MWW*;IW ■'     ' ' 

100 

90 

80 

70 

«60 
l- 

IAJ 
b. 

S 
CO 
z 
8 

40 

30 

20 

JO 

J L -I 

AIRCRAFT PC-7 
CONFIGURATION LDO. 
RUN NO 104 
DATE s/w/7i 
VOiTJtXd)      3TB0 
AGEfcae.* U  
AMBKOT WHO 

CfeyiNC.) 1. 

MO    120    100    80     60     40     20      0      20     40     60     80     100     120    140 

TANGENTIAL VELOCITY V$t ft/ttc. 

E-22! 

iMBMSÄMMSKCfJS?*1^ 
»niiiirtrTatMMBiitiir.fiirirrr' JV^< 

yfefasV. rfWui'. «Jryawiin»,- »-i*«JieiA^-t. 



,TJV,!HiM,>.-yMtf?>VPv.-p*T-•■•     m     g       ffST—|     '   -      ■■:■■■■■ 
- -*~?='^*Y<^2*yf*mj'y».*vv?*rF^w::*^ " ■ "-'r"TTT<7nv!»^ 

mv 

AIRCRAFT PC-7 
• CONFIGURATION m> 

130 

.,-• 

RUN NO 
DATE 
VORTEX     (2) 

AGE (sec) 

89 
9/16/71 
PORT 
?2 

120 - AMBIENT WIND 
(ft/MC) .7  

IIC 

o 
«100 

UJ 
UJ 
u. 
z 
K 90 
o 
UJ 
X 

o 
^ 80 © 
111 
CO 1 3 

O 
70 

\ 

60 - 

<*— e 
50 \ 

\ 

Vo^ 

40 1 1         i 

© 

i     |     i l         1        1         1 1         1 
140    120    100    80     60     40     20      0      20     40     60     80     100    120    140 

TANGENTIAL VELOCITY, Vg, ft./sec. 

E-':2i> 

<^M»fei»tu»q6j,iffl^^ mmtimmä iriMttnirirttn-i*- tt»Mmtmuäim'm^m^»jm^u,*uT-,^m-M4tttg^tt^iaMX 
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140    !20    100    60     60     40     20      0      20     40     60     80     100   120    140 
TANGENTIAL VELOCITY, Va, ft./MC. 

E-227 
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140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, V* ft./MC. 

£•228 

120    140 



f 

60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./MC. 

E-229 

-2 



60     40     20       0      20     40     60 

TANGENTIAL VELOCITY, V$, ft./sec. 

E-230 

,.,.^.,^^.^*^^^ihn-^^ jflÜÜÜg      ■-»^^ ^^"^--^^iiriiffrmiiriirtiiii-riutf-.TtfiT,! 



60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, Vö, ft./sec. 

E-231 

 -^^--^-^^^^-^■■.w^ 



140 

190 

120 

110 

«100 

iy 
u 
b. 

H 90 

u 
X 
o: 
o 
$80 
ui 
</> 

70 

60 

50 

40 J_ _L _L 

AIRCRAFT 
CONFIGURATION 
RUN NO 
DATE 
VORTEX (I) 

AGEfcac.) 
AMBIENT WIND 

(R/»tc.) 

PC-7 

JflJ  
ft/16/71 
ana 
47.5 

4.4 

J_ X J- -L 
140    120    100    80 60     40     20      0      20     40     60 

TANGENTIAL VELOCITY, ty, ft./sec. 

E-232 

60     100    120    140 

■iflriiiMifli<i^;^'-^B-^**^ ^ 



APPENDIX F 

GRAPHS PRESENTING VORTEX AGE AND 

AMBIENT WIND VELOCITIES 
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APPENDIX H 

DETERMINATION OF ERROR INTRODUCED 
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DETERMINATION OF ERROR INTRODUCED WHEN WIND 
IS NOT EXACT CROSSWIND 

TIME 'ZERO* TAKEN WHEN 
AIRCRAFT HERE. EXACTLY 
ABREAST OF TOWER. i 

THIS VORTEX SEGMENT STRIKES TOWER. 

NOTE;    In performing vortex tower measurements, it is usually not possible 
for the aircraft *:rack to be selected exactly at right angles to the wind. 
The exact wind di erection and strength is difficult to determine and usually 
will not be constant over the height of the tower anyway. 

Time "zero" is selected as that time when the airplane is exactly abreast of 
uhe tower (point 'A'), but the vortex segment that strikes the tower is that 
generated at 'B.' Time "zero" then, should, strictly speaking, be taken when 
the airplane is at 'B,' so an error is introduced equal to the time the air- 
plane takes to fly from B to A. For the case shown, time "zero" will be late. 
The error in vortex "age" is not large. For example, for y - 300 ft, a » 30°, 
the distance A x is 173 feet - which at 120 knots groundspeed, takes approxi- 
mately 0.9 second. 

The calculation of lateral transport velocities is thus slightly in error too - 
but the derermination of crosswind velocity component is not affected - it is 
as accurate or inaccurate as the measurement of the wind strength and direction. 

H-l 



APPENDIX I 

GRAPHS OF VORTEX VELOCITIES 
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UPWIND AND DOWNWIND VORTICES - 20 - 25 sec. IN AGE. 
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