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The Federal Aviation Mninistration (EM) Teclmical Center, Atlantic City 
International Ai:r:port, New Jersey, initiated efforts to neasu:re certain physical 
effects of jet blast (as caused by aircraft jet engims) on runway PAR-56 
thresh:>ld l.cmp assenblies. The pmp:>se was to determine necessary corrective 
actions to prevent costly prarature threshold lamp failures. Mr. Anthony J. 
Barile was the f2.\A Contracting Officer's Teclmical Representative. He provided 
the managenent and direction necessary to achieve EM goals and objectives. 

The task was carried out through an Interagency Agreenent with the U.S. Anny 
Annanent Research, Developtent and Engineering Center (ARDEC), Picatinny Arsenal, 
New Jersey, contract number I71'AFA03-84-40020. Mr Jacob K. Stnlck was the Senior 
Project I.eader. le provided project teclmical leadership, overall system design 
and specification. A Data Aa;Iuisition System was designed, specified and 
configured by Mr. Struck and Mr. Daniel Raner. 

other ARDEC personnel who provided support were as follows: Mr. Jeffery 
Fornoff and Mr. Alfredo Alza developed the data acquisition carputer program. 
The data reduction was perfo:nned by Mr. Henry Lee. Data review was perfo:nned by 
Mr. Struck, Mr. Antb:>ny Barone, Mr. Lee, Mrs. Lydia Chang, and. Mr. Altaf :Khan. 
Final data reduction algorithms and plotting were perfo:med by Mr. Lee. The data 
interpretation and extrapolation were perfoJ:Ited by Mr. Struck. Mr. Rayxrond Kyle 
and Mr. George Khcm:mg assisted in the field, erecting the system and acquiring 
the data. 
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EXECUTIVE SCM1ARY 

The Federal Aviation Mministration (FM) Technical Center, Atlantic City 
International Ai:q;x:>rt, initiated an effort to neasw:e the effects of jet engine 
exhaust blast on PAR-56 lanq,s located at the threshold of a runway during the 
takeoff of many different aircraft. 'lhe purpose of these neasurenents was to 
characterize the environment created by the blast so that corrective action might 
be taken to prevent pranature larcp failure. 

An interagency agreenent ~ the FM and the U .s. Anny Annairen.t 
Research, Developnent and Engineering Center (ARDEX:), Picatinny Arsenal, New 
Jersey, was fo:rned; and a test plan and an instrunentation system allowing 
autanated data acquisition were designed and developed by ARDEC personnel. 

The sensors and data ac:quisi tion system were located at the threshold of 
runway 13 at Ia Guardia Airport in New York City, and data fran 162 aircraft 
takeoffs were acquired during this phase. 'lhe data were recorded on digital 
magnetic tape and video tape for archival purposes. 'lhe data contained on these 
tapes were conditioned, scaled and plotted for analysis. Specific data runs were 
selected for further analysis and for raroval of spurious artifacts which 
occurred during data acquisition due to the extrema envirorment caused by the jet 
blast. 

The processed data plots were analyzed and reviewed by a team of 
individuals am the w:>rst case paraneters were extracted and charted for each 
type of aircraft encountered. 'lhe \verst case paraneters for all aircraft 
encountered were also identified and listed. 

The manufacturers' published jet exhaust velocity and temperature contours 
were reviewed for many different aircraft and entered into a carputer. The data 
were then plotted and analyzed with the intent of detennining whether the data 
fran these oontour plots, taken at takeoff thrust, could be used in an algorithm 
which \veuld allow the prediction of \verst-case environnental paraneters for new 
types of aircraft. If the relationship could be made, then the effect of a new 
aircraft on the existing PAR-56 test specifications could be evaluated. 

The algoritlln was developed and it provides a reasonable estimate of the key 
environnental paraneters caused by the jet exhaust of a new aircraft. 'lhe key 
paraneters which affect the life of the PAR-56 1arcp are the total acceleration, 
both peak and root-mean-square, and the maximum rate of change of bulb face 
tenperature. 

An FAA designed and built experinental 1arcp shroud was installed in a 
threshold light array. Full-scale tests s~ a considerable reduction of the 
jet blast effects. 
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INl'roDOCTICN 

PURPOSE 

nie purpose of this "-Urk is to investigate the aircraft jet engine exhaust 
blast effects on the PAR-56 l.anp fixtures located at the runway threshold, and 
£ran the effects observed, specify the "-Urst--case environnent to which any 
equiptent located at or near the runway threshold. will be exposed. An 
extrapolation algorithm is presented ~ch allows the enviromental effects of 
new aircraft jet engine blast profiles to be predicted. 

BACKGROOND 

Excessive premature failure of the PAR-56 lamp housed in the runway 
threshold light assembly precipitated this project. A contract was initiated by 
the F7\A to neasure the various physical phenanena associated with blast plumes 
generated by jet aircraft engines and to measure their effect on the PAR-56 
assembly. '!he instrumentation system canprised a sensor array, a IID.llti-channel, 
ccnputer-oontrolled data acquisition system, and a video imaging and recording 
system which was designed and configured specifically for this task. 

All test data W3re obtained at Ia G.lardia Airport, New York City, New York 
at the threshold of :runway 13 during nonaal airport operations. An Aney Armanent 
Research, Developrent and Engineering Center (ARDEX:} equiprent van, fielded by 
the Instrumentation Section, was used to house the instrunentation, carputer, 
video equip-cent and personnel. Installation, calibration and maintenance of the 
sensors located at the runway threshold was accarq_:>lished fran nd.dnight to 6 a.m. 
so as not to oonflict with heavy air traffic. 

Perfect weather oondi tions prevailed throughout the test periods, March 3 
through March 22, 1986, which included rain, snow flurries, drizzle, cold, clear 
and bright. 

TEST OBJOCTIVES 

In order to characterize the environnent created by the aircraft jet engine 
blast plume, it was decided to measure the following physical phenanena: the 
velocity of the blast at each sensor array; the fluid terp:,!rature within the 
blast plume; and the sound pressure level at the sensor array. 'lb characterize 
the effect of the blast plume on the PAR-56 lanp assembly, the following physical 
phencmana were neasured: bulb surface temperatures at three points per bulb (at 
various illmnination intensity steps} ; and the three-axis acceleration of each 
1.anp housing. 
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A video camera was ained at the runway threshold f ran within the 
instnmentation van to allow estinatian of the distance between the aircraft 
and the sensor array. The recorded video signal was encoded with a time 
signal. F.ach data aCXjllisition recorded on digital magnetic tape was also 
enex>ded with the time signal to allow tine-syndlrorx:>us evaluation of data and 
video inage. '!he soond pressure level signal as well as the air traffic 
oontrol camunications dlannel were recorded an the video tape reoorder with 
the video image. 

It was decided to neasure the effects of each of the najor types of 
aircraft as many times as p::,ssible since so nany variables seem to affect the 
neasured blast intensity. '!his technique allc:Med a better analysis of eadl 
aircraft because with many measurements, the likelihood of encountering worst­
case conditions is higher. Since the landing blast plune effects were noted 
to be negligible at the sensor locations used, it was decided not to reoord 
any landing traffic. 

Although not originally requested by the program sp::>nsor, arx:>ther test 
objective added by the CD1'R was to evaluate the possible benefits of a metal 
shroud placed over the lamp assembly providing a "shielding" effect fran the 
jet blast plume. Near the conclusion of the tests, a shroud was installed 
over one of the two instrunented lamp fixtures. 
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DISClJSSICll 

DESCRIPTICN OF ME'ASOREMEm.'S 

The decision as to what measurenents were to be made was driven by the need 
to detennine the jet exhaust plume characteristics in the imrediate vicinity of 
the lamp housing, such as temperature, velocity, and sound pressure level, as 
~11 as the effect of the blast plume on the lamps t:h.anselves. Vibration induced 
by the blast plume was certainly an inportant paraneter to be measured, rut 
thennal stress induca:l by the blast plume on the glass envelope was also 
suspected as a cause of lamp failure. 

Since vibration can be induced in a structure by buffeting caused by the 
turbulence of the inpinging blast plume as ~11 as by exposure to intense sound 
pressure waves, it was decided to attenpt. to measure the sound pressure level 
within the high-velocity, high-tenpratu:re blast enviromnent using a calibrated 
probe micro:Eilone. 

The doct:mented l.anp failures also seared to be a function of atnospheric 
conditions. It was thus decided that the measurements '\\Uuld be made in late 
January and early Februacy to acquire data during the foggy, freezing rain 
conditions during which nost failures occur. 

DESCRIPTICN OF SEN&>R SITIN:; 

Two adjacent PAR-56 larcp assenblies in the threshold bar were selected to be 
instnmented. Not all lamp assemblies were present in the threshold bar, so the 
best adjacent pair was selected. '!his pair was closest to the nost likely offset 
fran the center of the runway to be exposed to jet exhaust plume blast frcm nost 
aircraft. A three-axis accelerooeter was nounted on each lamp housing and three 
thenrocouples were attached to the face of each lamp glass envelope. A pitot 
tube was placa:l near each assembly with a theDlDCOuple placed in the vicinity of 
the lamp assemblies to measure the blast and temperature, as ~11 as a calibrated 
micro:Eilone capable of reproducing high-intensity sound pressure nounted ~ 
the instnmented lamp assemblies. 

Figure 1 depicts the plan view of the end of runway 13 at Ia Guardia Airport 
(I.GA) , showing the location of the sensor array, the location of the 
instrurcentation van, and the field of view of the video canera which recorded a 
visual image of each data run. Figure 2 is a detailed drawing of the sensor 
array, showing where each sensor was located. Also included in Figure 2 are the 
definitions of the X, Y, and Z axes of the accele:raneters, and the sign 
conventions used in plotting the data. 
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DESCRIP.rIGl OF INSTRJMENTATION SYSTEM 

A multi-channel, canputer-cantrolled data acquisition system was used to 
acquire and record the outputs of each sensor. Figure 3 is a block diagram of 
the sensors used in the array. Figure 4 is a block diagram of the 
instnmantatian system used for the test. '!he acquisition system ~loyed 15 
si.mul.taneous channels qf input which were scanned and digitized by a high-speed 
analog-to-digital (AID) converter system. '!he digital output of the A/D 
converter was routed by the carputer to a mass maIDry storage device which 
allowed tenponuy storage of up to 28 seconds of 15 channels of infonnation. At 
the end of each nm, the contents of the mass nerory (all of the data associated 
with each data nm) \I.ere recorded an a 9-track digital tape drive. 

The nulti-channel A/D converter was chosen since it readily interfaced with 
the existi.rr;J catpUter and the mass nerory storage device. It allowed the 
sequential scanning of 15 channels of analog data with a per channel sampling 
rate of 1195.848 samples per seccnd. Thus, at this sampling rate, and with 15 
channels being sanpled sequentially, the A/D ccnverter was actually sampling at a 
rate of 17,937.72 samples per second. 

The electronic mass nerory device has a total capacity of one negabyte, or 
one million 8-bit \\'O:rds of data. Since the A/D converter had an accuracy of 12 
bits (one part in 4096, or 0.0244%), each sample occupies bJo bytes of mass 
netDry. 'rhus, at the applied sample rate, the mass nerory could hold 
approximately 28 seoonds of data to be acquired. This data plus the preamble and 
the digital overhead c::crrq>letely filled the mass mem::>ry for each data run. 

This 28-seoond duration proved to be nore than adequate since, in practice, 
the takeoff nmup and rollout tire was in the range of 5 to 15 seconds. After 5 
to 15 seconds, the sensors indicated no remaining effect fran the blast. '!his 
canfortable margin of tine allowed manual triggering by the canputer operator of 
each data aCXjllisitian as soon as the pilot had been granted takeoff clearance by 
the air traffic controller. Even with the highly variable takeoff rolls and 
engine nmups based on aircraft loading, \ot'eather conditions, and individual 
pilot's style's, it was very unlikely that any data would be lost due to the 28-
second hardware limitation. 

' Table 1 lists the analog-to-digital converter channel allocation, and table 
2 lists the data parameters recorded as the preamble to the data recording for 
each nm. 
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TABLE 1. A/0 ~ ALLOCATION 

CHAN ID SENSOR DES:RIPI'ION/I.OCATICN 

1. TAJ. Larcp #1, Bulb Surface Tetp., Top Center 

2. TBl Lanp #1, Bulb Surface Tetp., Left, 120 Deg. fran top 

3. TCl Lanp #1, Bulb Surface TeIIp., Right, 120 Deg. fran top 

4. AXl Lanp #1, Acceleraneter: X-Axis 

5. AYl Larcp #1, Acceleraneter: Y-Axis 

6. AZl Lanp #1, Acceleraneter: Z-Axis 

7. TA2 Lanp #2, Bulb Surface Tetp., Top Center 

a. TB2 Lanp #2, Bulb Surface Tetp., Left, 120 Deg. fran top 

9. TC2 Larcp #2, Bulb Surface Tetp., Right, 120 Deg. fran top 

10. AX2 Larcp #2, Acceleraneter: X-Axis 

11. AY2 Larcp #2, Acceleraneter: Y-Axis 

12. AZ2 Lamp #2, Acceleraneter: Z-Axis 

13. PAV Velocity, Pressure, Pitot A 

14. PIN Velocity, Pressure, Pitot B 

15. TFV Velocity, Fluid TE!np. 
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TABLE 2 

DATA PARAM:m1ERS REXlJRDED IN PRFAMBLE 

1. Data Run Nnber: Detennined by ccmputer. 

2. Time and Date: Fran carputer real-time clock which is synchronized with 
National Bureau of Standards Coordinated Universal Time and the video tine 
generator. 

3. Aircraft Type: Detennined by observation. Entered by the operator fran the 
keyboard. 

4. Airline and Flight Number (or Tail Number if Business Jet): Detennined fran 
listening to air traffic control camrunications. Entered by the operator fran 
the keyboard. 

5. Ambient Tenperature, Ielative Humidity and Baronetric Pressure: Entered fran 
the keyboard whenever the Autanatic Tenninal Info:rmation System (ATIS) m3ssage 
changed, autana.tically recorded on each run. 

6. Sensor location for each run: Only changes when sensors are noved. Entered 
by operator fran keyboard, autanatically recorded on each run. 

7. Caments: Special IR3teorological conditions or anything unique to particular 
nm \!ere entered by operator fran keyboard if applicable and recorded on1 y for 
that run. 

DATA PRCx:::ESS~ AND ANALYSIS 

The data acquired from each takeoff -were recorded on a 9-track digital 
magnetic tape. Fa.ch reel of digital magnetic tape was capable of storing 22 
million eight-bit w::>rds, or 22 megabytes of data. Since each takeoff contained 
about one megabyte of digital data, 22 takeoffs -were stored on each tape. There 
-were 162 takeoffs aCX}Uired during the test. 'Ibis required seven reels of 
magnetic tape. Thus, the data processing required the handling of 162 rregabytes 
of digital data. 

At the end of the field data aCXIUisition phase, the contents of the 7 
digital magnetic tapes ~ loaded onto a hard disk drive of a Digital Fquiprent 
Corporation (D~) VAX 11/750 cooputing system, located at ARDOC, where the data 
could be processed in an efficient, high-speed fashion. Fa.ch data run contained 
15 channels of individual sensor data which was read fran mem:>ry, scaled in 
proper engineer.in;J uni.ts by reading calibration coefficients stored in the 
prean:ble of each nm, and then plotted together with the appropriate axes and 
labeling infonnation. 
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The first task was to develop the plotting. software and to plot all 15 
sensor channels for all 162 data runs. It was assuned that the raw data 
would be adequate for the analysis i;:tiase. It became obvious after reviewing 
the raw data, however, that sate of the the instnmentation used to condition 
the sensor signals (charge arrpl.ifiers, thermxx:,uple prearrpl.ifiers, am line 
drivers) were affected by the rain and blast buffeting, despite being housed 
in an enclosure near the threshold bar. 

The jet blast inpinging on the conditioning electronics caused 
tenperature changes in the circuitry and in sate cases, resultant artifacts to 
appear in sane sensor channels. Sane of these artifacts were elmnated with 
additional digital signal processing of the data, but sate artifacts 
cxmtaminated the data irreo::>verably. Also, noisture migrated into sane of the 
circuitry due to the extrerre envirorment and affected their electrical 
outputs. .Again, sare of these artifacts were easily renoved with the 
judicious use of digital signal processing techniques, but sane artifacts have 
irreo::>verably destroyed the data. Fbrtunately, while at all tines at least 
one channel of data was adversely affected by the above-mentioned data 
o::>rruption mechanisms, with the use of signal processing, nost of the data was 
reo::>vered. 

The accelerorreter conditioning arrpl.ifiers were nest prone to thermal 
drift during takeoff oonditions. In sare cases, the baseline drift was ten 
tines the amplitude of the acceleration signal. The thermocouple temperature 
oonditioning amplifiers generated high-level noise, and in sane cases, all 
signals were contaminated with 60 Hertz line-related noise. In each instance, 
a digital signal processing algorithm was developed which allowed the 
reduction or ranoval of the o::>ntamination without affecting the essential 
information within the data. 

'!he algorithm developed to remove the baseline drift in the acceleraneter 
channels took advantage of the fact that the drift was a loo frequency signal 
and the acceleration data had most of its energy at higher frequencies. 
'lhus, a discrete signal process equivalent to a first-order high-pass filter 
was used. It effectively reduced the apparent baseline drift artifact to a 
level that was insignificant without affecting the integrity of the actual 
data. The equation describing. the process used. is as folloos: 

n+k 
~ 
i=n-k 

X· l. (1) 

Where x'n is the new corrected value of the nth data ix:>int in question, 
Xr, is the raw uncorrected value of the nth data ix:>int in question, and k is 
tlie index used to determine the nunber of data points in the averaging 
ensemble. '!he above equation describes a "sliding average" type of high-pass 
filter. In effect, it takes the average value of the data ix:>ints extending k 
points ahead and k ix:>ints before the data point in question and subtracts that 
average value fran the ix:>int to be corrected. By carefully selecting the 

11 



value of k, the cutoff frequency of the resulting high-pass filter can be 
oontrolled. In practice, a cutoff frequency of 1 Hertz proved best for the 
nature of the data encountered in this project. 

The above process is non-causal, meaning that its output is a result of 
data occurring before and data occurring after the data i;:oint to be oorrected. 
'!his process cannot be done in real tine as the event unfolds. It can only be 
done with a tine delay (a pipeline delay) or during i;:ost--processing after the 
event. The advantage of this process is that the estimate of the oorrection 
factor used on the corrupted data is more realistic, since it includes 
information fran data before and after the point occurs and therefore can 
"anticipate" future trends in the data. 

Figure 5 shCMS the effect of inposing the above baseline oorrection 
algorithm to a particularly extrane case of baseline drift due to thermal 
imbalance caused by jet blast. The ug,er trace is raw, unoorrected data. 
'!he lower trace is the result of baseline oorrection using the algorithm. As 
can be seen, a dramatic reduction in baseline drift has been effected. 

The tenperature data were oorrupted with high frequency noise caused by 
the conditioning arrplifiers and the relatively long cables (upwards of 450 
~ters or 1500 feet) between the sensor array and the instrumentation van. 
'!he rate of change of temperature on the bulb faces was relatively slow, or 
stating it another way, the infornation bandwidth of the temperature signal 
was relatively lCM and occupied the low frequency end of the spectrum. Thus, 
the oorrupting signal occupied the higher frequency end of the spectrum, and a 
sinple data smoothing or averaging algorithm could be used. 

The fornula for the algorithm used is belCM: 

x' = n 1 
k 

n+k 
2 
i=n 

X· l. 
(2) 

Where x'n is the new corrected value of the nth data point in question, 
and k is the number of data i;:oints used in the averaging ensemble. The value 
of k determines the cutoff frequency of the snoothing function and the 
resulting sm:x>thed outp.it can be thought of as having been lc:M--pass filtered. 
'!he best results were obtained using a filter cutoff frequency of 
approximately 2 Hertz. 

Sane data runs had channels that were oorrupted with 60 Hertz line­
related c::arponents. Consideration was given to inposing a recursive all-pass 
function on the data to see if usable data could be reoovered. '!he effect of 
a recursive all-pass filter is to insert a sharp notch filter at each harmonic 
of the 60 Hertz line interference. This would reject the interference while 
allowing all of the data information except for that which was ooincident to 
the rejected line-related harmonics to appear at the outp.it. 

Theoretically, this approach is very attractive and has nuch merit. In 
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Figure SA. Raw Acceleration Data showing excessive baseline 
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interaction. 
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FIGURE 5. EFFECT OF BASELINE CORRECTION ALGORITHM 
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practice however, it only can be effective if the data sanpling rate (the 
analog to digital oonverter sanpling rate) is exactly at, or very close to an 
integer multiple of the 60 Hertz interference. The sampling rate allCMed by 
the A/D converter used was 1195.848 samples per second. '!he closest integer 
nultiple of 60 Hertz is 1200 Hertz. A crude estinate of a prc:posed filter's 
efficacy can be made by evaluating the ratio of the sampling rate to the 
closest hannonic, together with the number of bits of amplitude quantization. 

With the inposition of the above ratio and quantization, the very best 
filter of noderate canplexity, and with theoretically ideal oonditions, could 
reduce the interference by 25 to 30 decibels. It was decided that this 
improvanent would not yield usable data and the recursive all-pass approach 
was abandoned. 'lhus, at this p:>int the data runs which have line-related 
interference cannot be sufficiently i.nproved using si.nple all-pass filtering 
techniques. '!here are other, rrore canplex all-pass algorithms which could 
yield a theoretical 40 to 50 decibel improvement rut their canplexity would 
require additional tine and effort, not anticipated within or funded by the 
existing contract. 

During the data a~sition phase at I.aGuardia airport it was noted that 
sare aircraft seaned to induce accelerations in the lanp fixtures that 
appeared to be prinarily due to the strong cdlerent acoustic outpit of the jet 
engines. 'lhe Ir-l0ll in particular, which has Rolls-Royce engines, produces a 
loud "moaning" sound during runup whim ag,eared to be evident in the output 
of an accelerareter dlannel which was being rronitored with an oscillosoope in 
the instrurrentation van. 

A Discrete Fast-Fourier Transform algoritl'ln (FFT) was used to produce 
spectral plots of the accelercneter channels and of the sound pressure 
information of several data runs of the L-1011. '!his provides cxxnparison of 
the frequency canp:>nents in each to see if the vibration oould be related to 
the acoustic outpit. This FFT transform was perforned on the Tektronix 4052A 
axcputer. 

The transform uses a 1024 p:>int input ensemble, which represents 
approximately one seoond of data. The resulting outpit has 512 p:>ints of 
frequency resolution, an analysis baoowidth of 510.22 Hertz, and with each 
spectral line representing the energy oontained in a 0.996 Hertz band. 
Conventional inp.1t windowing using a Hanning or raised-cosine weighting 
function was used. Since the anplitude quantization was 12 bits, a 
theoretical 72 decibels of anplitude accuracy was available at the outpit. 
'lhe input signals had signal-to-noise ratios far worse than the available 
accuracy of the discrete FFT, so only data within 30 to 40 decibels of the 
naxinum signal should be considered valid. 
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The "mass production" plotting of all the raw data acquired revealed many 
things. It becane clear that the sheer volwre of data acquired was nuch ncre 
than was necessary to fulfill the original goals of the project. To be sure 
that representative data extranes were encountered, many data runs were 
acquired, resulting in nuch redundant data. It also was found that sare of 
the data was corrupted with various artifacts which needed to be eliminated or 
reduced to acceptable .levels by additional signal processing. It also becane 
evident that a selection or culling process should be done to reduce the 
volUIIe of data needing further processing, without eliminating data runs of 
particular worth in fulfilling the project goals. 

Sane consideration was given to writing a program which could perform the 
ailling process with a mininum of human interaction. This process proved to 
be highly c::arplex. 'llle end result was that the effort required to develop the 
code necessary to perform the task was equal to or greater than the effort to 
manually perform the task. 

Thus, the data plots produced by the original "mass production" process, 
which were raw, uncorrected plots were manually reviewed by several skilled 
individuals with the following guidelines: 

1. Select representative data runs for each of the major aircraft 
encountered during the data acquisition i;nase. 

2. 'lhese runs should include one run which shows typical or "average" 
data values. 

3. Two runs with maximum data values should be selected to represent an 
extreme case for each aircraft type. 

4. '!he runs selected should have the maximnn available useful data 
channels. 

s. The data in each selected run should readily lend itself to the data 
correction algorithms to maximize useful information content in the corrected 
data. 

6. '!he runs should be selected using the annotations made by the test 
leader in the data run log as a guide to identifying "typical" and "extreme" 
cases. 

These criteria made data run selection very diffiailt and t~constmti.ng. 
In sare cases, several individuals had to pass judgment on a particular 
aircraft in order to select data runs which fulfilled all of the al:x:>ve 
requirements. Also, in sane cases, a partiailarly pranlsing data run had to 
be eliminated due to missing data dlannels considered to be essential to a 
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careful analysis of that run. 

Sane plots fran several of the more representative data runs appear in 
Appendix A. 'Ihe acceleroneter plots have been ba.seline corrected using the 
a,rrection algoritl'IIl discussed in the data processing section. The 
tenperature plots have been snoothed using the algoritmi presented in the 
discussion. 'lbese plots were selected to sha,, representative high-value 
paraneters to give the reader a feel for the nature and duration of the 
effects measured in this project. 'Ibey are not representative of the ~rst­
case enviromient encountered, but they sha,, nore the quality of the 
environnent, rather than portraying the \vQrst-case magnitude of any given 
paraneter. 

The bulb face temperature of one runway-mounted PAR-56 1anp assembly was 
neasured under ambient ronditions to establish normal operating levels as a 
baseline. Table 3 lists the results and the ambient weather a,nditions 
rep::,rted by I.GA Tower at the time of measurerrent. 

TABLE 3 

PAR-56 WI.B TEMPERA'IURE AS A FU?CI'ICN OF ILUJMINATICN STEP 
Note: Only one SIDE temperature listed since both sides 

were virtually identical. 

STEP 'IDP SIDE 
LEVEL TEMP d: TEMP oF TEMP d: TEMP oF 

OFF 4 39 4 39 

1 99 210 80 177 

2 131 268 106 223 

3 189 372 155 311 

4 248 478 208 406 

5 309 589 259 498 

Reported Weather Conditions: 

Tenperature: 39 OF 
Dew Point: 31 oF 
Baroneter: 30.14 inHg 
Wind: 350-3600@ 8-9 Kt. 

16 



~CN OF mTA 

TIME ANALYSIS 

The tine analysis of the data was relatively straight-forward. The 15 
plots fran each selected aircraft run were manually reviewed by a skilled 
engineer and the pertinent parameters were noted. The paraneters reviewed 
were acceleration versus tnne for three axes, bulb surface t~rature versus 
tine for t~ bulbs, each having three thentDCX)uple tenperature transducers 
epoxied in place, blast tenperature versus tnne and two wind velocities versus 
tine. 

The volume of data made interpretation a difficult task. 'lb facilitate 
interpretation, a data matrix was created which lists 23 different paraneters 
for each aircraft selected. There were 12 major aircraft types, with a total 
of 30 data runs representing typical and extreme selections for each type of 
aircraft. The natrix was broken up into t~ parts for clarity of 
presentation. 

Table 4 is the data matrix which. lists accelerations encountered with 
each aircraft. Foth peak and Root Mean Square (RMS) acx::elerations are listed 
for each axis. At the bottan of the matrix are also listed the naximJm values 
for the selected aircraft and naxinum values ever enoountered. 

Table 5 is the data matrix listing minimum and maximum bulb face 
tenperatures, naximJm rate of change of tenperature, minimum and maximum blast 
tenperature, naxinum rate of change of blast t~rature, and two maximum 
blast velocities. At the bottan of the matrix are also listed maximum values 
for listed data as well as for all data acquired in this project. 

SPECrRAL ANALYSIS 

Spectral analysis of the data was perforned for two reasons. 'lhe first 
reason was to establish the power spectral density of the acceleration signals 
so that thenechanical designer would have peak and RMS acceleration values as 
well as the pc:wer spectral density of the acx::eleration at his disposal when 
new lamp fixture designs or specifications are formulated. Figure 6 shCMS a 
typical acx::eleration power spectral density signature, rreasured on a single 
axis of the tri-axial acceleraneter. This plot is a good example of the 
spectrum encountered in m:::>st cases. 

The plot presents the acceleration induced by an LlOll. It is a one 
seoond capsule of the acceleration power spectral density taken 1.71 seconds 
into the takeoff roll. The anpli tude scale is not absolute. 'lhe inp:>rtant 
fact displayed by the plot is that the acceleration signature is relatively 
broadband random noise with no part of the spectrum having significantly 
higher energy than another. No significant structural·resonances appear in 
this plot, or in any other reviewed during the analysis of the data. Had any 
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TABLE 4 

DATA MATRIX OF ACCELERATICN VALUES 

FAA DATA MATRIX 
ACCELERATION 

L1011 I ~ I 57 
20 

I 52 I 5.5 I 5.1 I 3.4 I 3.5 I N/A I 1.8 I 3.8 I 3.1 I 1 I 0.9 I N/A I 0.28 
6.2 6 1.5 7.5 N/A 2.5 1.7 2.2 0.2 2 N/A 0.4 

8 I 13 I 18 I 7 .4 I N/A I 6.5 I 2.5 I 4.1 I 4.2 I 5. 1 I N/A I 0.56 
--------------------------------------------------------------------------------------------------------------

DC10 I T I 58 I 3.8 I 3.5 I 3 I 2 I N/A I 1.2 I 1.5 I 1.5 I o. 75 I 0.8 I N/A I 0.2 
E 117 4 4.9 N/A 4.1 N/A 2.3 0.85 0.38 N/A 1.7 N/A 2.3 
E 131 I 7.4 I 11 I 10.3 I 7.2 I N/A I 2.7 I 2.3 I 4.9 I 1.9 I 0.9 I N/A I 0.7 

----------------------------------------------····························································----
DC9/14>80 I 

I 

T I 11 I 3.41 1.5 I 1.21 31 N/A I 1.610.751 0.5 I 0.21 1.2 , N/A I 0.4 
E 89 3.7 1.5 N/A 0.6 N/A 0.2 0.15 1.2 N/A 0.3 N/A 0.1 
E I 109 I 2. 1 I 2.9 I 11 I 2.5 I 8 I 1.2 I 1.4 I 1.3 I 4.9 I 1.1 I 4.5 I o .4 

767 I i I ~7 I r I 
I 133 I 7.5 I 

10 I 3 I 3.9 I N/A 11.751 2 I 9 4.2 6.5 N/A 2.4 2.2 
12 I 1 I 11 I 1.2 I 11 3.2 I 

2 I 1 I 1.3 I N/A I 0.6 
5 2.1 3 N/A 0.7 
6 I 3 I 3.8 I o.3 I 2.s 

--------------------------------------------------------------------------------------------------------------

757 I ~ I 136 I 5.71 9.41 3.91 .4.21 0.71 3.31 2.1 I 4.1 I 1.8 I 1.710.121 1.1 
78 5.5 7 3.8 5.5 N/A 2.2 2 3.2 1.2 1.8 N/A 0.6 

I 94 6.1 I 12 IN/A 1.8 IN/A I 1.2 I 1.2 I 5.5 IN/A I 0.6 IN/A I 0.62 

737 E 90 1 2 N/A 0.3 N/A 0.2 0.2 0.7 N/A >0.1 N/A > 0.1 
T I 135 I 1.41 1.21 1.1 I 0.81 N/A I 0.381 0.5 I 0.4 I 0.261 0.231 N/A I 0.15 

737·300 I 
E I 104 I 2.4 I 4.9 I 2.1 I 0.62 I N/A N/A I 0.65 I 1.7 I 0.8 I 0.21 I N/A I N/A 

T 
E I 1.4 I 2 I 0.6 I 1 I N/A I 0.3 I 0.5 I 0.3 I 0.1 I 0.1 I N/A I >0.1 

7.1 1.7 1.4 0.8 N/A 0.65 0.2 0.2 0.6 0.2 N/A >0.1 

T I 2 I 6.5 I 5.5 I 5.5 I 8.5 IN/A I 7 I 2.5 I 2.1 I 2 I 3.75 IN/A I 3 
727 E I 60 I 10 I 5 I 3.2 5.5 I N/A 3.5 I 4.2 I 2.1 I 1.3 I 3.2 I N/A 11.35 

E 120 0.75 1.2 N/A 0.6 N/A 1 >0.1 >0.1 N/A >0.1 N/A 0.2 
·······························-------------------------------------------------------------········----------

1 T I 115 I 2.7 I 4.2 I 2.05 I 2.2 I N/A I 1.1 I 0.9 I 1.8 I 1.1 I 0.61 I N/A I 0.65 
A300 I E I 64 I 3.71 7.1 I 3.1 I 1.5 IN/A I 1.8, 1.81 1.5 I 1 I 0.78, N/A I 0.1 

AIRBUS E 41 3 3 1 1.8 N/A O. 75 1 0. 75 0.2 0.4 N/A 0.15 

FALCON I T I 6931 I 1.1 I 0.9 I 0.4 I 0.7 IN/A I 0.22 I 0.36 I 0.38 I >0.1 I 0.22 IN/A I >0.1 
BUS JET I T 0.22 I 0.23 IN/A 0.4 IN/A I 0.37 I >0.1 I >0.1 IN/A I >0.1 IN/A I 0.2 

--------------------------------------··························································-·-·----·-··--
HAWKER I T I 124 I 0.3 I 0. 7 I N/A I N/A I N/A I N/A I >0.1 I >0.1 I N/A I N/A I N/A I N/A 

·-·-········-·····-···-·····-··-····---······-·-----·-·····-------------·--·················--------·-········ 
BAC111 I T I 126 I 1.4 I 1.6 I 1.2 I 1.2 IN/A I 0.95 I 0.6 I 0.7 I 0.4 I 0.8 IN/A I 0.55 

MAX.LISTEDDATA 81 101 181 111 81 714.21 614,91 5.114.51 3 
----------·····--·····-···-----------------··----····-·····-·-----------·---····-··------------·---·-··------· 
MAX EVER 20 I 20 I 20 I 20 I 20 I 20 I 8 I 8 I 8 I 8 I 8 I 8 
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TABLE 5 

. DATA MATRIX CF 'ID-1PERATORE AND VEIDCITY VALUF,S 
- -

-------------------------------------------------------------------------------------············-····--··--------
FAA DATA MATRIX 

TEMPERATURE & VELOCITY 

----------------------------------------------------------------------·······-·---------------------------------
I BULB #1 A, B, C I BULB #2 A, B, C FLUID VELOCITY 

··············································································································&-
AIRCRAFT I -:;,p I 1.~!~.!-~.!~-~~~!-~~~-!-~.!~-~~~!-~~~-!-~.!~-~~~~! .. ~-~--! .. ~-~--

TYPE I EXTRM I RUN# I C I C IC/ SEC I C I C IC/ SEC I C I C IC/ SEC IM/ SEC IM/ SEC 
···············--------------------------------------------------------------------------------------·----------

I 
T 57 

I 10 I 18 I 0.16 I 
1~ I 1; I 

·0.1 IN/A IN/A I N/A I 
I 

L1011 E 20 12 15 0.8 0.6 16 24 2. 1 
E 52 10 I 19 I o.36 I 3 I 6 I ·2.5 IN/A IN/A I N/A I I 

--------------------------------------------------------------------------··----------···----·-·····--------·---T 58 

I 11 I 17 I 0.2 I 
5~ I 1J I 

·0.1 IN/A IN/A I N/A 2 I 
I 

DC10 E 117 74 105 -5.1 ·2.5 20 27 
E 131 92 I 145 I ·4.3 I 62 I 149 I ·4.6 24 I 32 I 2.3 I I 

DC9/MD80 I 
T 

I 
11 I 31 I 41 I ·O. 1 I 191 19 I 

-1 -~ I 
20 I 21 I o. 1 I I E 89 100 156 ·2.3 127 142 19 23 0.8 

I E 109 I 94 152 I -2.1 I 12 156 I ·4 I 15 1 11 I o.67 I I 
------·-······--------·-----··------------·--·-···--·-·····-··--·-··-·····--······------------------------------T 

I 
48 

I 9 I 16 I 0.3 IN/A IN/A I N/A I 
1~ I 

271 -5.3 I I 767 E 107 62 98 ·1.6 49 111 • 1 .6 27 1 .9 
E 133 I 91 161 I ·3.3 66 I 151 ·5.7 20 I 33 I 4 I 

·······-·---------------------------··········------------------------····---·----···-···------------·----------T 136 

I 76 
1

121 I -4.7 I 
5~ 11~ 1 -2.2 I 21 I 33 I 2.2 I 

I 
757 E 78 9 11 0.4 0.3 51 54 7.2 

E 94 98 I 156 I ·6.4 I 120 I 141 I ·4 I 18 I 26 I 1 .6 I I ····-----------------·····---···----·-·········-····-·····-········---·--·-·--···----··----·-----·--··----------
T 135 

I 89 I 145 I -4.6 I 88 I 136 I -3.2 I 20 I ~, 1.5 I I 737 E 90 93 156 ·4.3 124 140 ·2.9 18 2.6 
E 104 88 I 131 I ·4 58 I 128 I -1 .6 I 11 I 21 I -o.4 I I 

···•····•···••·······-------····•····-····-·······--·-···•····-D···•-···•-····•-····•···••···••••··••••·•••••••o 
737-300 I T 37 I 36 I ti • 1. 1 I N/A I N/A I N/A I 12 I 18 I o.: I I E 5 13 0.8 13 21 0.9 16 28 

---·-··----······----·····-··-··········-···--------·----------·-----·-·····--···---··-··-······--·-------------
T 2 I 30 I 521 ·0.25 I 30 I 49 I ·0.3 I 8. 7 I 9.6 I 0.3 , 

727 E 60 46 I 77 1.6 I 58 I 86 I 3.2 I 8 I 54 I 5.3 
E 120 133 193 ·3.3 91 196 ·6 17 20 0.8 

········-····--·-··-·------····-··------···-----·--·········------······--·-----·-----·-------·-----------------
1 T 115 I 68 I 114 I ·2.1 I 51 I 1231 ·1.5 I 18 I 24 I ·1 I 

A300 I E 64 I 58 I 91 I • 1. 7 57 I 64 • 1 .3 I 2 I 6 I 1 .6 I 
AIRBUS E 41 13 15 0.4 11 13 0.18 16 23 1.3 

···········--·····-······-······------------·-·····-·············--·--------··-----·-···--------·--·------------
FALCON I T 61 I 69 I 99 I 0.53 I 67 I 75 I 0.8 I 2.5 I 6.8 I 1.6 f I 
BUS JET I T 93 125 I 169 I ·0.67 143 f 157 I ·3.3 I 18 I 18 I 0 I I 

-----------------------···------·····----····-········-············-·······-····-···-····-··········-·····----·· 
HAWKER I T 124 I 96 I 156 I ·2.6 I 80 I 162 I ·3.3 I 17 I 18 I 0.6 I I 

··························-·······--···--············---···········-·····-·············----·-··-········--------
BAC111 I T 126 I 129 I 170 I ·0.8 I 87 I 126 I ·2.3 I 19 I 20 I >0.1 I I 

·····················································-·----·----··········------------·····---····--·---·-------
MAX. LISTED DATA 6.4 I 5.7 I I 7.2 I 
•••••••••••••••••••••••••••••••••••••••••••••••••••••m•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MAX EVER 10 I 10 I I 15 f 
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F A A R U H W A V L I G H T A N A L V S I S 
~UH 1112 AIRCRAFT: L-1911 FLIGHT: EA 11 HEAUV 
ANBIEHT TEMPERATURE: 8.JC RELATIVE HUMIDITY: 0.0~ REDUCED BY: 
~ATE: 18-MAR-86 09:03:35 BAROMETRIC PRESSURE: 10469""HI SNCAR-AED-TIL 
LOCATION: LA GUARDIA - THRESHOLD BAR RW 13 - 25,35,40,45 FT RIGHT OF CL 
COMNENTS: INFO L - DEW POINT -1.67 DEGREES CELSIUS - SUNNY - STEP 4 
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part of the structure had a tendency towards a Hi.gh-Q resonance, the type of 
broadband randan excitation exhibited in this plot \<,j()uld certainly have 
induced the resonance and it would have appeared as a pronoonced peak at a 
particular frequency. 

The seoond reason was to establish whether there are accelerations 
induced by the acoustic outp.1t of an engine or if the main driving source of 
vibration is the buffeting caused by the inpinging jet exhaust blast. If such 
accelerations are induced, their magnitudes with respect to the randan 
excitation should be evaluated. In Figure 7, a direct correlation can be seen 
between the CX>herent spectral energy in the acoustic outp.1t of the Rolls-Royce 
engines in an Ll0ll and the coherent spectral energy in the acceleration 
measured on the ump fixture. This ooherent energy is the "rcoaning" sound 
heard in the beginning of the runup of the engine and is probably due to 
canpressor stall. 

Figure 7A is a plot of the p::>wer spectral density of the acoustic output 
of the engines of the Ll0ll. 'Ihe ooherent canp:.>nents at 120 and 135 Hertz.are 
circled. N:>tice that these c:::onq;>onents project 25 dB above the adjacent randan 
noise. Notice also that there are three other ooherent signals at 360, 450, 
and 520 Hertz. 'Ihese c:x:mponents could be due to the whining of the blades 
within the turbines. 

Figure 7B is a plot of the acceleration signature of the x-axis 
accelerometer mounted. on one of the PAR-56 lanp assemblies. 'Ihe two circled 
ooherent canp::>nents at 120 and 135 Hertz are very evident in the acceleration. 
'!hey do not project as m.ich above the adjacent rand.an noise, but if the ump 
assembly had a structural resonance at this part of the spectrum, the 
p:>tential for structural damage would exist with a long enough exposure to 
this type of coherent excitation. Note that the higher frequency turbine 
corcponents, which were evident in the acoustic signal, are not a:g;>arent at all 
in the acceleration signal. 

Thus, if there were a new engine which had a strong, ooherent acoustic 
output in the lower part of the frequency spectrum (less than 200 Hertz), 
where aooustic energy coupling to a mechanical structure is most likely, the 
engine's effect on the structure of any mechanical device in the vicinity of 
the threshold bar should be investigated. One way to predict if such ooupling 
nay be likely would be to request that spectral analyses of the acoustic 
output of a new jet engine be performed and reported with the exhaust 
velocity and terrperature contours. These spectral plots would be evaluated 
for significant ooherent outp.1ts within the known frequency regions where 
ooupling is likely. 
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Jl!:\.TA DEPENDEN:IES 

AIRCRAFl' EE:F'ECIS 

The larger, heavier aircraft, such as the Ll0ll, 767 and A300 Airbus, 
produce higher accelerations, higher wind velocities, higher rates of change 
of tenperature and higher sound pressure levels than the smaller aircraft. 
Some measurenents were made on smaller ccmruter and business aircraft, such as 
the Lear, Mitsubishi, Beach 99, and Dash 7, 8 and almost negligible effects 
were recorded. 'lhe intermediate size aircraft produced effects sorrewhat less 
than the "heavies". 

Before this project was begun, it was speculated that the newer high­
bypass turbofan engines would have less of an effect than the older turbojet 
designs. It was thought that the significantly larger thrust cross-sectional 
area would reduce the intensity of the blast effect on a given area. '!his was 
definitely not observed in the rneasurerrents. In general, it can be stated 
that the larger the thrust and the heavier the aircraft, the higher its effect 
on the equiprent at or near the threshold bar. 

PII..01' EFFECI'S 

The variability of pilot technique produced the highest variances in the 
measured data. The point at which engine runup was begun was a function of 
whether takeoff clearance was given on the taxiway or in takeoff p:>sition at 
the end of the runway. 'lhe p:>int at which the aircraft started to roll varied 
also, each pilot ag;>eared to have his am preferred starting p:>int at the 
beginning of the runway. A variability of 50 to 150 feet fran the threshold 
bar was noted in this starting point. 

The way in which the engines were throttled up varied significantly fran 
pilot to pilot, also. Sane of these variabilities can be attributed to pilot 
"style". Some pilots increased power rapidly, so that full takeoff thrust was 
achieved very close (within 150-300 feet) to the threshold bar. In sane cases, 
the engines were run up to full thrust while the aircraft was on its brakes. 
other pilots seened to prefer to gradually increase the power as the aircraft 
accelerated dCMn the runway. In this case, full takeoff thrust might not be 
achieved until the sensors were out of range of the blast effects. 

METEX:ROLCGICAL EE'l''a:IS 

The variabilities in the data produced by other effects made it difficult 
to detect any effects that were due solely to the weather conditions. The 
weather did have an effect on takeoff procedures and airport operations, but 
it did not ag;>ear to directly affect any of the paraneters being measured. 
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AIRCRAFT/SENS)R DISPIACEME:NI' EE'F'ECIS 

The displacement of the aircraft, or ncre particularly, its engines fran 
the sensor array, had a definite influence on the nature and the magnitude of 
the jet blast effects being neasured. Displacement in this case is the vector 
sum of the horizontal distance between the engine and the sensor array and the 
engine height above the sensor array. 

Typical oontoors of jet engine exhaust velocity and tenperature are 
presented in Figure 8 and Figure 9. They are for the Boeing 727-100, 727-
lOOC, and the 727-200 at breakaway thrust. 1-btice in each the oorizontal 
displacercent ("axial distance behind airplane") effect and also the effect of 
the vertical displacement cx:xrponent ("height atx:>ve ground plane") an a sensor 
array llDunted aboot one foot above the ground plane. 

When the engines were very near the sensor array, so that the blast plmte 
was directed above the array, the only effect noticed was a moderate acoo.stic 
ooupling. That is, the strong acoustic energy radiating f ran the side and aft 
parts of the engine couples into the structures being llDnitored. 

As the aircraft III0',7es away, the blast plume begins to impinge on • the 
structures being llDnitored, and the neasured acceleration begins to 
significantly increase, as well as the neasured velocity and the thermal 
effects. These effects readl a peak when the part of the blast plume having 
naximJm velocities and temperature inpinges on the structure. They then begin 
to gradually drop as the aircraft accelerates a!Ji/ay. When the aircraft is 
beyond 8 to 10 aircraft lengths, almost no noticeable disturbance is noted. 

MISCELIAN&XJS EFFECl'S 

The loading of a particular aircraft had a significant effect on the 
data. If an aircraft was heavily laden, the pilot tended to throttle up under 
brakes and then release the brakes when full or near-full takeoff thrust was 
attained. '!his tended to expose the lanps and sensor array to higher levels 
of blast for longer tine durations. 

With a lightly loaded aircraft, the pilot tended to apply the throttles 
nore gradually, with no brakes awlied, and nore likely than not, to increase 
throttle settings slowly as the aircraft accelerated a!Ji/ay. This exp:>sed the 
lanps and sensors to la-,er levels of jet blast for soorter durations. 

Sane seemingly dramatic effects were noted during the data acquisition 
i;:hase of the project which were later characterized as erroneous. One effect 
noted was a marked drop in the surface temperature of one of the PAR-56 lanps. 
It was later disoovered that a particularly vigorous takeoff on the part of a 
727 pilot displaced several sandbags into Flushing Bay. These sandbags were 
securing the enclosure musing the conditioning amplifiers for the 
thermx:ouple tenperature transducers. '!he jet blast ripped off the hoosing 
cover and the amplifiers blew backwards, detaching all three thennocouples 

24 



Ill 
z 
,c FT M .,J 
a. 10 ,/'2~-:.'!. C 30 z , ,, 
:) 
0 

--~' 
a: 20 C, 
Ill 
> 
0 10 a, --,c ... 
:c 0 
C, ELEVATION iii 
:z: 

FEETO 

METERS 0 

FT M 

"' 1D z 30 ::::; 
a: 
Ill ... 20 z 
Ill .., 
Ill 10 z 
,c 
.,J 
a. 
a: 0 
c 
~ 

10 0 
a: ... 

Ii "' .., 20 
z 
,c 
t; 30 
i5 10 

PLAN 

FIGURE 8. 

50 100 

10 20 30 

100 MPH (161 KMPHI 

NOTES: 
• ESTIMATED JT80-17/17R ENGINE EXHAUST CONTOURS 

• OATA FOR JTBD-9 ANO •111 FALLS BETWEEN THE •7 ANO •17 

INFORMATION SHOWN 

• BASEOONJTB0-11iJETWAKETESTOATA 

• THREE ENGINES OPERATING • STANDARD DAY • SEA LEVEL 

• 2330 POUND THRUST PER ENGINE (APPROX. EPR 1.14) 

• STATIC AIRPLANE • ZERO WIND 

GROUND PLANE 

150 200 250 300 

40 liO eo 70 90 100 

AXIAL DISTANCE BEHIND AIRPLANE 

JET ENGINE EXHAUST VELOCITY CONTOURS: BREAKAWAY THRUST 

25 



NOTES: 

• ESTIMATED JTBD-17/-17R ENGINE EXHAUST CONTOURS 

• CATA FOR JTBD-8 AND-15 FALLS BETWEEN THE •7 ANO -17 

INFORMATION SHOWN 

• BASED ON JTBD-15 JET WAKE TEST DATA 

w 

5 
FT M ... 

• THREE ENGINES OPERATING •STANDARD DAY• SEA LEVEL 

• 2330 POUND THRUST PER ENGINE CAPPROX. EPR 1.141 

0 10 ,,,,,,,.-;._~--== z 30 ::) 
0 "1 a: --t: 1:1 20 w 5 > 
0 
m 10 C --

•STATIC AIRPLANE • ZERO WIND 

--------
... 
:z: 

0 Cl 
GROUND PLANE 

iii ELEVATION :z: 

FEET 0 100 150 200 250 300 

METERS 0 10 20 30 40 50 eo 70 Bil 90 IIIO 

AXIAL DISTANCE BEHIND AIRPLANE 

FT M 

w 10 z 30 JTBD-17 /-17R :i 
a: 100°F C38°C) w 

!z 20 
w 5 
I.I 
w 10 z 
C ... 
a.. 0 0 a: 
c 
:::E 10 0 
a: ... 5 
w 20 I.I 
z 
C( ... 30 1oA°F, -7 ENGINE "' E 10 

PLAN 

FIGURE 9. JET ENGINE EXHAUST TEMPERATURE CONTOURS: BREAKAWAY THRUST 

26 



fran the tulb face. At several times during the data a~sition phase, the 
extreme magnitude of blast caused sensor cabling to be displaced or destroyed. 

As was stated in the discussion, the thennal and moisture migration 
effects of the jet blast caused numerous anaoalies and artifacts in the data 
which later had to be eliminated with digital signal processing techniques. 
'lbe thermal effects were always present. 'llle llDisture migration effects were 
only present \\hen the runway was very wet with precipitation. '!be jet blast 
lifted the moisture fran the runway surface, atanizing it and then driving it 
into any snail orifice in its path with great force. 

~IATICN OF Ill\TA TO OI'BER AIRCRAFI' 

The approach taken to determine whether a new type of aircraft or one 
\\hich was oot enoountered during the data acquisition would have affected the 
worst case results found in the data acquired was as follows: In order to 
begin, it was necessary to obtain jet blast profile data from as many aircraft 
and jet engine manufacturers as p::>ssible. This information is given in terns 
of jet engine exhaust velocity and tenperature oontoors as a function of 
displacenent from the rear of the aircraft for both plan and elevation views. 
Typical exhaust contours for breakaway thrust are shown in Figures 8 and 9. 
'Ibis information was canpiled for sane 26 different types of aircraft fran 
various danestic and foreign camercial transport manufacturers as well as 
sare oorporate and military aircraft manufacturers. Table 6 is a list of 
manufacturers whose published jet blast profile data were used in this worst 
case estimation analysis. 

The next step was to amass the takeoff thrust blast profile data into a 
computer data base to allow its analysis. One pov1erful rrethod of analysis is 
a scatter plot. Two scatter plots were produced f ram the data. 'lbese are 
plots in which all data points fran all aircraft are plotted without lines 
being drawn between adjacent p::>ints. This type of data presentation allows 
one to easily determine any general trends in large anounts of data. Figure 
10 is a scatter plot of published jet exhaust velocity at takeoff thrust 
versus displacenent and figure 11 is a scatter plot of ?,lblished jet exhaust 
temperature at takeoff thrust versus displacenent. As can be seen in both of 
these plots, the exhaust velocity and its temperature follow definite trends 
due to the clustered nature of data p::>ints. For c::xxrparison ?,1rposes, the 
specific data for the B:>eing 727 and the Grunman F-14 are highlighted in each 
plot in line form. These specific plots are very linear when presented on a 
log-log axis grai;n. 

The production of the scatter plots and specific aircraft plots indicates 
that both the velocity and tenperature of a jet engine exhaust blast have a 
definite relationship to the displacement fran the rear of the aircraft. '!bat 
is to say, that since the scatter plots shCM definite trends as to the nature 
of the relationship between displacerrent and velocity or temperature, a rough 
determination of the velocity or temperature of the jet exhaust of any other 
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TABLE 6 

LISI' OF ~ACI'DRERS ilmE FUBLISBED JFI' ~ PROFILE JP..TA WERE 
USID IN IDRST CASE ESI'IMATION ANALYSIS 

QM.!ERCIAL I:lCMESTIC 'IRANSPCRT AIRCRAFT 

Boeing, 707-120B, -320B, -320C 
Engine 'fyJ;:e(s): JT3D 

Boeing, 720 
Engine 'fyJ;:e ( s) : JT3C 

Boeing, 727-100, -lOOC, -200 
Engine 'fyJ;:e (s): JT8D-9, -15, -17, -l 7R 

Boeing, 737-100, -200 
Engine Type(s): JT8D-17 

Boeing, 737-300 
Engine 'fyJ;:e ( s) : CFM56-3Bl 

Boeing, 747, 747SP 
Engine 'fyJ;:e(s): JT9D-3 BI.DCK II, -7 

Boeing, 747-400 
Engine Type ( s) : 'tot Given 

Boeing, 757-200 
Engine Type(s): 'tot Given 

Boeing, 767-200, -200ER, -300, -300ER 
Engine Type(s): JT9D-7R4D/ -7R4E, CF6-80A/ -80A2, 

PW 4056/ CF6-80C2 

D:>uglas, DC-8 
Engine Type(s): JT3D or RCo 12 

Ibuglas, DC-9 
Engine Type ( s) : lt>t Given 

Ibuglas, oc-10, Series 10, lOCF, 30, 30CF, 40, 40CF 
Engine Type(s): JT9D-20/ -59A 

Ibuglas, MD-80 
Engine Type(s): lt>t Given 

I.Dckheed, Ir-1011, -1, -100, -200 
Engine Type(s): Not Given 

28 



CIM-1ERCIAL REEIGN TRAmroRI' AIRCRAPI' 

Airbus, A 300 B2, B4, C4 
Engine Type(s): JT9D, CF6-50C2 

British Aerospace, BPC-111 400 Series 
Engine Type(s): SPEY 511-14 

British Aerospace, BAe-125-700/ -700 
Engine Type(s): Garret TFE731-3 

British Aerospace, Conoorde 
Engine Type(s): Not Given 

Fbkker, F-27, MK 200/500 
Engine Type(s): Not Given 

CDRPCRATE AIRCRAFl' 

Cessna, Citation II, III (Model 550, 650) 
Engine Type(s): P&W JT15D-4, Garrett T.FE731-3B 

Falcon Jet, Falcon 50 
Engine Type(s): Garrett TFEr731-3C (See data for Citation) 

Gates Learjet, Models 23/24, 35/36, 35A/36A, 55/55B 
Engine Type(s): Garrett TFE 731-2/3, General Electric CJ610 

MILITARY AIROU\FT 

Ulckheed, Cl30 
Engine Type(s): Not Given 

Grunv:nan, F-14A, F-14A(PLUS), -14D 
Engine Type(s): Pratt & Whitney TF-30, General Electric 

Fll0-400 
D:>Uglas, F-15 

Engine Type(s): Pratt & Whitney Fl0O-l?W-100 

Boeing, KC-135A/E/R 
Engine Type(s): Pratt & Whitney J-57, JT3D-3B, CFMI CFMS6-2B-l 
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TABLE 7 

EXTRAPOLATICN OF DATA TO 0'1'HER AIRCRAFr NC7I' ME'ASURED 

AIRrnAFT PUBLISHED ~ ApEAK \~c TYPE V g g 
MPH @

1
~~eoff 

Boeing 747 170 5.0 17.6 5.2 

Douglas DC-8 80 1.6 5.7 4.0 

Grurrman F-14 340 14.0 50.0 7.7 

Conoorde 220 7.5 26.0 6.0 

It should be stressed again that the values listed in the above table 
should be used only as guidelines and not as hard numbers. '!hey represent an 
atterrpt to predict physical :i;:nenanena which at best have a high degree of 
associated variability attached to them because of the many reasons listed in 
the section describing data de:pendencies. A more accurate algorithm could be 
derived only if a set of measurenents were performed under tightly controlled 
laboratory conditions. 

St:MWlY OF RESULTS 

Acx;Iuiring data from 162 takeoff runs provided more than enough 
infonnation for use in fulfilling the objectives of the project. The wealth 
of information oontained in the raw data is highly distilled in the type of 
analysis done for the preparation of this rep:,rt. The tables of key data 
i;arameters presented in previous sections give an overview of the rrore 
important i;araneters measured during the acquisition of data. 

The absolute naxinum i;arameter values encountered in this project are 
important design guidelines, when accanpanied with the s:pectral and tine 
plots. Table 8 lists these maximum values. 
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aircraft oould be made by knowing only the velocity or tercperature at any 
single i;:oint. '!his fact is i.nportant in trying to create an algorith:n that 
allows the prediction of the effect of jet exhaust blast on equipnent located 
in its vicinity. 

The final step in the process is to take the jet exhaust velocity ard 
tenperature data for a specific aircraft and canpare it to the worst case 
neasurements acx;ruired during this test for that aircraft and determine whether 
there exists a definite relationship between the exhaust blast characteristics 
of a specific type of aircraft/engine oonfiguration and the worst case 
neasurements acquired. If such a relationship exists, it is the final link 
between the p.lblished exhaust blast d:laracteristics and what effect the blast 
will have on the equiprent being exposed to it. 

In the analysis of the exhaust velocity and tenperature c::ontours it was 
noted that the greatest variance or deviation fran a mathenatical nodel occurs 
near the rear of the aircraft. As one noves further ~ay f ran the rear, the 
c::ontours nore closely adhere to a mc:rlel. One imnediate fact which probably 
oontributes strongly to this variance is the p:,sition of the engine(s) with 
respect to the rear of the aircraft and the runway surface. It seems obvious 
that for the same engine, the exhaust velocity measured at the rear of the 
aircraft would benaximum when the engine is mounted at or very near the rear 
and low with respect to the runway surface. Thus, as a starting i;:oint, an 
exhaust velocity measured 100 feet fran the rear of an aircraft at takeoff 
thrust was chosen as a reasonable location which would be relatively 
insensitive to engine location. Then, the root-nean-square (RMS) acceleration 
neasured at IaGuardia airport.was axcpared to the p.iblished takeoff thrust 
exhaust velocity at 100 feet fran the rear of each aircraft. A nathenatical 
curve fit was attempted to the results of the above canparison and an 
equation relating RMS acceleration to the published exhaust velocity was 
developed. 

This same process was repeated for the rate of change in t~rature on 
the bulb face; relating it again to the µ.iblished exhaust velocity at 100 feet 
fran the rear of the aircraft at takeoff thrust. The resulting equations 
appear below: 

RM.S ACCELERATION 

(V1oo)l.S 

~ = -440 (3) 

~ere ~ is the RM.S acceleration in g's and v100 is the 
nanufacturer's i;:ublished jet exhaust velocity in miles i;er hour at 100 feet 
fran the rear of the aircraft at takeoff thrust. 
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PFAK.ACCE:LERATICN 

ApFAK = ~ * 3.5 -(4) 

This is a rough ai;:proximation of the conversion of peak to RMS 
acceleration based on previous experience as \r.lell as on the data acquired in 
this test, but with:mt knowing more about the concise statistical distribution 
of anplitude, it is reasonable to expect this ratio to ai;:ply. 

RATE OF CHANGE OF TEMPERMURE AT 'lBE BJLB FACE 

200 + v100 
\ATnax\ = ----

70 

(5) 

Wher~Tmax\ is the absolute value of the maximum rate of change of bulb 
face te.nperature in degrees Celsius am v100 is the manufacturer's published 
exhaust velocity at 100 feet measured fran tfie rear of the aircraft at takeoff 
thrust. 'lhe mixture of metric and english units was intentional, since nost 
nanufacturer's data is given in MPH versus feet fran the rear. 

It is inp::>rtant to note that the above fo.nnulae are at best 
approximations and should be used with consideration of the following 
guidelines: '!he equations should only be used for published takeoff thrust 
exhaust velocities in excess of 175-200 MPH, neasured at 100 feet 
displacenent, since at velocities less than 200 MPH, there would be no 
increase of any of the paraneters given. 'Ihe accuracy of the results given 
is no better than + 50% due to the many variances in the rreasured data and 
also due to the accuracy with which a curve could .be fit to the data. 'lhe 
above accuracy will hold for velocities up to 750-1000 MPH. It 'WOUld be 
wise to perfonn actual measurem:mts, either in a wind tunnel facility, or 
under actual cx:mditions, similar to the type perforned for this project, at 
higher velocities so that the extrapolation fonnulae would be verified and 
refined if necessary. 

The fol"Ill.llae \r.lere used to extrapolate the data measured to several other 
key aircraft which were not measured during this project to see if aey of them 
might cause the worst case environnent values to increase above those observed 
in the data. Table 7 lists the results of the extrapolation: 
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Acceleration: 

TABLE 8 

MAXIMUM PARAMm'ER VAilJES ENCOONl'ERED 

Sin:Jle-shot peak 
Vector sum/ 3 axes 

RMS 
Vector sum/ 3 axes 

20 G/axis 
34.6 G 

8 G/axis 
13.8 G 

Rate of change of tenperature: Bulb surface 
Blast plune 

10 cl::./sec 
15 cl::./sec 

Blast Velocity: To be determined fran data 

Sound Pressure level: 140 dBSPL 

The above values are the maxim:m values encountered in the data which 
were aCXIUired for this project. If absolute design limits were to be established, 
the extrapolated values listed in Table 7 should be used, with appropriate 
safety factors, since several key aircraft were not authorized to operate at LGA. 
Notable anong the aircraft for which the runways at ~ are inappropriate are 
the 7 47, the 7 07, the DC-9, the re-engined DC-9 with CFM engines, and the 
Conoorde; all of which can be expected to produce jet blast equal to or in excess 
of the blast produced by the aircraft which were measured. 'lhus, it is unlikely 
that the absolute "WOrst-case conditions were encountered at ~ and the 
extrapolated values 'WOUld ItOre accurately characterize the "WOrst-case enviromrent 
than the values listed in Table 8. 

Significant couplin:J of strong acoustic energy radiating fran the jet 
engines into the lanp fixture when the jet blast plume was directed above the 
fixture was proven. 'Ibis energy has CX>herent canponents in the spectral region 
belCM 200 Hertz, whare it can be expected to produce accelerations in the 
mechanical parts of the lanp fixture which could excite incipient resonances 
which, in turn, oould cause fatigue failure in those parts. 

EXPERIMENTAL SHlUJD ASSEMBJX TEST 

An experimental PAR-56 lamp shroud (Figure 12) was designed, built and 
installed in a threshold light array near the conclusion of jet blast data 
collection at La G.lardia International Airport. 'Ibis was done because it was 
thought that a shielding effect could divert or reduce s~ of the blast effect 
and that a full-scale test of the shroud under actual con.di tions could be 
acccmplished ooncurrently with the originally screduled program without 
interference or additional costs. Further, if the test data 'WOUld shCM that the 
use of a shrou:1 will reduce the destructive effects of the jet blast, then a 
great oost benefit in time and IIDney will have been achieved with a solution to 
the problem that much closer. 
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The data suggest that there is approxinately a 50 percent reduction :in the 
accelerations neasured on the lanp fixture, and a similar decrease :in the rate of 
tetperature chaD:3e to the lamp itself due to jet blast. Although lanp 
tetperatures appeared to be 20 to 30 percent higher for the shrouded lanp, it is 
thought that this may not be detrinental after all because the rate of 
terperature chang'e, which is Im1Ch more deleterious, inproved significantly. 

'lbese cursoz:y test results suggest sate m:xlification to the basic shroud 
design. For example, iltproved venting could be accanplished by fabricating the 
shroud f:ran expanded netal, wire cloth or perforated sheet netal. Al though the 
shrolrl affords a neasure of physical protection for the lamp assembly, the design 
of the shroud sh:>uld be such that it '\\U\lld be lightweight, but strong and yet 
frangible enough to "give" if struck by an aircraft. It should be streaml:ined 
to act as a fairing for the lamp assembly to the runway with a low coefficient of 
drag that 'WOuld divert the jet blast. 

Attachnent of the shroud, itself, 11U1St be directly to the nmway to isqlate 
it fran the lanp assembly. This should be accanplished using shock mounts 
(rubber bushings that also provide a 1-inch vent spac:ing between the shroud and 
the runway). 

CCNCLUSI~S 

The envirornnent of the PAR-56 lanp fixtures mounted in the threshold bar is 
now '\Ell characterized: 

. The expected accelerations :in all axes due to jet blast plumes are knawn. 

• The expected time rate-of-change of temperature due to jet blast plumes is 
knCMn.. 

. The maxi.mum wind velocities which can be expected are better taken frcm 
the published blast plume data rather than fran the measured data . 

. The maxi.mJm somi.d pressure level due to the jet turbines is known • 

• The power spectral densities of accelerations and acoustic outputs are 
known. 

. The roupling of strong acoustic engine output :into accelerations has been 
proven. 

The detennination of these paraneters was a primary objective of this 
project. Ar'f_f equiprent located near the threshold bar will be subjected to these 
environnental paraneters. '!bus, the paraneters should be included in any new 
designs for such equipteit. 

Use of a protective shroud to reduce the hostile effects of the jet blast on 
the l.airp assenbiles oou1d also reduce the premature failure rate to an acceptable 
level. In turn, this could permit continued use of existing lamp assembly 
installations and obviate any red.sign. 
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AJ?PEN)IX A 

DATA PIDl'S FOR '1w:> SELECrED AIRCRAFl' : 

BOEING 767 (A-1 to A-15) 

L-1011 (A-16 to A-30) 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aircraft T\Pe: L-1011 Aabient Teaperature: 5.0 C 
Fliaht NuatSer: TMA SS, H Relat1~e "u.1d1t~; 48.6 ~ 
tlatd and Ti ■e: IZ-f'IQR-86 10:JJ 18 Baroeetric Pressdre; 770.4 ..ttg 
O.ta Run Nuat>er: Ga> Data Ch.nnel Nu■ber: ':I 
Sensor Location: LA GUARDIA AIR~T - INITIAL INSTALLATION 
CoaM!f"lte: INFO 0 - DEW POINT-SO DEGREES CELSIUS 

BULB 2 ACCELEROMETER. Y-AXIS 
a>------...-----~--...----,r----....--~---r-----,,------

, 

rov 
(!J 

z 
0 ...... 
._o 
<I: 
~ 
w 
_J 
w 
u 
u~ 
([ ' 

t . 

o· 5 10 15 
TIME <S> 

20 25 30 



:r 
""' I-' 

FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aircreft T11>e: L-JOI J Altbient Teapereture: S O C 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aireraft T11>e= L-1O11 Alabient Te~r.t.ure: :S.O C 
Fl1Qht ""aljer: TWA 559 H Relata~e huaidit~: 48.6 ~ 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aircraft T11>■: L-IOJJ Allbient Te~rM11e: S.0 C 
Fl1Qht Nu-5er: TWA S59 H ,e1at1ve huaiait~: 48.6 ~ 
O.td.and T1ae: J~-HAR-86 JO JJ.18 Bar0111etr1c Prn•\lr•= 770.4 Mfia 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aircraft T14>e= L-1011 Ailbient Te~r-'6e: :5.0 C 

. FhQht Nu~r: TWA SS9 H ~elat 1ve HuaiCSH": 48.f> ~ 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
,urcr•H Tt.1>•= L-1011 AatbIent Te~ratur•: ,.o C 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Air~•rt Ttpe: L-1011 Aal>ient Tellpt!rature: 5.0 C 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aircraft T'l)e· L-1011 Aalbient Teaperature: , O C 
FUQht Nu!ICer: TWA ss, H Rel•t ive HU1111~H~: 48 6 ~ 
0.UI and TJ ■e: J?-HAR-86 10=33 JS Bar0111etric Prnallre: 770 4 iial1a 
e:.\:C:"ro~~:~; ffooAROJA AJRPORT - JNJTJAL JNST~LATIB:u Channel ,._ber: 1! 
C:O.aenta: It.FD Q - DEN POINT -S.O DE~EES CELSIUS 

BULB 1 ACCELEROMETER: Z-AXIS 
co--.----.---,---...,....--,---~--,-----,,,_----,,-----.----,---...,...--

, 

(I)~ 
(!) 

z 
0 
t,.-4 

t-0 
<t 
tY 
w 
_J 
w 
u 
u~ 
(I I 

0 5 10 15 
TIME <S) 

20. 25 30 



:r 
N 
CX) 

FAA PAR-56 RUNWAY LIGHT ANALYSIS 
Aircraft T&1>1t= L-1011 Aillt,i1mt Te~r-."e: 5.0 t 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
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FAA PAR-56 RUNWAY LIGHT ANALYSIS 
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APPENDIX B 

ACXl(JIRED DATA RUN LIST 

This list is a carputer printout of all data runs acquired at La Guardia 
Airport. The tape number at the top of the list refers to the digital magnetic 
tapes cxmta.i.run:J all the data. 'll1e run nunber is the data run mmber, number 1 
being the first data run acquired during this test, with consecutive numbering up 
to number 162, which was the last data run acquired for this test. The 
acquisition date, aircraft type and the flight number are self-explanatory. The 
nm mnnbers are used as reference numbers on the video tapes also. 



TAPE 1 

FILE RUN C- ACQUISITION DATF. AIRCRAFT TYPE .FLIGHT t 
----- ---------------- ------------- --------

1 1 06-MAR-86 06:40:02 UNKNOWN LIHKHOWN 
2 2 06-MAR-86 00:09:02 ftOF.Ilm 7'21 EA 119 
3 3 11-MAR-ffi, 03:57:02 NONE NONE 
4 4 11-MAR-Ai> 06:26:35 BllSHlESS JET N2l<>M 
5 5 11-HAR-86 01:02:02 BOEING 737-300 HY AIR 14:\ 
6 6 ll-MAR-86 01:22:36 A :U~ BUS 3(1() EA 1160 Hf:" f~V 
7 9 11-MAR-86 07:37:36 Bllf.INB 7'27 EA 583 
8 1 i. 11-MAR-86 oa:00:06 DC 9 REPlJF.11.lC o· 
9 12 11-MAR-86 OfU07:43 MD-80 NY AIR 1 

10 13 11-MAR-86 00:15:21 FIOE.ING 727 EA 141l 
11 14 ·12-MAR-86 01:16::-:;a <NONE> <NONE> 
12 15 12-MAR-86 07:37:33 <NONE> <Nllf~I: > 
13 18 12-MAR-86 10:21 ::;!2 BOEINC:i 7'27 LINlTEI.I 1b7 
14 19 12-MAR-86 10:26:44 A:CRBlJS AJC>O PAN AM 41 H 
15 20 12-MAf~-86 10:33:18 L-101l HU\ 559 H 
16 21 12-MAR-86 11:07:20 JE.T PROPELLER W2~~4RP 
17 22 12-MAR-86 11: 12:22 DC-9 us AI~ 191 
18 23 12-MAR-86 11 :17:22 AlRBlJS A:-<(1() EA 1040 H 
19 24 12-MAR-86 1 l :27:03 BllEIN6 767 NW ORIENT 20 
20 ~5 12-MAR-86 11 ;42;55 DC-9 ME TROl.lNI< 19 
21 26 12-MAR-86 11:48:51 BOEING 737 PIEDMONT 4:W 
22 27 ·12-MAR-86 11 :58;36 ftlll:'.IHB 727 AA 50~~ 

TAPE 2 

FILE RUN t ACQUISITION DATE. AIRCRAFT TYPE FI.IGHT t 
----- ---------------- ------------- --------

1 28 12-MAR-86 12:07:35 BAC 310 f.HPIRE" 91Y 
2 29 12-MAF<-86 12:23:18 BOEUm 727 LUHTF.1.1 9ll 
3 30 12-MAR-86 12::.,m:~il r.ESSlslA CITATION N22f-"11 
4 31 12-MAF<..:.fM 12:47:04 ru:-10 AA 491 HEf-:VY 
5 32 12-11AR-86 12:52:47 ftOF.INB 737 UNITF.:)) 1()(>7 
6· 33 12-MAR-86 13:16:09 AlRBUS A:\C>(I EA 101>0 HEAV 
7 34 12-HAR-86 13:23:34 BOf.IIU> 757 EA 1461 Hf.AV 
8 35 12-MAR-86 13:40:44 BOEING 727 AA 543 
9 36 12-HAR-86 1J:~J:o, AIRBUS A:~oo PAI-I AM 24!i H 

10 37 12-HAR-86 13:50:29 BOEINB 737-30() NY AlR 147 
11 38 12-HAR-86 14:0:l:54 ftlJEINB 76.} DEL 1·A 707 HE 
12 39 12-MAF<-B6 14: 10::u DC-9 EA 651 
13 40 12-MAR-86 14:21:so BOEING 73.7 PF.JDMllNT :HO 
14 41 12-HAR-81> 14:30:00 AlRifUS A~>.(10 EA 2l HEAVY 
15 42 12-MAR-86 14;44;~~:.-< BOE:INO 727 EA 1470 
16 44 1:-<-MAR-86 07:05:57 FALCON TRl-ENGINE f(l. .. IET N65B 
17 45 13-MAR-86 01:20:01 BllEINB 76'} J:IELTA H09 HE 
,18 46 13-MAR-86 01:27::-;i::; BOEING 737 UIHTfJJ 1001 
19 47 13-MAR-86 07:37:47 Hf-:WI\ER BUSINESS JF. T N700NY 
·20 48 13-MAR-81> 07:58:46 BOEINO 767 AA 2c;,5 HEAVY 
21 49 13-MAR-86 oa:04:49 BUEINB 737 F-'F.:IDMllNT 41,7 
22 50 13-MAR-86 00:io:03 HD-80 NY AlR 1 

B-1 



TAPE 3 

rILE RUN t ACQUISITION DAl[ AXRCRf-tFT 1vn· FLIGHT I 
---- ----- ---------------- ------------- --------

1 51 13-HAR-86 OB:32U2 BOEINB 757 UNITED 9(1:\ H 
2 52 13-HAF<-86 oa:45:30 L-1011 ))F.1.TA 494 HE 
3 53 13-MAR-86 08151102 BOEIHB 757 EA 207 HEf-1VY 
4 54 13-HAR-86 09:04:24 ROF.Ilm 767 TIF.L TA HO~~ HE 
5 55 13-HAR-86 09:10:12 BUEINB 727 NW Of.!JEIH 20 
6 56 13-HAR-86 09:33:53 L-lOll flEI.TA 9~\ H 
7 57 13-HAR-86 09:40:36 L-1011 TWA 419 H 
8 58 13-HAR-86 09:48:15 DC-10 AA El!°) HEAVY 
9 59 13-HAF<-96 10:06:24 BOE.ING 737-30() f'EIItMONT !',25 

10 60 13-HAR-86 11:22:25 BOEif.m 72') AA 141 
11 61 13-HAF<-86 11:30:::;3 FALCON TRl-ENBlNE CFSCL 
12 62 13-HAR-86 11 :36:09 Fcm=:nm 737 f'EIIWlOIH ;_~;_:a,7 
13 63 13-MAR-96 1l :41:39 BOEINB 727 EA 545 
14 64 13-HAF<-86 11 :~o:s6 AXRBUS A300 EA l o:\o HF.tW 
15 65 13-MAR-86 11 :59:20 ItC-9. NY AJR 7 
16 66 14-MAr<-86 06:36:47 HAlJl,ER BUSINESS JET N540FI 
17 68 14-HAR-86 07:44:56 BOEING 767 AA 285 HE-.:f-tVY 
18 69 14-MAf.!-86 07:56:09 l·lil··BO r.mn 127 
19 70 14-MAR-B6 OR:45:58 AIRBUS A3(,0 EA 10H> H 
20 72 14-MAR-86 00:s1:13 L-l.Oll EA 11 H 
21 73 14-MAR-86 00:55:51 BOE.ING 737 f'F.IDMCIIH 477 
22 74 14-MAF<-86 09:43:44 TIC-10 AA B~', Ht=.AVY 

TAPE 4 

FILE RUN 4 ACQUISITION DATE ?1lRCRf-1Fl TYf'F.: FL.IBHT I 
----- ---------------- ------------- --------

1 75 14-Hf-1R-86 10:04:59 L-1011 TWA 4H' H 
2 76 14-MAR-96 10:31:02 L-1011 TLJf.1 5~;9 H 
3 77 14-MAR-81, 101:~9106 BUEING 7'.,?7 TWf-1 5(151 
4 78 14-MAR-86 10:45120 FcOEINr; 757 F.A 2(0 HEf~VY 
s 79 14-HAR-86 J orn2io:; rll:-9 EA 377 
6 BO 14-MAR-86 10:56:28 FllKl<ER F-2H EHPif.!E s,4:4 
7 82- 14-MAR-86 11U3128 DC-9 US AIR 171, 
8 83 17-HAR-86 06:31:53 <NONE> <NONE> 
9 84 17-HAR-86 06138:27 <NONE> <WOWE> 

10 85 17-KAR-86 06:45:01 <NOHE> <l,tllNE.> 
11 86 17-MAR-86 06155101 <NONE> <NONf> 
12 87 17-MAR-86 07:01 :36 <NCll,tE> <NDr.fF.> 
13 88 17-HAR-96 13:11:45 BOEING 767 TWA 129 HEAV 
·14 89 17-MAR-86 13118:02 DC-9 REPllf.11. l C 6:~3 
15 90 17-MAR-86 13122158 BOEING 737 f'IEDMONT H>9 
16 • 91 17-MAR-86 13:31:06 ~OEINB 727 EA 14/.:i. 
17 92 17-MAR-86 13::<5143 AIRBUS A:-<OO EA 1060 HEAV 
18 93 17-MAR-86 13:41:41 FALCON TRl-ENCHNE N29.i'W 
19 94 17-HAR-86 13:55:10 BOEING 757 Efi 107 
20 9~ 17-MAR-86 14:02:::;7 BUEINO 767 ItELTA 707 H 
21 96 17-MAR-86 14 :-29112 AIRBLI$ A:iOO F.f-1 1070 HEtW 
22 97 18-MAR-86 01:02:21 BOEING 727 EA 14(1:i, 

B-2 



f'ILE RUN f. ~CQUISITIOH DAlE 
----- ----------------1 98 18-HAR-86 07U4:56 

2 99 18-HAR-86 07:22:27 
3 100 18-HAR-86 07:26::;4 
4 101 18-HAR-86 07:37:12 
5 102 18-HAR-86 07:43:52 
6 103 18-MAR-81> 07:49:43 
7 104 18-HAR-86 07:57:03 
8 105 18-HAR-86 00:02:46 
9 106 18-MAR-86 00:06:49 

10 107 18-HAR-A6 00:23:20 
11 108 18-HAR-86 00:29:56 
12 109 18-HAR-86 oa:39:54 
13 110 18-MAR-86 00:43:5a 
14 111 18-MAR-81> 08f51°:27 
·15 112 18-MAR-86 09:03:35 
16 113 18-MAR-86 09:09:03 
17 114 18-HAR-86 09:13:41 
18 115 18-MAR-86 09:25:30 
19 116 18-MAR-86 09:33:14 
20 117 18-HAR-86 09:_54:18 
21 118 18-MAR-86 10:00:49 
22 119 18-MAk-86 10:30:20 

FILE RUN t • ACQUISITION DATE 
... ----- ----- ----------------1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
.18 
19 
20 
21 
22 

120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

18-MAR-86 10:41:16 
18-HAR-86 10:53120 
18-MAR-86 11:09:18 
18-HAR-86 11f13f02 
18-MAR-86 11:20:49 
18-HAR-86 11:54139 
18-HAR-86 12:04:39 
18-HAR-86 12:09:28 
18-HAR-86 12:15:27 
18-HAR-86 12:20:55 
18-MAR-86 12126:30 
18-HAR-86 12:37:37 
18-HAR-86 12:47:25 
18-MAR-86 13:ob:37 
18-MAR-B6 13S03:44 
18-MAR-86 13:12:46 
18-MAR-86 13:20:35 
18-HAR-86 13:25:49 
19-MAR-86 06:46:34 
19-MAR-86 06:57:33 
19-HAR-86 07:07:32 
19-HAR-86 07:15:32 

TAPE 5 

AIRCRAFT TYPE-: 

-------------BOF.Um 767 
BOEil•m 727 
AIRBUS A~-<()O 
DC:-9 
lC()E:"INB 767 
BOEING 727 
BOEING 737 
DASH 7 
Mll-80 
BOEING 767 
F-28 
DC-9 
Ff.1LCON TRX-ENBXNE 
FUlEINB 737 
L-101 l 
BOEING 7f.7 
DC-9 
AIRBUS A300 
L-1011 
I•C-10 
DC-9 
L-1011 

TAPE 6 

AIRCRAFT TYPE 

BCIEINB 7~!7 
AR-42 TWO ENGINE PROPELL 
BOE.11.fG 727 
BOE::INU 767 
HAWKER ItUSINE.SS JE:"1 
BOF.INB 727 
flAC U 1 
F-28 
AIRBUS A300 
BOl:.INB 727 
BOEIHG 7::i7 
DC-10 
AIRBUS A:~oo 
flOr:ING 767 
GRUMMAN GULFSTkEAM 
BOEING 737 
BOEIN(; 757 
flOF~IHB 727 
CITATJOH BUSIHESS JET 
BOEUm 727 
BOEING 737 
ICOf~lHB 727 

B-3 

F I.JGH"I t 
--------
Mi 511 HEf.iVY 
NW ORIEIH 28 
Efi 1160 HF. fiV 
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