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PREFACE 

The work described in this report was initiated for the purpose of identi 

fying the source of wind anomalies reported by pilots on final approach to Los 

Angeles International Airport during early morning hours. During these hours, 

all approaches are conducted to the east, and all takeoffs are conducted to the 

west. The low-altitude portions of all takeoff and landing operations are there 

by conducted over the Pacific Ocean. 

The Lockheed-Huntsville mobile laser Doppler velocimeter system was 

used to measure winds to an altitude of 150 m and to measure the trajectories 

of aircraft wake vortices - particularly for aircraft on takeoff. Data were re 

corded on magnetic tape. The intent of the work described in this report was 

to record data as continuously as possible and to perform off-line data process 

ing for the time periods during which wind anomalies were reported by pilots. 

A formal report which identified the source of the pilot-reported wind anomalies 

would then be written. 

During the data measurement period, no pilot-reported wind anomalies 

occurred. Therefore, off-line data reduction was performed for only a few 

sample cases. Since no pilot-reported wind anomalies were reported, an 

informal report was deemed as the most appropriate reporting procedure. 

Therefore, this report contains a very brief description of the mobile laser 

Doppler velocimeter system used. Refer to the reports listed in Section 6 

for a more detailed description of the system and its capabilities. 

The reader should be aware that much of the material in Section 4 is 

based upon observations made by the test crew at the test site. Normal 

processing of data for the laser Doppler velocimeter system in its configu 

ration for the subject tests requires off-line computer processing. However, 

111 



because no pilot-reported anomalies were reported, little off-line data process 
ing was performed. Therefore, &e results discussed in Section 4 should be 

construed as the resuU of a quick-look analysis and should not be construed as 

the result of a detailed analysis based on off-line processing of the data The 

data tapes currently reside at Lockheed-Huntsville and may be processed. 

Lockheed-Huntsville appreciates the assistance of Bert Lockwood 

of the Los Angeles International Airport for his help in the data-

collection portion of this test. 
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1. INTRODUCTION 

Los Angeles International Airport (LAX) uses a unique runway utiliza 

tion program to minimize noise pollution in the airport vicinity. Between 

midnight and 0600 local times, all takeoffs and approaches are conducted to 

and from the west over the Pacific Ocean on runways 6R-24L and 7L-25R. 

During these nightime approaches, aircraft have often been reported to overfly 

the glideslope. Pilots have attributed this to strange wind patterns and, pos 

sibly, to wind shear. With approaches and takeoffs from the same end of the 

runway, some incidents which may be attributable to wake vortices have been 

reported, although, at the present time, there is no evidence to support this 

assumption. 

The Lockheed-Huntsville mobile Laser Doppler Velocimeter (LDV) unit 

has been used to monitor the winds and wake vortices in the approach zone to 

runway 6R. The results from the effort are presented in this document, which 

includes a detailed discussion of the problem, a brief description of the instru 

mentation, and a brief analysis and discussion of the data and conclusions. 
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2. DISCUSSION OF PROBLEM 

2.1 STATEMENT OF PROBLEM 

To minimize aircraft noise pollution in the vicinity of LAX, departure 

and approach operations are conducted to and from the west over the Pacific 

Ocean for runways 24L-6R and 25R-7L after midnight. Pilots have occasion-

ally reported encountering wind anomalies during these operations. 

Conversations between Lockheed-Huntsville personnel and pilots, flight 

controllers, and FAA officials at LAX have established the following general 

characteristics of the encounters of unusual wind conditions: 

Wind-anomaly encounters produce uncomfortable and potentially 

hazardous variations in aircraft position and attitude. 

Encounters occur intermittently. 

Wind-anomaly encounters occur primarily for landing aircraft on 

final approach at low altitudes. 

Lighter aircraft such as B-727s appear to be more susceptible to 
wind-anomaly encounters than the heavier B-747s and DC-lUs. 

Encounter of wind anomalies is of particular concern to pilots 
during low-visibility IFR approach conditions when the work 

load is large. 

At present, the occurrence of wind-anomaly encounters has not been correlated 

with trailing vortex, wind shear, or atmospheric turbulence characteristics. 

2.2 BACKGROUND 

Noise abatement takeoff and landing operations at LAX involve take-

offs and landings on the,same or an adjacent parallel runway at two-minute 

intervals. Typical noise-abatement flight profiles for runway 24L-6R at 

LAX are shown in Fig. 1. Note that under no-wind conditions, the wake 
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vortex from the takeoff aircraft can drift downward into the landing corridor. 

For example, at the middle marker location, the flight path of an L-1011 in 

takeoff is approximately 190 m above the landing glideslope. Assuming a 

typical vortex-descent rate of 1.9 m/sec for the L-1011 in takeoff configura 

tion, the wake vortex could interfere with landing operations 98 sec later if 

the vortex has not decayed. A horizontal wind component aligned with the axis 

of the trailing vortex from the takeoff aircraft (such as a headwind or a tail-

wind) tends to delay the vortex drift from the takeoff corridor to the landing 

corridor, but the hazard may still exist. 

Figure 1 also suggests that the wake vortex from landing operations 

could drift horizontally into the takeoff corridor. However, the distance be 

tween touchdown and takeoff point is approximately 900 m, so that even for a 

10-knot tailwind landing case, the time period required for this to occur is 

too large (-3 min) to expect a vortex to maintain sufficient strength to affect 

an aircraft. 

In addition to wake turbulence, a land breeze, wind shear, and uneven 

terrain may contribute to the wind-anomaly encounters at LAX. The landing 

corridors for runways 6R and 6L pass over rolling shoreline terrain which 

can introduce wind anomalies into the atmospheric boundary layer. 

5/6 



3. INSTRUMENTATION 

3.1 MOBILE ATMOSPHERIC UNIT CAPABILITIES 

The Lockheed Mobile Atmospheric Unit (MAU) (Figs. 2 and 3) used in 

this test program measures a velocity component of ambient atmospheric 

particulate matter within the sensing volume. The quantity measured is the 

magnitude of the velocity component in the line-of-sight direction between the 

MAU and the sensing volume. The magnitude of this velocity component is 

hereafter called line-of-sight velocity. The operating characteristics of the 

MAU are summarized as follows: 

Scan Modes 

1. Range or Line Scan 

2. Elevation 

3. Velocity Azimuth Display (VAD) 

4. Arc Scan. 

VAD Mode (used for measurement of atmospheric winds) 

1. Measurement Altitude: 16 m to 865 m 

2. Measurement Time per Altitude: 5 sec 

3. Velocity Measurement Threshold: 0.5 m/sec 

4. Measurement Accuracy: Velocity —±0.5 m/sec 

Direction — J- 3 deg. 

System Output 

1. Range 5. Horizontal Velocity Component 

2. Elevation 6. Vertical Velocity Component 

3. Altitude 7. Wind Direction 

4. Azimuth 8. Line-of-Sight Velocity. 

A complete description of the principles of operation of the LDV system, oper 

ating capabilities, and data-processing techiques is given in Refs. 1 and 2. 
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Paper Tape Reader 

for SEL 810A Computer 

FIGURE 3. MOBILE ATMOSPHERIC UNIT INTERNAL VIEW OF LASER DOPPLER VELOCIMETER 

AND INSTRUMENTATION. 



The velocity resolution of the MAU is determined by the signal/noise 

characteristics of the system as well as the atmospheric aerosol particle-

size distribution. Significantly, the MAU can operate even under adverse 

snow and rain conditions since a strong signal can be obtained from the air 

borne particles. 

The spatial resolution of the MAU is determined by the size of the laser 

beam-sensing volume where the beam is focused. The sensing volume is 

approximately needle-shaped with a diameter of approximately 2 cm and a 

length as follows: 

Although a signal is returned from the entire sensing volume, the signal 

strength per unit length of sensing volume is greatest near the center of the 

volume. The limits of the sensing volume (in the length direction) are defined 

as the points at which the signal intensity per unit length is half that at the 

center of the sensing volume. 

In addition to the focal volume spatial resolution, the sampling rate of 

the MAU plays an important role in determining the overall resolution of the 

system. Since the sampling rate is a function of the selected scan mode, it 

must be considered separately for each type of operation: the arc scan 

(i.e., elevation scan), finger scan, and VAD modes. 

10 



3. 2 OPERATING MODES OF MOBILE ATMOSPHERIC UNIT HARDWARE 

3.2.1 Multimode Scan System 

The LDV system is equipped with a high-resolution pointing-and-scanning 

system which allows the system to be used in several operational modes, de 

pending on the test parameters (Fig. 4). 

3.2.2 Line of Sight 

The basic operating mode is the line of sight where the output beam is 

directed out of the van side window. Micrometer adjustments allow elevation 

changes of -10 to +60 degrees, azimuth of 0 to 15 degrees, and range adjust 

ments of 16 to 999 meters (measured from the telescope primary mirror). 

3.2.3 Range and Elevation Auto Scan 

A high-resolution, high-speed scan system which automatically scans 

in range and/or elevation is installed: 

Range Adjustable Limits 16 to 999 m 

Adjustable Rate 0.1 to 6.9 Hz 

Elevation Adjustable Limits 0 to 90 deg 

Adjustable Rate 0.1 to 0. 8 Hz 

Combined Operation of range and elevation 

simultaneously results in a finger-

scan pattern. 

3.2.4 Velocity Azimuth Display Mode 

A set of mirrors mounted on a turntable is attached to the top of the van 

over the ceiling window. By rotating the mirrors, the output laser beam is 

directed around a circle whose diameter is set by the elevation angle of the 

output mirror and the range setting of the LDV. 

11 
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The range controller has a sequencer mode whereby a set of ranges or 

altitudes can be preselected. When activated, the range sequences through the 

limits at a rate of one step per revolution of the VAD scanner. Thereby, a 

series of eight altitudes can be scanned in ~ 40 seconds to give a profile of 

the wind velocity at altitude. The maximum altitude is 865 meters (999-m 

range at 60-deg elevation angle), and the minimum is 16 meters. 

3.3 SIGNAL, PROCESSING AND DATA RECORDING 

To yield a line-of-sight velocity, a voltage which has the same time 

behavior as the Doppler shift, f,, is generated. By far, the most economical 

method of generating the voltage is a sampled spectrum analyzer incorpor 

ating a high-quality "front end" with accurately calibrated frequency/voltage 

analog. The only deficiency is that the entire domain of expected Doppler 

shift frequencies must be scanned for each time sample to find that region 

actually occupied by the signal, and this scanning must be done at a rate 

which is sufficiently slow to permit the narrowband filter of the spectrum 

analyzer to reach its full value. A typical spectrum analyzer signature is 

shown in Fig. 5. Since the conical scan cycle time is of the order of 5 sec, 

the limitation on scan speed (and hence, sampling rate) does not cause any 

difficulties in this application. 

A Lockheed-developed signal tracker-processor converts the spectrum-

analyzer output into a direct velocity readout. When operated in conjunction 

with the VAD scan system, the processor uses the scan position and range 

inputs to give an integrated output of horizontal velocity, vertical velocity, and 

wind direction. This is updated at each new altitude. Outputs are available 

in both digital and analog form. 

The data acquired by the MAU are formatted by the computer software 

for the SEL 810A (the on-line minicomputer for the MAU) and stored on 

magnetic tape for subsequent processing. A SEL. 7-track tape control unit 

and two magnetic tape units will allow digital recording of data at 200, 556, 

and 800 bytes per inch at 45, 75, 120, or 150 ips. 
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FIGURE 5. TYPICAL LASER DOPPLER VELOCIMETER WIND 

SIGNATURE AS DISPLAYED BY SPECTRUM ANALYZER. 
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4. TEST RESULTS 

A field measurement program was designed to measure remotely wake 

vortices, wind speed, and wind direction, and to detect shear or turbulence in 

the approach corridor to runway 6R at LAX. Test operations began on 17 

April 1976 and were completed on 20 May 1976. Operations were conducted 

between the hours of midnight and 0600 PST to coincide with noise procedures 

in effect at LAX which required all aircraft to takeoff and land over the ocean 

(i.e., in opposite directions) using inboard runways 6R and 7L. This pro 

cedure was used until a tailwind exceeded 10 knots or the runway was closed 

because of fog. 

The test site was located on a sand dune, near the ILS instrumentation 

building, on the approach to runway 6R. The site was approximately 490 m 

from the runway threshold and 88 m north of the runway center line (Fig. 6). 

At this position, the aircraft passed over the van at an altitude of 23 to 30 m 

during approach and from 30 to 610 m on takeoff. Runway 6R was used by all 

wide-body aircraft (B-747, DC-10, and L-1011) because 7L has a bridge near 

the middle of the runway which is not stressed for the heavier aircraft. 

The LDV system arrived at the LAX maintenance facility on 14 April 

1976, with the test crew arriving 15 April 1976. The system was moved to 

the site on 16 April and was operational by 17 April. The setup and system 

calibration took six hours; however, an additional five hours were required to 

get the power installed. A short circuit developed in the slip-ring assembly, 

which required five hours of troubleshooting and repair. 

Test operations began at 2215 when the crew arrived at the site. This 

allowed ample time to warm up the system and check calibrations in order to 

become operational by 2330. Aircraft began landing on 6R between 2330 and 

15 
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and 2345. The last aircraft landed at approximately 0600, and the system 

was recalibrated and then shut down by 0630. 

Data were recorded on 23 nights for a total time of approximately 172 

hours. Appendix A is a sample set of logs for the test period. Actual VAD 

data recording was 85.25 hours; the remainder of the time was in the vortex • 

tracking mode. The laser was operated for approximately 200 hours. Down 

time caused by system problems was 11 hours, of which only 3 hours occurred 

during a peak operating period (laser water pump changed). During the entire 

test period, the system operation was very stable and required realignment once 

(following a weekend when the temperature change was greater than normal), 

Range calibration was checked twice each day but required adjustment only once 

during the entire test period. 

During the test period, a total of 650 aircraft flybys were recorded; of 

these 338 were landings and 312 were takeoffs. Figure 7 shows a B-747 

takeoff over the test site. 

The wind and weather conditions encountered during the test period are 

given in Table 1. Note that on two occasions (20 April and 11 May), the run 

way was closed due to heavy fog and on 23 April was closed due to tailwinds 

in excess of 12 knots. 

4.1 WINDS ALOFT MEASUREMENT 

The first week of the test period was dedicated primarily to measuring 

winds and noting any wind shear conditions or other atmospheric peculiarities. 

During the remainder of the test, primary concern was devoted to tracking 

wake vortices except when conditions dictated the VAD mode. Criteria for 

recording VAD data were winds 240 deg (tailwind) at greater than 6 knots or 

060 deg (headwind) at greater than 10 knots. When the wind velocity was 

below these levels, vortex data were recorded. 

17 
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FIGURE 7, MOBILE ATMOSPHERIC UNIT DURING B-747 TAKEOFF ON LOS ANGELES 

INTERNATIONAL AIRPORT RUNWAY 6R. 



TABLE. 1. METEOROLOGICAL DATA TAKEN DURING LOS ANGELES 

INTERNATIONAL AIRPORT TESTS 
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Winds at LAX during the test period were normally light (i.e., less than 

7 knots) with little or no cross wind. After 0300., winds dropped and either 

low overcast or fog occurred rather frequently. Some turbulence and shear 

occurred at various times but was usually associated with low-velocity winds. 

Wind measured by an anemometer located 152 m from the van (Fig. 6) 

was recorded on a stripchart in the LDV van but was not recorded by LAX 

or the FAA. The tower readout is a meter which is calibrated to +2 knots of 

actual anemometer output to account for starting torque. Thus, the tower re 

port of wind speed was consistently 2 knots higher than that recorded in the 

LDV van. This anemometer was a cup-and-vane type and provided the hori 

zontal component of the wind approximately 6 m above the ground. 

Frequently, a definite gradient or shear situation was indicated by in 

creasing wind velocity with altitude. This condition was most notable when 

the wind was from over the ocean (240 deg) and to a lesser extent with winds 

from 060 deg. Typical conditions are noted in Table 2 below and are shown 

in Fig. 8. 

TABLE 2. VELOCITIES FROM STRIPCHART ON-LINE 

Note: Anemometer output is taken from recorded data, not tower-reported 

data, and LDV wind data presented are from one profile (four altitudes 

in sequence). However, profile-to-profile variation was very small 

during this period. 

Winds from approximately 60 deg tended to produce a more uniform flow 

over the site with velocities approximately the same at all altitudes, within 

20 



LDV Output 

[NJ 

i H = Horizontal Wind 

Component (knots) 

V = Vertical Wind 

Component (knots) 

-40 

15 i -M.-U+ 

4) 

I 
W 

.S 
is rr 

H i—! '—f-

m 
■-*-H 1 1 1 1 1 1—I 1 1 ! 1—I 1 1 1 !-

FIGURE 8. DATA SHOWING INCREASE IN WIND VELOCITY WITH ALTITUDE (05/13-14/76) 



2.5 knots. Also, the vertical component is less from 60 deg as would be 

expected from the terrain (see Figs. 6 and 7). 

Turbulence was indicated when multiple velocity peaks were encountered 

in the focal volume. This occurred most frequently at 152 m, but occasionally 

at 76 m. This situation was noted on the night of 19-20 May at the 152-m and 

76-m altitudes. The two signals in the focal volume were within 2 to 3 knots 

in velocity but separated in direction by 45 to 90 deg. There were no reports 

of turbulence from pilots. 

On the night of 29-30 April, at 2354, the tower gave the wind as 40 deg 

at 4 knots for an approaching DC-10. The anemometer being monitored by 

the tower was located in the approach corridor to 6R and was being recorded 

on a stripchart recorder in the LDV van (see Fig. 9). For a second approach 

ing DC-10, the tower indicated winds variable at greater than 10 knots; at this 

time, high-velocity peaks were being recorded due to vortices generated by the 

first DC-10. This high-velocity wind information was also given to the third 

landing aircraft, a B-747. Following this sequence, a B-747 took off and was 

given the wind as 80 deg at 3 knots. From the stripchart, it is obvious that 

the vortices from the landing aircraft had affected the anemometer, and the 

tower was then giving the vortex velocity as the wind velocity. Although we 

have no data on the wind direction, it would undoubtedly have also been affected. 

In this case, the wind never changed appreciably, but the tower did not indicate 

the actual wind to the aircraft. At the end of the figure, note that the tower 

again indicated winds gusting to 14 knots. Unfortunately, this anemometer 

will generally be affected, at least to a small degree, by the vortices due to 

its location. 

Another case is indicated in Fig. 10 where the winds were approximately 

100 deg at 5 knots. Again, the tower gave an indication of 120 deg at 10 knots 

following an L-1011 landing. 

One instance in which the tower gave the wrong wind direction was re 

corded. Note in Appendix A, on the night of 30-31 April, the tower indicated 
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the winds were from 290 to 360 deg from 2345 until approximately 0030 when 

the wind was given at 150 deg. During tiie entire period, the wind vane was 

monitored visually, and the winds at the site were from 150 to 180 deg. This 

could have affected an aircraft if the winds had not been light. There were 

no problems reported by the pilots. 

On two occasions, runway 6R was closed because of heavy fog. During 

these times, the system operated exceptionally well. When RVR read "0" (run 

way and/or airport closed), the signal-to-noise ratio varied from > 45 dB at 

26 m to > 25 dB at 500 m. On the night of 20-21 April, no turbulence was noted 

or reported during the fog; however, at 0020, turbulence was noted and re 

corded at 150-m altitude. At 0300, light fog was reported at 400 ft above the 

runway and by 0400 had dropped down to the runway and forced the closure. 

The fog covered the runway and ocean, but was relatively light at the site. 

On the night of 11-12 May, clear skies were reported at 2300, but by 

0200, fog had moved in from the ocean and again forced the closing of runway 

6R. In this case, the fog layer was 90-m thick with the RVR reading zero. 

Again, no turbulence was reported by pilots, nor was turbulence observed by 

the L.DV crew. During these fog conditions, the wind velocity varied from 

calm to no more than 5 knots ; i.e., very light winds not likely to produce a 

hazardous situation. 

The purpose of the test was to identify the wind anomalies reported by 

pilots. Since no wind anomalies were reported by pilots during the time that 

the LDV system was operated at the test site, only representative test data 

were evaluated. Figures 11-14 show sample wind profiles. Figure 11 shows 

the wind-speed profile fitted to a power-law form. Figure 12 shows the wind 

direction in degrees from magnetic north fitted to a quadratic form. Figures 

13 and 14 show cross-runway wind (positive from port to starboard for a land 

ing aircraft) and down-runway wind (positive as a headwind for a landing air 

craft). The solid lines in Figs. 13 and 14 are derived from the curve fits of 
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Figs. 11 and 12. If HD is the heading of a landing aircraft (i.e., 60° for 

Runway 6) 

u = u, cos(HD - 6), 

v = u, sin(HD - 9). 

The line identified with zeroes in Fig. 13 is a cubic-curve fit of the data from 

the solid line. Additional data similar to that shown in Figs. 11 through 14 

are presented in Appendix B. 

4.2 VORTEX TRACKING 

One of the concerns at LAX while using the noise -abatement procedure 

was whether or not trailing vortices from one aircraft were affecting the 

following aircraft. A total of 650 flybys were recorded. The data tapes for 

these flybys currently reside at Lockheed-Huntsville. The data tapes have 

not been processed because no pilot-reported wind anomalies occurred during 

the test period. A few sample vortex trajectories were generated from the 

data tapes and are shown in Appendix D. 
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5. CONCLUSIONS 

The Lockheed-Huntsville laser Doppler velocimeter system was oper 

ated at the approach end of runway 6R at Los Angeles International Airport 

for 23 nights . The purpose of the test was the identification of unusual wind 

conditions previously reported by pilots landing at LAX. No pilot reports 

of wind anomalies were received during the test. Therefore, only represen 

tative data were reduced and are presented. No conclusions on the source 

of pilot-reported wind anomalies could be made because no such reports 

occurred during the test. 
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Appendix C 

VORTEX DESCENT DURING HEADWIND 

OR TAILWIND CONDITIONS 

Takeoff wake vortex trajectory is sketched below, 

FIGURE C-l. GEOMETRY OF VORTEX DESCENT IN A HEADWIND 

where 

V = wind velocity, 
w 7 

V = vortex descent velocity, and 

y = takeoff flight path angle 

Time required for vortex to descend from Point C to B is given by 

t = 
V V 
v w 

From flight path geometry, 

tany = h/(a + b) 

Therefore, 

= (a + b) tany, 

(a + b) tany 

V.. 

(a + t V ) 
w 

v 

tany. 

t = 
Vv(l/tany -
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For the L-1011 wake vortex in Fig. 1, the predicted descent time from 

the takeoff glideslope to the landing glideslope over the middle marker in a 

10-knot wind is given by 

, 57001C1 
t = QQ = 151 sec. 

6.3 (l/tan6.58° - -
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Appendix D 

WAKE VORTEX TRAJECTORIES 

Sample wake vortex trajectories are presented. 

P denotes port vortex, 

S denotes starboard vortex, and 

* denotes a vortex which cannot be identified as port 

or starboard by the computer algorithm. 
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Appendix E 

REPORT OF INVENTIONS 

The objective of the work described in this document was the identifi 

cation of the source(s) of wind anomalies previously reported by pilots at 

Los Angeles International Airport. The intent of the study was to use state-

of-the-art technology to measure a specific phenomenon. Therefore, no 

innovation, discovery, improvement, or invention was made. 
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