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1.0 INTRODUCTION 

Noise emission from current airplanes is dominated by propulsion-system 
noise. Certification levels for aircraft noise, as specified under Federal 
Air Regulation (FAR) 36, have been achieved by use of either existing high 
bypass ratio turbofan engines or existing low bypass ratio turbofan engines 
plus noise-attenuating nacelles. Systems studies of noise levels for future 
advanced-technology transports (e.g., Ref. l) have concluded that engine 
noise levels 10 effective perceived noise decibels (EPNdB) lower than those 
of FAR 36 could be achieved with early 1970's technology high bypass ratio 
turbofan engines combined with extensive inlet and discharge duct acoustic 
suppression. An additional 5 EPNdB noise reduction was predicted for advanced 
(1985) acoustic liners. Still another 5 EPNdB (that is, 20 EPNdB below FAR 
36) was predicted by use of special noise abatement procedures combined with 
advanced liner technology. More recently, acoustic tests have been conducted 
with full-scale high bypass ratio turbofan engine hardware (Ref. 2). These 
tests demonstrated that noise levels corresponding to 12 EP.NdB below FAR 36 
at approach and sideline, and 9 EPNdB below at takeoff, can be achieved with 
1975-technology acoustic liners and sonic inlets. However, these reductions 
of propulsion-system noise would not cause equal reductions of total aircraft 
noise at the certification points. Airframe noise, generated by motion of 
aircraft external surfaces through the air, is believed (Ref. 3) to be only 10 
to 15 dB below FAR 36. Airframe noise may impose a fundamental noise floor 
roughly equal to the demonstrated noise from high bypass ratio turbofans 
with extensive inlet and exhaust acoustic suppression. Future certification 
levels must be based on what can be achieved with economically viable air
frames and propulsion systems. Thus it is necessary to understand the 
fundamental processes of airframe noise radiation. 

Several methods for predicting airframe noise had been examined by NASA 
under their Aircraft Noise Prediction Program (ANOPP). Two airframe noise 
prediction methods, the clean aircraft method (also called total aircraft 
method) and the drag element method, were recommended (Ref. 4) and were 

lBrines, G. L.: Studies for Determining the Optimum Propulsion System 
Characteristics for Use in a Long Range Transport Aircraft. NASA CR-120950, 
July 1972. 

2sofrin, T. G. and Riloff, N. Jr.: Two-Stage, Low-Noise Advanced 
Technology Fan. V. Acoustic Final Report. NASA CR-134831, Sept. 1975. 

3Morgan, H. G. and Hardin, J. C.: Airframe Noise -The Next Aircraft 
Noise Barrier. Journal of Aircraft, Vol. 12, No. 7, July 1975, PP 622-624. 

4Hardin, J. c., Fratello, D. J., Hayden, R. E., Kadman, Y., and Africk, 
S.: Prediction of Airframe Noise. NASA TN D-7821, Feb. 1975. 
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subsequently programmed by NASA Langley Research Center. Verific!:ttion by 
comparisons with measured airframe noise spectra have not been published for 
the clean aircraft method and were available for only a few cases for the 
drag element method. A lengthier component analysis method was d1?scribed in 
Ref. 4 but its predictions were not compared with data. For several air
frame components, differences exist between the dominant noise meehanism 
assumed by the drag element method, the component analysis method, and other 
investigations. 

This program was conducted to (Task I) identify airframe noise 
generation mechanisms and sources, and develop both a graphical method and a 
digital computer program for predicting noise from each source, ( ~rask II) 
verify the resulting airframe noise model by comparing its predic~~ions and 
those of the NASA ANOPP airframe noise models with data for a wide range of 
aircraft type and size, flight speed, flap and landing gear position, and 
wing planform, (Task III) identify concepts for airframe noise reduction, and 
(Task IV) develop a program plan to verify empirically the assumed airframe 
noise generating mechanisms and potential suppression concepts. Itesults of 
the first three Tasks are reported herein. 

2 



2.0 SYMBOLS 

Symbol Description 

A 

A(M) 

b 

D 

D( 0,¢) 

f 

fmax 

h 

H 

I 

p 

r 

s 

Reference area 

Convective amplification factor defined by Eq. (A-14) 

Span of wing, horizontal tail, or vertical tail 

Atmospheric speed of sound 

Trailing edge flap gross chord 

Landipg gear wheel (tire) diameter 

Normalized directivity factor defined by Eq. (A-8) 

One-third octave band center frequency, Hz 

One-third octave band center frequency at which sound pressure 
level is maximum, Hz 

Empirical functions of Strouhal n~mber in Eqs. (ll) through (20) 
for landing gear noise 

Empirical functions of Strouhal number in Eqs. (21) through (28) 
for trailing edge flap noise 

Altitude 

Length of landing gear strut exposed beneath wing or fuselage 

Acoustic intensity 

Mean square acoustic pressure 

Acoustic power 

Distance from airplane to observer, evaluated at retarded time 

Planform area 

Normalized one-third octave spectrum function 

3 



Symbol Description 

t Time 

v Airspeed 

a Root mean square normalized turbulence intensity 

Sweepback angle at trailing edge 

Trailing edge flap deflection, deg 

8w Turbulent boundary layer thickness at wing trailing edge as 
calculated for a flat plate 

Azimuth angle in plane defined by flight path and observer 
position, evaluated at retarded time and measured from. approach 
direction 

V Kinematic viscosity of air 

Pa Atmospheric density 

~ Direction angle from vertical plane through flight path, 
evaluated at retarded time 

w Angular frequency 

Subscripts 

E Edge noise 

f Evaluated within one frequency band 

F Trailing edge flap 

G Landing gear noise 

Lower 

L Lift fluctuation noise 

u Upper 

w Wing (extended to centerline) 

4 



3.0 DEVELOPMENT OF AIRFRAME NOISE PREDICTION METHOD 

3.1 Clean Wing and Tail Surfaces 

3.1.1 Overall Sound Pressure level 
' 

The basic concept of the method developed herein for clean airframes was 
first presented in Ref. 5. An updated description is given here. Noise 
radiation from clean airframes is assumed to be caused by cbnvection of the 
wing and tail turbulent boundary layers past the trailing edges of those sur
faces. The resulting tra:iling edge noise radiation has been studied analyt
ically (e.g.~ Refs. 6 and 7). Functional dependence given by those analyses 
has been verified experimentally (Ref. 8). It is assumed that noise caused 
by an upper'-surface and a lower-surface boundary layer is randomly phased so 
that separately calculated acoustic intensities can be directly added. Far
field acoustic pressure then has the dependence 

(l) 

where a and a are the boundary layer turbulence intensity and scale length, 
respectively-. Maximum overall sound pressure level would occur in the fly
over ·plane whe,re sideline angle cp is zero and far-field distance r is related 
to altitude h by 

h=rsin8 (2) 

5Fink, M. R.: Approximate Prediction of Airframe Noise. Journal of 
Aircraft, Vol. 13, No. ll, Nov. 1976, pp 833-834. Also, AIAA Paper 76-526, 
July 1976. 

6Ff'owcs, Willi~s, J. and Hall, L. H.: Aerodynamic Sound Generation by 
Turbulent Flow in the Vi.c,ini ty o:f a Scattering Half Plane. Journal of Fluid 
Mechanics, Vol. 40, Part 4, March 1970, pp 657-670. 

7chase, D. M.: Sound Radiated by Turbulent Flow Off a Rigid Half Plane 
as Obtained From a·Wavevector Spectrwn of Hydrodynamic Pressure. Journal of 
Acoustical Society ·of America, VoL 52, No. 3, Part 2, Sept. 1972, pp 1011-
1023. 

8Fink, M. R.: Experimental Evaluation of Theories for Trailing Edge and 
Incide~ce Fluctuation Noise. AIAA Journal, Vol. 13, No. 11, Nov. 1975. 
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Also, most airplane wings have small trailing edge sweep'back angl,es 1\ so 
the dependence of far-field acoustic pressure on flight conditions and~irec
tion angle during a constant-altitude flyover is 

(3) 

The angle from the approach horizontal direction, 8, is measured at the 
retarded time (the time when the measured sound had left the air~rame). 
Source motion effects are temporarily neglected because of the 1~~ subsonic 
Mach numbers of interest. Maximum far-field acoustic pressure dute to trail
ing edge noise then occurs when this angle is approximately 71°, that is, 19° 
before the trailing edge is overhead. Depending on flight Mach number, the 
wing position when this maximum noise reaches the observer could be ahead or 
behind the overhead direction. This result agrees with available data. In 
contrast, if a lift dipole directivity is assumed, maximum noise measured by 
a fixed observer would leave the airframe at the overhead position and would 
always reach the observer when the airframe was considerably past that 
position. Such directivity has not been reported. 

Next, it was noted that turbulence intensity within a turbul,ent boundary 
layer is approximately independent of Reynolds number for conditions typical 
of aircraft wings. Boundary layer thickness varies with chord to the 0.8 
power and velocity to the -0.2 power. For simplicity, those exponents were 
approximated in Ref. 5 by the closest integers. Far-field maximum acoustic 
pressure would then be expected to be proportional to the product of wing 
chord and span (the wing area, S) divided by altitude squared, and to vary 
with flyover velocity to the fifth power. 

This approximation was checked by adjusting a large number of measured 
maximum overall sound pressure levels as OASPL-10 log (S/h2) and plotting 
this quantity against velocity. An updated version of this comparison is 
given in Figure 1 for sixteen aerodynamically clean airframes. The data 
from Table 2 of Ref. 9 are levels for the idealized (smoothed) sptectra rather 
than composite (actual) spectra. This smoothing process was described in 
Ref. 9 as intended to " ••• isolate those effects due solely to the general 
aerodynamic noise rather than being peculiar to any individual ai:rcraft". 
Noise from the feathered propellers, and low-frequency ground reflections, 
were the major irregularities removed from most spectra. In the Gase of the 

9Healy, G. J. : Measurement and Analysis of Aircraft Far -Field 
Aerodynamic Noise. NASA CR-2377, Dec. 1974. 
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Prue-2 sailplane, not only tones caused by laminar boundary layer instability 
(Ref. 10) but the entire low-frequency part of the spectrum below 200 Hz had 
been removed by the smoothing process. The resulting smoothed ad,justed 
levels for this airframe probably are too low. In contrast, composite 
(actual) levels were used in the NASA ANOPP correlation given in H.ef. 4. 
Data for the Cessna 150 from the Ref. 9 study are not shown in Figure 1 
because that airframe had a fixed landing gear. Additional data shown by open 
symbols were taken from Tables I and III of Ref. 4. Only about h!ilf the 
tabulated data points for the Schweizer 2-32 sailplane are plotteci; the others 
were dominated by laminar instability tones. 

All data points plotted as open symbols were measured with microphones 
mounted on posts or tripods 4 ft above the ground, as specified for noise 
certification measurements conducted under FAR 36. Resulting one ·-third octave 
spectra tend to be oscillatory at low frequencies because of sound wave can
cellation and reinforcement. At higher frequencies the directly-radiated 
flyover noise, and flyover noise reflected from the ground to the microphone, 
combine to give a measured level approximately 3 dB above directl~r-radiated 
noise. Spectrum irregularities caused by phase differences between directly
radiated and ground-reflected waves can be eliminated by use of microphones 
mounted flush with the ground. For frequencies of practical interest, the 
direct and reflected waves should be in phase, causing measured levels to be 
6 dB above directly-radiated noise. Airframe noise data published by NASA 
Dryden Flight Research Center (e.g., Ref. 11) and Royal Aircraft gstablishment 
(Ref. 12) have been measured with flush-mounted microphones. These data, 
decreased 3 dB to allow direct comparison with data measured for eertification 
purposes, are plotted in Figure 1 as solid symbols. 

The data symbols generally fall within three groups. Adjusted OASPL for 
two of the three high-performance sailplanes, the F-106B jet interceptor, and 
the BAC 1-11 jet transport, are closely matched by a solid line gi.ven by 

1°Fink, M. R.: Prediction of Airfoil Tone Frequencies. Journal of 
Aircraft, Vol. 12, No. 2, Feb. 1975, pp 118-120. 

llputnam, T. W., Lasagna, P. L., and White, K. C.: Measurements and 
Analyses of Aircraft Airframe Noise. Aeroacoustics: STOL Noise; Airframe and 
Airfoil Noise, Vol. 45, Progress in Aeronautics and Astronautics, M.I.T. 
Press, Cambridge, Mass., 1976, pp 363-378. Also, AIAA Paper 75-510, March 1975. 

12Fethney, P.: An Experimental Study of Airframe Self-Noise. Aero
acoustics: STOL Noise; Airframe and Airfoil Noise, Vol. 45, Progress in 
Aeronautics and Astronautics, M.I. T. Press, Cambridge, Mass., 1976, pp 379-
403. Also AIAA Paper 75-511, Mar. 1975. 
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OASPL= 50 log(V/100 kt}+ 10iog(S/h2)+ 84dB (4) 

Note that aspect ratio does not occur in this equation, and that aspect ratio 
for the Libelle and F-l06B differ by a factor of more than ten. In contrast, 
prediction equations given in Refs. 3 and 9 include a variation with aspect 
ratio to the -2 and -4 powers, respectively. 

Data for conventional low-speed aircraft such as three retractable
landing-gear propeller-driven aircraft of Ref. 9 and the Schweizer 2-33 
strut-braced training sailplane fall on a line 8 dB above that given by Eq. 
(4). Also matched by this line are data for the Handley Page HP 115 slender 
delta-wing research airplane, which has small streamlined fixed landing gear. 
This airplane has an aspect ratio of 0.9, and equations which predict a 
dependence of noise on induced drag or aspect ratio greatly overpredict (Ref. 
12) its measured noise. Data for jet aircraft generally lie between these 
two curves. A reasonable prediction for business jets (JetStar and HS 125) 
and large corrunercial jets (B-747 and CV-990) is 4 dB above the level given by 
Eq. ( 4). 

These aircraft and flight conditions correspond to a factor of about 40 
in Reynolds number and therefore a factor of two in the ratio of flat plate 
turbulent boundary layer thickness to wing chord. The calculation method for 
noise of clean airframes as developed in this report assumes that the noise 
intensity is proportional to the product of flat-plate turbulent boundary 
layer thickness and wing span, as expressed in Eq. (3). This thickness was 
calculated for a chord length equal to the wing gross geometric chord (ratio 
of gross wing area to gross wing span). This parameter was chosen because 
these two quantities are more readily available than the wing mean aerodynamic 
chord, exposed area, or exposed span. Turbulent boundary layer thickness was 
taken as 

8w = 0. 37 (Sw/bw)(VSwlbwv) -0.2 (5) 

Measured maximum flyover values of OASPL for the same data that were used in 
Ref. 1, but adjusted for a dependence on the product of boundary layer thick
ness Sw and wing span bw divided by altitude square, are plotted in Figure 2. 
Data symbols for jet aircraft are displaced higher relative to the smaller 
low-speed aircraft. This occurs because the larger size and higher flight 
speed of the jet airplanes yields relatively larger Reynolds numbers and 
smaller ratios of boundary layer thickness to wing chord. Data for aero
dynamically clean high-performance sailplanes can be approximated by 

9 
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OASPL= 50 log (V/100 kt) + 10 log(8wbw/h2 l + 101.5dB (6) 

Data for conventional low-speed aircraft were 8 dB higher as before, but data 
for jet aircraft had an average value roughly 6 dB above the line for aero
dynamically clean sailplanes. Of course, the ultimate test of this prediction 
method is not the agreement with measured OASPL but the agreement between 
predicted and measured spectra. The actual equation used for calculating 
trailing edge noise is given in the discussion of directivity, after the 
discussion of spectrum shape. 

j.l.2 Spectrum Shape for Trailing Edge Noise 

If the major noise generation mechanism for airframe noise of 
aerodynamically clean airframes is trailing edge noise, the spectrum shape 
for airframe noise should be given by the existing solutions for trailing 
edge noise. A semiempirical equation for normalized spectral density of 
trailing edge noise from externally blown flaps was given as Eq. (12) of Ref. 
13. This equation had been found to predict the noise spectra of upper sur
face blown flaps for measurement directions, exhaust velocities, and frequency 
ranges where such noise was not dominated by directly-radiated quadrupole 
noise from the deflected jet. Converting from normalized spectral density and 
Strouhal number based on jet diameter to third-octave sound pressure level 
SLPl/3 relative to overall sound pressure level OASPL and center frequency f 
relative to the center frequency fmax which yields maximum SPLl/3' 

I 4 r. f 3/2 )-4} SPL 113 -0ASPL=IOiogl.0613(flfmaxl L(flma)() +0.5 (7) 

The spectrum shape given by this equation is compared in Figure 3 with the 
nondimensional airframe noise spectrum recommended for use with the NASA 
ANOPP Total Aircraft Analysis (Figure 4 of Ref. 4). The two dotted curves 
are boundaries of smoothed nondimensional spectra from twenty-eight flights 
of five different airplanes tested by Healy (Ref. 9). The solid curve drawn 
between these boundaries was taken from Ref. 4. The open symbols calculated 
from Eq. (7) are within ±1 dB of the solid data-average curve for frequency 

13Fink, M. R.: Prediction of Externally Blown Flap Noise and Turbo
machinery Strut Noise. NASA CR-134883, Aug. 1975. 
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ratios up to 8. At larger frequency ratios they decay less rapidly than the 
data. The measured rapid spectrum decay at large frequency ratios might be 
a real property of the noise mechanism but more likely was caused by atmo
spheric attenuation of the radiated flyover noise. 

This difficulty in predicting the measured spectra at large frequency 
ratios had been encountered by Revell (Ref. 14). His semiempirical drag 
analysis within the NASA ANOPP method (Ref. 4, pp 33-36) approximates the 
normalized airframe noise spectrum shown in Figure 3 by four straight lines 
multiplied by an exponential decay of mean square acoustic pressure. Without 
that added decay, his equation for frequency ratios greater than 4 gives a 
spectrum shape that varies inversely with frequency ratio squared. The 
asymptote of Eq. (7) at large frequency ratios has the same variation. 
Revell's correction factor can be expressed as an added term 

I 1
3/2 

LlSPL 1; 3 =- 0.02 (f/fmax -I) loge (8) 

Agreement with the solid curve in Figure 3 would be improved if approximately 
3.5 times this correction were added to Eq. (7). The resulting normalized 
spectrum given by 

is shown in Figure 3 as solid symbols. They are within 0.1 dB of Eq. (7) for 
frequency ratios less than 3 and closely approximate the measured spectrum 
decay at large frequency ratios. For far-field distances much different 
from 500 ft, use of tabulated atmospheric attenuation properties rather than 
this simple approximation is recommended. 

The nondimensional spectrum given by Eq. (9) should be valid only for an 
untapered (constant-chord) wing. To determine the effect of wing taper ratio 
on spectrum shape, this equation was applied to calculating the acoustic 

14Revell, J.D., Healy, G. J., and Gibson, J. S.: Methods for the 
Prediction of Airframe Aerodynamic Noise. Aeroacoustics: Acoustic Wake 
Propagation; Aircraft Noise Prediction; Aeroacoustic Instrumentation, Vol. 46, 
Progress in Aeronautics and Astronautics, M.I.T. Press, Cambridge, Mass., 1976, 
pp 139-1)4. Also, AIAA Paper 75-539, Mar. 1975. 
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spectrum from each of a large number of spanwise segments comprising tapered 
wings. Spectra were calculated for wings having the same mean geometric 
chord (ratio of wing area to wing span) and flight conditions. Resulting 
nondimensional spectra are plotted in Figure 4 for taper ratios of 0, l/4, 
and 1. The spectrum for a taper ratio of l/4 was within 1.2 dB of that for a 
taper ratio of 1. The spectrum for a taper ratio of l/2 (not shown) was 
within 0.4 dB of that for a taper ratio of 1. In contrast, the spectrum 
calculated for zero taper ratio was about 3 dB higher at very low frequencies, 
1.2 dB lower at maximum-amplitude frequency, and more than 8 dB higher at 
very high frequencies. Maximum amplitude occurred within the same one-third
octave band for all taper ratios. However, the calculated maximum amplitude 
decreased as taper ratio was decreased. This occurred because the frquency 
was far below the tip region's maximum-amplitude frequency. At large 
frequencies relative to the maximum-amplitude frequency, some portion of the 
tip region was at its local frequency for maximum amplitude and therefore 
radiated more noise than the large-chord inboard regions. Because few civil 
aircraft have taper ratios less than 1/4, the nondimensional spectrum calcu
lated from Eq. (9) will be assumed to apply for all taper ratios. 

Use of a calculated flat-plate boundary layer thickness corresponds to 
the assumption that the wing upper surface and lower surface boundary layers 
are unaffected by wing lift coefficient. To examine the effect of lift 
coefficient, boundary layer properties were calculated for a typical business
jet airfoil section, chord length, and approach speed. The airfoil pressure 
distribution had a leading edge suction peak on the upper surface at lift 
coefficients larger than 0.6 and on the lower surface at lift coefficients 
less than 0.2. Increasing the lift coefficient in the range between 0.2 and 
0.6 caused a small increase of upper surface boundary layer thickness and a 
small decrease on the lower surface. Resulting calculated amplitudes and 
spectrum shapes were essentially independent of lift coefficient. A further 
increase of lift coefficient to 0.8 caused a relatively larger increase of 
upper surface boundary layer thickness. Calculated OASPL and low-frequency 
noise were increased about 2 dB, but the spectrum at higher frequencies varied 
less than 1 dB for the range of lift coefficients from 0.2 to 0.8. This 
range covers the low-speed flight conditions of practical interest for air
craft with leading-edge and trailing-edge high-lift devices retracted. 
Therefore the effect of lift coefficient was neglected in further calcula
tions • 

By trial and error, it was found that the measured spectra tabulated in 
Ref. 9 were matched by Eq. (9) if the peak frequency was taken as 0.1 times 
tl1e ratio of velocity to boundary layer thickness. That is, peak Strouhal 
number was taken as 0.1 referenced to the thickness calculated from Eq. (5). 

FAA WJH Technical Center 
11111111111111111111111111111111111111111111111111 
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3.1.3 Directivity 

Airframe noise directivity in the flyover plan has been measured at 
Douglas Aircraft Co. for the DC-10 aircraft (Ref. 15). Special acoustic 
treatment was used with the high bypass ratio turbofan engines to reduce 
engine noise below the airframe noise. Acoustic data were corrected for the 
variation of far-field radial distance with direction angle; distance and 
angle were evaluated at the retarded time. The resulting measured variation 
of distance-adjusted OASPL with angle for a clean DC-10 aircraft was compared 
in Figures 17 and 18 of Ref. 15 with two analytical models. These figures 
are reproduced in Figure 5 herein. A lift dipole without convection amplifi
cation, as used in the drag element method of Ref. 14, matches the data 
between about 60° and 110° angles from the approach horizontal direction. 
Adding the source motion effect, as is done in the NASA ANOPP version of that 
method, improves agreement at smaller angles but worsens the agreement at 
larger angles. The directivity function for trailing edge noise, without 
source motion, matches the data within ±5 dB for all angles less than 140°. 
Convective amplification worsens the agreement. It was concluded in Ref. 15 
that a combination of a lift dipole, a drag dipole which is correlated with 
the lift dipole, and an uncorrelated drag dipole (all with convective amplifi
cation) gave the best fit to measured directivity. No method was given for 
generalizing the relative strengths and phasings of these dipoles. 

Adjusted OASPL directivity data for several flights of the clean DC-10 
airframe had also been given in Figure 14 of Ref. 16. These data are compared 
in Figure 6 with the directivity predicted for trailing edge noise without 
convective amplification. This prediction closely matches the data for these 
three flights. The convective amplification effect on trailing edge noise 
directivity therefore was omitted from the method presented herein. However, 
the convective effect on frequency (Doppler shift) was included. 

Airframe flyover noise for aircraft in the clean configuration should be 
a sum of trailing edge noise from the wing and hnrizontal tail. For typical 
ratios of tail area to wing area, the resulting total airframe noise should 
be 0.5 to l dB greater than OASPL from the wing. However, calculated peak 
frequency of horizontal tail noise is larger than that for wing noise. Thus 
the portion of the calculated spectrum which is heavily weighted in predicting 
annoyance-weighted noise was almost equally affected by noise from the wing 
and horizontal tail. It was found that measured spectra were best predicted 

l5Munson, A. G.: A ModeLing Approach to Nonpropulsive Noise. AIAA 
Paper 76-)25, July 1976. 

l6Pendley, R. E.: Recent Advances in the Technology of Aircraft Noise 
Control. Journal of Aircraft, Vol. 13, No. 7, July 1976, pp 513-519. 
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by assuming that wing OASPL was 2 dB lower than the values that would match 
the solid lines on Figure 2 for total airframe OASPL. Including the direc
tivity effect, OASPL for the wing was therefore taken as 

OASPLw = 50iog(V/IOOkt} + 10 log (8wbw/h2 } + 8(ND) + 10 log (cos¢ sin 8cos 8/2}2 + 104.3dB (10) 

Here, ND is set equal to one for conventional-construction low subsonic speed 
aircraft and for aircraft which have extensive trailing edge flap track 
shields. It is set equal to zero for aerodynamically clean aircraft such as 
high-performance sailplanes and for jet aircraft that have relatively simple 
trailing edge flaps. Horizontal tail OASPL is obtained by replacing the wing 
span and boundary layer thickness by values for the horizontal tail. 

This difference between noise from an aerodynamically clean sailplane 
and a conventional airplane with retracted slats, flaps, and landing gear also 
occurs in Revell's Drag Element Method (Ref. 14). In that method, OASPL 
usually is dominated by the calculated wing profile drag noise. Mean square 
acoustic pressure for such noise is predicted by that method to vary with wing 
profile drag coefficient cubed. This coefficient can be about half as large 
for a sailplane wing as for a conventional low-speed airplane wing. Thus the 
airframe noise calculated by the method of Ref. 14 can vary within about 9 dB, 
depending on an arbitrary estimate of aerodynamic cleanness. The method given 
herein uses an arbitrary choice of either the lower or upper extreme of this 
range. 

Trailing edge noise from the vertical tail is radiated toward the side
lines and decreases to zero intensity in the flyover plane. Amplitude of 
this noise is obtained by replacing the wing properties in Eq. (10) by those 
of the vertical tail and replacing the directivity term cos~ by sin~. How
ever, the peak frequency used in the last term of Eq. (9) for calculating an 
approximation to atmospheric attenuation is the peak frequency of wing trail
ing edge noise. 

One poorly understood feature in some of the published spectra has been 
the presence of a moderate-frequency broadband peak which does not change 
frequency as flight speed is varied. This -peak occurs in a frequency range 
of strong engine noise from the idling turbojet or turbofan engines. Engine 
noise should not vary with sideline angle while wing-generated noise should 
vary with cosine squared of the angle from the flyover plane. Calculated 
vertical tail noise is low enough to be neglected for this comparison. These 
variations may explain the sideline directivity result shown by NASA in 
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Figure 9 of Ref. 17 for the Lockheed JetStar and by RAE in Figure 24 of 
Ref. 12 for the Vickers VC 10. From both sets of OASPL data, it was concluded 
that sideline noise of a clean airframe varies only inversely with radius 
squared, without an additional dependence on sideline angle. Unpublished 
NASA sideline noise measurements for the Convair 990 in the clean configura
tion (run 3, 314 knots) were obtained for detailed examination. These data 
include spectra measured at intervals of 0.1 to 0.2 sec on a line perpendicu
lar to the flight path, at sideline distances to 1476 ft, for a relatively 
low-altitude (230 ft) flight. For the following analysis, the time at which 
the airplane passed the instrumentation line was back-figured from direction 
angles measured at the nominal flyover position. Acoustic travel times to 
each microphone were added to this time, and measured spectra were examined 
for the retarded time at which the Doppler effect on frequency was closest 
to zero. 

Resulting variations of overall sound pressure level, and one-third 
octave sound pressure levels at 200 and 1600 Hz center frequencies, with 
sideline distance are plotted in Figure 7. Also shown are variations that 
would be expected for acoustic radiation from a horizontal surface and for a 
variation inversely with radial distance but independent of sideline angle. 
Notice that for the lower frequency, where airframe noise should greatly 
exceed engine noise, the rapid decrease predicted for surface-radiated noise 
did occur. OASPL, and the higher-frequency noise attributed here to engine 
noise, matched the smaller predicted decay rate. Airframe noise given by the 
analysis developed under this contract therefore uses· the theoretically
predicted variation with sideline angle rather than the slower decrease 
indicated by the data of Refs. 12 and 17. 

3.2 Noise Component Method 

As was indicated in previous sections, the method developed herein is an 
airframe noise component method. That is, noise radiation from individual 
portions of the airframe is calculated without regard for other noise sources. 
This viewpoint that the several noise sources do not interact had been used 
in both the drag element method (Ref. 14) and the canponent analysis method 
(Ref. 4). Each noise component is assumed herein to be given by whatever 
aeroacoustic mechanism, velocity dependence, directivity, and spectrum seems 
to be appropriate. This approach also was used in the component analysis 
method. In contrast, the drag element method had attributed all components 
of airframe noise to essentially the same mechanism so that all had the same 
functional dependence and normalized spectrum. 

17 Lasagna, P. L. and Putnam, T. W.: Preliminary Measurements of Aircraft 
Aerodynamic Noise. AIAA Paper 74-572, June 1974. 
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The individual noise-radiating airframe components represented by the 
method developed herein are sketched in Figure 8. Noise from the clean wing, 
horizontal tail, and vertical tail were previously discussed. Noise contri
butions from the nose landing gear and main landing gear are calculated 
separately because generally each has a different size and therefore a dif
ferent peak frequency. Noise from the trailing edge flaps is calculated 
independent of whether the landing gear are extended or retracted. As pointed 
out in Ref. 4, this would seem to be a questionable assumption. Extending 
the landing gear generates turbulence from the wheels, struts, and open 
cavities. This turbulence is convected past the trailing edge flaps and would 
be expected to generate incidence fluctuation noise. This type of inter
action noise could be calculated if the intensity, scale length, and lateral 
extent of the landing gear turbulent wake was known. Noise from leading edge 
slats was found to he most easily represented as a sum of noise from the slat 
itself plus increased tr~iling edge noise from the wing. This was the one 
noise component for which an interaction had to be included in the calcula
tions described herein. 

The assumed absence, of interactions between various noise components can 
be checked by comparing measured flyover noise spectra, at constant airspeed, 
for an airframe with components extended ~ndividually and in combination. 
Flights of this type had been conducted for the Vickers VC 10 jet transport 
at 600ft altitude and approximately 160 knots airspeed (Ref. 12). Tabulated 
one-third octave spectra for these flyovers were obtained from the RAE. The 
spectrum measured for the clean airframe with idling engines was logarithmic
ally subtracted from those for the airframe with only the leading edge slats 
extended,only the landing gear extended and wheel--well doors closed, and 
only the trailing edge flaps at 45° deflection. Resulting noise increments 
from each of these components are plotted in Figure 9. Also plotted as a 
solid line is the logarithmic sum of measured noise for the clean airframe 
and those three noise increments. This experimental prediction of total air
frame noise in the approach configuration is seen to be in excellent agree
ment with the measured spectrum for the approach configuration, up to 4000 Hz 
center frequency. The comparison shown in Figure 9 therefore validates the 
use of a noise component method in which no interaction occurs between noise 
from landing gear, trailing edge high-lift devices, and leading edge high
lift devices. 

3.3 Landing Gear Noise 

Noise from extended landing gear has been investigated experimentally 
at DFVLR (Ref. 18). From a comparison of relative dimensions for nose gear 
and main gear of several jet transports, they found that the ratios of strut 

18Heller, H. H. and Dobrzynski, W. 11.: SOLmd Radiation From Aircraft 
Wheel-Well/Landing Gear Configurations. AIAA Paper 76-552, July 1976. 
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diameter, exposed strut length, wheel lateral spacing, and wheel width to 
wheel diameter were fairly constant. Test models therefore consisted of a 
two-wheel configuration typical of nose gear for large airplanes and main 
gear for moderate-size airplanes, and a four-wheel configuration typical of 
the main gear for large airplanes. By testing several components separately, 
it was found that the strong tones and higher-frequency broadband noise 
radiated by an isolated landing-gear cavity were greatly suppressed by the 
presence of bluff-body landing gear. Also, most of the noise was found to be 

~ associated with the struts, drag braces, and actuators rather than the wheels 
themselves. Use of these measured spectra scaled as expected for dipole 
noise was found to predict the measured landing gear noise spectra for the 
JetStar, Hawker Siddley HS 125, and Vickers VC 10 airplanes and to over
predict that for the British Aircraft Corp. BAC 1-11. 

Free-field spectra were given only for different azimuthal angles in a 
plane perpendicular to the flight direction. Spectra for the two-wheel land
ing gear models in the flyover and sideline positions, and 45° between them, 
were given in Figure 7 of Ref. 18. These spectra are plotted in the upper 
left portion of Figure 10. They appear to be the sum of one noise process 
that is independent of azimuth angle and another that varies with sine 
squared of the angle from the flyover plane. Fluctuations of side force on 
the cylindrical strut are likely to be the cause of the second noise process. 
These curves were approximated by the arbitrary empirical equation 

SPL=60 log(V/194 kt) + 20 log(O/r)+IOiog(IOGI+ IOG2) (11) 

where (12) 

(13) 

and the normalizing velocity 194 kt is equal to 100m/sec. Spectra calculated 
by this equation are shown in the remainder of Figure 10 to match the data 
within about 1 dB. The ratio of exposed strut length H to wheel diameter D 
is included in the sideline noise term to allow prediction of noise from long
strut nose landing gear and short-strut tail wheels. By numerical integra
tion of Eq. (11) 

OASPL = 60 log(V/194kt) + 20 log{D/r) + 10iog(I012 52 + IOG3) (14) 
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where G3 = 12.79 +log(0.34 H/0 l sin2cp (15) 

These equations can be generalized for landing gear having either one or two 
wheels by arbitrarily taking the nonsideline intensity for a one-wheel land
ing gear as half of that for a two-wheel landing gear. That is, 0.3 is 
subtracted from G1 , and from the exponent 12.52 in Eq. (12), if a landing 
gear has one rather than two wheels. 

Spectra for the four-wheel main landing gear models, taken from Figure 
10 of Ref. 18, are plotted in the upper left portion of Figure 11. These 
spectra were arbitrarily fitted by the swm of one term which was independent 
of azimuth angle and another which corresponds to a fluctuating side force. 
The spectrwm for this sideline-directed noise was flatter and weaker than 
that for sideline noise from two-wheel landing gear. Spectra calculated from 
the empirical equations 

SPL = 60 log (V/194 k t)+ 20iog (0/r) + 10 log(IOG4+ lOGS) (16) 

G4= 12 + log(fD/V) 2 [o.4 + (f0/Vl2] -LG (17) 

are compared with the measured spectra in the remainder of Fieure 11. Overall 
sound pressure level is given by 

OASPL= 60 log (V/194 kt) + 20 log(O/r) + IOiog(lo12.?9 + IOG3) (19) 

Calculated spectra for noise radiated from four-wheel landing gear are com
pared in Figures 12 and 13 with the noise increment caused by extended landing 
gear on the Vickers VC 10 and with noise of the Boeing 747 with gear extended. 
Spectra calculated from Eqs. (16) and (17) are plotted as solid lines. Noise 
amplitude is overpredicted at low frequencies and markedly underpredicted at 
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high frequencies. It was observed that the low-frequency portion of the data 
was closely predicted by use of Eqs. (11) and (12) for two-wheel landing gear, 
but the measured high-frequency decay was much smaller. The function G4 given 
by Eq. (17) therefore was replaced by 

[ ]
-15 

G4 =12 + log0.6(fD/V)2 i+0.25(fD/V)2 . (20) 

which has essentially no effect on Eq. (19) for OASPL. The resulting calcu
lated spectra, shown in Figures 12 and 13 as dash lines, generally match the 
oscillatory spectra. The high-frequency decay term calculated from Eq. (8), 
which approximates atmospheric attenuation, should be added to these calcula
ted spectra to obtain a closer match to data such as that of Figure 13 at 
high frequency. 

3.4 Trailing Edge Flap Noise 

Noise radiation from trailing edge flaps had beenrepresented by the NASA 
ANOPP noise component analysis (Ref. 4, p. 47) as the separately calculated 
trailing edge noise from each flap segment. The drag element method (Ref. 14) 
represents this noise as a sum of two components. One is proportional to flap 
profile drag coefficient squared and is associated with wake turbulence. The 
other component, associated with the wing and flap trailing vortex system, is 
proportional to induced drag coefficient cubed. The prediction method 
developed herein regards the flap panels as being immersed in the turbulent 
wake of the wing and upstream flap segments. Flap noise thus is assumed to 
be lift fluctuation noise caused by incident turbulence. Such noise could 
be predicted explicitly if the turbulence spectrum, scale length, and 
intensity were known. Because this information is not known, an empirical 
approach was used. 

Noise spectra generated by incident turbulence at low and moderate 
subsonic flight speeds should coalesce if the amplitude and frequency scales 
are properly adjusted. For convenience, flap noise was arbitrarily assumed 
to be independent of the number of chordwise flap segments. Amplitude should 
vary directly with flap area, inversely with far-field distance squared, and 
directly with flight speed to the sixth power. Frequency should be scaled as 
a Strouhal number relative to flap total chord. Here, flap chord was taken 
as the ratio of total trailing edge flap area (usually known for each air
plane) to flap span as scaled from a three-view sketch of the airplane. Noise 
spectra due to flap deflection were obtained from the data of Ref. 12 for the 
Vickers VC 10 at 20°, 35°, and 45° flap deflection, and the data of Ref. 11 
for the Boeing 747 at 25° flap deflection, the Convair 990 at 36° flap 
deflection, and the Lockheed JetStar at 50° flap deflection. The VC 10 and 
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747 have triple-slotted flaps; the other two airplanes have double-slotted 
flaps. For the VC 10 and CV 990, the measured spectra for the clean air
frame with engines at flight idle were subtracted from spectra measured with 
flaps deflected. This procedure neglects the fact that clean-airframe noise 
from the undeflected portion of the wing will be somewhat smaller than noise 
radiated by the entire clean wing. The portion of the VC 10 spectra near 
1600 Hz center frequency was not included because of large contributions from 
engine noise at fan blade passing frequency. The CV 990 spectra were not 
analyzed beyond 4000 Hz because the difference between spectra with flaps 
extended and retracted then decreased below l dB. Spectra were not available 
for the JetStar in these two configurations and nearly the same flight speed. 
A spectrum for the clean airframe was scaled to the flaps-extended flight 
speed, a.ssuming an amplitude dependence on velocity to the fifth pm1er and 
either Strouhal scaling of frequency directly with velocity or (Ref .. ll) no 
variation of frequency with velocity. The resulting levels never were closer 
than 6 dB below the flaps-deflected spectrum and generally were at least 10 dB 
below it. Therefore the JetStar spectrum with flaps deflected was completely 
attributed to trailing edge flap noise. 

Spectra also were available from Ref. 17 for the Aero Conunander Shrike 
with landing gear extended and the trailing edge flaps either defleeted or 
retracted, at constant airspeed and altitude. Below 250 Hz center frequency, 
deflecting the flaps decreased the apparent landing-gear cavity tone and 
therefore reduced the noise. At larger frequencies the measured no:_se 
increase caused by flap deflection was only about 2 dB. The resulting noise 
due to flap deflection is inherently much less accurate than the other flap 
noise spectra. 

Amplitudes of the resulting adjusted spectra were found to increase 
with increasing flap deflection. This increase seemed to be much less rapid 
than that given by the drag element method (Ref. 14). In that method, trail
ing edge flap noif.:e at constant airspeed and lift coefficient is predicted to 
vary with flap profile drag coefficient squared. Flap drag coeffic:Lent varies 
approximately with flap deflection to the second or third power. Therefore, 
the drag element method predicts that flap noise intensity varies w:Lth flap 
deflection to about the fifth power. The comparison of measured spectra 
seemed to vary roughly with sine squared of the flap deflection angle. 

The resulting amplitude-adjusted and frequency-adjusted spectra for 
maximum flyover noise caused by trailing edge flaps are plotted in ?igure 14. 
The spectra generally agreed at low Strouhal numbers. However, the high
frequency break point occurred at larger Strouhal numbers for triple-slotted 
flaps than for simpler flaps. This spectrum shape, having a gradual decay at 
moderate Strouhal numbers and an abrupt change to approximately inverse fre
quency cubed at high Strouhal numbers, is typical (Ref. 8) of noise radiated 
from airfoils in turbulent flow. Acoustic noncompactness (acoustic wave
length becoming smaller than the airfoil chord) causes the rapid deeay of 
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noise radiation at high frequencies. The observed spectra would be expected 
if double-slotted flaps have two flap segments of roughly equal chord, and 
triple-slotted flaps have a small-chord vane followed by two larger flap 
segments. 

Directivity was arbitrarily assumed to be that for a lift dipole normal 
to the deflected flap. For steady level flight, the combination of inverse
square dependence on far-field distance and the deflected lift-dipole 
directivity causes the flyover noise to vary with sin2 0 sin2 (0+~~), where 
8F is the flap deflection angle. It can be shown that this quantity is 
largest for a retarded -time angle 0 equal to 90°-~/2. That is, the noise " 
which will be measured as maximum flyover noise leaves the trailing-edge flaps 
before they pass over the observer. The resulting one-third octave spectrum 
due to deflection of trailing edge flaps, decreased 3 dB for comparison with 
data from post-mounted rather than ground-board microphones, were arbitrarily 
approximated by straight lines in Figure 14. The renult becomes 

OASPL = 112.0 + 10 log (SF sin2 8F / h2) + 60 log(V/ IOOkt) + 20iog [Sin 8 cos2¢sin(8+DF)] (21) 

for single- and double-slotted flaps, and 1.0 dB more for triple-slotted flaps. 

where (23) 

(24) 

(25) 

for single- and double-slotted flaps, and 



G7 = 99.0 + 10 log(fcF I Vl, fcF /v < 2 (26) 

(27) 

(28) 

for triple-slotted flaps. 

The assumed simple variation of trailing edge flap noise amplitude on 
sine squared of the deflection angle can be illustrated by use of the measured 
spectra for the Vickers VC 10 aircraft (Ref. 12). Spectra are plotted in 
Figure 15a for the clean airframe with flaps retracted and for 20°, 35°, and 
45° flap deflection angles. These spectra include 6 dB increase above free 
field. Noise increments caused by flap deflection were determined by 
logarithmic subtraction of the flaps-retracted spectrum. These increments 
are plotted in Figure 15b for the three flap angles. Next, the quantity 
20 log sin5r was subtracted from each spectrum to account for the effect of 
flap deflection on noise amplitude. The small quantity 20 log cos (8F/2) 
also was subtracted to account for the forward rotation of flap noise direc
tivity. The resulting three deflection-adjusted spectra are plotted in 
Figure l5c. Data symbols for all three flap angles are intermixed and 
generally are coalesced by this adjustment. Also shown is the empirical 
curve from Figure 14 for triple-slotted flaps. The spectra are generally in 
good agreement with this curve. Worst agreement occurred at frequencies near 
2500 Hz, the fan blade passing frequency. This comparison validates the 
assumption that trailing edge flap noise varies with sine squared of the flap 
deflection angle. 

3.5 Leading Edge Slat and Flap Noise 

Leading edge slats would be expected to cause noise by three processes. 
Trailing edge noise would be caused by the slat boundary layer as it flows 
past the slat trailing edge. Bluff-body noise would be generated by high
speed airflow past exposed actuators and tracks protruding through the slat 
gap. In addition, the win~ upper-surface boundary layer thickness and turbu
lence intensity would be changed by the slat wake. Only two sets of data were 
available for examining slat noise. Flyover noise had been measured with the 
Vickers VC 10 aircraft (Ref. 12) with and without leading edge slats deployed. 
Slats increased OASPL by about 5 dB at constant altitude, airspeed, and engine 
setting. Noise data for a wind tunnel model of the Boeing 747 were reported 
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in Ref. 19. Airframe noise for the clean configuration could not be 
detected above the tunnel background noise. Extending the leading edge flaps 
raised the airframe noise to detectable levels. When a gap existed between 
the leading edge flaps and the wing, the configuration resembled a leading 
edge slat. This slat configuration was about 3 dB louder at all frequencies 
than the model with gap sealed. A general comparison with noise data for the 
full-scale aircraft was shown, but absolute levels were not given. Comparing 
the spectra shown in Figures 12 and 13 of Ref. 19, it is apparent that noise 
from leading edge high-lift devices does not extend to frequencies as high as 
those for trailing edge flap noise. 

Because of the absence of detailed data and low levels of leading edge 
slat and flap noise relative to trailing edge flap noise, a simple approxi
mation was used. Leading edge flaps deflected to an angle appropriate for 
the aircraft lift coefficient have been assumed to raise the wing noise to 
that from Eq. (10) with ND equal to one, and to generate no additional noise. 
Of course, use of highly deflected leading edge flaps at low lift coefficients 
in an early part of descent can increase the noise. At that flight condition 
the airspeed is high, lift coefficient is low, and separated flow can occur 
on the lower surface of a leading edge flap. 

The one-third octave spectrum of the measured noise increase caused by 
VC 10 slat deployment (Ref. 12) is plotted in Figure 16. Also shown are the 
measured engine noise spectrum, the increment between that and the clean-air
craft flyover noise, and a prediction of that noise by the method developed 
herein. Measured levels shown are 3 dB lower than the original data taken 
with flush microphones. For most of the frequency range, engine noise and 
clean-aircraft noise increment were less than 3 dB apart. Clean-airframe 
noise was predicted to have peak amplitude within the one-third octave band 
centered at 125 Hz. It is possible that the higher-frequency noise increment 
attributed to the clean aircraft was actually produced by the engine. If so, 
then the peak frequency for slat noise was higher than that for noise of the 
clean airframe. The calculated amplitudes shown in this figure are for con
ventional low-speed aircraft with an OASPL 8 dB above that given by Eq. (6). 

Slat noise was approximated as the sum of two spectra, each having the 
normalized spectrum shape appropriate for trailing edge noise. Leading edge 
slats typically have a chord about 15% of the wing chord. Peak frequency of 
slat trailing edge noise should then be 0.15-o.8 or about 4.56 times that for 
the wing noise. Measured slat noise for the VC 10 was approximately matched 
between 315 and 1600 Hz if amplitude of this peak of slat noise was taken to 

19shearin, J. G., Fratello, D. J., Bohn, A. J., and Burggraf, W. D.: 
Model and Full-Scale Large Transport Airframe Noise. AIAA Paper 76-550, 
July 1976. 
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be 3 dB above that for the clean wing. The low-frequency portion of the slat 
noise spectrum was then matched by assuming that the slat also produced an 
increment of wing trailing edge noise 3 dB above the clean-wing noise. The 
resulting presentation of the slat noise spectrum, plotted in Figure 16, 
gives a general approximation to those data on which it was based. Rather 
than represent the high-frequency portion of this spectrum as having an 
intensity proportional to slat area, all slats are assumed to have roughly the 
same ratios of slat area to wing area and slat chord to wing chord. Thus the 
only geometric parameters used in calculating slat noise were those for the 
wing. 

3.6 Graphical Method 

A graphical method was developed for predicting airframe noise. Predicted 
levels are 3 dB above free field, as with measurements conducted for noise 
certification purposes as described in FAR 36. This method neglects all 
source motion effects (convective amplification and Doppler shifts) on noise 
measured by a fixed observer. Figures are presented for determining OASPL and 
normalized spectrum for various noise components of airframes flying at 500 ft 
altitude in a sea-level standard atmosphere. The change of noise amplitude 
caused by flight at other altitudes is given by an inverse dependence on 
altitude squared. The resulting correction in decibels is plotted in Figure 
17 for the range from 100 ft to 2000 ft altitude. 

3.6.1 Clean Airframe 

Maximum overall sound pressure level for clean configurations was 
approximated by neglecting the effect of wing aspect ratio and assuming an 
arbitrary ratio of horizontal tail area to wing area. The maximum flyover 
OASPL for a very clean airframe (sailplane, supersonic transport, subsonic 
jet transport without external flap track fairings) can be determined from 
Figure 18 as a function of wing area and flight velocity. For conventional 
subsonic propeller-driven airframes and for jet transports with numerous 
large trailing edge flap track fairings, add 8 dB to these levels. 

Spectrum of clean-airframe noise is a function of the flat-plate turbu
lent boundary layer thickness at the wing trailing edge. This quantity can be 
obtained from Figure 19 as a function of'flight velocity and wing mean 
geometric chord. The wing mean geometric chord is the ratio of gross wing 
area to total wing span (equivalent to the square root of the ratio of gross 
wing area to wing aspect ratio). For each one-third octave center frequency, 
the nondimensional Strouhal number must be calculated. This is the product 
of center frequency (Hz) and boundary layer thickness (ft) obtained from 
Figure 19, divided by flight velocity in ft/sec (1.69 times flight velocity, 
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knots). The amount by which the one-third octave sound pressure level of that 
center frequency is less than OASPL is given by the normalized spectrum 
labeled Clean Wing in Figure 20. 

3.6.2 Leading Edge Devices 

Leading edge flaps are assumed to raise OASPL to that for a conventional 
low-subsonic-speed clean wing, 8 dB above that given by Figure 18. Normalized 
spectrum is given by the Clean Wing spectrum of Figure 20. 

Leading edge slats are assumed to raise the wing OASPL to that for a 
conventional low-subsonic-speed clean wing. Also, they are assumed to gener
ate a noise increment 6 dB larger than that for the low-subsonic clean wing. 
The normalized spectrum of this noise increment relative to OASPL o:f the low
subsonic clean wing is given by the curve in Figure 20 labeled Leading Edge 
Slat. 

3.6.3 Trailing Edge Flaps 

Maximum flyover OASPL for the noise increment caused by trailing edge 
flaps is obtained from two figures. OASPL amplitude due to flight velocity 
and trailing edge flap area is obtained from Figure 21. This quantity must be 
decreased by the adjustment for flap deflection angle given in Figure 22. 
Deflection angle affects both the flap noise amplitude and directivity, so 
maximum flyover noise is predicted to occur near 70° rather than at 90° flap 
deflection. These values of flap OASPL are independent of the type of flap. 
However, the normalized spectrum shape for trailing edge flap noise (Figure 
23) is different for triple-slotted flaps. Note that Strouhal number for 
trailingedge flaps isreferenced to the total flap chord (ratio of flap plan
form area to flap span as scaled from a top or bottom view of the wing plan
form). 

3.6.4 Landin~ Gear 

Maximum OASPL for flyover of a pair of two-wheel or four-wheel main 
landing gear assemblies can be obtained from Figure 24 in terms of the tire 
diameter and flight velocity. These values should be decreaced 3 dB for 
aircraft which have a one-wheel main landing gear. They should then be 
increased in proportion to the total number of main landing gear on an air
craft (3 dB for four main gear as on some wide-body jet transports). Noise 
from the nose landing gear can be neglected relative to that from the main 
gear. Normalized one-third octave spectrum, which is different for four-wheel 
gear than for one- or two-wheel gear, can be obtained from Figure 25. 
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3.6.5 Annoyance-Weighted Noise Levels 

Variations of calculated A-weighted noise level (dB(A)) and perceived 
noise level (PNL) with overall sound pressure level, as determined by the 
noise component method for a range of test cases, are plotted in Figure 26. 
As a rule of thumb, it seems reasonable to approximate airframe noise dB(A) 
as 4.6 dB less than OASPL with a standard deviation of 1.3 dB and PNL as 7.1 
dB more than OASPL with a standard deviation of 2.1 dB. A more accurate pre
diction would be obtained by (l) use of the preceding method to calculate the 
spectrum for each noise component, (2) adding these spectra logarithmically to 
obtain the aircraft noise spectrum for the particular configuration, and 
(3) calculating dB(A) and PNL by standard methods. 
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4.0 NASA ANOPP METHODS 

Two NASA Aircraft Noise Prediction Program (ANOPP) methods for 
calculating airframe noise were obtained from NASA within one computer pro
gram. Option 1 of that computer program is the total aircraft noise method 
developed by Hardin (Ref. 4) for clean airframes. It was derived from a 
regression analysis of measured peak OASPL for selected aircraft flyovers. 
Mean square acoustic pressure was assumed to vary inversely with distance 
squared. Exponents for velocity, wing area, wing aspect ratio, and gross 
weight were determined which minimize the rms error. The data base did not 
include any jet aircraft other than the C-5A. This method was shown in Ref. 5 
to underestimate OASPL of business jets by about 8 dB and low aspect ratio 
delta-wing aircraft by about 20 dB. Comparisons between measured and calcu
lated spectra for this method had not been published. 

Options 2 through 8 of the NASA-supplied computer program calculate air
frame noise from seven components as given by Revell's drag element method 
(Ref. 14). These components are the noise caused by wing profile drag 
(including trailing edge flaps), wing induced drag, and profile drag of the 
fuselage, nacelles, horizontal tail, landing gear, and leading edge slat. 
Input data for these calculations include flight speed, altitude, airframe 
geometry, lift coefficient, and the drag coefiicient for each component. Flow 
velocity at the wing upper surface trailing edge, as calculated from the mag
nitude and chordwise location of wing maximum velocity by use of Eq. (43) of 
Ref. 14, also is needed. For prediction of airframe flyover noise, spectra 
calculated for the selected options must be logarithmically summed by the user 
and adjusted for the variation of far-field distance with airframe direction 
angle. 

The computer program developed by NASA for the drag element method 
contains Mach number convection terms which were not included in Hef. 14. Use 
of the low Mach number approximation was discussed on pp 5-6 of Ref. 14. 
However, the resulting equations were applied in Ref. 14 to flyover noise 
prediction for the Lockheed JetStar aircraft at Mach numbers from 0.38 to 0.55 
where these effects are not small. Convection effects on directivity pattern 
are included in the ANOPP method, causing calculated maximum OASPL to occur at 
a retarded-time position upstream of the overhead position. However, the 
Doppler shift of calculated spectra was omitted for all direction angles. 
Thus the spectra calculated by the corrected NASA ANOPP drag element method 
and presented in this report would match those given by direct application of 
equations in Ref. 14 for the limit of very low subsonic Mach numbers (less 
than 0.1) but would not necessarily match any other version of that method. 
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Considerable aerodynamic information is required as input for calculation 
of airframe noise by the drag element method. Profile drag coefficients for 
airframe wing, tail, fuselage, and nacelle surfaces were estimated by use of 
the table on p 95 of Ref. 20. The increment of profile drag caused by trail
ing edge flap deflection was obtained from Figure 2-68 of that reference. 
Lift coefficient for each flight-test case was calculated from the known 
gross weight, wing area, flight speed, and standard-atmosphere air density. 
Induced drag coefficient was calculated from the lift coefficient and wing 
geometry by use of Eq. (2-86) of Ref. 20. Resulting calculated variations of 
total drag coefficient with lift coefficient, at lift coefficients correspon
ding to flight conditions, generally were within 10% of available unpublished 
flight test data for one of these aircraft with landing gear retracted and 
flaps both retracted and extended. As had been recommended in Ref. 14, drag 
coefficient of the landing gear (referenced to wing planform area) was taken 
equal to the ratio of total landing-gear frontal area to wing planform area. 
Airfoil velocity distributions, and therefore the trailing edge velocity, 
were calculated for each airfoil shape and lift coefficient by use of tables 
in Ref. 21. 

20Perkins, C. D. and Rage, R. E.: Aircraft Performance, Stability, and 
Control. John Wiley & Sons, Inc., New York, 1949. 

21Abbott, I. H. and von Doenhoff, A. E.: Theory of Wing Sections, 
Including a Summary of Airfoil Data. Dover Publications, Inc., New York, 1959. 
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5.0 COMPARISON OF MEASURED AND PREDICTED FLYOVER NOISE 

5.1 Limitations of Available Data 

Airframe noise data utilized for these comparisons were measured by three 
different organizations. The measurements and data reduction processes used 
in each test program are discussed here. Most of these data were obtained by 
NASA Dryden Flight Research Center; overall sound pressure level (OASPL) and 
some spectra were reported in Refs. ll, 17, and 22. Tabulated flyover spectra 
were supplied by NASA for the O.l second time tncrement which yielded maximum 
OASPL. These spectra were adjusted by NASA for the difference betv1een atmo
spheric attenuation at the measured temperature and humidity and that for a 
standard atmosphere, over a path length equal to flight altitude h.. They were 
further adjusted by NASA to a 500 ft altitude by adding the increment 
20 log (h/500) at all frequencies, plus the change in standard-atmosphere 
attenuation over the distance (h-500) at each center frequency. Values of 
OASPL and perceived noise level (PNL) were calculated by NASA for the result
ing spectra. Such spectra have been described by NASA as maximum OASPL con
dition, corrected to standard atmosphere and 500 ft altitude. The aircraft 
geometric position at this measurement time was not specified. These data 
had been measured with microphones flush-mounted in large flat plates laid 
over the ground. To obtain sound levels that could be compared with predic
tions for tripod or post-mounted microphones as for FAA noise certification 
measurements, the tabulated values of OASPL, PNL, and one-third octave SPL 
were decreased 3 dB. The assumption that a 3 dB decrease in all one-third 
octave SPL's produces a 3 dB decrease of PNL is not rigorous but introduces 
less than l PNdB error at the maximum amplitude for these data. Values of 
A-weighted sound pressure level, dB(A), were calculated for these decreased
amplitude spectra as part of this contract. 

Spectra measured by Lockheed-California Co. and tabulated in Ref. 9 were 
obtained as the maximum measured values in each one-third octave band during 
each flight. The resulting composite spectra therefore consists of individ
ual one-third octave maxima which did not all occur at the same im:tant of 
time. However, OASPL of these composite spectra only slightly exceeded the 
largest measured value of OASPL. Measured spectra and OASPL were presented 
in two forms. The actual composite spectra and their OASPL's were tabulated. 
Also, smoothed spectra were plotted. These smooth curves eliminated strong 
ground reflections at low frequencies, narrowband-random peaks caused by 
feathered propellers, and discrete peaks caused by airframe protrusions such 

22 A Hersh, . S., Putnam, T. W., Lasagna, P. L., and Burcham, F .. W., Jr.: 
Semi -Empirical Airframe Noise Prediction Model. AIAA Paper 76-527,. July 1976. 
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as radio antennas. OASPL's for the smoothed, idealized spectra also were 
tabulated. The smoothed data were regarded in Ref. 9 as representing funda
mental airframe noise excluding the peculiarities of each specific airframe 
and measurement installation. These data were taken with tripod-mounted 
microphones and correspond to 500-ft flight altitude, unspecified atmospheric 
properties, and no corrections for atmospheric attenuation. Values of PNL 
and dB(A) for the selected spectra were calculated from both tabulated and 
smoothed spectra as part of this contract. 

Spectra measured by NASA Lewis Research Center (Refs. 23 and 24) were 
presented as functions of the retarded-time direction angle. These one-third 
octave spectra exceed the engine noise for only a limited frequency range. 
NASA had fitted the normalized spectrum curve of Ref. 9 to these data. The 
resulting smoothed extrapolated spectra were utilized by NASA to calculate 
airframe-noise maximum OASPL and the variation of PNL with direction angle. 
The spectra were measured with tripod-mounted microphones and were not 
corrected for ground reflection. 

Calculated spectra and integrated amplitudes utilized for comparison with 
these data were evaluated for the retarded-time angle, in 10 deg increments, 
that gave maximum OASPL. Calculated maximum PNL always occurred at the same 
angle as maximum OASPL. Individual calculated one-third octave sound pressure 
levels could exceed these levels because of Doppler shifts between the air
frame-fixed and ground-fixed coordinate system and different directivity 
shapes for various noise mechanisms. Composite spectra comprising the largest 
calculated one-third octave SPL's during a flyover would be within l dB of the 
spectra presented. 

5.2 Aircraft for Noise Comparisons 

The aircraft for which measured and calculated noise spectra were 
compared had been chosen to provide a large range of type and shape. Within 
each type, the specific aircraft chosen was one for which data existed over a 
range of flight configurations. Another constraint was the need to choose 
aircraft for which propulsion-system noise did not overwhelm the airframe 
noise. 

23Burley, R. R.: Preliminary Measurement of the Airframe Noise From an 
F-l06B Delta Wing Aircraft at Low Flyover Speeds. NASA TM X-71527, March 
1974. 

24 Burley, R. R.: Suppressor Nozzle and Aiframe Noise Measurements During 
Flyover of a Modified F-l06B Aircraft With Underwing Nacelles. ASME Paper 
74-WA/Aero-l, Nov. 1974. 
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Data are available for the Boeing 747 (Ref. ll) and Lockheed C-5A (Ref. 
25) large wide-body jet transports and the Convair 990 (Ref. ll) and Vickers 
VC 10 (Ref. 12) fo~r-engine and BAC 1-11 (Ref. 12) two-engine narrow-body 
jet transports. Spectra for the C-5A have the disadvantage that engine noise 
at and above fan blade passing freq~ency was dominant at freq~encies that 
strongly affect annoyance-weighted noise levels. Also, flyover altit~de was 
ro~ghly eq~al to the wing span so the data may not have been far-field. The 
BAC 1-11 and Convair 990 were only tested at three of the fo~r combinations 
of flap and. gear position (clean airframe, landing gear extended, trailing 
edge flaps extended, and both gear and flaps extended). Spectra were avail
able for the Vickers VC 10 over the largest range of config~rations (three 
flap deflections). However, calc~lated flyover spectra are available for the 
Boeing 747 as given by the highly detailed airframe noise component prediction 
of Ref. 4. That method had not been eval~ated by any p~blished comparisons 
with data. Therefore, ~se of the Boeing 747 as a test airframe would allow 
evaluation of an additional airframe noise prediction method. Data from the 
Vickers VC 10 and Convair 990 were ~sed, however, in developing the airframe 
noise component method given herein. 

Dctta are available for two b~siness jets, the Lockheed JetStar (Refs. ll 
and 17) and Hawker Siddley 125 (Ref. 12). The same range of config~ations 
(clean, gear extended, flaps extended, flaps and gear extended) were available 
for both aircraft. However, spectra for the Hawker Siddley 125 were clearly 
dominated by engine noise at and above 1600 Hz center freq~ency even with the 
flaps and landing gear extended. Also, spectra calc~lated by the drag element 
method had been p~blished (Ref. 14) for the JetStar. Proper ~se of the NASA 
ANOPP comp~ter program for this method co~ld be checked by seeing whether an 
independent estimate of aerodynamic inp~ts for this aircraft wo~ld yield the 
same predicted spectr~. 

Another important class of general-aviation airframe is the light twin
engine propeller-driven aircraft. The only aircraft for which spectra were 
available both in the clean config~ration (Ref. 9) and with landing gear and 
flaps extended (Ref. 17) was the Aero Commander Shrike. Data were s~pplied 
by NASA for gear extended and both gear and flaps extended at one airspeed, 
and gear extended at a higher airspeed. Clean-airframe data existed at both 
those airspeeds. 

Sailplane noise data were of interest beca~se there is no q~estion of 
contamination from prop~lsive-system noise. As noted in Ref. 4, m~ch of the 
sailplane noise data are relatively old and had been meas~red at low flight 

25Gibson, J. S.: Nonengine Aerodynamic Noise Investigation of a Large 
Aircraft. NASA CR-2378, Oct. 1974. 
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altitudes. The data of Ref. 9 for the Prue-2 sailplane avoided these 
difficulties. Comparisons were made at three airspeeds to evaluate the 
unexpected poor agreement found between data and predictions which used one 
of the specified methods. 

Finally, the Convair F-106B delta-wing supersonic aircraft (Refs. 23 and 
24) was picked as a small-scale representative supersonic transport configur
ation. Aircraft with low aspect ratio wings, such as this and the Handley 
Page 115 (Ref. 12), tend to have their airframe noise levels greatly over
estimated by simple prediction methods. Directivity had been measured for the 
F-l06B. 

The resulting aircraft configuration test cases and run numbers are 
listed in Table 1. They comprise a total of thirteen configurations and five 
airframes. Because comparisons were made for some configurations at more 
than one airspeed, a total of seventeen cases were examined. The airspeeds 
for these cases, along with measured and predicted OASPL, dB(A), and PNL, are 
given in Table 2. Measured and predicted spectra are plotted in Figures 27 
through 41. Other comparisons are given in Figures 42 through 45. Tabulated 
spectra and airframe geometric properties are given in Tables 3-8 of 
Appendiy III. 

5.3 Prue-2 Sailplane 

Spectra measured with this aircraft in two runs at each of three nominal 
airspeeds are plotted in Figures 27 through 29. The lower run number for each 
set of data denotes a gross weight 81% of that for the higher run number. 
Predicted spectra are shown for the NASA ANOPP total aircraft method and drag 
element method, and for the FAA noise component method developed under this 
contract. The difference in gross weights was calculated to cause a 0.6 dB 
change in spectrum levels for the total aircraft method and less than 0.1 dB 
for the other methods. Only one calculated curve is shown for each method. 

At the lower two velocities, the strongest individual one-third octave 
bands were below 200 Hz center frequency and had amplitudes approximately 
independent of velocity. Measured OASPL's were dominated by the low-frequency 
background noise, which had been faired out of the smoothed spectra. Spectra 
calculated by the NASA ANOPP total aircraft noise method generally matched 
these measured high values of OASPL. However, they were about 8 dB above the 
measured spectra for center frequencies greater than 1000 Hz. PNL and dB(A) 
were overpredicted by about the same increment. This method had previously 
been evaluated in Refs. 3 and 4 by comparing only the measured and calculated 
OASPL. Good agreement had been obtained, as shown in Table 2. 
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The NASA ANOPP drag element method underpredicts the data at low 
frequencies and overpredicts at high frequencies. It gives good predictions 
of annoyance-weighted noise levels even though the spectrum shape is not 
closely matched. The FAA noise component method comes closer to the general 
trend of the data. The calculated curve tends to be parallel to the data at 
highly weighted frequencies (1000 to 4000Hz). This method also gives good 
predictions of annoyance-weighted noise levels. 

Data for the highest airspeed of 100 knots (Figure 29) are dominated by 
a laminar instability tone that protrudes 20 dB above the lower-frequency 
base. This combination of roughly 1400 Hz frequency and 100 knots airspeed 
was calculated by the method of Ref. 10 to be associated with Tollmein
Schlichting laminar instability at the trailing edge of a 17 in. chord sur
face. That dimension corresponds to the Prue-2 horizontal tailplane mean 
geometric chord, rather than the larger (28.5 in.) wing tip chord. Such tones 
are usually associated with low Reynolds number and therefore low flight speed, 
if radiated by the wing. Evidently this tone can occur only for the proper 
range of horizontal tail deflection, which is a function of airspeed. OASPL 
given by the NASA ANOPP total airframe method approximately matches that of 
this narrowband-random peak. Both the total airframe method and drag element 
method generally match the measured one-third octave levels at frequencies 
above this peak, between 2000 and 5000 Hz center frequency. These measured 
levels may be dominated by harmonics of the laminar instability peak. The FAA 
noise component method underpredicts those levels but is close to the data 
below 200 Hz and above 6300 Hz center frequencies. 

Laminar instability tones can be eliminated by tripping the boundary 
layer upstream of the trailing edge. Inability of the noise component method 
to predict such noise is unimportant. Tone noise can be identified by the 
frequency prediction of Ref. 10 and eliminated at negligible cost in weight 
and friction drag. 

5.4 Aero Commander Shrike 

Measured spectra (Ref. 9) for the Aero Commander Shril~e at 153 knots in 
the clean configuration and two gross weights are plotted in Figure 30. Both 
piston engines were off and the propellers were feathered. The lighter 
weight was 78% of the heavier weight. No systematic effect of gross weight 
occurred in the data. Peak amplitudes in the spectra occurred as a possible 
ground reflection near 100 Hz and noise from the feathered propellers in the 
315 and 400Hz one-third octave bands. The spectrum calculated by the NASA 
ANOPP total aircraft method has an OASPL which matches that of the actual data 
including those peaks. This method progressively overestimates the measured 
one-third octave SPL's as frequency is increased above 400 Hz. Closer agree
ment would have been obtained by that method if OASPL had been decreased 
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several dB and peak frequency had been reduced by about two one-third octave 
bands. Spectra calculated by both the drag element method and the noise com
ponent method are in good agreement with each other and with the data between 
500 and 4000Hz frequencies. Both methods therefore closely predict annoy
ance-weighted noise levels. 

An Aero Commander Shrike had been tested by NASA Dryden Flight Research 
Center (Ref. 17) at this airspeed and the smaller gross weight with landing 
gear extended. Both the nose and main gear have single wheels. Aeoustic data 
were measured with flush-mounted microphones. Reported levels were decreased 
3 dB for comp!uison with these predictions. Resulting adjusted levels are 
plotted in Figure 31. This spectrum is considerably higher than that for the 
clean airframe (Figure 30) below 125 Hz because of landing gear cavity noise. 
It matches the propeller-noise peak of the clean airframe at 315 and 400 Hz, 
is about 6 dB higher near 1000 Hz, and decays to the clean-aircraft levels 
above 5000Hz. Landing gear noise is calculated by the drag element method to 
peak at a relatively low frequency. Thus the cavity noise is qualitatively 
predicted near 50 Hz, but the calculated spectrum matches that calculated for 
the clean airframe above 400Hz. The drag element method therefore under
predicts annoyance-weighted noise levels for this configuration. In contrast, 
the noise component method underpredicts the low-frequency cavity noise but 
closely predicts the landing gear noise spectrum at high-annoyance frequencies. 
Both methods overpredicted the measured noise above 5000 Hz frequency. 

Spectra for the clean configuration (Ref. 9) at 113 knots are plotted in 
Figure 32. Amplitudes of the low -frequency peaks at 100 and 315 H2; center 
frequencies match those shown in Figure 30 for this aircraft at 153 knots air~ 
speed. The spectrum predicted by the total aircraft method ranges from about 
6 to 10 dB above the data above 500 Hz center frequency. As with the compari
son at the higher airspeed, this predicted spectrum appears to be displaced 
about two one-third octave bands too high in frequency in addition to being 
about 5 dB high in amplitude. The drag element and noise component methods 
closely match the data at frequencies above the feathered-propeller noise 
peak. 

NASA spectra for this airspeed and two flights, one with the landing gear 
extended and one with landing gear and single-slotted trailing edge flaps 
extended, are shown in Figure 33. Extending the flaps decreased the low
frequency noise from the landing gear cavity but increased the noise several 
dB at greater than 200 Hz center frequency. Thus OASPL was decreased but PNL 
was increased by flap extension with the landing gear down. As at the higher 
airspeed (Figure 31), noise radiated by the airplane with landing gear down 
was underpredicted by the drag element method and was closely predicted by 
the noise component method. Noise measured with both the gear and flaps 
down, at frequencies above 500 Hz, was closely predicted by both methods. Data 
for this configuration did not extend high enough in frequency to check the 
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difference between predictions above 5000Hz. Note that for the frequency 
range of good agreement, noise from the trailing edge flaps as predicted by 
the drag element method is in coincidental good agreement with the sum of 
measured flap and landing gear noise. 

5.5 Lockheed JetStar 

Noise measurements for the Lockheed JetStar business jet were obtained 
by NASA Dryden Flight Research Center and were reported in Refs. ll and 17. 
A flyover noise spectrum for the clean configuration at 247 knots airspeed is 
plotted in Figure 34. This aircraft and airspeed were of interest because 
good agreement had been shown in Figure 10 of Ref. 14 between these data and 
predictions by the drag element method. The spectrum calculated by the NASA 
ANOPP computer program for that method, shown in Figure 34, generally matches 
that calculated spectrum. The total airframe method generally predicts one
third octave SPL's 15 dB above the data, and the noise component method 
generally is 5 to 10 dB low. 

One peculiarity of spectra presented in Refs. 11 and 17 for clean jet 
aircraft was a peak located near 1600 Hz for a range of aircraft size 
(Lockheed JetStar, Convair 990, and Boeing 747) at all flight speeds. Calcu
lat:i.ons therefore were repeated for the JetStar in clean configuration and 
358 knots, the highest speed for which data were available. The comparison 
of calculations and data for this condition is given in Figure 35. Here, 
spectra determined from the drag element method and the noise component 
method are about 10 dB apart. The measured spectrum is consistently lower 
than that from the drag element method. It is above the noise component 
method except for good agreement near 500 Hz and above 5000 Hz frequencies. 

These data were obtained by NASA with the engines set at whatever thrust 
level provided steady level flight. Thrust and therefore engine noise had 
been increased to achieve the higher airspeed. The JetStar uses turbojet 
engines which generate considerable low-frequency exhaust noise and high
frequency compressor noise. It is likely that the broad peak near 1600 Hz 
shown in Figures 3~- and 35, which dominates both OASPL and PNL, actually was 
engine compressor noise rather than airframe noise. 

A further indication exists of the importance of engine noise in measure
ments for the clean configuration. The variation of OASPL with sideline dis
tance for this aircraft had been plotted in Figure 9 of Ref. 17. It was noted 
that OASPL varied inversely with measurement distance squared, without an 
angular directivity dependence as would be expected for airframe noise. These 
spectra had been requested from NASA Dryden Flight Research Center for anar 
ysis in this study. They were not supplied because they were stated to be 
contaminated by engine noise at most measurement directions. 
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A spectrum for this aircraft at 182 knots with landing gear down is 
plotted in Figure 36. As with the comparison for the Aero CommandE~r Shrike, 
landing gear noise as calculated by the drag element method was prE~dicted to 
occur only at low frequencies. This method underestimated the measured noise 
by about 10 dB between 1000 and 2500 Hz and about 5 dB over most 013her fre
quencies. The noise component method gave the general level of the data, 
which oscillated roughly ±5 dB relative to this prediction. Worst agreement 
occurred near the peak which was attributed to engine noise. 

Measured spectra are shown in Figure 37 for the JetStar at 170 knots 
with trailing edge flaps down and at 158 knots with landing gear and flaps 
down. There was no systematic difference between the two spectra; the 
decrease of flap noise caused by reduced velocity was approximatel;r matched 
by the added landing gear noise. These spectra, as with all others for 
different configurations of this aircraft, contain a peak from 1000 to 2000 
Hz frequency. The drag element method predicts a large amount of trailing 
edge flap noise caused by high profile drag at 50° flap deflection. Airframe 
noise is generally overestimated about 10 dB for this configuration. 
Decreasing the airspeed and lowering the landing gear is predicted to cause 
about 2 dB noise reduction, contrary to the lack of change in measured leve.ls. 
In contrast, the noise component method closely predicts these spectra except 
for the peak of apparent engine noise. This peak occurs at frequencies which 
are highly weighted in predicting annoyance-weighted noise levels, so the drag 
element method more closely predicts dB(A) and PNL. Spectra calculated by the 
noise component method for the two configurations and airspeeds intersect each 
other, in agreement with the data. 

5.6 Boeing 747 

A flyover peak noise spectrum for the clean configuration at ~233 knots 
is compared with predictions in Figure 38. Both the drag element method and 
the noise component method predict the general level of data up to 500 Hz 
center frequency. Above 630 Hz the data have higher levels as would be 
expected for engine noise. This portion of the spectrum agrees with the 
noise levels predicted by the total aircraft method. The alrcraft used in 
these tests was an early Boeing 747-100 with thin-lip inlets equipped with 
blow-in doors. Turbulence generated by this type of inlet and convected into 
the fan is known to cause engine installation noise. Current Boeing 747's 
use a thick-lip inlet without blow-in doors, and have less propulsive-system 
noise. 

A test program to measure airframe noise of the McDonnell-Douglas DC-10 
was described in Ref. 15. That aircraft uses a large high-bypass-ratio turbo
fan engine similar in general size to that in the Boeing 747. It was found 
necessary as part of the DC-10 tests to install additional sound-absorbing 
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material in the inlet, fan exit duct, and core exit duct to suppress flight
idle engine noise. Only after those changes was it possible to measure the 
clean-airframe noise. Thus it is likely that spectra from the unmodified 
larger, louder Boeing 747 were dominated by installed-engine noise at frequen
cies where such noise is important. 

A spectrum measured for the Boeing 747 at 233 knots with landing gear 
extended is plotted in Figure 39. This aircraft has four four-wheel main 
landing gear and a two-wheel nose landing gear. As with other aircraft, the 
spectrum predicted by the drag element method matches that predicted for the 
clean airframe except at low frequencies. Measured one-third octave SPL's are 
underestimated by about 10 dB between 100 and 500 Hz frequencies and more than 
15 dB in the apparent engine-noise peak. The noise component method is 2 to 
3 dB high below 500 Hz, about 8 dB low for most of the higher-frequency peak, 
and in general agreement above 4oooHz. Another predicted curve, obtained 
from the component prediction method described within the NASA ANOPP airframe 
noise document (Ref. 4), is plotted as a dot-dash curve. This curve was 
obtained from the predicted spectra plotted in Figures 55 and 57a of Ref. 4 
for this aircraft with landing gear extended and flaps down to obtain landing
gear noise and clean-aircraft noise at 177 knots. Amplitude was scaled with 
velocity to the sixth power and inversely with altitude squared; frequency was 
scaled directly with velocity. The resulting predicted spectrum closely 
matches that shown for the noise component method. However, the noise compo
nent prediction is dominated by calculated landing gear noise. Landing gear 
noise had been calculated by the component prediction method of Ref. 4 to be 
about 15 dB below the clean wing and horizontal tail noise at the frequencies 
shown. Landing gear noise as given by that method appears only as cavity 
noise at very low frequencies. Thus the spectrum shown for the component pre
diction method really applies to clean airframes. Comparing with the clean
airframe spectrum shown in Figure 38, it would match the general level of the 
engine-attributed noise above 800 Hz but would be more than 10 dB higher than 
most of the lower-frequency data. The agreement shown in Figure 39 between 
data and the component prediction method for the aircraft with gear down 
therefore is fortuitous. 

Spectra measured with the Boeing 747 at approximately 198 knots with 
trailing edge flaps extended, and with flaps and landing gear extended, are 
plotted in Figure 40. Extending the landing gear added 3 to 4 dB at frequen
cies from about 250 to 5000 Hz. Spectra predicted by the drag element method 
for the configuration with deflected flaps are about 5 dB too high between 
200 and 500 Hz and about 8 dB too law between 2000 and 6300 Hz center frequen
cies. The j_ncreased noise caused by landing gear extension at frequencies of 
interest is not predicted. The NASA-sponsored component prediction taken from 
Figure 56b of Ref. 4 combines spectra separately calculated for the wing, the 
horizontal tail, and each of the three chordwise flap segments. This predic
tion is only 2 to 3 dB low for most of the frequency range below the region of 
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possible engine noise. However, this method incorrectly predicts too low a 
level of landing gear noise. The noise component method developed under this 
study closely predicts the flaps-down spectrum and generally predicts the 
spectrum measured with both flaps and gear down. It is about 3 dB below the 
data for the highly weighted range between 800 and 2500 Hz, but the closest 
other prediction (component prediction method) is about 7 dB too low. Both 
the noise component method and component prediction method gave a close 
approximation to the general spectrum shape. For aircraft with deflected 
trailing edge flaps, the drag element method gives a more sharply peaked 
spectrum which has the normalized shape associated with clean-airframe noise 
and an amplitude set by deflected-flap profile drag. 

5.7 Convair F-l06B 

Airframe noise spectrum and directivity measurements are available from 
a study (Refs. 23 and 24) of in-flight jet noise suppression. In those tests, 
conducted by NASA Lewis Research Center, an Fl06B turbojet-powered supersonic 
delta-wing interceptor was used as a test airframe. Two small afterburning 
turbojets were attached beneath the aircraft. Various noise suppression 
devices were mounted on these turbojets, and changes in noise amplitude and 
spectrum were determined at supersonic transport climb-out conditions. Because 
jet noise has considerable variation with direction angle, the flyover noise 
instrumentation and data reduction was chosen to permit accurate measurement 
over a considerable range of aircraft position. Airframe noise was determined 
as background noise that would have to be subtracted from the total noise 
spectrum at each direction angle. The spectrum of measured maximum airframe 
noise without the small engine~ at center frequencies from 200 to 1250 Hz, is 
shown in Figure 41 along with several predictions. The portion of the spec
trum below 200 Hz was dominated by jet noise from the main turbojet at 
flight-idle thrust; the high-frequency portion was dominated by compressor 
noise from that engine. Spectra are given in Figures 7 and ll of Ref. 23 and 
Figure 13 of Ref. 24 for retarded-time direction angles from 60° to 90°. Also, 
the normalized spectrum shape given in Figure 4 of Ref. 4 had been fitted to 
this airframe noise portion of the spectrum to allow calc11lation of maximum 
OASPL. 

The total aircraft noise method overpredicts the measured spectrum by 
20 to 30 dB. As noted on p 31 of Ref. 4, this measurement was specifically 
excluded from the least-squares data correlation utilized in developing that 
method. This 20 to 30 dB overestimate also occurs (not shown here) if the 
total aircraft noise method is applied to predicting airframe noise from the 
Handley Page HP-115 low asyect ratio delta-wing aircraft (Ref. 5). 
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The drag element method predicts a spectrwm that generally agrees with 
the data. A comparison between these data and a calculation by this method 
had been shown in Figure 11 of Ref. 14, the major presentation of the drag 
element method. The calculated curve shown in that figure is less wavy, 
somewhat larger in amplitude, and in closer agreement with the dat,a. Differ
ences between these two spectra calculated by the same method reflect differ
ences in aerodynamic coefficients and wing trailing edge velocity ratio esti
mated for the same aircraft in these two studies and small differences in the 
Lockheed-California and NASA ANOPP computer programs. 

Two curves are shown for the noise component method. The method as 
programmed uses a relatively simple analytical expression for wing trailing 
edge noise spectrum. This prediction matches the general level of the data 
for low frequencies but gives too small a peak frequency and too rapid a 
decay. However, that result had found (Figure 4) to underestimate the high
frequency noise at wing taper ratios less than l/4. The spectrum therefore 
was recomputed for zero taper ratio. The resulting curve would be about 1 dB 
lower near peak frequency and, as shown in Figure 41, does not give as bad an 
underestimate (6 dB rather than 9 dB) at 1250 Hz frequency. The noise compo
nent method clearly gives a worse prediction than the drag element method for 
this supersonic-transport type of highly tapered low aspect ratio ·wing. 

By use of a normalized spectrum fitted to these data for different 
direction angles, the variation of OASPL with direction angle had been 
obtained and was given in Figure lOa of Ref. 23. This variation is repro
duced in Figure 42. Maximum OASPL and. PNL occurred near 70° from the approach 
direction. Also shown are directivities calculated by the three prediction 
methods. Both the total aircraft method and drag element method as programmed 
by NASA have the directivity of a lift dipole with convective amplification. 
For this flight Mach number of 0.4, the calculated directivity is relatively 
constant between 50° and 90° from upstream. The noise component method, which 
uses the directivity of trailing edge noise without convective amplification, 
also gives relatively constant levels in this angle range. The data agree 
with this predicted trend. At larger angles the calculated amplitude for a 
convected lift dipole decays more rapidly than that for trailing edge noise. 
The data follow the less rapid decay used in the noise component method. The 
original calculation of directivity for the drag element method, Eq. (7) of 
Ref. 14, was that for a lift dipole without convective amplification. That 
directivity would be maximum at 90° angle and symmetrical about that angle, 
in poor agreement with data. 
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5.8 Additional Aircraft 

To further evaluate this noise component method, flyover spectra were 
also calculated for several other airframes for which tabulated data were 
available. Measured spectra had been given in Ref. 9 for the Douglas DC-3 
and Convair 240 twin-engine propeller-driven transports in the clean config
uration with engines off and propellers feathered. Calculations were conduc
ted by the noise component method and the NASA ANOPP total aircraft method for 
these two aircraft at their highest airspeeds tested, for 500 ft altitude. 
Spectra measured with the Convair 990 jet transport with 36° trailing edge 
flap deflection, and the landing gear retracted or extended, also were com
pared with predictions by the noise component method. 

Spectra for the Douglas DC-3 at 148 knots and the Convair 240 at 190 
knots are compared with predictions in Figures 43 and 44. Both aircraft had 
local spectrum peaks centered at 125 Hz which caused OASPL of the actual 
spectra to be about 2 dB larger than that for smoothed spectra. Spectra cal
culated from the total aircraft method generally were about 3 dB larger than 
those from the noise component method. They matched the actual OASPL but 
overpredicted the measured spectra, particularly above 1000 Hz where large 
contributions to noise annoyance occur. The noise component method under
predicted the data below 200 Hz frequency but generally agreed with the data 
for higher frequencies. 

Note that the two spectra shown in Figure 44 for the Convair 240 have 
essentially the same levels below 1000 Hz center frequencies but differ at 
higher frequencies. Spectra for test runs 5, 6, and 7 of Ref. 9 for this 
airplane, flown on the same day, have a more rapid high-frequency decay than 
those for test runs l-4 for the same airplane and same range of airspeeds but 
13% higher eross weight. This difference has proven to be important because 
the method for prediction of peak frequency developed in Ref. 9, and utilized 
in the NASA ANOPP total aircraft method of Refs. 3 and 4, was strongly 
influenced by these data. Peak frequency was determined from spectra measured 
with the Aero Commander Shrike, Douglas DC-3, and Convair 240. The first two 
airplanes have wing thickness ratios of 12.0% and 12.8%; their peak frequen
cies could have been scaled by use of either wing chord or wing maximum thick
ness as a length parameter for Strouhal number. The Convair 240 has 18.8% 
thickness ratio, so scaling the peak frequency inversely with maximum thick
ness reduces that frequency by about one-third octave. Spectra measured for 
test runs 1-4 of the Convair 240 can be shown to match those for the other 
two airplanes when scaled with a Strouhal number based on wing chord. How
ever, the other three test runs for the Convair 240 would then appear to be 
displaced at too low a Strouhal number. Use of Strouhal number based on wing 
maximum thickness causes the two sets of scaled spectra for this airplane to 
bracket the spectra for the other two airplanes. The low measured amplitudes 
at high frequencies for one day's flights of the Convair 240 may have been 
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caused by a change of atmospheric humidity and therefore atmospheric 
attenuation that day. This difference has resulted in use of wing maximum 
thickness as the StroUhal number reference length for predicting clean-air
frame spectra by some current methods. 

A comparison of measured spectra for the Convair 990 with predictions by 
the noise component method is given in Figure 45. The peaks near 500 and 1250 
Hz correspond to peak frequencies in the noise spectrum for the engines at 
idle power (Figure 4 of Ref. 26). The data for the flight with trailing edge 
flaps extended oscillated ±3 dB about the prediction below 1250 Hz frequency. 
However, rapid decay of spectrum amplitude at high frequencies was predicted 
to occur about one or two one-third octave bands too low in frequency. The 
measured spectrum above 500 Hz frequency was underpredicted about 5 dB by the 
noise component method. Decreasing the airspeed, and extending the landing 
gear in addition to the flaps, caused about 3 dB noise reduction at midfre
quencies and no reduction at low or high frequencies. The noise component 
method correctly predicted the size of noise reduction and its variation above 
500 Hz frequency. As with the flaps-extended configuration, noise at impor
tant frequencies was underestimated by about 5 dB. Any modification to the 
trailing edge flap noise prediction method that would improve agreement for 
this aircraft would worsen agreement for the Lockheed JetStar. Additional 
data are needed on trailing edge flap noise, including dependence of the 
spectrum shape on chord of each flap segment rather than overall flap chord. 

26white, K. C., Lasagna, P. L., and Putnam, T. C.: Preliminary 
Measurements of Aircraft Airframe Noise With the NASA CV-990 Aircraft. 
NASA TM X-73116, Jan. 1976. 



TABLE 1 - FLYOVER NOISE TEST CASES 

~ Aircraft Clean Gear Flaps ~ 

Sailplane Prue-2 Runs 21-26 
Ref. 9 

Light Twin Shrike Runs 14-20 Runs 6,7 Run 4 
Ref. 9 Ref. 17 Ref. 17 

Business Jet JetStar Runs 2,5 Run 9 Run 7A Run 10 
Ref. 11 Ref. 11 Ref. 11 Ref. ll 

Jumbo Jet Boeing 747 Run 5 Run 3 Run 6 Run 2 
Refo 11 Ref. 11 Ref. 11 Refo 11 

Delta F-106B Ref. 23 



TABLE 2 - COMPARISON OF MEASURED AND PREDICTED MAXIMUM NOISE 

Configuration, Method OASPL dB(A) PNdB 

Prue -2 Sailplane 
61 kt Actual Spectra 52.1 35-7 43.7 

Smoothed Spectra 35.4 33.3 40.5 
Total Aircraft 47.8 42.4 51.8 
Drag Element 35.5 34.0 42.8 
Noise Component 42.8 35.3 43.1 

82 kt Actual Spectra 49.5 4o.8 51.0 
Smoothed Spectra 43.5 40.8 51.0 
Total Aircraft )3.1 48.9 58.3 
Drag Element 42.9 42.1 52.7 
Noise Component 48.2 42-7 52.1 

100 kt Actual Spectra 58.5 )8.6 67.5 
Smoothed Spectra 47.5 45.3 57.6 
Total Aircraft 56.2 52.9 63.1 
Drag Element 47.8 47.4 58.5 
Noise Component 52.9 48.6 58.5 

Aero Commander Shrike 
Clean 118 kt 

Actual Spectra 69.6 62.5 72.9 
Smoothed Spectra 63.1 60.1 70.7 
Total Aircraft 69.3 66.7 77-7 
Drag Element 59-5 56.9 67.0 
Noise Component 64.0 59-5 74.8 

Gear Down, 112 kt 
Actual Spectra 71.::!._ 62.6 73 )! 

Drag Element 67.1 57.1 66.0 
Noise Component 69.3 64.3 74.7 

Gear and Flaps Down, 113 kt 
Actual Spectra 69.3 64.6 74.4 
Drag Element 69.0 63.2 73-7 
Noise Component 69.6 64.9 76.0 

Clean, 156 kt 
Actual Spectra 72.7 68.4 78.7 
Smoothed Spectra 70.8 67.5 77-9 
Total Aircraft 74.3 72.5 84.0 
Drag Element 67.5 65.8 77.0 
Noise Component 70.1 67.0 77-5 



Configuration, Method OASPL dB(A) PNdB 

Gear Down, 153 kt 
Actual Spectra 76.5 68.7 81.7 
Drag Element 75-3 66.1 78.0 
Noise Component 76.7 73.1 83.5 

Lockheed JetStar 
Clean, 247 kt 

Actual Spectra 81.5 80.5 92.0 
Total Aircraft 94.5 92.3 103.9 
Drag Element 81.0 79-5 91.3 
Noise Component 75-5 72.8 83.4 

Clean, 358 kt 
Actual Spectra 88.0 87.6 98.8 
Total Aircraft 102.5 101.6 113.1 
Drag Element 92.6 91.7 104.0 
Noise Component 82.2 80.9 91.9 

Gear Down, 182 kt 
Actual Spectra 86.6 85.0 97.0 
Drag Element 88.0 76.8 88.4 
Noise Component 85.8 83.1 93.2 

Flaps Down, 170 kt 
Actual Spectra 84.3 81.6 93-3 
Drag Element 91.3 89.3 99-9 
Noise Component 82.8 78.8 90.9 

Gear and Flaps Down, 158 kt 
Actual Spectra 83.8 81.5 93.8 
Drag Element 89.9 87.2 97-9 
Noise Component 82.9 78.7 90.0 

Boeing 747 
Clean, 233 kt 

Actual Spectra 90.7 88.8 101.5 
Total Aircraft lOLl 9l~ .2 105.5 
Drag Element 87.6 83.7 94.6 
Noise Component 82.1 74.6 86.0 

Gear Down, 21) kt 
Actual Spectra 98.3 99-3 108.9 
Drag Element 99-3 83.0 94.3 
Noise Component 103.6 98-9 110.5 

bo 



Configuration, Method OASPL dB(A) PNdB 

Flaps Down, 198 kt 
Actual Spectra 97.0 94.0 107.4 
Drag Element 97.4 93.4 104.4 
Noise Component 95.1 93.3 107.1 

Gear and Flaps Down, 197 kt 
Actual Spectra 98.8 96.4 109.4 
Drag Element 99·9 93.4 104.4 
Noise Component 98.2 94.9 108.3 

F-l06B, Mach Number 0.4 
Actual Spectra 83 99 
Total Aircraft 107.5 106.2 117.5 
Drag Element 81.4 79.8 93.0 
Noise Component 80.2 75.3 86.3 



6.0 POTENTIAL CONCEPTS FOR AIRFRAME NOISE REDUCTION 

6.1 Basic Geometry 

Changes of the airframe basic geometry have relatively negligible effects 
on calculated airframe noise. Variations of wing taper ratio between 0.25 
and 1.0 at constant wing area cause less than l dB change in one·-third octave 
sound pressure levels. Reduction of wing aspect ratio at constant wing area 
would, in concept, lower the peak frequency of broadband noise from the clean 
wing, leading edge slats, and trailing edge flaps. This change ~~auld tend to 
reduce annoyance-weighted noise levels. However, reduced aspect ratio is 
accompanied by reduced lift coefficient and therefore higher airspeed during 
climb-out and approach. The increased noise amplitude and increased peak 
frequency associated with higher airspeed generally dominates the calculated 
change in annoyance. Increased trailing edge sweepback will reduce noise 
intensities by cosine squared of the sweep angle. Increased sweep also 
causes increased wing structural weight, decreased maximum lift coefficient, 
and increased minimum flight speed. Neglecting those adverse effects, the 
maximum noise reduction attainable by increasing the trailing edge sweepback 
from 20° to 35° would be only 1.2 dB. 

As an extreme change of basic geometry, the wing area could be greatly 
increased to allow reduction of airspeed during takeoff and approach. 
Consider the effect of doubling the wing area at constant wing planform and 
wing flap technology. Wing weight of commercial transports is about 8% of 
gross weight. Flight speed is proportional to the square root of weight 
divided by the product of lift coefficient and wing area. At constant lift 
coefficient, doubling the wing area then would allow reducing airspeed to 

l 
(1.08/2)~ or 0.735 times that of the basic aircraft. (The additional fuel 
weight needed to maintain the same range and payload with the larger wing's 
profile drag is neglected.) This smaller airspeed, combined with the effect 
of a doubled wing area and flap area, would decrease the clean-wing noise, 
trailing edge flap noise, and landing gear noise by 3.7, 6.0, and 8.0 dB, 
respectively. Although these potential noise reductions are not negligibly 
small, they would be accompanied by a major increase of aircraft first cost 
and operating cost. The doubling of gust response, and resulting impairment 
of ride quality, probably would also be unacceptable. Therefore, airframe 
noise reduction should be achieved by attempts to modify each noise source at 
constant flight conditions. 
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6.2 Trailing Edge Flaps 

The strongest single airframe noise component of commercial transports 
during landing approach is the trailing edge flap system. Noise from trailing 
edge flaps seems to be lift fluctuation noise caused by the wing turbulent 
wake convected past the flaps. One method for achieving small reductions of 
perceived noise is the avoidance of small-chord vanes within a multiple
slotted flap. Rapid decay of the flap noise spectrum then begins at a lower 
frequency. Use of the smallest flap deflection consistent with flight safety 
will also cause small noise reductions. For example, OASPL of the Vickers 
VC 10 airframe (clean except for deflected flaps) was reported in Ref. 12 to 
decrease 2.2 dB when flap deflection was decreased from 45° to 35°. The 
method developed herein predicts 1.8 dB noise reduction for this decreased 
deflection. Clearly, changes of flap geometry alone are inadequate to cause 
much noise reduction. 

Experimental studies have been conducted (e.g., Refs. 27 through 33) of 
shape and surface modifications to reduce noise of airfoils with incident 
turbulence and of externally blown flaps. As described by Hayden in Ref. 28, 
these modifications usually can be classed as (l) changes of edge impedance, 
(2) changes of surface impedance, and (3) changes of flow mean and fluctuating 
properties. The first category includes serrated and slotted leading &nd 

27Potter, R. c.: An Experiment to Examine the Effect of Porous Trailing 
Edges on the Sound Generated by Blades in an Airflow. NASA CR-66565, March 
1968. 

28Hayden, R. E., Kadman, Y., and Chanaud, R. C.: A Study of the Variable 
Impedance Surface Concept as a Means for Reducing Noise from Jet Interaction 
with Deployed Lift-Augmenting Flaps. NASA CR-112166, July 1972. 

29Hayden, R. E., et al.: A Preliminary Evaluation of Noise Reduction 
Potential for the Upper Surface Blown Flap. NASA CR-112246, 1972. 

30McKinzie, D. J. and Burns, R. J.: Externally Blown Flap Trailing Edge 
Noise Reduction by Slot Blowing -Preliminary Study. AIAA Paper 73-245, 
Jan. 1973. 

3lscharton, T. D., et al.: A Study of Trailing Edg~ Blowing as a Means 
of Reducing Noise Generated by the Interaction of Flow With a Surface. NASA 
CR-132270, Sept. 1973. 

32Pennock, A. P., Swift, G., and Marbert, J. A.: Static and Wind Tunnel 
Tests for the Development of Externally Blown Flap Noise Reduction 
Techniques. NASA CR-134675, Feb. 1975. 

33Hersh, A. s., Hayden, R. E., and Soderman, P.: Investigation of 
Acoustic Effects of Leading-Edge Serrations on Airfoils. J. Aircraft, Vol. 11, 
No.4, April 1974, pp 197-202. 
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trailing edges (Refs. 27 and 32) to provide spanwise variation of edge 
location, perforated or poro~s s~faces near the edges (Refs. 27, 28, 29, 32, 
and 34) to provide a grad~al change of impedance with distance, and compliant 
flexible s~rfaces near the edges (Ref. 32) for the same p~rpose. Serrated 
leading edges tested at low Reynolds n~mbers and low t~rb~lence (Ref. 33) 
have ca~sed transition of an airfoil laminar bo~ndary layer and therefore 
eliminated airfoil laminar tone noise (Ref. 10). Except for that one case at 
a low Reynolds n~mber, serrations and slots at leading and trailing edges have 
not red~ced noise and sometimes (Ref. 27) increased noise. Poro~s material 
with a relatively large (4o%) open vol~me, and perforated thin sheet s~rfaces 
with or witho~t acoustic bulk-absorbing backing, sometimes (Refs. 28, 29, and 
34) were reported to give 6 to 10 dB noise red~ction. In contrast, other 
studies (Refs. 27 and 32) achieved a maxim~m of 2 to 3 dB reduction with 
similar materials and geometry. Flexible surfaces (Ref. 32) had no effect on 
noise radiation, as might be expected from the relatively high frequencies at 
which aco~stic radiation is important and the relatively large inertia of 
practical surface materials. Distributed s~rface impedance by ~se of com
pliant surfaces (Ref. 32) had no effect on noise. 

Many of the above tests were cond~cted at small scale (chords of several 
inches). Tests with an 18-in. chord uncambered airfoil in grid-generated 
turbulence were reported in Ref. 13. Porous leading and trailing edge regions, 
interchangeable with hard s~rfaces, had perforated sheet metal surfaces backed 
by a bulk aco~stic absorber. This nonlifting airfoil represented an engine 
internal str~t. Lifting airfoils, representing trailing edge flap segments, 
would also need an impervious central plate within the b~lk absorber to pre
vent airflow from the lower to the ~pper s~rface. Poro~s trailing edges were 
fo~nd to ca~se no red~ction of incidence fl~ct~ation noise. Poro~s leading 
edges, however, caused 6 to 10 dB noise reduction above a freq~ency that 
increased with increasing airspeed. The level and extent of this noise reduc
tion was difficult to evaluate because the meas~red noise spectrum rapidly 
decayed into tunnel background noise. Reductions of at least 6 dB were 
achieved at 1000 Hz center frequency for 150 knots (80 m/sec) airspeed and 
1250 Hz center frequency for 243 knots (125 m/sec) airspeed. Use of practi
cal-construction porous leading edge regions of wing trailing edge flaps 
should therefore yield at least 6 dB noise red~ction at approach airspeeds for 
frequencies which significantly affect perceived noise level. Perforated 
metal sheets with acoustically absorbing backing material, capable of with
standing strong acoustic press~re fluct~ations without fatigue fail~re, are 
currently used in turbofan engine nacelles. S~ch material is :::omewhat 
heavier and more expensive than the conventional al~min~ skins of wing trail
ing edge flaps, for the same str~ct~ral reliability. 

34Hayden, R. E.: USB Noise Red~ction by Nozzle and Flap Modifications. 
Powered -Lift Aerodynamics and Aco~stics, NASA SP-4o6, May 1976, pp 283-305. 
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Another possible method for redQcing trailing edge flap noise is the Qse 
of screens (Refs. 28 and 13) extended below the wing lower sQrface ahead of 
the flaps. The screens generate tQrbQlence which has a small integral length 
scale. If this length scale dominates the wing wake and does not coQple 
effectively with the flap chord, the flap lift force flQCtQations and there
fore flap noise woQld be redQced. The screens themselves WoQld generate high
frequency noise, but such noise would be attenuated by the atmosphere and has 
low annoyance. Noise redQctions due to screens have generally been less than 
those from poroQs surfaces. However, retractable screens shoQld impose 
negligible weight penalty. 

6.3 Landing Gear 

As shown by Heller (Ref. 18), landing gear noise is primarily blQff-body 
vortex shedding noise caQsed by the strQts, dampers, axles, and other strQt
moQnted hardware. Noise from the wheels themselves was foQnd to be small. 
Isolated landing gear cavities were noisy, bQt the presence of struts pro
trQding from the open regions inhibited the organized cavity oscillation modes. 
BlQff-body wake flQctuations can be SQppressed (Ref. 35) by QSe of a splitter 
plate extending about 2 diameters downstream. This concept has been Qsed for 
redQcing hydrodynamic drag of Qnderwater cables. The splitter plate prevents 
formation of a Karman vortex street in the strQt wake. It is not clear 
whether the altered strQt wake WOQld continue to redQce cavity noise. Cavity 
noise was shown in Ref. 36 to be eliminated or redQced by air injection with
in the cavity base. As the injected air is convected oQt of the cavity, it 
shields the cavity downstream edge from flow disturbances within the shear 
layer. Flow distQrbances otherwise woQld impinge against the downstream edge 
to produce inflow to the cavity which generates additional periodic shear
layer distQrbances. With flow injection, these oscillations of the shear 
layer and cavity internal flaw are sQppressed. A cavity tone which protruded 
aboQt 25 dB above backgroQnd noise was shown in Figure 10 of Ref. 36 to be 
eliminated by air injection. The required flow rate for arbitrarily chosen 
Qniform injection was aboQt 1/8 the product of cavity planform area and free 
stream density and velocity. uther concepts for decreasing cavity noise were 

35sallett, D. W.: Splitter Plate for Prevention of Vortex Shedding 
Behind Finite CircQlar Cylinders in Uniform Cross Flow. Naval Ordnance Lab. 
NOLTR 69-31, July 1967. 

36sarohia, V. and Ma~sier, P. F.: Control of Cavity Noise. AIAA Paper 
76-528, July 1976. 
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discussed in Ref. 37. Cavity noise generally occurs at such low frequencies 
that its contribution to perceived noise is small. High Reynolds number 
bluff-body noise, which is broadband and decays slowly at moderate and high 
frequencies, should be greatly reduced by use of lightweight inexpensive 
splitter plates. 

6.4 Clean Aerodynamic Surfaces and Leading Edge Devices 

Airframe noise from slats, leading edge flaps, and clean aeroiynamic 
surfaces has been shown to be trailing edge noise caused by the turbulent 
boundary layer. One concept for decreasing trailing edge noise, described in 
Ref. 38, is the use of sawtooth trailing edges to take advantage of the edge 
sweepback effect. Depending on whether sweepback is assumed to af.fect the 
spanwise correlation length, the ratio of acoustic energy is predicted to vary 
between cosine and cosine squared of edge sweep angle. Model data were pre
sented in Ref. 38 for two different sized sawtooth trailing edges, both having 
60° sweep. Noise reductions ranged from about 3 to 6 dB, in agreement with 
prediction. Effects of a sawtooth trailing edge on weight and aerodynamic 
performance are not known. 

Porous trailing edge regions have been extensively tested (e.g., Refs. 
28, 29, and 34) for decreasing trailing edge noise from upper-surface-blowing 
externally blown flaps. Tests have indicated up to 10 dB maximum reductions 
and about 5 dB reduction over a fairly wide frequency range. Methods for 
tailoring the perforated material acoustic resistance and streamwise extent 
for the required noise attenuation properties were given in Ref. 39. As with 
porous leading edges for wing flaps, a central impervious structure would be 
needed to sustain aerodynamic lift. A very small increase of wing profile 
drag would be caused by the small chordwise extent of perforated material. 
This passive noise reduction concept seems to have no other disadvantages 
except the need to provide drains for rainwater collected within the acoustic 
absorber. 

37Heller, H. H. and Bliss, D. B.: Flow-Induced Pressure Fluctuations in 
Cavities and Concepts for Their Suppression. Aeroacoustics: STOL Noise; 
Airframe and Airfoil Noise, Vol. 45, Progress in Aeronautics and Astronautics, 
M.I.T. Press, Cambridge, Mass., pp 281-296. Also, AIAA Paper 75-491, Mar. 1975. 

38Filler, L.: Swept Edge to Reduce the Noise Generated by Turbulent Flow 
Over the Edge. J. Acoust. Soc. Am., Vol. 59, No.3, Mar. 1976, pp 697-699. 

39Bohn, A. J.: Edge Noise Attenuation by Porous-Edge Extensions. AIAA 
Paper 76-80, Jan. 1976. 



Use of trailing edge blowing to inte~pose a layer of low-turbulence air 
between a trailing edge and a turbulent flow has also been examined (Refs. 27 
through 31, and 34). This concept has not worked consistently for externally 
blown flaps, possibly because the blown air must have a very low turbulence 
level. The need to obtain engine bleed air, and provide ducts and control 
valves, causes increased weight, increased cost, and decreased reliability. 
Use of a passive device such as porous trailing edges appears preferable. 

Data are not openly available for the noise radiated by a clean airfoil 
or wing in low-turbulence airflow at Reynolds numbers large enough to provide 
turbulent boundary layers on both surfaces. This noise level of trailing edge 
noise caused by the wing turbulent boundary layer is less than acoustic open 
jet or wind tunnel background noise. Trailing edge noise of clean airfoils 
has been measured in a small number of unpublished tests with directional 
microphones rather than conventional microphones. A directional microphone 
uses a single microphone placed in a physical reflector, or an array of con
ventional microphones with electronic signal addition at appropriate time 
delays. The resulting output contains an enhanced acoustic signal from the 
geometric region being scanned and an attenuated signal from other regions 
which produce background noise. Such microphones had originally been developed 
for studies of jet exhaust noise source location. Measurement of airframe 
noise from clean wing surfaces and leading edge devices is within the current 
state of the art for directional microphones. Accurate measurement of large 
reductions in such noise for much of the frequency range of interest may be 
beyond current state of the art. 
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7.0 CONCLUSIONS 

1. The noise component method developed in this report correctly 
predicts the amplitudes and spectrum shapes of noise due to extended landing 
gear and trailing edge flaps. Measured noise of clean jet aircraft is 
correctly predicted at relatively low frequencies but is underpredicted at 
higher frequencies where engine noise probably occurs. Measured noise of 
clean propeller-driven aircraft and a sailplane was correctly predicted. 

2. The NASA-recommended drag element method correctly predicts the 
general level but not the spectrum shape of trailing edge flap noise at small 
deflections, and overestimates the overall level at large flap deflections. 
It poorly predicts noise from extended landing gear but correctly predicts 
clean-airframe noise. 

3. The NASA-recommended total aircraft noise metl1od for clean aircraft 
gave poor predictions of spectra and annoyance-weighted noise levels. 

4. It is likely that trailing edge flap noise, at frequencies which 
are highly weighted for annoyance, can be reduced 8 dB by porous leading edge 
regions on all flap segments. 

5. Landing-gear noise can be reduced by use of splitter plates down
stream of struts and axles to inhibit bluff-body vortex shedding. Additional 
devices such as cavity bleed may then be needed to reduce landing-gear cavity 
noise, which generally is decreased by the strut flow field. 

6. Trailing-edge noise of clean wing and horizontal tail surfaces can 
be reduced up to 6 dB by porous trailing edges. 

7. Directional microphones will be needed to measure basic trailing
edge noise levels of clean wing models in acoustic wind tunnels. 
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9.0 APPENDIX I: MATHEMATICAL CONVENTIONS FOR COMPUTER PROGRAM 

As with the NASA ANOPP method for airframe noise, the acoustic field is 
represented in spherical coordinates r, (J, cp. The polar angle (J is measured 
from the aircraft forward direction, which for calculation of airframe noise 
can be taken as the forward horizontal direction. The azimuth angle cp is 
measured from a reference plane containing the flight direction and the verti
cal direction. It is assumed that the distance from the airframe is large 
enough so that acoustic pressure varies as the inverse of the radius. 

The Fourier transform of the acoustic pressure is 

(A-1) 

so that the mean-squared acoustic pressure is 

(A-2) 

The integral in Eq. (A-2) may be expressed as a sum of integrals over all 
frequency bands. For one-third octave bands, the mean-squared acoustic 
pressure in any band is 

(A-3) 

where wi. and C'du are the lower and upper limits of the frequency band. 

Since the acoustic pressure varies inversely with radius, the intensity 
I may be given as 

I(r,8,¢) =_I- A2 p2 (8,cp) 
P0 c0 r F 

(A-4) 
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where A is a representative area of the noise source. The acoustic power 
which is within this frequency band and is radiated through a solid angle dO 
is 

(A-5) 

Neglecting acoustic absorption, the acoustic power is thlls indepc:mdent of 
radius and is a convenient qllanti ty to represent each acollstic sc)llrce. 
Eqllation (A-5) may be written in terms of dimensionless ratios by dividing 
the acollstic pressllre by Paca2 to obtain 

(A-6) 

The term on the left of Eq. (A-6) is a dimensionless acoustic pm~er which is 
equal to the square of the dimensionless pressure on the right of the equa
tion. That is, 

(A-7) 

in dimensionless notation. As with the NASA ANOPP noise prediction programs, 
this compllter program is written entirely in terms of dimensionless variables 
so that they will be valid for any system of units. 

All subroutines follow the same computation seqllence. The dimensionless 
total acollstic power for each noise sollrce is calculated first. The power 
P(O,c/>) radiated in any direction is then follnd by mllltiplying the total power 
by a directivity factor D(O,c/>)/47T, where D(O,c/>) has been normalized by the 
condition 

r2 7T r 7T L L sin 8 D(8,cp)dcpd8 =4rr 
0 0 

(A-8) 

In other words, D(O,~) is defined such that its average vallle is equal to one. 
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The power within any one-third octave band may be found by mQltiplying 
the power by a spectrQID function S(fn) which satisfies the normalization 
condition 

co 
L S{fn)=l 

n=l 

ThQs the total acoQstic power prodQced by a noise SOQrce in a one-third 
octave band is 

P(fn)=PS(fn) 

and the power within a band and radiated in a given direction is 

(
0(8,¢)) P(8,¢,fn)= P ~ S(fn,8,¢l 

(A-9) 

(A -10) 

(A-ll) 

The mean-sqQared acoQstic pressQre at a given distance in a given direction 
is foQnd from the power by mQltiplying by the factor A/r2; that is, 

q2 (r ,8,¢)= P(Ajr2) o~e;) S (fn.8,c/>l (A-12) 

These mathematical conventions are identical to those of the NASA ANOPP 
compQter program for airframe noise. Differences occur in the specific noise 
mechanisms assumed for noise produced by varioQS airframe components. These 
mechanisms can have directivity functions D(O,~), convective amplification 
function (not described in the preceding analysis), and spectrum functions 
S(fn) which differ from those used in the NASA ANOPP method for airframe 
noise. 

All airframe noise radiation was represented in the NASA ANOPP method as 
being prodQced by lift dipoles. In a coordinate system moving with the air
frame, the directivity factor woQld be proportional to sin28cos2~. Motion of 
this acoQstic field past a fixed observer caQses the freqQency and amplitQde 
measQred by the fixed observer to differ from those of the moving coordinate 
system. A frequency f in the groQnd-fixed system corresponds to a freqQency 
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(1-M cos8)f in the moving system. This Doppler shift occurs for all types of 
noise sources. For a lift dipole, the directivity factor in ground-fixed 
coordinates is 

(A-13) 

Here, the function A(M) is an average convective amplification f'actor caused 
by compressibility. It is defined by 

Convective amplification for wing and horizontal-tail trailing edge 
noise and leading edge slat noise was taken as 

(A-14) 

(A-15) 

Edge noise from the vertical tail is rotated in orientation from that of the 
wing and horizontal tail. Its directivity function is 

Dv(8,¢) = cos2 (8/2) s1n2 cp I [ A(M)(I- Mcos8)4] (A-16) 

However, measured airframe noise directivity for clean airframes has been 
found (Ref. 15, and Figs. 5 and 6 herein) to be more closely given by 
neglecting the Mach number dependence in Eq. (A-15). 

Landing-gear noise has been found experimentally (Ref. 18) to be 
approximately independent of azimuth angle. Variation of directivity with 
polar angle was not specified but is arbitrarily assumed to be that for a lift 
dipole as in Ref. 4. Sound radiation from the wheel-well cavity would be 
expected (Ref. 4, p 1+4) to be that for a monopole source in an infinite 
baffle. However, cavity noise is not specifically represented in the method 
developed here. The directivity function for landing-gear noise then is 
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(A-17) 

where 

dcp dB= 2 A(M) (A-18) 

The equations used in the method developed herein for calculating noise 
radiation from various airframe components are listed below. 

Airframe Component 

Wing 
Horizontal 'J~ail 

Vertical Tail 
Trailing Edge Flaps 
Leading Edge Slats, Flaps 
Landing Gear 

Directivity 

(A-l5),M=O 
(A-15) ,M=O 
(A-16) ,M=O 
(A-14) 
(A-15) ,M=O 
(A-17) 

Convective 
Amplification 

A(M)=l/3 
A(M)=l/3 
A(M)=l/3 
(A-14) 
A(M)=l/3 
(A-18) 

Although the mathematical conventions used in this noise prediction 
method are the same as those of the NASA ANOPP method for airframe noise, 
there is a difference in viewpoint. The NASA ANOPP method starts with a 
basic acoustic quantity (sound power) for a basic well-understood noise 
source (lift dipole). Calculated sound power is distributed in space by use 
of readily available solutions for directivity in compressible flow. 
Empiricism occurs only in choosing equations for maximum amplitude and 
normalized spectrum shape. In contrast, calculation of noise from landing 
gears and trailing-edge flaps as given herein has started with empirical 
correlations of acoustic-pressure spectra. These spectra were integrated 
numerically to obtain maximum OASPL. Directivity functions had to be a3sumed 
arbitrarily, and compressibility effects caused by relative motion had to be 
picked, to allow back-calculation of acoustic power. That is, acoustic 
power is the most fundamental quantity from an analytical viewpoint but the 
least readily obtained quantity from empirical correlations of airframe noise 
data. 
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10.0 APPENDIX B: COMPUTER PROGRAM FOR CALCULATING AIRFRAME NOISE 

10.1 General Description 

This digital computer program, written in FORTRAN IV, predicts airframe 
noise that would be measured by microphones mounted on posts or tripods above 
the ground, in lines parallel to the flight path, at input-designated azimuth 
and sideline angles. If the atmospheric properties are not specified as 
input but allowed to remain at their default values, and the input integer 
UNITS is specified as 1, the aircraft altitude and linear dimensions should 
have the dimensions of feet, areas square feet, and airspeed knots. If UNITS 
is not equal to 1, and the atmospheric properties are not specified, airspeed 
should be input as feet per second. Input values of atmospheric properties 
for use with input dimensions and airspeed in the metric system (meters, 
square meters, meters per second) are given in the first set of comments 
within the program listing. Comment statements are placed throughout the 
program listing to describe the purpose of each portion of the program and to 
define the program variables. 

The program consists of a main control program, four subroutines which 
calculate noise radiated from seven airframe components, a subroutine NOYS 
which calculates perceived noise level (PNL) of the combined noise spectrum, 
and an output subroutine OUTP which organizes the printout. Subroutine 
OPT123 calculates trailing edge noise from the wing, horizontal tail, and 
vertical tail, respectively. Subroutine OPT4 calculates trailing edge flap 
noise and subroutine OPT5 calculates leading edge slat noise. .Subroutine 
OPT67 calculates landing gear noise from the main landing gear and nose land
ing gear, respectively. Each of these last four subroutines follows the 
same flow path. Normalized acoustic power is computed first. 'rhis quantity 
is multiplied by the appropriate directivity factor, and by the ratio of 
reference area to far-field distance squared, to obtain the ratio of overall 
mean square acoustic pressure to reference pressure squared. Finally, the one
third octave spectrum for that noise component is computed. The main program 
calculates the resulting OASPL and one-third octave band SPL fo:r each compo
nent. It also adds the acoustic pressure ratios to obtain the sum of noise 
from all designated components. These airframe acoustic pressure ratios are 
utilized to calculate complete airframe OASPL, one-third octave band SPL, 
A""'Weighted noise level dB(A), and perceived noise level (PNL) at each desigr.a
tecl position. 

The following is a list and definition of the input variables and their 
default values. Wherever possible, the program symbols and default values are 
equal to those of the NASA ANOPP airframe noise digital computer program 
JCHARFM. However, numerical default values correspond to use of English-sys
tem units rather than metric-system units. 
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Program 
Symbol 

CA 
RHOA 
NUA 
PREF 
FL 

FU 

THL 
THU 
DELTH 

PHIL 

PHITT 
DELPHI 

H 

UNITS 

v 
AW 
BW 
AT 
BT 
AV 
BV 
NF 

AF 
CF 
DELF 

NSl 

NS2 

ND 

Definition 

Atmospheric speed of sound 
Atmospheric mass density 
Atmospheric kinematic viscosity 
Acoustic reference pressure 
Lower limit for one-third octave 

center frequency, Hz 
Upper limit for one-third octave 

center frequency, Hz 
Lower limit for polar angle, det 
Upper limit for polar angle, deg 
Increment between successive polar 

angles, deg 
Lower limit for azimuth (sideline) 

angle, deg 
Upper limit for azimuth angle, deg 
Increment between successive azimuth 

angles, deg 
Altitude 
Equal to 1 if velocity is in knots and 

any other integer if ft/sec (integer) 
Velocity 
Wing area 
Wing span 
Horizontal tail area 
Horizontal tail span 
Vertical tail area 
Vertial tail span 
Number of trailing edge flap chordwise 

segments (integer) 
Trailing edge flap area 
Trailing edge flap total chord 

Default Value 

1116.44 
0.002377 
l.576E-4 
4.1773E-7 

50. 

10000. 

10. 
170. 
10. 

-80. 

80. 
10. 

3.281 
0 

100. 
10.765 
3.281 

10.765 
3.281 

10.765 
3.281 
2 

Trailing Pdge flap aft-segment deflection, 
deg 

1.615 
0.82 

30. 

Number o1 main landing gear units 
(integer) 

Number of nose landing gear units 
(integer) 

Equal to 0. if wing is aerodynamically 
very clean or L for typical low subsonic 
speed aircraft and for extended leading 
edge slats or flaps 

107 

2 

1 

o. 



Program 
Symbol Definition Default Value 

Nl Number of main landing gear wheels per 2 

unit (integer) 
N2 Number of nose landing gear wheels per l 

unit (integer) 
Dl Diameter of main landing gear wheels l. 
D2 Diameter of nose landing gear l. 
Ll Ratio of main landing gear strut length 2.911-

to wheel diameter 
L2 Ratio of nose landing gear strut length 2.911-

to wheel diameter 

All input lengths (altitude, span, chord, diameter) and areas must have the 
dimensions ft and ft2 if the first four quantities on this list are kept in 
English units (ft/sec, slugs/ft3, ft2 /sec, and lb/ft2 ). The default values 
correspond to flight in sea-level standard atmosphere. Input quantities can 
be given in metric units (m and m2, with velocity m/sec) if these first four 
quantities are supplied as metric-system input. For sea-level standard 
atmosphere, these are CA==340 .3, RHOA==l.225, NUA==l.464E -5, and the metric
system acoustic. reference pressure PREF=2.E-5. 

This program has been run on a UNIVAC 1110 large dir;ital computer but 
should operate on all machines of generally similar capability. Each 
execution and output cycle (one aircraft configuration and flight condition, 
for the full range of polar angles at one sideline angle) requires only 
several tens of seconds of central processing unit time. 

10.2 Program Input Format 

The input for each case comprises (l) a title card which provides an 
identification label in the printed output, (2) the calculation frequency 
range, angular positions, flight condition, and airframe geometry, (3) the 
specific program options (noise components) to be used, and (4) an indication 
that all required program options have been called, so that noise of the 
complete configuration can be determined. Data input is done using the 
NAMELIST format. A sample input is given on the next page for ealculating 
airframe flyover noise of the Lockheed JetStar aircraft with trailing edge 
flaps extended and landing gear retracted (NASA Flight Research Center Flight 
7A). Because the vertical tail does not radiate noise directly beneath the 
aircraft, subroutine OPT3 and its input quantities for vertical tail noise are 
not used. Each line denotes a separate input card. The range of polar angle 
TH has been decreased from the default range but 10° increments have been 
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retained. Specifying zero sideline angle for both PHIL and PHIU causes 
calculations to be held to the flyover line. Default values for frequency 
range and atmosphere properties are retained. UNITS is input as 1 so that 
velocity can be input in knots. 

JETSTAR, FLAPS DCWN, GEAR UP, RUN 7A 

$INPUT 

THL=30. , THU=90. , PHIL=O., PHIU=O. , 

AW=542.5, BW=53.67, AT=l49., BT=24.75, ND=O., 

AF=53.67, CF=2.28, DELF=50., 

H=500., UNITS=l, V=l70., IOPT=l, 

$END 

$INPUT 

IOPT=2 

$END 

$INPUT 

IOPT=4 

$END 

$INPUT 

IEND=l 

$END 

This sequence of cards can. be followed by another title card and 
calculation case or by a termination card. All of the above cards start in 
column 2. Output for this case is given after the program listing. 
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10.3 COMPUTER PROGRAM LISTING 
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028 DlM~I"<~lCN FRINTGC3Li),TJT •Et7,4l,-tfAuti.Gll3) 
0 2 9 C 0 M M ON I .'IF~ 1 N I I 0 P T , C A , F L , F lJ , P P E F , H , V , R t-:0 A , t-; U A , T H L 1 T H 1.1 , DE. L T H, £-+lt 1 r H I u , r H J L r ~ L Ph I '" 111 ~ ~o~ , P r , AT rc. v , A v N 1 u 1 G L 1 G ~~ 2 , o 2 ~ o 1 2 L2, r.; • A F , c f H , 1c s. I,.,. s 2 , u ~ I1 & , c r , L o o ~ 2 , t , c , c. c, t-or f E 1 , 
0 3 2 3 F 3 ( ~ r_.) , S ( 4 3 :; 4 l , S U '1 ( Lt 3 3 4) T HE. T A P 1-! I , I F} L F 1 ~; F? MAX . 
0?3 ()ATA CA,FL,FU,PREF,H, P~I~A,t\UA,THL,fhu,DELTH,h!IU,PH L,UfLPHI, • 
n ~; '!_ 1 E. w , A w , 8 T , AT ,,B -. , A \' , N 1, D 1 , L 1 , '4 2 , o 2 ,L2 , '~ o , A F , , 
035 2 NS }yNS2wEF~t~F 1 · • 
0.36 3 lllbo4't, ~ ., llJCGC., 4.1773E-D7, 3.281, 0.002377, 
0 3 1 4 1 • !:> 7 t.E - u 4 , 1 c;. , 1 7 0 • , JC • , f\ C • , - 8 0 • , 1 ~ • , 3 • 2 b 1 , 1 0 • 1 b 5 , ' m 5 3 • 2 B 1 , 1 a • 1 t. 5 , ~· • ~ f 1 , 1 [, ~ 7 6 ~ , ~ • 1 • , 2 • 9 4 • 1 , 1 • , . 2 • 9 4 • 

-' . (, 3 w 1 wD 1 & t c , 1 , U • F." , 2 v 1 
D0-~D1 f --- --- DATA ttTifLEti,J)IJ=l,_4J

1
I=lf7)/ ····-- ---.~ 

., 1 'CLEAN •,•w NG N', OIS '•' '• 
£~2· 2 'HORIZO•,•NTAL T','AIL NO•,•ISE '• 
{H!J'

1 3 1 \IERTI~'w'.AL TA~'w'L NOIS'w'E •, • ' 
044f 4 'TRAIL •,•NG ED •,•E FLAP',' NOISE', 
0 4 s· ; 5 'L E A D I N ' , ' G E D G E • , • S L A T ' , ' N 0 I S E ' , 
0 4 6 6 'M A I N L ' , 'A NO IN G ', ' GEAR ' , 'N 0 I S E ' 
D47 1 'WQ~E L','AN;)IWG',' GEAR 't'NOl~E •J 
048 NAMELIST/INPUT/ IOPT, CA 1 FL~FU,PREF,H,VlRHOA,NUAlTHL,T~U 1 0ELTH, 
04? 1 PHIU,PHIL,Ot.LPHllBW 1 AW,tsTfAT 1 BVf V 1 NlJ.DltllwN2,D2w 
~fo: 2 L2,ND~AF,OELF,NS ,N~2,UNI S,t;F, ENu,Nf . 

l1 DATA Nf'iMAX,NTWPM/410, Atl 
()52 

'" 



t-' 
t-' 
t-' 

OS~ NF8Pl:NFBMAX+1 
OS4 DEGR D :.01745329 
0',~! RADDE& - 57.2957795 
:JS6 fEND=O 
Q57 OONE:O 
~~~ READCS,700) IDONE, tHEADNGCIJ,I:1,13J 
QC9• IF~~l-&0-L~OO~ ------~----------------------------------------------cr,c:, DELF : O. 
061' v=o. · 
~~· UNIT S:O 

, ISKIP =-0 
Qh4 FBl1):1.25 
O&s~· FBt2l=l.6 
066 f8(3)=2· 
rrGI FBC-):2.5 
OhR FBC5):3.15 
0~ 9 - f8(6):4. 
Q?Q f8(7):5. 
rr;r. F8CIJ-,,J 
07Z FBC9):8. 
U73 FBC10) = 10. . I 

~ gg ~ 3=!·~~~~~1~~------------------------------------------~--~---------------
076 SCI,JJ:·o.o 
g~~ 2 fi~H~I~J~ i,¥00 
8r6- ~GH!I8~ ; t8o. : ~::g- , 
031 4 FBC1+30): 1000. * FBCU 

082t••············································································· Cg54-*~~~0-P~~NP-~Uwl~-----------------------
0~4C******************************************************************************* 
0~5 6 READCS,INPUT) 
016 WRITECb,800) . 
~ IFCitND.NE.Ot '0 TO 2CQD 
s~s WRITEC&,INPUT) 

·~~.. ~~l~fi!~;~::N~~~~~~~! ~ ~' ~~ 1 lA 3 ~o-o1 
u 9 1 W!U.TE- ~2~------------------------------------------------------------
0?233002 FORMATe• INADMISSIBLE NUMBEP OF TRAILING EDGE FLAPS, SETTING Nf:2)') 
0 q NF :2 
IJ JLI 3001 CONTINUE 
~ ~ ~· I~ ~ ~ ~~ ; ~ : ~ ~ : ~ ; A~~ K ~ ~ 1 ~ s i £ Q • 11 v - 1w 6 8 8 9. v ' . 
207c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
u-.8 C ** OBTAIN FREQUENCY RANGE 

~~~····•******·································································· ~J·~ IF:l 
)Dl DO 10 I=l NFBMAX 
I
l ~2. I F C F L • L T .I B Cl )) G 0 T 0 2 D 

;:, IF-I 
l'J4 10 CONTINUE 
l·_J5 20 LF: NFBMAX 
{lt DO 30 I:l!NFBMAX - -----~= NTHPH- --------------------------------------------------------------------
ll~l; IFCFU.GT.FBCJ)) GO TO 40 

1 LF :J 



t-' 
t-' 
1\) 

110 30 CONTINUE 
TIT IIQ IftlfelT.lFt GO TO 50 
112 WRITEC&,810) 
-113 LF=IF 
114 I 50 CONTINUE 
~~·······~~·••**************************************************************** 
116 C ** C~ECI< lNG VARIOUS RANGES OF SEVERAL VARIABLES 
111 c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
11R IFCTHL.GT.O •• ANO.THL.LT.180.J GO TO &0 
11q WRIT£C6,82QJ 
120 GO TO 1000 
121 &0 IFCTHU.GT.O .. ANO.THU.LT.180.J GO TO 70 
122 WRITEC&,830J 
123 GO TO lQQO 
12,_. 70 IFCTHL.LE.THUJ GO TO 80 
125 WRITEC&,BIIOJ 
126 GO TO 1000 
T77 80 - IFCP~lL.Gl.-80.-.ANO-.P·tUL .. LT-.80 .. ) -GQ --TO 9-0 
12~ ~R~~IT~E~C~&~1~8~S~O~I~--------------------------------------------~-------------------------r:9 , Go To 1000 
13J 90 IFCPHIU.GT.-8D .. ANO.PHIU.LT.80.) GO TO 100 
TTI WR1TEC&,860) 
132 GO TO 1000 I 

133 100 IFCPHIL.LE.PHIUI GO TO 110 
134 WRITEC&,870) 
135 GO TO tODD 
1 3 b 11 0 IF t 0 E l H • G T • 0 • • A N 0 • 0 E L P~ I • G T • 0 • J G 0 T 0 12 0 
137 WRITEC61.880J 
138 GO TO 1u00 
13"9 12 Q l F-~1-...G--l-.~0+J--QG.v0----+T\#-0----...13~0-----------------------------
140 WRITEC&J.890) 
141 GO TO 1u00 
142 130 1FCNS2.GT.O) GO TO 1110 
1~~ W~ITEC6 1 900J 
1~4 GO TO 1u00 
1 4 5 111 0 1 F C N 1 • E Q • 1 • 0 R • N 1 • E Q • 2 • OR • N 1 • E Q • II ) G 0 T 0 1 50 
J46 WRITEC6,910J 
147 '~ TQ 1GH0H0-------------------------------------~-------------------------------------
1 4 3 1 50 1 F t N 2 • E Q • 1 • 0 R • N 2 • E Q • 2 • OR • N 2 • E Q • II ) G 0 T 0 1 6 0 
14~ WR1TEC&,920) 
..L'iJ. GO TO 1000 . 
lSI c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1)2 C ** COMPUTING NUMBER OF P~l'S AND T~ETA'S. MAXIMUM ALLOWABLE NUMBER OF EITHER 
1 "d C ** IS 3 II • · 
1S4 c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• TI S 1 & 0 NT .w£-T A--.:.-t-l-HY---1 H l J /0 E l T H • 1 • 0 0 O!lD-l-1--------------- --------
150 NPH! ::(PHIU-PHIU/DELPHI + 1.00001 
157 1FtNTHETA.LE.31t.OR.NPHI.LE.311) GO TO 170 
1r;q WRIJEC6.t930J NTHPH 
1 ) ') Go -vo__.l~u~o~ ... oJ---------
I:,J 170 !UP= NPHI 
1?1 MUP =NTHETA 
1'-2 IFCNTHETA.NE.l) GO TO 180 
T()"""! -----1-UP --=-H-H+£TA -------
lS4 THETA= THL*DEGRAO 
~~~ MUP =NPHI 



..... ..... w 

L~_c2 180 CONTINUE 

lJ7~*****•••••••••***************••·················--···················---·······-----l?'iC **PRINTING OPTION TITLE 
1~q c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• l?l WRITEC6,9140) CTITLECIOPT,J),J:1,14) 
171 , .............................................................................. . 
172 C ** MAJOR LOOPING WHERE 
173C ** IF NTHETA: 1 OUTER LOOP IS THETA,. INNER IS PHI 
L1__!1 C ** IF NTHETA NOT : 1 OUTER lOOP IS PHI, INNER THETA 
175C**************************************.**************************************** 

~~~ ~~t~YaEl~~~k~lJI~~l :CPHIL+tLOOPl-1)*0ELPHJ)*OEGRAO 
178 OPHI : PHI*RAODEG 
179 IFCNTWETA.EQ.la DTWETA- TWETA*RADDEG 
p J IF (NTH ETA. NE. 1) W R 1 TE ( 6 t 9 50 ) 0 PH I 
1~1 IftNTHETA.EQ.l) WRITEC6,960) OTHETA 
1 _,"' 00 If 00 LOOP2: 1 tHUP 
1 j 3 If'' ~l~--+A-.~~-l-A-=.t--l-~~00$2.-2·1) *O[L.l W) *0-€-a.ti.c.-R~~o-AY.D-----------------
1~4 lFtNTHETA.EQ.l) PHl:tPHIL+fLOOP2-1)*0ELPHl)*OEGRAD 
1d5 PRINTGCLOOP2) : THETA * RAODEG +.0001 
136 lFtNTHETA.tEQ.l) PRlNTGtlOOP2) :PHI* RADDEG +.0001 
1,:q GO TO C20u,210,220 1 230,2160,2SDt260,,IOPt 
H3 200 C : AW/BW 
1~9 CC : COSCPHI) 
1qG CCC : BW 
i~l ·-- ---- CA!.-L--GPT-lZ-~-- --- ------ ----~·-· -- . -· 
1 9 2 GO T 0 27_o 
1~3 210 C : AT/BT 
1Q4 CC : COSCPHl) 
Ti/5 CCC : BT 
1~6 CALL OPT123 
19 7 GO T 0 270 
lJB 220 C : AV/BV 
yc)q CC : SINCPHia 
2 JJ CALL OPT 12 3 
z:n CCC : BV 
2J2 GO TO 270 
~ ZJD IF&LOOPl.[Q.leANDelOOP2.[Q.1) DElF-DElf*DEGAAD 
~I)'! cALL 0 pT .. c Nf , 
~ri~ GO TO 270 
.>:c 2140 C : AW /BW 
~07 cc_;-~tGO£S+CPP~WJI+)----------------------------------------------------------------
7U8 CCC : BW 
209 CALL OPTS 
21'J GO TO 270 
TIT 250 H12 - Nl 
212 NS12 : NSl 
21 3 012 : 01 _ 
"''4 L12: Ll 2 l 5 C A LL--4P T ~ 7 Ui12 , N S 12 , D 1 2, L 12 ) 
216 GO TO 270 
217 260 Nl2 : N2 
218 NS12 : NS2 
~19 -
·220 L12 ;; L2 
~21 CALL OPT67CN12eNS12,01Z,Ll2) 



t-' 
t-' 
+:-

222 270 CONTINUE 
Z7.3 ~DO CONT-NUE I 

224 CALL OUTPCIF,LF,NHlLFrHUP,NFBPlrPRINTG,FBtStlt 
225 SOD CONTINUE 
226 GO TO b 
~77 700 FORMATflllllA6} . 
2 2 8 8 0 0 F-0 R M AT C 1 H I 

·~~6 ~~6 ~g~~:~t~~·iXl~~~~)IN FREQUENCY RANGE INPUT') 
71T 820 FORMATCJI • THL. IS OUT$IDE THE QOUNDS lC,liC) ' ) 

~~~ ~~g ~g~=~~~~~ : ~~~ ~~ 8~J~~~~ t~~NB~~~O~ ~0,180) ' ) 
234 850 FORMAT(!/ ' PHIL IS OUTSIDE THE BOUNDS C-80,80) ) 
2 3 5 8' 0 F 0 RM AT Cll ' -PH 1-U-tS 0 U TSif)E--f.HE 80 UN D S C -~-v-#__:.~'---------------
236 870 FORHATC// • PHIL IS GREATER THAN PHIU ' ) 
237· 880 FORHATC// ' DELPHI AND/OR DELTH ARECIS) NEGATIVE OR ZERO ' ) 
~3S 890 FORMATC// ' UNALLOWABLE NUMBER OF NOSE LA~DING GEAR STRUTS ' ) 
239 900 FORHATC/1 ' UNALLOWABL[ NUMBER OF MAIN lANDING GEAR STRUTS ' ) 
24~ 910 FORHATC// ' UNALLOWABLE NUMBER OF MAIN WHEELS ' ) 
241 920 FORMAT(!/ ' UNALLOiiiABLE NUMBER OF NOSE WHEELS ' ) 
242 930 FORMATCl/ ' THE NUMBER OF THETAS OR PHIS EXCEED 'tl2) 
~--9~-F~RMA+C///y20X 4A6) 
2414 950 FORMATCI/,lX, &AZIMUTH ANGLE, PHI =',F7.0 ' DEGREES') 
2 1•5· 960 FORMATCI/,2X 1 'SIOELINE ANGLE, THETA =•, Fl.O, 'DEGREES' ) 
246 970 FORHATC /1/,~DX, 'SUMMARY' ) 
~47 1000 CONTINUE 
248 GO TO 3000 
24~ 2000 WRITEC6,970) 
25C CALL OUTPCl, qo,NHALF,HUP,NFBPl,PRlNTG,FB,SUM,2) 
~ 3000 C~Nt~NU~-----------------------------------------------------------
252 GO TO 1 
.2C.3 qOOO CONTINUE 
254 STOP 
2~ nm 

.,. 



t-' 
t-' 
\.]'1 

• 

3J~ fiY~~a~J~~Es~~J~~~~~~~~~l~3J!l~~~'~3,2SirZPRC~3,25JtPNOBf43J, 
0" 3 1 L lC 2~ I , L 2 C 21t J , L 3 C 2 ~I 1 LC C 2 ~ J, L ~ ( 2 ~ J , H 1 C 21t J , HZ C 21t I , H 3 C 2 ~ J , ~~ C 2 If ) 
O<H~ REAL LlrL2,L3,LCrL4,M ,H2,H3,H .. 
urs DATA Ll I 49.,4'4er39.,31f.,30.,27er2'4.,2t.,18.,S•t&., 
~~ 115.,12.,9.,5.,4.,5.,6.,10. 1 17. 121• I 
0:7 DATA l2 I §§.,§1.,&~6.,42er-'9•r 6.,J:J.,3o.,~7.,S•25., 
Od8 123fl21t.r18.'-15.L2*14.,1S •. ,t7.,23 •• 29. I oru OA [~I 6~·~&u.,S6.,53.,St.,'48.,46.,4ct.,42.,S•-o., 
~ 13B.,3ct.,32.,3o.,2•29.,30.,31.,37.,ctt. 1 
011 DAT~LC J 9le01{8~.~~7~~~~~5,79.7&,7S.96,73.96, 
n12 17~t.91,9ct.63,13• oo.,ct4.29,s0.72 1 
013 DATA Lit I S2.~51.,'49.,'47.,46.,'4S.,It3.,ct2.,1tl.,S*IfO., 
014 13B.13ct.,32.,3u. 1 2•29.,3o.13t.,3ct.,37. I 
~[~ OAT Ml I 0.079~2,2•0.068 6,C.C59b4rl0•0.053013• 
016 18•85964L2*0.053013r2*0•01t7712r2*0•053013,0.068160r0•07952, 
017 2 • S961tul I -" · 
flj__Q OATA H2 I 2•D.058098tO!Q52288t0•047531f!2*0j0~35731 --· ·. 
r: l () 1 0.-C-4--0.2-4-l--~C-.37~4 9~7• ~4 8-S-9..-o-..0 40-2-241..l • 0 3-3 IL9--,.0~Il.AS9-.------------
O~C 22*0e03731t9r0e043573 I 
P~l DATA H3 I Oe0'43478,0.0it057 1 2•0.036831 1 0.035336 1 
c~ 12•0.03333,0.0320Slr0•03067~,6*0·030lOJ,7•0.02996,2•0.0it2285 1 
[.' 3 DATA M ct· I 1 S • C • C 3 01 C 3 , 9* C • C 2 9 9 6 J 
o;4 00 720 J:Il,NANG 
0~~ SUM3CJ):O.O 
026 ZPMXCJJ:OeO 
TI:( O~~~K2~l~r~24q--·------------------------------------------------------------
n28 IF CASPLtJ,K2J-LlCK2JJbOOr610r610 
029 600 ZPRlJrK21=.1 
D3n GO TO 700 
C!:1 610 lFUSPLCJrK2» - l2CK2H 620 630,630 
U32 620 ZPRCJrK2I=O•l*lO•**CHltK2J*lASPltJ,K2)-Ll(K2JJI 
n~3 GO TO 700 
IH4 630 IF ( ASPL (J,K21 -L3(K2) I blt0r650r6SO 
0 -~ 5 6 It 0 ZP R C J, K 2 ) : 10 • * *+H-2-44-2 I * C AS P~-t-J-yX-r2+)--"t::lc-::!3HfHK..,2~),_,)~) --------------------
0 H, GO T 0 7 00 

gi~ ti8 !~R.\~~·:~\~l~~!;\~~~~~~~~~~~l~~~~~J-L3tK21)) 
~o u9 TO 700 
n40 670 IF CASPLCJ,K2J-1SO.J690,690,680 
841 680 ASPLCJ,K21=1SO. 
fi42 690 ZPRCJ1 K2J=10•**CH'HK2J•CASPL(J~K2J-L4(K2))) 
0 4 .3 7C Q IF C Z P~-'~ ~t--~l-----GQ.--l-0-1--lwU-------------------------------~-
044 IFCZPRCJ 1 KZJ .GT. ZPHXCJJJ ZPHX(JI=ZPQCJ,KZJ 
04S SUH3CJJ=sUH3CJJ+ZPRtJ,K2) 
04b 710 CONTINUE 
'14-1 72D tONT I 
'JII<-. DO 730 J=II,NANG 
(~ u '- P N Qc Z PH X ( J J + • 1 5 * ( S U M 3 ( J J - Z PM X C J J I 
!."' ', .._' P N 0 B ( J I = 0 • 0 
tJ ~~T -IF l P-N~T. • 043-l--P.NOtU.~.U- 3 3 • 22*-A.L-0~-D-t.P.N.D-l-+-'Ul-----
fl •, ' P N = P N 0 B ( J I 
n<, ~ 730 CONTINUE 
pr 4 RETURN 
TI.' EN~----------------------------------------------



t-' 
t-' 
0'\ 

'1:11• SUBROUTINE OPT123 
~02 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
JJ~ C ** THIS SUBROUTINE CALCULATES TRAILING EDGE NOISE FOR WING W, 
i1J4; C ** HORIZONTAL' TAIL T AND VERTICAL TAIL V. 
nJs· c •••••••••••••••••••••'•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
D~6 REAL HwL1wl2wNUA 
1~7r COMHONIAFNIN/ lOPT,CA,fl,fU,PA[F,W,V,RHOA,NUA,TW~,THUiD£lTH 1 
!JuS: · 1 PHIU1 PHIL~OELPHI,BW 1 AW,BTfAT,BVwAV 1 N1 1 D ,Ll,NL,02, 
JJQ 2 L2,NuJAFtDELF,NS1,N~2 1 UNI SfCffLOOP2,c 1 CCJCCC~NfBP1, 
'J 1 C 3 FB 4 0 , S 4 3, 311 J, SUM ( 4!, 3 4 J, HE A, PHI, If , Lr·, NFB MAX 
011 11- Nf8P --------
'112 M: V/CA 
113 CR : AW/BW 
~ XJA : CpR[F"/ti~HOA*CA*CU 1**2• 
J1S CL - al7*C *CV•C /NUAJ••c-0.2) '\ 
016 OR : a37•CR*CY•CR/NUAI**C-0.2J 
117 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'Jb3 C **- OL IS BOUNDARY LAYER THICKNESS FOR WING 0~ TAIL SURFACE. OR IS WING 
01 Q C ** 800N-{}.A.RY--4.--4-Y!-R--lw.le-¥NE &S, U SE~-A-P-P-R.{}.X-l~l-ON-.f~-R---A-l-M-0-S-P++£~R'-fl-tiC,--------
'l~J. C ** ATTENUATION TO SOD FEET. 
J?1 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Q~l P : 6.3••ND•4.716S•XJA•1D.**Cl4.18+S.•ALOG10CMJJ 
J 7 3 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
J24 C ** P IS NORMALIZED ACOUSTIC POWER, WHERE REFERENCE AREA IS PRODUCT OF SPAN 
:125 C ** AND BOUNDARY LAYER THICKNESS. · ' 
~ c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
.J 2 7" A E--=-~ S- -------
1~8 DE :CCOSCTHETA*aSJ•CC)**2a/CAEJ 
02q R : HICSINCTHETAJ * COSCPHI JJ 
-~ STR :.lO*M*CA/COL *Cl.-M•COSCTHETAJJ) 
~~1 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
032 C ** STR IS STROUHAL NUMBER AT PEAK 1/3 OCTAVE AMPLITUDE• 
033 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~. SCII,LOOP2J :cP/XJA) *CCCC•DL/R**2• t * OE/12.5664 . 
035:~..----~······•••********************••···---······························· 
036. C ** GENERATES NORMALIZED OVERALL MEAN SQUARE ACOUSTIC PRESSURE. 
137 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1133. 00 10 I=IFtLF . 
l )"; &T - FB CI 1/STR • 
.Q 4 r, S R : F B l I ) * 0 R IC • 1 0 *Y J 
·':_1 u 1 S C 1, LOOP 2 J: S l I I, L 00 P2 J * • 613 *S T ** 4 • * C • 5 +S T **1• 5 t ** C -4 • ) • 
~4~ 1 EXP(-.007*ABSCSR-1.)**1•5) 
C4 j c ........................................................................................ . 
04~ C ** GENERATES NORMALIZED 1/J OCTAVE MEAN SQUAqE ACOUSTIC PRESSURE. 
C4S C ****************************************************************************** 
l._4b 10 SUHCI 1 LOOP2):SCI,LOOP2) + SUMCI,LOOPZJ 
fl47 SUM&lltlOOP2)- S&ll,LOOP2) + SUMUI lOOP~t 
~lc C ***************************************~************************************** 
J~') C ** THESE ARE SUMS OF NORMALIZED OVERALL AND 1/3 OCTAVE MEAN SOUARE ACOUSTIC 
ns-: C ** PRESSURE FOR ALL SUBROUTINES USED. 
fJ'JI .--C--****** ********-**** ***** *** *****-*** ******-*-*-*.-.**** ***** ******************-*****·--*"-----
GSZ RETURN 
~j:- END 

.. 
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001-- SUBROUTINE OPTIUNF'J 
~ c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••• 
~3 C ** THIS SUBROUTINE GENERATES TRAILING EDGE FLAP NOISE AS A FLUCTUATING 
C [14 C * * lIFT DIP 0 L E N 0 R MAl T 0 THE L AS T F L A P S E GM E ~ T • ccs c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CJb REAL M,Ll,L2,NUA . 
CJ7· COHHQNJAFNINJ lOPT,CAfFLzFY 1PREF,HIV'RHOAfNUA,TH~r.THUfDElTH 1 SQe 1 PHIU,PH L,u[Lt'HltBW, W,BT,A ,BV,AV,NltD ,Ll,N£,02, 
roq 2 L2fNOJAFtDELF,NSl,NS2 1 UNITSfCF'flOOP2,C~CC~CCC1 NFBP1, 
QlC 3 FB 40 ,s 43 1 31f) 1 SUMC4.5,34J, HE A,PHI,It-,Lf,NFBMAX 
OTT II - NFBPl -~----~- --------
Cl; M: VICA 
Cl3 XJA: CPREF/CRHOA*CA•CA)J**2• 
Gl4' PF : XJA*lD•**l0.9*4.1888*C6.6l*H)**6• 
c~ c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Sl6 C ** PF IS NORMALIZED ACOUSTIC POWER REFERENCED TO FLAP AREA •. 
017 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Clo AL : .333 
nT9 DF - C$l~~~Q~~~~~~4*~2~•+J~C~A~l+J-~~--------------------------
C2'J R = H/CSINCTHETAJ * COS(PHI)) . 
021 SCII,LOOP2J:CPFIXJAJ *lAFICR*RJJ•OF/12.5b64*SlN(DELf)**2• 
022 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1J'7'3 t ** 'EN&RATE$ ~ORHAL.IZED OVERALL HtAN $QUARt ACOUSTIC PRESSURE. 
024 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
025 DO 10 I:IF,LF 
026 SF : FBtlJ•CF/CV*Cl.-M*COSCTHETAJ)) 
07( lFCSF.l£.2.) SClrlOOP2J-SCll,lOOP-~2~)_.*~•~g~5•~s~F~--------------------------
C28 IFtSF.GT.z •• AND.sF.LE.ZO.J S(l,lOOP2):StiitLOOP2t•.1516*SF'*•C 
C29 X -.6) 
030 IFtSF.GT.ZO.J SClllOOP2J : SCII,LOOP2)* 20t.•SF••c-3.J 
C031 IFlNF.NE.l) 60 -0 2999 · 
C32 IFCSF.GT.2 •• ANO.SF.LE.7S.J Stl,LOOP2J:SCII,LOOP2J• 1 115*SF••t-.2J 
033 IFCSF.GT.7S.t SCI,LOOP2J=SCII,LOOP2J•20-60.*SF••t-~.) 

~ ~0~~ •• ~~~~; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C~6 C ** GENERATES NORMALIZED 113 OCTAVE MEAN SQUA~E ACOUSTIC PRESSURE FOR EACH OF 
(37 C ** '3 REGIMES OF STROUH•L NUMBERS. 
C3S C ***********•**********•*****************************************•************* 
c!9 lQ SUHCI,lOOP2,-&Cl,lOOP2) • SUHCI,~OOP2a 
r4: SUMfiltLOOP2J: SCIItLOOP2t + SUMtii,LOOP2) 
C41 RETJRN 
C42 END 
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f<01- SUBROUTINE OPTS 
•CS2 C ****************************************************************************** 

003 C ** THIS SUBROUTINE CALCULATES LEADING EDGE SLAT NOISE AS A SUM OF INCREASED 
084 C ** WING TRAILING EDGE NOISE AND A HIGHER-FREQUENCY EDGE NOISE. 
OJ5 C ****************************************************************************** 
~~b REAL M1 Ll,L2 1 NUA 
C~1 COMMQN/AFNIN/ lQPT,tA,fl,FU,PR[f,~,V,RWOA,NUA,TWL.,TWUtDELTN, 
OC8 1 PHIUlPHIL DELPHIIBW!AW,BTfATt8V,AV1NltDltlltN2,.D2t 
Ou9 2 L2,Nu,AF,6ELF,NS ,N~2 1 UN1 SfcFfLOOP2,c1.Cc 1 CcC.INf;BPl, 
_Q_1JJ: 3 F B C 4 0 I , S 1'4 3 , 3 4 J , SUM C 4 j , 3 4 I , H E A , PH I , I f , L F ·, N F 8 M A X 
LIT II - NF'BPl 
C 12 H: V /CA 
013 CR : AW/BW 
014 XJA : tPREF/CRHOA*CA*CAI)**2• 
crs c L. - • J7 • c • c v • c I~UA--J ** c -a • 2 , • 
016 OR : a37•CR•cV•CR/NUA)**C-0.2J 
017 P : 6.3**ND*4.7165*XJA*lO•**C14.18+S.•ALOG10lMII 
ClB AE : a2S 
~ ct -ccoscTHE~s~•~·~c~c~•~•·•~2~·~'~'~A~ErlJ------------------------------------------~------
o2o R: H/cSINcTHETAJ * COSCPHI)) 
C21 STR =.lO*M*CA/IOL *11·-M*COSfTHETA)J) 
022 OPRW :(p/XJA J *CCCC*OLIR*•2•) * OE/12.5664· 
C23, SflltlOOP21- 16. * OPRW . 
(24 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
025 C ** NORMALIZED OVERALL MEAN SQUARE ACOUSTIC PRESSURE FOR SLAT. 

026 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 021 oo 10 z-1~------------·----------------------------------------------------
ozs STL: FBCIJ * DR*ll.-M*COSCTHETAJJ/C.4562*VI 
029 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~30 C ** STROUHAL NUMBER FOR SLAT-RADIATED EDGE NOISE. 
031 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C32 ST : FBfl)/STR 
233 SR : FBCII *OR/CalO*V) 
C34 PRW:OPRW *•613*Sl**4•*C.S+ST**l•SJ**C--.J• 
~ 1 [XP~-.~1*~A•8~S~C~S~R~-4lh•M)~*~~~~-------------------------------------------
C36 C ****************************************************************************** 
C37 C ** GENERATES NORHALIZ~O 1/3 OCTAVE MEAN SQUAQE ACOUSTIC PRESSURE FOR WING. 
C38 C ****************************************************************************** 
[1~ SflwlOOP21-2e*PRW•2•*0PRW*•613*STL**q•*C•5•STL**1•5»••c-q.J• 
C4C' 1 . EXPC-.007*ABSCSR-1.)•*1•5) . 
[41 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C42 C ** GENERATES NORMALIZED 1/3 OCTAVE MEAN SQUARE ACOUSTIC PRESSURE FOR SLATe 
:rrG c ........................................................................... .._. •• _._ •• a.J ...... ___ __ 

C44 10 SUH(l 1 LOOP2J:SCI 1 LOOP2l + SUMfi 9 LOOP2) 
C4S SUMCII 1 LOOP2J= SCII,LOOP2) + SUMCII 1 L00P2J 
C4t RETURN 
c47 ~0-------------------------------------------------------------------------------------

... 
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001- · SUBROUTINE OPT67CN12,NS12,012,l12t . 
~ c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
f03 C ** THIS SUBROUTINE CALCULATES LANDING GEAR NOISE FOR lt2t OR 4 WHEEL GEARS. 
CCQ C ** INPUT SUBSCRIPT 1 IS CALLED MAIN GEAR, 2 IS CALLED NOSE GEAR. 
005 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
cQ~ REAL M,Ll,L2,NUA Ll2 
Cl7 GOMHONIAFNIN/ lO~T,tA,Fl,fU,PRtf,W,V,RWOA,NUA,TWl,TWU,C£LTW, 
CDE? 1 PHIU PHI,L DELPHI BW AW,BT AT BV AV Nl Ol,LltN2 02 ' 
CQ9 2 L2,N~,AF,6ELF,Nsl,N~2,UNifsffF 1 {oo~z,~,CCtC~C,~FB~lt 
Qll 3 FBt40l,'Sl43,34l,SUHC43,34l, HETA,PHI,IF,LF,NFBMAX 
0 11 I-~N~B-~-1 --~-~--
r 12 CR : AW/BW 
Ql3 OR: .37•CR•CY•CR/NUAl**C-.2J 
~l~ R : H/CSINlTHElAl*COSCPHI)) 
r 1':'- CONST-12.52 
[ 16 M : V/CA 
(17 XJA : CPREF/CRHOA*CA*CA)I**2• 
CH IFCN12.NE.4) GO TO 10 
(19 CON~T=12~2 - --~~~~~~~~--~~~~~--~~~~~~~~~~~ 
G2C 10 PCG:XJA*l0•**CONST•8.3776*Nl2*NS12*C3.404*Ml**6• 
rz1 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~~ C ** PCG IS NORMALIZEO ACOUSTIC POWER WHICH DOES NOT VARY WITH SIDELINE 
CZ3 C ** ANGLE PWI• 
(, 2 4 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C25 AL : .3333 
C2L ,- DG : SINCTHETA)**2e/C2.•AL) 
C27 OPRc&- ~~-~~~~~~~)~•~•~2~·~•~0eG+I;1~2~·~§~i~i~4~~~~--~~~~~~~~~~--------~-

r-2B c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
(29 C ** OPRCG IS NORMALIZED OVERALL MEAN SQUARl ACOUSTIC PRESSURE WHICH DOES NOT 
~ C ** VARY WITH PHI. 
l3T c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C32 PSG : XJA*lO•**CONST *8.3776*NS12*•34*ll2*C3.404*H)**b• 
[ 33 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
[34 C ** PSG IS NORMALIZED ACOUSTIC POWER CAUSED BY FLUCTUATING SIDE FORCE ON 
r3~ G ** lANDING G[AR ST~~u~r~·-----------
C36 C ****************************************************************************** 
(37 OS : CSlNCTHETAl*SINlPH1))**2•/CAL) 
C36 OPRSG: CPSG/XJA)*fD12/R)**2•*DS/12.S664 
C~ C ****************************************************************************** 
C4G C ** OPRSG IS NORHALIZEO OVERALL MEAN SQUARE ACOUSTIC PRESSURE CAUSED BY 
C41 C ** FLUCTUATING SIDE FORCE. 
u42 c ••••••••••••••••••••••••••*••••••••••••••••••••••••••••••••••••••••••••••••••• ~ ---DO ~0----J--;-I-F,-kf-------
~44 SG : FBCI)*Dl2/CV*C 1.-M•COSlTHETAJ)) 
045 SR = FBCI)*OR/C.lO*Vl 
C46 IFCN12.EQ.4) GO TO 20 
~4/ P~GG- OPRCG•ll.59*SG*S'*C1~.5•SG•SGI**C-2.451 
S4E PRSG= OPRSG*3.24~*SG*SG/(3Q.+SG**8•) 
[4Q c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
r:c C ** GENERATES NORMALIZED l/3 OCTAVE MEAN SQUARE ACOUSTIC PRESSURES FOP BOTH 
'J S 1 --~----*~---~OMP ON-E N-T S--0~--- 1--WH&-tl--- -AN-0- -2 -..wHt-tb-L.---A--N-D--1NG-4t--A-R---N-O-l~--- - --~~-------- -~~· 
CS2 C ****************************************************************************** 
l~3 GO TO 30 
2S4 20 PRCG : OPRCG *•OS72•SG•SG*C1.+.2S*SG•SG)**C-le5) 
::; -:_ ~~----PQ ~G - OP-P---s.t;--*-----1--.-21---4---*-~** 3 • -*-t~l~.~0~6'""•'---;!SHG~•~SHG~) • ._.~,__,-~j-.__.1------------------
-s~ c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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057 C ** GENERATES NORMAliZED 1/3 OCTAVE MEAN SQUARE ACOUSTIC PRESSU~[$ FO~ 80tH 
058 C ** COMPONENTS OF ~-WHEEL LANDING GEAR NOISE. 

~59 c *-*-*-*-****-*-*-*-*-**-** .... *-*-*-~*-*-*-*-**-*-*-* .... *-****** •••••••••••••••••••••••••••••••••••• 06J 30 SllflOOPZJ : CPRCG+PRSGJ•EXPC-.007*ABSCSR-l.J*-•1.5) 
Q61 Sll ,LOOP2) : OPRCG +OPRSG 
osz c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
0 •.J 3 • C ** · COMB lN.[ S- S.O~H --c OM~O NE-t.! J.S OF~ lANDING ~E-AR ~..tro lS £.. - -- --- --· --·· -· · 

fJ04 c ··········~~································································· l S 5 ~ 4 0 SUM C I l 0 0 P 2) : S U H C I l 00 P 2 ) + S C I , l 0 0 P 2 J 
j~& SUMCif,LOOP2) : SUHlii,LOOP2) + SCII,LOOP2J 
~~ RETURN 
']..,8 END 

O'J 1 --WBlfW'TfNE 01fTPfiF, lt ;·NHALF ,H(JP-,NFBP 1 ,PRI~n;-;-r-e,s~iSUH) -- -··-
OJ£ DIMENSION PRINTGCU ,FBC1J,SC~3,1J,SPLC24),ASPLC43,Z5) 
Q,J3 lFCISUH.EOeU GO TO 7 
0·14 DO 5 I : 1 HUP 
OJS 

1 
DBA!: .00~2 *- C SCllf,l) + SClS,IJ + SC16,1H 

lEJ~. 1 +e00347 *- C SC17,IJ + SC18,IJ + SC19,I)J 
r: · ~ 7 2 • • 0 l Q9 • C S c 2 0, l ) + $ c 2 1 , 1 J + $ c 2 2 , I ) ) 
lJJ.') 3 + .1585*- C SC23,IJ +SC24,l) +SC2S,IJJ 
'JJ'? 4 + .5130 * C SC2&,IJ + SC27,IJ + SC28,J)) 
illJ 5 + 1.000 * C SC29,IJ + SC30,IJ + SC31,IH 
o.:. 1 • 1 • 3 18 * C S U~ J + S l-3-3-r I J + S Ulf.-4..-r•l_,_,_,_, ______________ _ 
Jl2 7 + 1.230 * C Sl35,1) + SC3&,1J + Sl37,1J) 
81.3 8 + e724ij *- C Sl38,I) + SC39,1) + S ltQ,l)) 
.l.U ·~ 5 S C N F B P 1 + 1 U : 1 0 • *-A L 0 G 1 0 C D 8 A 1) 
Qfr, c ••••••••••••• : •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
11G C ** THIS PROCESS CALCULATES A-WEIGHTED SOUND LEVEL, DBCA). 

017 c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 013 7 CONTINUE 
~19 D~~~-~~~----------------------------------------------------------
02U DO 10 L : 1JHUP 
0:1 ARG : SCI,L 
U~2 lFCARG.EO.O.J ARG: 1. 
n2~ SC1 1 L) - lO •• ALOGlDCARGJ 
11:-'4 10 CONTINUE 
lJ 2 5 2D CONTINUE 
o_:_~ lFUSUH.EO.lJ GO TO 29 n .? 7 D0-21LK~..-KU~ _______________ _L_. _____________ _ 

'17.d. 1=0 
'L'9 00 25 J:l;,liO 
l.LU_ I= I+ 1 
·: q 2S ASPLCK J)-SCJ,KI I 

1~? CALL N6YSCASPl,PN,K,KJ 
:~ i ~ 2 8 S C NF BP 1 + 2, 10 : PN 
~l~ 29 CONTINUE 
J 5 c> -----tH)--J.~ : 1 ~ MU P 
~3h ARG = SCNFB~1,L) 
'1:7 lFCARG .• EQ.O.J ARG: 1. 
'J >~ S C N F B P 1 , l ) : 1 0 • * A l 0 G 1 0 ( A R G J 

~ ... )' 



'5~'7 Ja co .. T t .. uE 
84J WRITEC6 1 800) 
0·11 IPG: 0 
:Jt1:: 40 IT : 1+ lPG•NHALF 
fJ1i3"" l T - M I N-1}-HWP-rl-T • N HAlF -1 • -----
0~4 WRITEC& 1 810) t PRINTGClJ,I:IT,Ll) 
0 11 5 00 50 I : 1 F, L F 
1~_4_ ~ WRIT E C 6! 8 2 0) F B C I J , C S CI , J J , J: IT , L T J 
,., l7 50 CONT lNU!i: 
048 WRITEC6 1 830J CSCNF8Pl,J) 1 J:IT,LTJ 
J4~ IFCISUH.EQ.2J WRITEC6,840)CSCNFBP1+1 1 J) 1 J=lt,LTJ 
JJ50 IFCISUH.EQ.2 WRITEC6,850) CSCNFBP1+2 1 JJ,J:IT,LTJ 
US1 IP~ - IP~G~*Yl~------------------------------------------------------------~ 
CS~ IFCLT-HUPJ 40 1 60 1 60 
053 60 . RETURN . 
U54 800 FORHATC//1' llBLE OF VALUES OF SOUND PRESSURE LEVEL CDECIBELSJ FOR 
OS':> · 1 ',1~ 15X 'CONSTANT ALTITUDE: FLlGWT' ) 
IJ5b 810 FORHATCI/ : 1/3 OB DIRECTIVITY ANGLE CDEGREESJ'~/,' CTR FREO:•, 

g~~ azd 1 Fo'A;rt~~~J~!z,i'~~~~i 0 ' 111 , 
D t, '-1 8 30-f-()..R.M..Al-(.4 X 1 '0 VERA L L '--.-1--lE-+-e~~------------------------
n b fj 8 4 0 F 0 R M AT C I 4 X & ' 0 B C t. J ' , 1 7F 7 • 2 ) 
Jt,~ 850 FORHATC4X 1 PNL,DB' 1 17F7.2) 

'-' 
~1r.;: END 

i\) 
I-' 



10.4 Sample Program Output 

Program output for the sample input given in the preceding section is 
shown here. The output table for each of the three airframe noise components 
is preceded by a table of all the NAMELIST variables and their numerical 
values, not reproduced here. 

JETSTAR,FLAPS OOWN,RUN7A 

CLEAN WING NDISE 

AZIMUTH ANGLE, PHI : n. DEGREES 

TABLE OF VALUES OF SOUND PRESSURE LEVEL (DECI~ELSJ FOR 
CONSTANT ALTITUDE FLIGHT 

1/3 OE DIRECTIVITY ANGLE (DEGREES) 
CTR FREQ: 
CHERTZJ 32. 40. ~r. 60. 7 0. ao. 

sn. oo 3 9. 78 42.18 4 3. 9 2 45.17 4 b. [ c 46.43 
b3.00 42.88 45.24 46.93 48.13 4b.9C 49.26 
bO.OO 4 5. 77 48.07 49.70 50.P.3 51.~)2 51.8 1 

lGO.OO 4&.10 ~0.3~ S1.92 52.97 53.57 53.77 
12S.OO 50.u3 52.22 C)3.71 5~.67 55. 1P 55.28 
160.00 51.64 53.75 55.14 56.0:1 56.41 56.40 
2GO.OO 52.58 ~4.62 55.93 56.70 57. Cl 56.90 
zso.oo 53.04 55.01 56.24 56.92 57. 14 56.94 
315.00 53.03 54.94 So .10 56.69 56.83 56.54 
4CO.OO 52.56 54 .rn 55.50 56.03 56. C9 55.73 
50G.OO 51. 76 53.57 ~4.61 55.D8 55 • CP. 54.67 
6 30. 0 0 50.63 52.40 53.39 53.P.2 53.77 53.32 
8LO.OD 49.19 50.93 51.89 52.28 52.20 51.71 

lDGD.DO 47.65 49.36 ~0.3C 5'J.67 50.57 50.05 
1250.00 4 5. <15 47.65 48.57 48.92 48.79 48.26 
l6UD.OO 4 3. 90 45.59 46.50 46.83 4 6 • 7(: 46.15 
2000.00 41.92 43.60 44.49 44.82 4 4. t7 44.12 
2500.00 3 9. 79 41.46 42.35 42.67 42.~1 41.95 
31~0.00 37.40 39.07 39.96 40.27 4 0. 11 39.54 
4000.00 34. 70 36.36 37.25 37.C::5 37. 39 36.82 
SODO.OC 31.81> 33.54 34.42 34.73 34.56 33.99 
6300.00 28.S5 30.21 31.09 31.39 . 3 1 • 22 30.65 
80LO.OO 24.49 26. 15 . 27.03 27.33 2 7. 16 26.59 

10000.GO 19.91 21.57 22.45 22.75 2 2. 58 22.00 
OVERALL 62.27 64.21 65.42 66.r9 66. 32 66.14 
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4t:>.4!:, 
49.22 
51.6P 
53.56 
54.97 
55.9P 
56.3P 
56.33 
55.8S 
54.97 
53.86 
52.47 
50.83 
49.15 
47. 35 
45.22 
4 3. 18 
41.01 
38.60 
35.87 
3 3. 04 
29.69 
25.63 
21.05 
65.58 



• 

JETSTAR,FLAPS DOWN,RUN7A 

HORIZONTAL TAIL NOISE 

AZIMUTH ANGLE, PHI = C. l"l~GPEFS 

TABLE OF VALUES OF SOUND PPESSURE LEVEL (DECIBELS) FOR 
CONSTANT ALTITUDE FLIGHT 

1/3 Ob DIRECTIVITY ANGLE (DEGREES) 
CTR FREQ: 
fHERTZl 30. 4U. ~0. 60. 70. ~o. 

so .oo 2e.so 30.95 32.75 3Li .07 34. 9f3 35.50 
63.00 31.99 34.41 36.18 37.Li7 3 8 • -~4 38.P.1 
£0.00 35.39 37.78 39.51 40.75 4 1. 57 41.98 

1GO,OO 3 8. 32 40.67 42,35 43.54 4 4. 3Q 44.65 
1Z5.00 4 0. 96 43.26 44.89 46.00 46.69 46.96 
160', 0 0 43.Li7 45.7u 4 7. 25 48.28 48 ,E(; 49.04 
200.00 45.29 47.46 Li8.92 49oP6 5 c. 36 50.43 
250.00 46.64 4R,74 5C.12 50.97 51. 36 51.34 
315.00 47.53 49.56 50.85 51.60 51 • 89 51.77 
400.00 4 7. 90 49.R6 s 1. 0 7 51 • 7 3 51 • 92 51.70 
sco.oo 4 7. 7~ 49.67 50.82 51.4 0 51 • 51 51.21 
630,CJO 4 7. 23 49.07 50.15 50.66 ~,0.71 50.34 
800.00 46.27 Li8.07 4 9.1 n 49.55 4 9. 54 49. 12 

1000.00 4S.08 46,84 4 7. 8 3 48.25 48.20 47.73 
12 50.0 0 43.65 45.38 4 6. 34 46.72 46.64 46.15 
1600.00 41. 82 43.c;3 4Li.47 44.133 4 4. 72 44.20 
2000.00 39. 98 41.67 42.59 42.93 Li2.81 42.27 
2500.00 31. qs 39.(,4 4C.S4 40.87 4 0. 74 4 0. 19 
3150.00 3~.65 .37.33 38.22 38.~·4 38. 39 37.84 
40COoOO 33.00 34.67 35.56 35.f8 35.72 35.16 
50UO.OO 30.22 31. 8 9 32.77 33.08 32.92 32.3b 
6300.00 2 6. 91 28.58 2'9.46 2Q.77 29.E.1 29.04 
8000.00 22. 88 24.54 25.Li2 25.73 25.56 2Li.Q9 

10000.00 18.32 19.98 20.86 21. 1 b 20.99 20.42 
OVERALL 57.11 59.05 60.26 60. 0 3 61. 16 60.98 
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35.6n 
38.8R 
41.99 
44.59 
46.82 
48.80 
50.09 
50.90 
51.23 
51.07 
50.51 
49.58 
48.31 
46.88 
Li5.27 
4 3. 30 
Li1.36 
39.26 
3b.90 
34.22 
31.41 
28.09 
2Li.04 
19.46 
60.42 



JETSTAR,FLAPS DOWN,RUN7~ 

TRAILING EDGE FLAP NOISE 

AZIMUTH ANGLE, PHI = !J. OEGf:"EfS 

TABLE OF VALUES OF' SOUI\JO PRESSURf LE.VEL ([;E:(!BELS) FOR 
CONSTANT ALTITUDE rLJGHT 

1/3 08 DIRECTIVITY ANGLE lCEGPfES) 
CTP FREO: 
(HERTZ) 30. 40. 50. 60. 70. 8(1. 

~o.oo t:2.4? b4.5<i 65.82 66.29 6b.L9 65.,23 
63.00 63.42 (.,5.60 t6.82 67.?9 6 7. L9 66 •. 2 3 
80.00 64.4€> 66.63 6 7. 86 68.33 68. 13 67.,27 

1GO.OO 65.'13 67 .CJ 6&.83 69.30 6 9. 10 68.24 
125.00 66.40 68.r7 69.RO 70.77 70. C7 69 ., 21 
1 60.0 0 67.47 69.64 70.87 71.34 71.1'1 70 .. 28 
200.00 68.29 70.61 71.84 72.31 72. 11 71 .. 25 
2 50.00 67. 71 70. 11 71.60 1?.31 72 .... 9 71.,95 
31~.00 6 7. 11 69.51 71.00 71.77 71~f9 71 •. 35 
4CC.CO 6t.49 68.B9 70.38 71. 15 71.27 70 .. 73 
suo.oo 65.90 L8.30 69.80 70.57 7 u. 69 70.15 
6 30.0 0 65.30 67.7C 69.19 69.96 1 o. ce 69 ., 55 
8[.0.00 64.68 67.08 68.57 69.34 69.46 68.,92 

1000.00 64.10 66.50 6 7.99 68.76 68.88 68 .. 34 
1250.0G 63.52 65.92 67.41 68.18 6 8. 3C 67 .. 76 
1600.00 62. 87 65.27 66.77 67.54 61. uS 67.,12 
2000.00 62.07 64.69 66.18 66.95 6 7. 07 66.,54 
2500.00 =9 .16 61.90 6 3. 80 65.f.l2 6 5. 61 65 .. 56 
31~0.00 56.15 58.139 60.79 b2.0G 62.60 62 .. 54 
4000.00 53.04 55.78 5 7.67 58.~9 59.49 59 .. 43 
SOLO.OO 50.13 52.87 54.77 55.(}8 56.58 56 .. 52 
6300.00 47.12" 49.86 51.75 52.'J7 53.57 53 .. 51 
8000.00 44.01 46.75 48.u4 49.~6 50.'15 50 .. 40 

10000.00 41.10 43.84 45.73 46.95 47.55 4 7 •. 49 
OVERALL 78.35 80.6& P2.05 82.71 82.71 82 .. 05 
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63.64 
64.64 
65.68 
66.6~· 
6 7. 62 
68.69 
69.6f. 
70.63 
70.08 
69.46 
68.88 
68.27 
6 7. 65 
67.07 
66.49 
65.85 
6 5 • .2 6 
64.68 
61.75 
58.64 
55.73 
52.72" 
49.61 
4 6. 70 
80.66 



TABLE OF VAL~ES OF SOU~O PPESSURF LEVEL CDECI~ELS) FOR 
CONSTANT ALTITUDE FLTGHT 

1/3 OL DIRECTIVITY A~GLE 
CTR FREQ: 
tHER.TZl 

1. 2 5 
1.6() 
2.00 
2.5C 
3. 1 5 
4.CLJ 
5.00 
6.30 
s.oo 

10. DO 
12.5C 
16.0 0 
~0. 00 
25.00 
31.50 
40.00 
so.oo 
63.00 
80.00 

100.00 
125.00 
l6iJ.OO 
200.00 
2 50.0 c 
315.00 
400.00 
soo.oo 
630.00 
soo.oo 

10(;0.00 
1250.00 
1600.00 
20(;0.00 
2500.00 
3150.00 
4000.00 
50LO.OO 
6.500.00 
8000.00 

10000.00 
OVERALL 

30. 
.oo 
.oo 
.cc 
• JO 
• Dr 
• :.:; r. 
.0(1 
.oo 
• 00 .co 
• [10 
• 00 
.oo 
• or 
.oo 
• DO 

62.45 
63.46 
64.52 
65.5? 
66.51 
67.60 
68.43 
67.8Q 
67.32 
66. 72 
66.13 
65.51 
64 0 86 
64.25 
6 3. f,q 
62.96 
62. 14 
59.24 
56.25 
53.14 
50.24 
47.22 
44.C9 
4 1 0 16 
78.4B 

40. 
.a: 
."0 
.co 

'"'" . ·~ "-' 
.'JO 
.ro 
.co 
.oo 
.ro 
.::;o 
• !:'0 
.:"'0 .no 
.r:o 
.oo 

64.62 
65.64 
66.70 
67.69 
6R.68 
69.77 
70.74 
70.27 
69.70 
69.'J9 
68.51 
67.A9 
b7.?4 
b6.63 
66.02 
65.35 
{:4.75 
61.97 
58.96 
55.e& 
~2.95 
49.94 
46.~1 
43.P8 
80.79 

lf1[GREES) 

~r:. 
.oo 
.oo 
.co 
.oo 
.OIJ 
.co 
.no 
.oo 
.co 
.no .oo 
.co .co 
.oc 
.oo 
.oo 

6 5. 8 5 
66.87 
6 7. 93 
68.92 
69.91 
71.SO 
71.97 
71.76 
71.18 
70.57 
69.98 
69.36 
68.71 
68 olD 
6 7. 50 
66.83 
66.23 
63.85 
~ 0. p q 
57.74 
54.83 
~d .82 
4S.69 
4~.77 
82.17 

fO. 
• ~u 
.no 
.no 
.Ol) 
.o:J 
.r:o 
.(10 
.oJ 
.oc 
.oo 
.ro 
.(10 
.oo 
.r:u 
.no 
.oo 

6b.32 
67.:!5 
6R.LI1 
b9.41 
70.40 
71.4 8 
72.45 
72.53 
71.<14 
71.3 3 
70.74 
7flol2 
6Q.47 
O~ofl6 
68.26 
67.60 
67.(10 
b5.06 
62.05 
5P.94 
56.04 
53.C2 
49.90 
46.98 
F2.P3 

7 0. 
.co 
• uu 
• cr. 
• oc . [[ 
• co 
.co 
• GO 
• co 
• co 
• en 
• [. ('J 
• cc 
• LC 
.on 
• 00 

6 6. 13 
6 7 • 16 
6 8. 23 
69. 23 
70.23 
7 1 • 31 
72.21 
72.65 
72 • L6 
71.45 
70.8!: 
7C. d 
69. 58 
68.98 
68.38 
6 7. 71 
67.11 
65.64 
62. t-4 
59.53 
56.62 
1:'3.t-1 
50.49 
4 7. 57 
82.84 

80. 
.oo .oa 
.no 
.oo 
.oo 
.(10 
.oo 
.oo 
.no .oo 
.oo 
.oo 
.oo 
.oc 
.oo 
.oo 

65.29 
b6o33 
6 7. 41 
b8.4l 
69.41 
7C.49 
71.44 
72.13 
71.54 
70.92 
70.32 
69.70 
69.05 
68.44 
67.84 
67.17 
66.58 
65.59 
62.58 
59.47 
56.56 
53.55· 
50.4 3 
47.51 
82.20 

90. 
.oc 
.or 
.oo 
.oo 
.oo 
.tJO 
.oo 
.oo 
.oo 
.oo 
.co 
.or· 
.on 
.on 
.oo .on 

63.73 
64.78 
65.87 
6b.&P 
6 7. 8 8 
68.96 
69.91 
70.83 
70.30 
69.67 
69.07 
6 8. 44 
6 7. 7fi 
67.18 
66.57 
65.91 
65.31 
64.71 
61.78 
58.67 
55.77 
5Z.75 
49ob3 
46.72 
80.83 

CBlA) 73.91 76.~3 77.83 78.~2 78.7A 78.29 77.0~ 
P~LtDB 85.67 88.23 89.79 90.63 90.94 90.59 89.47 



11.0 APPENDIX III: TABULATED AIRFRAME FLYOVER NOISE SPE!CTRA 

Flyover noise one-third octave spectra, at the measurement time that 
produced maximum OASPL, were plotted in Refs. 11, 17, and 26 for tests con
ducted at NASA Dryden Flight Research Center. The aircraft tested were the 
Aero Commander Shrike, Lockheed JetStar, Convair 990, and Boeing 747. Values 
of OASPL, flir,ht speed (m/sec), and mass (Newtons) were given in Table 2 of 
Ref. 22 for ten flights of the Lockheed JetStar, four flights of' the Convair 
990, and five flights of the Boeing 747. The aircraft configurations comprise 
the clean aircraft, trailing edge flaps extended to one deflection for each 
aircraft, landing gear extended and flaps retracted (for the Lockheed JetStar 
and Boeing 747), and both the landing gear and flaps extended. Spectra were 
supplied for the Aero Commander Shrike at two airspeeds with landing gear 
extended and flaps retracted, and at one airspeed with landing gear and 
trailing edge flaps extended. 

These data were measured using a microphone installed flush with a large 
ground board. The resulting one-third octave band sound pressure levels (SPL) 
should be regarded as 6 dB above free field because of in-phase reflection of 
acoustic waves at the microphone. In contrast, noise certification measure
ments generally are obtained with microphones mounted 4 ft above a hard sur
face. The resulting measured sum of directly radiated and randomly-phased 
reflected acoustic waves is 3 dB above free field at greater than several 
hundred Hz center frequencies. 

Measured flyover noise spectra were corrected by NASA for differences 
between measured and 500 ft flight altitude. Two adjustments were applied. 
Amplitude at all frequencies was adjusted for the altitude difference by use 
of an inverse squared variation with altitude. The spectra were further 
corrected for the atmospheric attenuation over a path length equal to the 
difference between 500 ft and the actual altitude. This frequency-dependent 
correction was calculated for the attenuation properties of standard-atmo
sphere temperature and humidity. Therefore the tabulated spectra correspond 
to the direction for peak OASPL of a flyover at 500 ft altitude. They include 
the effects of atmospheric attenuation between that altitude and the ground. 
Both OASPL and preceived noise level (PNL) of the resulting adjusted spectra 
were generally calculated by NASA. These spectra and integrated levels for 
the four aircraft types are listed in Tables 3 through 6 herein. Velocity 
(knots) and gross weight (lb) were taken from NASA-supplied data sheets for 
most runs. For other runs, they were calculated frc.m Table 2 of Ref. 22 
which provides flight information in metric-system units. 
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Spectra for the Vickers VC 10 in the clean configuration and with several 
individual components deflected were obtained by the Royal Aircraft 
Establishment (RAE) and reported in Ref. 12. These flyover peak-OASPL spectra 
also were measured with a flush-mounted microphone and are 6 dB above free 
field. All of the eight spectra supplied by RAE were obtained at 160 knots 
nominal airspeed and 600 ft nominal altitude. These spectra, which include 
whatever atmospheriG attenuation was present, are given in Table 7. Values of 
OASPL for these spectra were given in Ref. 12 only for the frequency range 
from 40 to 1600 Hz because engine tone noise dominated the spectra at higher 
frequencies. Those values are not tabulated herein. 

Airframe noise spectra were measured by Lockheed-California Co. for the 
Douglas DC-3, Convair 240, Aero Commander Shrike, Prue-2, and Cessna 150. 
These measurements used microphones mounted on tripods 4 ft above the ground. 
Tabulated spectra are readily available from Table A-1 of Ref. 9 and are not 
repeated herein. 

These spectra are being published to facilitate the evaluation of other 
methods for predicting airframe noise. Geometric properties are given in 
Table 8 for the five airframes for which spectra are listed in Tables 3 
through 7. 



~-~-~-- ---~- - -- ------~-------

TABLE 3 

AERO COMMANDER SHRIKE, 500 FT ALTI1UDE 

1/3 Run 4, gear down, Run 6, gear down, Run 7, gear down, 
Octave flaps down, 113 kt, flaps up, 112 kt, flaps up, 153 kt, 
freq., Hz 6566 lb, SPL, dB 6475 lb, SPL, dB 6440 lb , SPL, dB 

50 63 66 68.9 
63 62 66.5 70.4 
So 61 65.5 69.9 
100 60 65.5 69.4 
125 59.5 63.5 69.4 
160 59 61 66.4 
200 59.5 60.5 66.9 
250 59.5 58.5 64.9 
315 59-5 58 66.4 
400 60 58 65.4 
500 60.5 57.5 65.8 
630 61 58.5 66.7 
800 61 59 66.6 
1000 59.5 58 65.5 
1250 57.5 56 64.9 
1600 54 52.5 60.7 
2000 53.5 51.5 60.4 
2500 50 48.5 58.0 
3150 46 43.5 53.1 
4000 46.5 40.5 48.1 
5000 34 44.4 
6300 39.4 
8000 34.3 
10000 
OA;]PL 72.3 74.1 79.') 
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'J'ABLE 4 

LOCKHEED JE'1'3'1'AR , 500 FT AL'l'ITUDE 

Hun 2, Run 3, Run 4, Run 4a, 1\un 5, 
1/3 clean, clean, clean, clean, clean, 

Octave 247 kt, 297 kt' 342 kt' 350 kt, 358 kt, 
freq., liz 36,186 lb 35,586 lb 34,986 lb 33,986 lb 33,336 lb 

50 58.0 61.1 63.8 65.0 63.8 
63 65.3 64.1 66.5 65.8 63.4 
80 66.9 69.3 72.0 69.9 71.1 
100 69.2 70.9 73.2 71.9 72.,7 
125 70.6 71.7 74.3 72.9 73.5 
160 68.5 71.5 75.5 75.2 74.2 
200 69.5 72.3 77.9 75.2 75.4 
250 71.8 73.5 77.() 76.7 76.1 
315 72.3 74.6 78.7 77.2 77.2 
400 70.6 72 .e. 77.2 7').3 76.3 
500 69.7 71.CJ 76.4 74.9 76.1 
630 72.1 74.6 78.2 78.3 79.0 
800 73.0 76.2 7b.6 7)!.1 i30.2 
1000 75.0 78.2 80.7 81.1 82.3 
1250 75.3 78.8 i-30. 9 82.3 82.9 
1600 75.6 77.7 80.5 132.1 82.6 
2000 74.3 75.2 78.3 79.5 79.8 
2)00 71.9 74.0 76.7 713.1 79.5 
3150 6).6 70.7 73.0 74.7 75.5 
4000 61.4 66.6 69.4 71.3 72.9 
5000 )h.<) G2.4 6').7 67.7 69.9 
6300 55.1 )8.4 61.0 62.9 65.6 
8000 52.3 54.H )6.7 58.5 60.9 
10000 58.5 64.6 6LIJ 63. () 61.3 
OM3PL 84.5 87.1 <)0.2 90.4 91.0 
PNL 95.0 97.';; 100.4 101.2 101.8 

129 



- ----------

TABLE 4 (Concluded) 

LOCKHEED JE'l'S TAR , 500 FT ALTITUDE 

Run 7A, Run 8, Run 9, Run 10, Run 11, 
flaps 50°, flaps up, flaps up, flaps 50°, flaps up, 
gear up, gear down, gear down, gear down, gear down, 

l/3 Octave 170 kt, 194 kt, 182 kt, 158 kt' 204 kt, 
freq., Hz 31,539, lb 31,011 lb 30,386 lb 29,686 lb 29,486 lb 

50 71.6 68.8 65.7 70.8 66.1 
63 72.6 69.7 68.5 72.5 67.8 
80 75.0 72.6 71.5 72.3 70.7 
100 76.4 74.4 74.1 75.0 72.8 
125 76.4 73.8 75.9 74.6 73.5 
160 73.5 75.9 77.1 73.0 75.4 
200 73.6 73.7 77.7 74.7 76.3 
250 74.9 75.0 77.8 74.6 76.1 
315 75.0 75.5 76.6 75.3 75.7 
400 71.7 74.4 75.0 73.0 74.7 
500 71.6 72.2 75.2 72.0 72.5 
630 75.6 75.7 77.5 72.0 76.1 
800 75.3 76.5 78.0 75.0 77.4 
1000 76.1 78.4 80.6 77.8 79.1 
1250 76.9 77.8 80.5 76.2 78.8 
1600 76.6 78.4 80.1 76.2 78.7 
2000 73.7 76.2 77.0 73.4 77.4 
2500 68.7 70.6 73.7 68.7 71.6 
3150 64.8 65.6 69.3 64.1 66.8 
4000 61.5 62.7 65.8 61.4 63.0 
5000 58.8 60.3 61.6 58.2 60.3 
6300 54.2 55.7 57.7 55.3 56.6 
8000 51.4 lf9.2 
10000 64.4 74.4 
OAi~PL 87.3 87.3 89.6 86.() 88.4 
PNL 96.3 97.4 96.3 96 !) ) . () 98.4 
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TABLE 5 

CONVAIR 990, 500 FT ALTITUDE 

Run 11, Run 10, 
Run 3, Run 17, Flaps 36°, Flaps 36°, 
Clean, Clean, gear up, gear down, 

1/3 Octave 312 kt 187 kt, 189 kt, 160 kt, 
:freq, Hz 182,000 lb 157,000 lb 166,000 1b 168,6oo· 1b 

50 68.5 68.1 77.7 76.1 
63 69.1 66.5 77.6 76.9 
8o 74.1 70.3 79.7 79.3 

100 77.2 74.7 82.2 81.0 
125 80.1 74.0 82.7 81.7 
160 80.0 73.9 82.2 81.2 
200 79.4 71.5 81.8 80.2 
250 79.3 71.6 80.7 80.9 
315 79.4 71.3 81.5 80.9 
4oo 78.2 72.3 83.3 82.9 
500 79.2 73.0 84.4 82.4 
630 79.4 74.4 84.6 81.6 
800 80.2 74.0 82.5 79.9 

1000 80.5 73.7 81.3 79.3 
1250 81.3 77.6 80.4 79.0 
1600 82.6 75.7 80.7 77.8 
2000 82.6 73.1 77.7 76.1 
2500 81.8 72.9 75.1 73.6 
3150 81.1 69.2 72.0 70.0 
4ooo 79.8 67.0 68.6 67.8 
5000 79.6 63.5 65.2 64.0 
6300 77.3 6o.l~ 61.0 6o.6 
8000 75.2 56.3 58.2 58.5 

10000 73.1 51.3 60.3 61.3 
OASPL 93.9 86.1 94.1 92.7 

PNL 106.5 96.5 102.2 100.4 



TABLE 6 

BOEING 747, 500FT ALTITUDE 

Run 2 Run 3, Run 6, 
Flaps 25°, Flaps 25°, Run 4, Run 5, Flaps up, 
gear down, gear up, clean, clean, gear down, 

1/3 Octave 197 kt 198 kt, 264 kt, 233 kt:, 215 kt, 
freq, Hz 512,000 lb 507,000 1b 502,000 1b 501,000 lb 497 ,ooo lb 

50 85.5 81.4 75.1 77.1 81.3 
63 85.4 85.1 77.0 75.3 82.2 
so 88.1 88.0 81.1 79.0 83.0 

100 90.5 90.6 80.5 77.8 84.4 
125 88.2 88.0 80.7 78.2 85.8 
160 88.1 87.1 80.3 83.3 88.1 
200 88.8 86.9 79.4 85.2 88.9 
250 88.8 87.2 79.0 78.5 87.8 
315 89.t3 87.2 79-9 79.2 88.r( 
4oo 89.1 87.3 80.3 77.9 87.7 
500 89.4 87.6 81.9 78.1 88.3 
630 89.8 87.2 83.8 79.0 89.9 
Boo 90.5 86.:.; 83.6 83.6 90.9 

1000 90.4 87.1 85.5 83.8 90.5 
1250 89.5 86.0 86.5 80.8 90.0 
1600 88.6 87.0 82.7 80.9 89.8 
2000 88.() 86.6 84.1 81.8 88.8 
2500 88.11 86.4 e4.1 80.2 88.1 
3150 85.8 84.1 r3L5 78.7 B5.7 
4ooo 83.7 82.0 so.t~ 77.3 84.2 
5000 80.8 79.6 78.2 76.6 81.2 
6300 77.2 76.5 '(4.0 73.0 '(5. 9 
8000 71.1~ 71.3 67.1!- 69.2 

10000 59.1 63.6 59.8 
OASPL 101.8 100.0 95.3 93.7 101.3 

PNL 112 .ll 110.4 107.2 104.5 111.9 

132 



TABLE 7 

VICKERS VC 10 FLYOVER SPECTRA 
160 knots airspeed, 600 :rt altitude, 195,000 lb 

1/3 Octave Freq. Clean :JPL, Dirty SPL, Gear Down, Gear Down, 
Hz dB d]3 Doors Shut Doors Open 

ho 70.0 811.5 7h.5 8ll.O 
50 71.5 83.0 75.0 82.0 
63 70.0 83.0 7'-l. 5 80.5 
80 71.0 82.0 75.0 81.0 
lOO 711.5 B3.0 77.0 82.0 
125 T'.5 83.5 77.0 83.5 
l60 72.5 8).0 77-5 83.0 
200 73.5 83.5 80.0 82.0 
250 71l.O Rll.O 81.5 82.5 
315 73-5 8?.0 80.0 81.0 
llOO 711 .o 81.0 77-5 79.0 
500 7'+. 5 80.0 76.5 78.5 
630 73-5 81.0 77.0 79.0 
Roo 711.0 81.5 77.0 79-5 
1000 71l.5 79.5 76.5 80.0 
l250 71l.O 78.5 76.0 78.0 
1600 73.0 78.0 7h ·5 76.5 
2000 74.0 79.0 75-5 79-5 
2500 82.5 83.0 83.0 83.5 
3150 75.0 81.5 77.0 78.0 
llOOO 70.0 76.5 72.5 7).5 
5000 6EL5 7).0 70.5 72.5 
6300 68.0 7'?_.0 70.0 72.5 
8000 h7.0 69.5 G8.5 70.5 
lOOOO 66.5 68.5 67.0 68.0 
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TABLE 7 (Concluded) 

VICKERS VC l.O FLYOVER SPECTRA 
160 knots airspeed, 600 ft altitude, 195,000 lb 

1/3 Octave Freq. Slats Out Flaps Extended, Angle = 

Hz 8PL, dB 0 35°, dB 45°, dB 20 , dB 

40 73.0 72.5 79.3 84.6 
50 71+. 5 74.0 80.0 83.1 
63 73.5 7lr.6 80.3 82.1 
80 75.5 75.5 80.6 81.8 
100 76.0 77.7 80.5 82.0 
125 77.0 77.3 80.3 81.0 
160 77.5 77.8 79.6 80.8 
200 78.5 77.0 79.6 81.0 
250 79.5 77.11 79.2 81.0 
315 78.0 76.1 77.8 80.3 
4oo 77.5 7G.3 77.7 80.() 
500 78.0 76.3 77.2 79.0 
630 77.5 76.0 78.3 79.6 
Boo 77.5 77 .lJc 77 .lr 80.3 
1000 78.5 76.1 76.5 78.5 
1?50 7G.5 76.1 76.5 76.5 
lGOO 7lr.5 7lr.1 75.7 76.h 
?000 76.0 75.5 75.0 78.6 
?500 83.5 83.5 81.7 83.5 
3150 77.5 77.3 78.5 80.2 
11000 72.5 72.5 73.1 75.0 
5000 71.5 70.7 70.7 73.8 
6300 71.5 Gg.o 69.3 71.7 
Sooo 70.5 67.7 68.2 69.8 
10000 70.0 GG.S 67.2 68.4 



TABLE 8 

AIRFRAME GEOMETRIC PROPERTIES 

Airframe Property Aero Commander Lockheed Convair Boeing Vickers 
Shrike JetS tar 990 747 vc 10 

Wing area, ft2 255. 542.5 987. 5500. 2932. 
Wing span, ft 49.0 53.67 95. 195-7 146.2 
Horizontal tail 

area, ft2 33.1 149. 185. 1470. 508. 
Horizontal tail 

span, ft 16.75 24.75 25.67 72.75 43.83 
Flap area, ft2 21.2 62.6 337-5 847. 508. 
Flap chord, ft 1.3 2.28 4.7 7-5 6.44 
Flap angle, deg 22. 50. 36. 25. 20,35,45 
Main gear/aircraft 2 2 2 4 2 
Wheels/main gear l 2 2 4 4 
Main wheel diameter, 

ft 2.22 2.17 3.25 3.83 4.17 
Wheels/nose gear l 2 2 2 2 
Nose wheel diameter, 

ft 1.46 1.5 2.42 3.83 3.25 
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