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Abstract 

The acoustic detection of helicopters is a more 

and more important subject in the military 

domain. Thus, an international NATO experiment 
has taken place in France to collect a number 
of helicopter and airplane signatures. 

The prediction code of the helicopter rotor noise 
ROT AC has been used for many years to 

calculate the noise radiated by rotor models in 

hover night or in wind tunnel night conditions. 

Now it is applied to real-size helicopters without 

taking into account the effects of the 

meteorological fluctuations during the acoustic 

propagation. 

The aim of this study is to apply the code to a 

real-size helicopter in hover and forward nights; 

the signatures collection issued from the NATO 

experiment allows to compare the thickness 

noise predictions with measurements. 

A good agreement between calculations and 

measurements is found in hovering and forward 

flight cases for a microphone • helicopter dis· 

lance greater than about 200 m. The deviation 

between the peak levels of the computed 

thickness noise and those of measurements is 

less than 20% and 50% in hover and forward 

night cases respectively. 
The first harmonic of the spectrum is predicted 

with 1 dB accuracy in hover night and with 2 dB 

accuracy in forward night, beyond 200 m. 
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: sound speed in undisturbed medium 

: rotor diameter 

: surface density of the aerodynamic force 

acting by the blade element do- on the fiuid 

: advancing tip Mach number 

: velocity vector of the blade element do

: hover tip Mach number 

: Mach number of the blade element dO" in 

the receiving direction 

: acoustic pressure 

: distance between the receiving point and 

the rotor hub 

: rotor radius (D/2) 
: location vector of the receiving point with 

respect to the blade element drr 

: distance between the receiving point and 

the blade element du 

: noise receiving time 

: advance speed of the helicopter 

: normal component of the velocity of the 

blade element d<T 
Xc,Yc,Zc: coordinates of the rotor hub with respect to 
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the receiving point 

: location vector of the receiving point 

: climb or descent angle of the helicopter 
: inclination angie of the rotor disk 

: azimuth angle of the receiving point with 
respect to the rotor hub 

: rotor advance ratio 

: air density 

: blade element surface 

: noise emission time 

: angle of sight of the receiving point with 

respect to the rotor hub 

: blade azimuth angle 

: rotor blade angular velocity. 



Introduction 

The acoustic detection of aircraft is a crucial 
problem for the national defense authorities. 
Thus, the noise of different helicopters and 
airplanes was recorded on the airport of Dreux
Senonches in France as part of a NATO program 
for acoustic detection and propagation studies. 
Among the 23 participating teams, there was a 
team of scientists from ISL. 

The theoretical study of the noise radiated by 
surfaces moving at subsonic speed in a 
homogeneous medium allows to develop a 
prediction code of the noise radiated by the main 
rotor of helicoplers. The code named ROTAC 
has been in use at ISL since 1989, it has been 
validated on rotor models in many night condi
tions but it has never been applied to nights of 
real-size helicopters. 

This paper presents the application of the 
ROTAC code to one real-size helicopter in hover 
and forward flights. The acoustic signatures 
measured at Dreux-Senonches are compared 
with the thickness noise ones calculated by 
running the ROTAC code for the main rotor of 
the helicopter. The night cases presented in this 
paper have been chosen on purpose as the 
meteorological fluctuations seemed to be 
relatively steady because the computation does 
not take into account these effects during the 
acoustic propagation. 

The first chapter presents some information on 
the Dreux-Senonches experiment. The second 
one recalls the theoretical foundations leading 
to the expression of the thickness and loading 
noise, but the quadrupolar noise contribution is 
not taken into account yet. The third chapter 
presents the comparison between the acoustic 
measurements and the thickness noise compu
tations for the helicopter in hover and forward 
fiights. The las\ chapter concludes this study. 

1 The Dreux-Senonches experiment 

The NATO RSG 11 group, with the support of the 
"Section Technique d'Etudes et de Fabrication 
des Telecommunications", has organized an 
international experiment on t11e airport of 
Dreux-Senonches (now not in use any longer) in 

France [1]. This meeting took place in 
September 1988; among the 23 teams partaking 
in it, one team of scientists came from ISL 

The aim of this experiment was to record the 
acoustic signatures of helicopters and airplanes, 
to make a signatures collection [2], to test some 
acoustic detection systems [3] and to study the 
acoustic propagation of the noise radiated by 
these aircraft in accordance with the 
meteorology [4, 5]. 

One or more helicopters and airplanes (Gazelle 
341 and 342, Puma, Alouette II and Ill, Lynx, 
BO 105, CH47 and 53, Hughes, Mirage 2000, Mi
rage F1, Alphajet, Tornado, Phantom and 
Harrier) flew over the airport with different and 
predefined flight configurations. The interest of 

. this experiment is multiple: 

• sharing means which would be too 
expensive for one team alone (helicopters, 
airplanes, measurement means, etc .. ); 

• testing prediction algorithms for a lot of 
night cases; 

• comparing detection methods, transducers 
and prototypes; 

• validating codes with common measure
ments. 

The ISL team of scientists installad many 
microphones on the ground, some of them 
located below the aircraft paths and the others 
below their paths and sideways [2, 3]. 

Figure 1 shows a top view of the experimental 
set-up of Dreux-Senonches indicating the loca
tion of a microphone with respect to the 
helicopter; Xc is the abscissa, Yc is the ordinate 
and Zc is the heighj of the helicopter. The 
helicopter velocity (V m) is clearly zero in the 
case of a hover night. 

The noise was collected by means of a magnetic 
recorder with a passing broadband of 5 kHz. 
The instantaneous signatures shown in this pa
per were recorded during about 1 rotor 
revolution. These signatures were analyzed with 
a passing broadband of 1 kHz. This analysis 
allows a good characterization of the frequency 
harmonics due to the movement of the rotor 
blades; each spectrum presented here is an 
average or 18 spectra determined during about 
15 s. 
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2 Theoretical considerations 

The prediction of the thickness and loading noise 
radiated by helicopter rotors flying at subsonic 
speed is an important research subject at ISL 
[6-10]. Up to now, the comparison between 
theoretical results and measurements has been 
carried out only in the immediate vicinity of the 
helicopter rotor models [6-10]; thus the compu
tation neglects all the effects of meteorological 
fluctuations during the acoustic propagation. 

The theoretical study of the noise radiated by 
bodies moving with respect to the air is based 
on a non-homogeneous wave equation, several 
source terms of the second member indicating 
the boundary conditions on the body surfaces. 
The resolution of this equation (called Howes
Williams and Hawkings equation) leads to the 
expression of the radiated acoustic pressure. 
Neglecting the influence of the quadrupolar 
noise, one obtains the full formulation of the 
thickness and loading noise [10, 11]. 
respectively: 

4 "p(i~. t) = i{ _Pc...o:o__,. [_a,:-: + 
r(1 - M,)2 

" 
~1-~:_:..."M=--, ( : a:; + _ar_o ( M, - Mf)) }a} 

-r= 't'e 

+ 1 - M, ( t;/; )( r; o:j ) J j{[ 
s 

+ ~r2(1 _-----,-M,J' [ ( ''.'' l( ~ = ~) - t, M]}"} · 
'l'='!"IJ 

(1) 

For each surface element each term between 
brackets is computed at the emission time. 

The far-field approximation is obtained when the 
1/r' terms in the above full formulation are 
neglected. 

The acoustic calculation code ROTAC is based 
on a temporal formulation similar to the one 
developed by FARASSAT and SUCCI [11] or 
BRENTNER [12]. This code has been operative 
since 1989 and has been applied to the noise 
prediction of helicopter rotor models. 

The notations used in the above formula are 
defined at the beginning of this paper. The code 
is largely described in [10]: nevertheless. some 
clauses relative to tl1e location of the receiving 
point may be worth remembering. 
The receiving point defined by x is located in 
Cartesian coordinates (-Xc, -Yc and -Zc), so that 
the helicopter flies in the (Xc, Zc) vertical plane 

(figure 1). It may also be defined in spherical 
coordinates (0, <I> and R) by: 

• 

• 

• 

the azimuth angle El measured with respect 
to the (Xc, Zc) vertical plane in which the 
advancing direction of the rotor in situated: 
it is positive in the rotor rotational direction 
(the rotor turning counterclockwise) and it 
is zero when the receiving point is ahead of 
the rotor; 
the angle of sight <I> measured with respect 
to the (Xc. Yc) horizontal plane: it is 
negative when the point is below the hori
zontal plane and it is zero when the 
receiving point is in this plane: 
the distance R between the rotor hub and 
the receiving point: this distance is 
determined when one blade is located at the 
back of the rotor (the azimuth angle ,p of this 
blade is zero). 

Many previous studies concerning the noise 
directivity of helicopter main rotors show that the 
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thickness noise radiates in the vicinity of the 
rotational plane of the blades ( -10° < <!> < 10°). 
These studies also show that the loading noise 
radiates rather below this plane(<!>< -30°). Due 
to these facts and taking into account the loca
tion of the microphones with respect to the 
helicopter, only the thickness noise is computed 
in the present study (first integral of formulation 
( 1)). 

The knowledge of the rotor geometry, of the 
rotor kinematics, of the location of the receiving 
point and of the surrounding medium is strictly 
necessary for the calculation of the radiated 
thickness noise. It is demonstrable that the 
predominant parameters relating to the fiight 
configuration are the following ones: 

• the hover tip Mach number, M"; 
• the advance ratio of the helicopter, ,,; 
• the climb or descent rate of the helicopter 

given by ~; 
• the inclination angle of the rotor disk, o:,. 

The surrounding medium is characterized by the 
mean temperature and density of the air. 

3 Comparison of calculation with 
measurements 

Among the different available aircraft a 
helicopter was chosen as the basic technical 
characteristics of its conventional main rotor 
were well known. The acoustic signatures were 
recorded at Dreux-Senonches by the ISL team. 

3 fiight configurations have been chosen for this 
study: 

• the hover fiight; 
• the forward fiight, one microphone is 

located below the helicopter path; 
• the forward fiight, another microphone is 

located on one side of the helicopter path. 

The levels of the amplitude scale are not plotted 
on noise graphs for confidentiality reasons. 

3.1 The hover flight 

The helicopter is located above a well-defined 
fixed point with respect to the microphones line, 
it fiies in hover (Jl = 0 and o: = 0) at a height of 
about 5 m. The mean temperature is 21.8° 
during this test, the hygrometry is 41.8% and a 
light wind of about 1.5 m/s blows obliquely with 
respect to the microphones line. 

The thickness noise is computed for 
microphones located between 50 m and 
1235 m (Xc) away from the helicopter in hover 
night and at 20 m (Yc) on the retreating side of 
the main rotor. The rotor is assumed to stay at 
a 10 m height (Zc). The hover tip Mach number 
(M") is equal to 0.613 and the inclination of the 
plane described by the blade tips (~,) is 
considered to be zero. The speed of sound (ao) 
is equal to 340 m/s and the air density (p0) to 
1.293 kgfm'. 

Figure 2 depicts the comparison of calculated 
signatures with measurements for microphones 
located at abscissae 985, 735 and 485 m. The 
calculated signatures are plol\ed on the left. The 
abscissa scale of the plots exhibits a rotation 
period of the rotor. The ordinate scale of the 
calculated signature is the same as that of the 
measured signature. A pretty good agreement 
between computation and measurements can be 
noticed, the deviation is less than 20%. 

Figure 3 shows the comparison between the 
calculated main frequency level and the 
measured one versus the helicopter - micro
phone abscissa. 
The radiated noise is well predicted by ROTAC 
up to 235 m, the discrepancy is less than 1 dB. 
The thickness noise calculation diverges from 
the measurement for the 35 m distance because 
it is well known that the thickness noise radiates 
mainly in the rotor disk plane, as said before. 
The microphone is located about 16° below the 
rotor disk plane at 35 m from the helicopter 
(<!>- - 16°) and the contribution of other noise 
sources is predominant and is not taken into 
account in the calculation. 
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3.2 The forward flight: measurement and 
computation below the helicopter path 

The helicopter Oies over the airport at constant 
height and speed, the path is rectilinear and a 
microphone is directly located below this path 
(Yc =0). The height of the helicopter is 
uncertain, it is between 30 and 50 m and the 
advance speed equals 260 km/h. The 
atmospheric parameters are similar to those in 
hover night. 

In far field, the thickness noise has a strong 
directivity in the rotation plane of the blades and 
ahead of the rotor [10]. Due to this fact, only the 
approaching night towards the microphone 
(forward night) is studied; when the helicopter 
fiies away, the thickness noise is concealed by 
other sources of noise generated by the 
helicopter [13]. 

The hover tip Mach number is the same as in 
hover night and the advance ratio of the 
helicopter is equal to 0.355 in the computation. 
The a angle equals zero because the flight is 
horizontal. The helicopter fiies nose-down. so 
the rotor sha~ is considered to have a 2° incli
nation (e<, = -2°). The surrounding medium 
(a,, Po) is the same as in hover flight. 

Figure 4 shows the predicted thickness noise 
and the measured signatures obtained when the 
helicopter in forward flight is located at 400, 300. 
200 and 150 m from the microphone. The 
computed signatures are plotted on the left. The 
deviation between calculation and measurement 
is less than 35%. 

Figure 5 depicts the calculated and measured 
spectra corresponding to figure 4. The 
calculated spectra are also plotted on the left. 
The ordinate scale of the calculated spectra is 
the same as the measured one. 
The first harmonic is well predicted by ROTAC, 
but it can be noticed that the calculated 
decrease law of higher harmonics does not 
follow the measured law because the 
atmospheric absorption is not taken into account 
in the ROTAC computation. 

Figure 6 presents the comparison of the 
calculated main frequency level with the 
measured one versus the helicopter - micro
phone abscissa (as can be seen on figure 3). 

A good agreement is found up to 200 m, the 
discrepancy is less than 2 dB. 
The height and the inclination angle of the 
helicopter rotor disk are important parameters 
when the helicopter - microphone distance is 
lower than 200 m; these parameters are not 
exactly known in the experiment. 
It is also normal to obtain a bad prediction of the 
radiated noise when the rotor is just above the 
microphone for the same reasons as mentioned 
in the last paragraph of the hovering case. 

As an example, figure 7 shows the predicted 
thickness noise signature when the rotor is 
assumed to fly at a 50 m height the abscissa is 
150 m. The amplitude of the negative peak is 
about 40% lower than that of the thickness noise 
computed for the rotor flying at a 30 m height 
(see figure 4). 

A parametric study relative to the height of the 
helicopter and the rotor disk inclination of the 
lntter shows their influence on the thickness 
noise. 
Figure Sa depicts a comparison between the 
amplitude of the measured negative peak and 
the amplitude of the calculated thickness noise. 
One assumes that the helicopter nies at 5 
different heights between 30 and 50 m for the 
computation. The inclination angle of the rotor 
disk is -2° in these calculations. 
Figure 8b presents the same kind of comparison 
as figure 8a when the rotor is considered to fiy 
at a 30 m height, but the inclination angle of the 
rotor disk varies from -4 to 4° in the computation. 
The influence of the height and the inclination 
angle of the rotor between 100 and 200 m can 
be clearly observed on these figures. It is im
portant to know these 2 parameters with enough 
accuracy when the helicopter - microphone 
distance is lower than about 300 m. The 
knowledge of these parameters is not essential 
any longer beyond 300 m because the amplitude 
of the thickness noise is quite similar. 

3.3 The forward flight: measurement and 
computation on one side of the helicopter 
path 

Another microphone is located at 100 m on the 
right side of the helicopter path previously 
denned (see figure 1, Yc=-100 m). The acoustic 
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signature of the helicopter is also recorded 
during the flight over the airport. 

All the parameters defined in paragraph 3.2 are 
the same for the computation. 

Figure 9 illustrates the comparison between the 
calculated signatures and the measured ones at 
600 and 400 m abscissae. A satisfactory 
agreement can be noticed at the 600 m abscissa 
(the deviation is about 50%) and the agreement 
at the other one abscissa is very good. 

Figure 10 shows the comparison of the 
calculated main frequency level with the 
measured one versus the helicopter -
microphone distance (as can be seen on figures 
3 and 6). 
A good agreement is found up to 100 m except 
for the 235 m abscissa for which the 
measurement is ambiguous as compared with 
those performed at 400 and 100 m. 
It is normal to obtain a bad prediction of the 
thickness noise when the rotor is at 90° on the 
left of the microphone (Xc =0) because the 
thickness noise mainly radiates ahead of the 
rotor; the acoustic signature contains the contri
bution of other noise sources at this microphone 
location. 

4 Conclusion 

The thickness noise calculation is now applied 
to a real-size helicopter in hover and forward 
flights. However, the comparison between the 
helicopter noise measurements and the 
computed thickness noise of the main rotor is 
meaningless if it cannot be assumed that the 
microphone stays near the rotor disk plane. 

The amplitude of the negative peak is under
estimated by about 20% beyond 485 m in hover 
flight. On the other hand, the level of the first 
harmonic of the spectrum is well predicted as 
compared with the measured one, the deviation 
is less than 1 dB beyond 235 m. 

It is useless to compare measurements of 
helicopter noise with thickness noise compu
tations when the helicopter flies away because 
the thickness noise is concealed by other sour
ces of noise generated by the helicopter. 

The deviation between the negative peak ampli
tude of the calculated thickness noise and the 
negative amplitude of the measured noise is 
less than 50% between 600 and 150 m in the 
case of a forward flight. The level of the first 
harmonic of the spectrum is predicted with 2 dB 
accuracy at higher distances than 200 m. The 
calculated decrease law of higher harmonics 
does not follow the measured law because the 
computation does not take into account the 
atmospheric absorption. 

The studied cases also show the influence of the 
height and of the inclination angle of the 
helicopter rotor on the acoustic results when the 
helicopter - microphone distance is lower than 
about300 m. 

Such a study is possible only when the effects 
of the meteorological fluctuations are slight 
during the acoustic propagation. However, it will 
be interesting to connect the ROTAC code with 
an acoustic propagation code. 
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Fig. 2: Comparison of thickness noise calculations with experimental 

signatures for the helicopter in hover 
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Fig. 8: Comparison of the amplitude of the measured negative peak with the amplitude 
of the calculated negative peak for the helicopter in forward fligl1t; 
(microphone located below the helicopter path) 
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Fig. 9: Comparison of thickness noise calculations with experimental signatures for the 
helicopter in forward flight (microphone located on the side of the helicopter path) 
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Fig. 10: Comparison of thickness noise calculations with experimental results for the 
helicopter in forward flight (microphone located on the side of the helicopter path); 
first harmonic level 
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