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Initial acoustic results are presented from a higher harmonic con
trol ( HHC) wind tunnel pilot experiment on helicopter rotor blade-vortex 
interaction (BVI) impulsive noise reduction, making use of the DFVLR 40%
scaled B0-105 research rotor in the DNW 6m by Bm closed test section. Con
siderable noise reduction (of several deciBels) has been measured for par
ticular HHC control settings however, at the cost of increased vibration 
levels and vice versa. The apparently adverse results for noise and vibra
tion reduction by HHC are explained. At optimum pitch control settings for 
BVI noise reduction, rotor simulation results demonstrate that blade loa
ding at the outer tip region is decreased, vortex strength and blade vortex 
miss-distance are increased, altogether resulting in reduced BVI noise ge
neration. At optimum pitch control settings for vibration reduction adverse 
effects on blade loading, vortex strength and blade vortex miss-distance 
are found. Further investigations into validation and optimization of the 
HHC potential for rotor noise and vibration reduction is recommended. 

1 Introduction 

Helicopter rotor blade-vortex interaction (BVI) impulsive noise has 
in recent years become the subject of intensive research. When BVI occurs, 
this noise mechanism dominates the noise radiation in the frequency range 
most sensitive to human subjective response. The impulsive noise due to BVI 
originates from the unsteady aerodynamic interaction of a lifting and 
translating rotor blade with the trailing vortex system generated by prece
ding blades. This phenomenon is predominantly observed during descent and 
manoeuvre flight condition when the miss-distance of the rolled-up tip vor
tices and the rotor plane becomes extremely small. 

Past experimental work on rotor BVI noise was performed to define 
the rotor operating regimes for BVI ll-41, the primary parameters affecting 
BVI noise generation I e.g. 5-BI, and the scaling conditions of the BVI 
acoustic signals for model-scale testing 16,71. The directivity pattern of 
advancing and retreating side BVI was determined in 191, and the acoustic 
source locations in the rotor plane were identified 14,10,11,121, indica
ting that the acoustically active sources are concentrated in the first and 
fourth quadrant on relatively small areas, where blade and vortex axes are 
close to parallel. 

Semi-empirical methods making use of the acoustic analogy formula
tion 113-151 and of measured unsteady absolute blade pressures allowed to 
calculate the BVI acoustic waveforms of a scaled model rotor 116-191. The 
dipol-type source term, one of the three source terms of the Ffowcs Wil
liams-Hawkings equation most important for BVI noise, requires the absolute 
blade surface pressures (steady and unsteady components) as input, indica-
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ting the strong correlation of the BVI impulsive noise generation with 
both, the steady and unsteady blade loading. Combining these findings and 
the knowledge of the exact BVI source locations in the rotor plane as shown 
in 1121 the idea was discussed and subsequently realized to apply the high
er harmonic control (HHC) technique to the BVI impulsive noise reduction 
problem. This active pitch control concept for vibration reduction, recent
ly developed by the DFVLR Institute for Flight Mechanics for the B0-105 mo
del rotor 120-221, allows control of the blade angle of attack and thus its 
lift (loading) at any radial and azimuthal location in the rotor plane. 

The potential benefit of the HHC concept for BVI noise reduction was 
recently suggested in 1231. Based upon analysis of a simplified, two dimen
sional physical model, the critical parameters controlling BVI noise gene
ration were identified. Primary parameters were shown to be vortex strength 
and local blade lift, both proportional to the sound generation, and the 
blade-vortex separation distance with inverse square correlation, which 

1 agree well with the findings of other researchers I e.g. 241. Efforts of in-
1, creasing the vortex core size {in order to decrease the induced velocity 
! i 

distribution) by tip shape variations, guide vanes and porous tips, or of 
enforcing the vortex dissipation by winglets have shown only minor reduc
tions of BVI noise generation 125, 261. 

All of the three dominant parameters might be manipulated by HHC for 
noise control, however that is not an easy task to do and until now there 
are no results available in the public domain. Therefore, the major objec
tive of the present work was to investigate the possible effect of HHC on 
these primary parameters and the related BVI noise radiation, and simulta
neously on rotor vibration, without reducing the overall performance. The 
test was performed as a hook-up experiment of preliminary character during 
a major HHC demonstration campaign in the DNW in March 1988. 

2 HHC Concept and Applica
tion for BVI Noise Reduc
tion 

The original objec
tive for the development 
and the application of HHC 
is the improvement of heli
copter ride quality. The 
motivation is based on the 
very high vibration levels 
of a helicopter compared 
with those of a fixed wing 
aircraft which represent a 
considerable stress for ma
terial and crew. There are 
several physical phenomena 
contributing to the vibra
tion levels in cruising 
flight and especially in 
extrem flight conditions, 
e.g. 

- the velocity distribution 
of the rotor inflow and 

- impulsive flow due to 
blade-vortex interaction 
at low and moderate speed 

3 
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Manual HHC Control 

HHC 

Fig. 1 Schematic of Higher Harmonic pitch 

Control (HHC) hardware 
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- stalled and reversed flow on the retreating blade at high speed 

The helicopter rotor mainly responds at harmonics of thp blade pds

SU<Je frequency ~z BP = nb 11R , where n is the number of the harmonic, b the 
number of blades and Q tlie frequency of rotation. But due to the kinemati-

f 
. R 

cal trans ormat1on from a rotating system (rotor) to a fixed frame {fuse-
l~gel the (nb-l) and (nb+ll harmonic blade loads are also contributing to 
the (nb ~7 } hurmonic vibrations. 

R 

The baslc idea of HHC is to reject these harmonic 
mod1fying the blade root pitch with the same frequencies. 

disturbanc1es by 
In the case of a 

four- bladed rotor the option exiots to control at 3-, 4-, or 5-per-revolu
tion tn addition to the convent1onal 1-per-revolution (1./rev) blade pitch 
variation. ~igure l shows the principle of the special hardware fitted to 
the DFVLR rotor test rig which allows a precise blade root pitch control 
with any combination of 3/rev, 4/rev, and S/rev frequencies. The required 
hiqh frequency oscillation of the conventi.onal swashplate is performed by 
computer controlled electro-hydraulic actuators. The same h<1rdware was used 
to modify the blade root pitch for the attempt of reducjng the noise radia
tion during BVI test conditions. 

3 Test Set-up and Procedures 

rn Figure 2 the DE'VLR rotor test stand is shotvn installed in the DNW 
()m hy Bm closed test section, which wu.s chosen to achieve the total flight 
cnvelor1e of the B0-105. The 4m diameter rotor is a 40- percent, dynamically 
sculQd model of a four- bladed, hingeless B0-.105 main rotor jaj. The in
~>tt'urnentation layout of the experiment was primarily designed for the HHC 
vibration reduction tests 1221. It is self-evident that the rotor and the 

Fig. 2 Photograph of the HHC experimental ap?aratus (B0-105 rotor) in

stalled in the DNW closed 6m x Sm test section 
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test rig was fully instrumented to monitor all important test conditions 
related to this test objective. The data acquisition system (PCM) acquired 
roughly 48 samples per rotor revolution from each of the 64 sensors so that 
data analysis in the frequency domain can be performed up to the 9-th rotor 
harmonic. Samples of all measurements from each test point were stored on 
digital tape. In parallel (as back-up) all PCM data were continuously re
corded on a special video system with a storage capacity of 2.4 GBytes per 
cassette. 

In the case of minimizing the vibration level by HHC the computer 
system calculates online a quality criterion (GF) which is based on the 
4/rev components (X, Y, z force components; L ,M moments) of the rotor ba
lance: 

' 
' 

estimated 
E BVI source localion 

0 

1. .. ............ ··············· 0 ' ..... ·-· ... ---. ··--- ---·-··-· ---··-- ..• 

( ; f) 

f1 
MIC 1 t M!£i J. 

/ ; """ ln.4 m 
; t 

(a) 

(b) 

Fig. 3 Diagram of the test set-up in the DNW closed test 

section illustrating microphone installation; 

(a) side view, (b) top view 
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This GF function has a minimum at the lowest vibration level. The 
value of GF was continuously displayed so that the operator could observe 
the variation and was able to adjust the HHC inputs correctly. In order to 
obtain comparable results to the B0-105 full- scale rotor, the model rotor 
was operated to match the four nondimensional parameters: thrust coeffi
cient C , hover tip Mach number MH, advance ratio 1-J., and rotor tip path 
plane aJ'gle et . This was accornpl1shed in the following manner: At first, 
the collectiv~pppitch was chosen from B0-105 flight test data, then the 
shaft tilt angle was adjusted until the rotor had the scaled thrust or 
equivalent the identical thrust coefficient (C = 0.0044), and finally the 
rotor moments were trimmed to zero using the cy~lic pitch control. 

The additional higher harmonic pitch control was applied as follows: 
One of the three HHC modes (e.g. 3/rev.) and the amplitude of the blade 
pitch angle (e.g. 0.4 degrees) was selected and properly adjusted. Then the 
phase of the higher harmonic pitch angle was shifted from 0 to 360 degrees 
in increments of 30 degrees at most. At each control phase setting the data 
acquisition was started for a few seconds duration and a data point was ta
ken. 

For the acoustic measurements two 1/4-inch condenser microphones 
were installed in the closed test section, one under the advancing side and 
the other one under the retreating side of the rotor, as shown in Fig. 3 
(also visible in the photograph of Fig. 2). The microphones were placed at 
locations known from previous tests I 8, 91 to receive strong BVI impulsive 
noise radiation at typical low speed BVI test conditions. 

The acoustic data 
acquisition- and analysis
system is shown in Fig. 4. 
After proper calibration 
and amplification the mi
crophone signals were 
stored on a two-channel 
analogue tape recorder for 
off-line analysis, and - as 
back-up - on the two voice
tracks of the PCM video 
system. Narrow band spectra 
(0 - 1.6 kHz), l/3-octave
spectra (upper boundary 20 
kHz) as well as A-weighted 
noise levels were generated 
off- line, and used to de
monstrate the HHC effect on 
the BVI noise radiation. 

-B&K4134 

Nose Cones UA0388 .,..,. 
B&K2!HI 

Narro.vBand 
FFTNoly>M 

HP 5420 

1/3 Octavo Realllme -8&K2131 

Fig. 4 Acoustic data acquisition and analy
sis system 

Some care must be taken, when interpreting the acoustic measurement 
results. One important restriction might be imposed due to the fixed micro
phone position. A possible change in noise radiation directivity when HHC 
is active, would only be measured with a moving microphone rig. Another 
point is that the acoustic signals possibly are contaminated by sound re
flections off the hard walls of the acoustically untreated test section and 
test hardware. 

However, it is thought that due to the well known excellent flow 
quality of the DNW and the low turbulence and background noise levels, and 
due to the relative measurement method at fixed positions without and with 
HHC activated, exceptable results were obtained. In Fig. 5 a narrow band 
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spectrum of the rotor noise 
for a typical BVI condition 
measured under the advan
cing side is compared to 
the tunnel background 
noise, showing an excellent 
signal-to- noise ratio. The 
results therefore, will al
low at least a qualitative 
evaluation of the HHC ef
fect on the BVI impulsive 
noise generation. 

4 Test Results 

The effect of higher 
harmonic control on BVI 
noise radiation upstream 
and down under the advan
cing side of the rotor 
plane (measured at micro
phone no. 2) is shown in 
Fig. 6 (a) and (b) for two 
low speed descending flight 
conditions at advance ra
tios of >t = 0.138 and >t = 
0.161, respectively. The 
measured A-weighted noise 
levels are plotted vs. the 
HHC control phase for three 

6F=6.25 Hz 
l20r---------------------~~~~~ 

ENVELOPE OF 

0 0.5 1.0 1.5 

FREQUENCY, kHz 

Fig. 5 Rotor noise without HHC compared to 

tunnel background noise under advancing side 

at microphone 2 (rotor condition: ~=.161, 

"TPP=1.8°, Mg=.64, CT=.0044) 

different modes of HHC, namely 3/rev, 4/rev and 5/rev control modes and 0.4 
degrees pitch angle amplitude. For each case the magnitude of noise reduc
tion, but also of excess noise generation can be easily assessed versus the 
basic case noise radiation measured without HHC active (also plotted in the 
diagrams). For both operating conditions considerable noise reductions of 
more than 4 dB(A) is measured for certain control phase angles being diffe
rent for each of the control modes (this is equivalent to more than 40% re
duction of the acoustic pressure). For the strong BVI operating condition 
(>t = 0.138) the optimum noise reduction was obtained for the 4/rev HHC mode 
at a control phase angle near 120 degrees. For the >' = 0.161 condition the 
optimum noise reduction was performed for the 3/rev mode at a control phase 
angle near 30 degrees. The other HHC control modes also yield considerable 
noise reductions. The reason for the actual BVI noise reduction - explained 
later in detail - is, that the effective angle of attack and thus the actu
al blade loading is being reduced while simultaneously the blade vortex 
miss-distance is increased in the first quadrant between 45 and 90 degrees 
azimuth at the outer span, where strong blade- vortex interactions occur. 

Fig. 6 however, also indicates that for certain other combinations 
of HHC mode and control phase angles an increase of BVI noise radiation (in 
the order of 3 dB(A)) was measured, and it was found that these control 
settings are in the range of optimum vibration control. These initial re
sults indicate that optimum noise control likely is accompanied by in
creased vibration levels and vice versa. 

The effects of HHC on BVI noise generation can be studied in more 
detail, when the noise spectra for different HHC control settings are corn
pared. For this comparison the strong BVI rotor operating condition at 
>t=O.l6l, aTPP= 1.8° and the 3/rev HHC mode with 0.4° pitch angle amplitude 
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for two significant control 
phase angles have been se
lected. In Fig. 7 the one
third-octave spectra for 
optimum noise reduction 
control phase angle of 30° 
(Fig. 7(a)) and for optimum 
vibration reduction control 
phase angle of 180° (Fig. 
7 (b) ) are plotted together 
with the basic spectrum 
without HHC active for easy 
comparison. The optimum 
noise control clearly shows 
a noise level reduction in 
the frequency range above 
300 Hz typical for BVI 
noise radiation, while the 
diagram below for optimum 
vibration control indicates 
the excess noise generation 
for most of the BVI fre
quency bands. 

The large amplitude 
signal at the lower fre
quency 80 Hz band repre
sents the blade passage 
frequency harmonic of the 
rotor rotational noise, 
which appears also affected 
by HHC, particularly for 
optimum BVI noise control 
setting (Fig. 7a) showing 
considerable excess noise. 
This unwanted effect was 
not found for another test 
case and should be further 
persued. 

~ 

~ 118 
~ .. 116 
> • _, 
• 114 
• 0 
z 112 
" • 
:g,110 Basic .. l/rev -tr-;. 

(a) 4/rev -f3-I 108 < 5 rev --B--

0 45 90 135 180 225 270 315 360 
HHC Control Phose (deg} 

118 
~ 

< m 
~ 116 .. 
> • _, 
• • 112 0 z 

" 110 • :;; 
0> -tr-.. 
;. 108 -f3-
I (b) --B--< 

106 
0 45 90 135 180 225 270 315 360 

HHC Control Phose (deg) 

Fig. 6 HHC effect on BVI noise generation for 

different control modes and for two rotor test 

conditions at constant MH=.64; CT=.0044; 

(a) J.L=.138, llTPP=4.6°; (b) J.L=.161, aTPP=1.8° 

The beneficial effect of HHC on BVI noise at optimum noise control 
and the opposite effect at optimum vibration control is still more obvious 
in Fig. 8 (a) and (b), respectively where the narrow band spectra (band 
width 6.25 Hz) are plotted for both cases. The operational test conditions, 
the HHC mode and phase angles are the same as for Fig. 7. For ease of com
parison the envelope of the harmonics of the rotational and the BVI impul
sive noise of the basic test case without HHC active (see Fig. 5) are in
cluded in each of the diagrams. 

Although the spectral levels might be affected by reflections off 
the hard tunnel walls, the trend of these relative measurements at the 
identical location known to receive maximum BVI noise radiation, appears to 
be clear: At a particular control phase angle (here 30°) optimum noise re
duction can be achieved (Fig. 8(a)) with considerably reduced levels of BVI 
impulsive noise, while at a particular however different phase angle (here 
180°) optimum vibration reduction is obtained with increased levels of the 
BVI frequency content and vice versa as stated above. 

Similar trends were observed for retreating side BVI simultaneously 
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measured downstream under 
the retreating side (at 
mic.ll as is illustrated in 
Fig. 9 (a) and (b), al

-though the acoustic signals 
are largely contaminated by 
additional background noise 
due to the close proximity 
of microphone 1 to the test 
stand support structure. 

5 Discussion 

At the first glance 
the apparently contradicto
ry results for noise and 
vibration reduction via HHC 
are surprising, since both 
effects are caused by un
steady airloads due to 
strong BVI in the first and 
fourth quadrant of the ro
tor plane. Initially it was 
thought (or hoped) that the 
higher harmonic control of 
the local blade angle of 
attack at any radial and 
azimuthal station would 
help to reduce these un
steady effects and thus to 
reduce noise and vibration 
at the same or at least si
milar control settings. 

It should be noted 
that HHC modes of 3-, 4-
and 5-per-revolution are 
not capable to counteract 
individual BVIs, which oc
cur within a very short 
time period of less than 
one millisecond (corres
ponding to approx. 5 de
grees azimuth) , and would 
require a high frequency 
HHC mode of approximately 
30/rev. Such high frequency 
modes however appear not 
feasible. 

--------------·---
- HHC ACTIVE ( 3/rev, 30°) 

120 
·····WITHOUT HHC 

8 
I 
! 

-.-1----· -· ........ : •----'--· .o --I ---•--·--'-- _.._ __ ..J....__L __ _, __ __,_ J 
0.1 1.0 10.0 

1/3 OCTAVE CENTER FREQUENCY, kHz 

(a) 

- HHC ACTIVE (3/rev, 180") 

120 
··••· WITHOUT HHC 

100 

.8 

I 
-~-....:.._.._ __ l ____ , __ ~ _ _,__ __ .._..L.....J..._....,~..___,_ __ ..___J.____;_~ 

0.1 1.0 10.0 

1/3 OCTAVE CENTER FREQUENCY, kHz 

(b) 

Fig. 7 HHC effect on 1/3-octave noise spec

tra measured under advancing side. (3/rev HHC; 

0.4° pitch angle amplitude; rotor condition: 

~=.161, aTPP=1.8", CT=.0044, Ma=-64); 

(a) Optimum BVI noise reduction control phase 

angle of 30°; (b) Optimum vibration reduction 

control phase angle of 180° 

The HHC control mode of 3/rev under consideration would affect a blade azi
muth angle range of 120 degrees (full period), thereby increasing or de
creasing the local angle of attack over a range of 60 degrees (half peri
od). This basic effect of HHC is illustrated in Fig. 10, where the measured 
blade root pitch angle (harmonic part only) is plotted vs. rotor azimuth 
angle. The blade pitch time histories for the significant control phase an
gles for optimum noise reduction (at 30°) and optimum vibration reduction 
(at 180"1 are being compared with the basic case without HHC active. 
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Expectedly, the op
timum control settings for 
both, noise and vibration 
reduction are changing ~:he 

blade root pitch angle in 
the first and fourth rotor 
plane quadrant over the 
blade azimuth range were 
strong (nearly parallel) 
BVIs occur, e.g. between 40 
and 95, and between 270 and 
330 degrees azimuth, re
spectively. These BVI in
teraction regions are il
lustrated in Fig. ll (taken 
from ll2IJ, where the indi
vidual BVI noise source lo
cations as obtained via 
acoustic triangulation, are 
compared with tip vortex 
trajectory predictions for 
a rotor test condition of 
similar advance ratio. On 
close inspection of Fig. 10 
it becomes quite obvious 
that the blade root pitch 
angle is decreased for op
timum noise control corn
pared to the basic case 
without HHC (see shaded 
areas in Fig. 10), while it 
is increased for optimum 
vibration control. Thus, 
deloading of the rotor 
blade in the azimuthal ran
ges of strong BVIs is one 
explanation for the BVI 
noise reduction potential 
of HHC. This is in accor-
dance with theoretical con
siderations 123, 241. Re
duction of the vibratory 
forces is explained by the 
opposite effect of increa
sing the blade loading over 
the same azimuthal range of 
strong BVIs with the objec
tive to prevent or at least 
attenuate the lift break 

c z 
" 0 

"' 

c z 
i5 
"' 

0 0.5 l.O 

FREQUENCY, kHz 

(a) 

l20r----

0 0.5 1.0 

FREQUENCY, kHz 

(b) 

oF-6.25 Hz 

1.5 

i>F=6.25 Hz 

1.5 

Fig. 8 HHC effect on narrow band spectra 

measured under advancing side (3/rev HHC: 

0.4°; rotor condition as for Fig. 7); 

(a) Optimum BVI noise reduction control 

phase angle of 30°: (b) Optimum vibration 

reduction control phase angle of 180° 

down caused by strong (close to parallel) blade-vortex interactions in that 
range. 

The effective deloading and the increased blade loading in the first 
and fourth quadrant at optimum noise and vibration control, respectively, 
is illustrated in Fig. 12, where the effective blade angle of attack (Fig. 
12(a)), the blade loading (Fig. 12(b)) at 92% radius and the blade tip de
flection (Fig. 12 (c)) as obtained from rotor simulation calculations are 
plotted vs. blade azimuth angle. 
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The rotor simulation calcu
lations are based on the 
combination of a high reso
lution wake code [27[ on 
the one hand and on a modal 
description of the blade 
elastic modes on the other, 
including three flapwise 
bending modes, two chord
wise bending modes and one 
torsional mode. Mode shapes 
and eigenfrequencies are 
identified by a finite-ele
ment-method *) . Aerodynamic 
coefficients are formulated 
by analytical functions 
that are described in [28[; 
the parameters of this mo
del are identified by meas
urements using a least
square method **) . This 
combination of high resolu
tion codes for the wake and 
for blade dynamic response 
and also for aerodynamic 
coefficients yields very 
good predictions of vibra
tional forces and moments 
of the rotor. The calcula
ted quality criterion for 
both, the basic trimmed 
condition and the case of 
higher harmonic input 
agrees well with measure
ments, so that the calcu
lated effects near the 
blade tip seem to be very 
relyable. 

The results shown in 
Fig. 12 were obtained for a 
trimmed condition**) with 
zero moment about the rotor 
longitudinal and lateral 
axis and at operating con
ditions of J.t= 0 .161, "TPP = 
1. 8 ° , M = 0 . 6 4 and c = 
0. 0044. H T 

120 ~------------------------~b~F~-~6~·~2~5~H•z 

'h ENVELOPE OF BVI AND ROTATIONAL 
~~r\ NOISE WITHOUT HHC 

100 I.," .. )~/ _l_ 
"' ~ -l·j· ~' i .......... 

I I '\/\[•···"•.,. I I --....._ 
·1''1··'1 l'r.J.rlt --..., 

r l' \J·~.-~pj ·•d ~ I " ' ' ',·,'•1 \ ' ' 
I \ I''· " 'I l '.tl •.··tl.r"• •I t I I 

r ' f (~•., •.'f"' 80 

.L---~--~~--~--~~--~~1-
0 0.5 1.0 1.5 

FREQUENCY# kHz 

(a) 

•F=6.25 Hz 

0 0.5 1.0 1.5 

FREQUENCY# kHz 

(b) 

Fig. 9 HHC effect on narrow band spectra 

measured under retreating side (3/rev HHC: 

0.4°; rotor condition as for Fig. 7); 

(a) Optimum BVI noise reduction control 

phase angle of 30°; {b) Optimum vibration 

reduction control phase angle of 180° 

Possible contributions of the alternate basic BVI noise generating 
parameters (vortex strength and blade-vortex separation distance) to the 
measured noise reduction can be studied by more detailed inspection of the 
blade loading and tip deflection time-histories of Fig. 12 (b) and (c), re
spectively. HHC for optimum noise reduction yields an increase in tip de
flection at the blade azimuth ranges of advancing and retreating side BVI 
(see Fig 12 (c), shaded areas) and simultaneously a tip deflection decrease 

*) DFVLR IB 154-80/21 
**) DFVLR IB 111-87/38 
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30 I 30°----
3 n /180° -·-·-

' , , ' 
' / ' ' ' / 

~/ 

90 135 180 225 270 
Rotor Azimuth (deg) 

315 360 

Fig. 10 Measured blade root cyclic pitch angle vs. rotor 

azimuth angle with 3/rev HHC control settings for BVI noise 

reduction (30° phase shift) and vibration reduction (180° 

phase shift) compared to basic case without HHC 

at the blade azimuthal ranges, where 
the interacting tip vortices are be
ing generated (see pointers in Fig. 
12 (c)). In total, a considerable in
crease in blade vortex miss-distance 
(in the order of 10% blade chord or 
equivalent in the order of the vortex 
core-size) is calculated. Since the 
blade vortex separation- (or miss-) 
distance is inversely squared propor
tional to BVI noise generation, this 
alternate HHC effect might represent 
the most important parameter however, 
this has to be proved by additional 
measurements. 

" 
PRES-

" SURE, 

Pa 

-" 

270° 

·' 

' ' 
loll~ I 

Fo 
• 

+ .. .. 
TIME/REV. 180° 

o· 

~ Voclex I 
Vortex 2 
Vortex 3 
Vortex 4 

This beneficial effect of HHC 
will be partly offset by the simulta
neous increase in vortex strength, 
indicated by increased blade loading 
over the blade azimuthal ranges where 
the interacting vortices are being 
generated (see pointers in Fig. 
12 (b)). 

HHC control settings for opti
mum vibration reduction, unfortunate
ly, show adverse effects on all of 
the three basic BVI noise generating 
parameters (see Fig. 12) with the re
sulting effect of BVI noise increase. 

Fig. 11 BVI source locations com

pared with wake predictions [12], 

rotor condition: ~=.15, aTPP=-1.4°, 

CT=.0044, ~=.64 (Insert: related 

BVI impulsive noise time-history) 

The highly interesting however more qualitative results of this ini
tial experiment should be validated by future testing with improved acous
tic measurement equipment in an anechoic environment. 
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6 Conclusions 
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Fig. 12 Rotor simulation results at 92% blade radius vs. 

rotor azimuth with/without HHC active (parameters as for 

Fig. 7); . (a) Effective blade angle of attack; (b) Blade 

loadingr (c) Blade tip deflection 

The initial higher harmonic control (HHC) wind tunnel experiment on 
blade-vortex interaction (BVI) impulsive noise reduction has at least qua
litatively demonstrated that BVI noise generation can considerably be in
fluenced by the choice of HHC mode and control phase. 

Preliminary results indicate that all of the three basic parameters 
of BVI noise generation appear to be affected by HHC. At optimum control 
settings for BVI noise reduction the blade loading is decreased, the vortex 
strength and the blade vortex miss-distance are increased over the azimu
thal ranges of nearly parallel BVI in the first and fourth quadrant. A con
siderable noise reduction was achieved (in the order of 4 to 5 dB(A)). 

At optimum HHC control settings for vibration reduction adverse ef
fects on blade loading, vortex strength and blade vortex miss-distance are 
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observed, resulting in increased BVI noise generation (in the order of 3 
dB(A)). 

1'h8 adverse HHC effects of significantly reduced BVI noise levels at 
the cost of increased vibration levels and vice versa as well as some re
strictions imposed on the acoustic data quality, require further investiga
tions into validation and optimization of the HHC potential for noise and 
vibration reduction. 
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