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Development of advanced rotorcraft con� gurations has highlighted a need for high-quality experimental data
to support the development of robust and accurate analytical design tools. To provide high-quality experimental
data, a test program was conducted in the NASA Langley Research Center 14- by 22-Foot Subsonic Tunnel to
measure the � ow near the empennage of a 15% scale powered helicopter model with an operating tail fan and
a T-tail con� guration. Three-component velocity pro� les were measured forward of the horizontal tail for four
advance ratios using laser velocimetry to evaluate the effect of the rotor wake impingement on the horizontal tail
angle of attack. These velocity data indicate the horizontal tail can experience unsteady angle-of-attack variations
of over 30 deg due to the rotor wake in� uence. The horizontal tail is most affected by the rotor wake at and above
advance ratios of 0.10.

Nomenclature
CT = rotor thrust coef� cient, T=½¼R2.ÄR/2

R = rotor radius, ft
T = rotor thrust, lb
U1 = freestream velocity, ft/s
u = streamwise component of velocity, ft/s
v = lateral component of velocity, ft/s
v f = induced velocity in forward � ight, ft/s
vh = induced velocity in hover, ft/s
w = vertical component of velocity, ft/s
X = wake skew angle, tan¡1

fU1 cos.®/=[v f ¡ U1 sin.®/]g, deg
x; y; z = Cartesian coordinates (Fig. 3), in.
® = rotor shaft angle, positive nose up, deg
¹ = main rotor advance ratio, U1=ÄR
½ = Density of air, slug/ft3

Ä = main rotor rotational speed, rad/s

Introduction

A S rotorand fuselagedesignsbecomemore integrated,compact,
and complex, rotor–wake–fuselage aerodynamic interactions

are an increasingly important part of the overall performance char-
acteristics of rotorcraft. In Ref. 1, the importance of interactional
effects for modern helicopters is attributed to increased disk load-
ing, more compact designs, low-level � ight requirements, and the
increased requirement for directional trim after the loss of the tail
rotor that results in larger vertical tail surfaces. These effects are
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especially important in the design and placement of the antitorque
system,suchas a tail rotor,and thehorizontaland verticalstabilizers,
as documented in Refs. 2 and 3.

Much work has already been done experimentally and analyt-
ically to de� ne the interaction effects between the rotor and the
fuselage.4¡15 However, prediction of the unsteady interactional ef-
fects of the main rotor wake on the fuselage and empennage are
not yet developed to the point where they can be used as a pre-
liminary design tool. In fact, many advanced analysis methods in
use are time-averagedsolutions,16;17 due to the extemely large com-
putational requirements required to track the individual rotor tip
vortices.18 Projections of advances in computational capability19;20

indicate that hybrid methods of analysis may be the best tradeoff
betweenhigh-� delity simulationandcomputationalresources;how-
ever, the use of these methods usually results in the acceptance of
a time-averaged solution away from the near� eld of the rotor. In
Ref. 21, a method that models the unsteady effects of the rotor on
the fuselage is demonstrated,but the method has not been fully val-
idated for empennage interactions and may have some of the same
vorticity dissipation issues as other methods in the far � eld.

A limited amount of experimental data are available for ana-
lyzing the main rotor–antitorque interactions,22¡28 and unsteady
velocity � ow� eld data are a subset within these data sets. Ad-
vanced con� gurations such as the reconnaissance attack heli-
copter 66 (RAH-66) are designed and manufactured with new
and sophisticated antitorque devices, and there is a need for
high-quality experimental data to support the development of
more � exible analytical models capable of treating these types of
con� gurations.29;30 In Ref. 31 the dif� culty in predicting unsteady
empennage loads at speeds below 40 kn is speci� cally cited. In
Ref. 32, experimental pressure data at model scale for a generic
T-tail empennage are provided, and in Ref. 33 the tremendous
amount of testing involved in the light helicopter design process
is discussed. However, there does not appear to be speci� c infor-
mation in the literature on the steady or unsteady velocities in the
� ow� eld for the particular combination of a lifting rotor near an
operating tail fan with a T-tail empennage.

To investigate the rotor wake–fuselage–empennage interactions
near the empennageof a powered small-scalehelicopterwith an op-
erating tail fan and a T tail, the U.S. Army Joint Research Program
Of� ce, Aero� ightdynamicsDirectorate, in cooperationwith NASA
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Langley Research Center, conducted a wind-tunnel test program
in the 14- by 22-Foot Subsonic Tunnel during 1995. Velocity data
were acquired forward of the horizontal tail for four � ight condi-
tions to document the unsteady downwash and sidewash velocities
near the horizontal tail. These data were to be used for calibrating
current analyses, evaluating methodolgies under development, and
supporting the analysis of con� gurations such as the RAH-66.

Model and Instrumentation
The test program was conducted in the NASA Langley Research

Center 14- by 22-Foot Subsonic Tunnel using the Army’s 2-Meter
Rotor Test System (2MRTS) with a four-bladed, 15% scale ro-
tor, a fuselage model representative of the RAH-66, and a three-
component laser velocimetry (LV) system.

The 14- by 22-Foot Subsonic Tunnel is a closed-circuit, atmo-
spheric wind tunnel designed for the low-speed testing of powered
and high-lift con� gurations.34 In the open test section con� gura-
tion, the walls and ceiling are lifted out of the � ow, leaving a solid
� oor under the model. In this con� guration, the tunnel can achieve
a maximum dynamic pressure of about 92 lb/ft2. This investigation
was conductedwith the tunnel in the open test section con� guration
to allow complete optical access to the rotor � ow� eld. For this test
program, the test section � oor was lowered 2 ft to install the third
component LV optics. A false � oor with a window, � ush with the
rest of the tunnel, was placed over the LV optics.

Figure 1 shows the 2MRTS ready for testing in the tunnel.The LV
system is also visible in the photograph. The rotor system, which
was installed on the 2MRTS, had a four-bladed, articulated hub
with blades that closely matched the planform, twist, and airfoils
of the RAH-66 blades. No attempt was made to scale these blades
dynamically.Because the only hub available for testing was a four-
bladed hub, there were some deviations of scale from an actual
model of the � ve-bladed RAH-66. The radius of the blades when
installed on the four-bladed hub was reduced by 1 in. from a true
15% scale RAH-66. In addition, the use of only four blades reduced
the rotor solidity and resulted in higher blade loads for any given
thrust coef� cient. The blades and hub are described in more detail
in Table 1, and the blade planform is shown in Fig. 2. The 2MRTS
is described in further detail in Ref. 35.

The fuselage was a 15% scale model of the RAH-66 and was
instrumented with over 200 surface pressure ports and 4 dynamic

Fig. 1 Model and LV system installed in tunnel.

Fig. 2 Blade planform; all dimensions in inches.

pressuregauges.Forcesandmoments on the rotor and fuselagewere
measured separately by two six-component, strain-gaugebalances.
The fuselage is shown in detail in Fig. 3. Fuselage surface pressure
data were acquired during this test program, and samples of the
pressure data are used in Ref. 36 for computational � uid dynamics
code calibration.

The antitorquedevice of the con� gurationwas modeledby an air-
powered, tip-driven, 8-in.-diam, 22-bladed fan mounted in the tail
fan duct. The fan con� guration is shown in Fig. 4. As shown in the
photograph, the fan duct section was painted black to minimize the
optical re� ections from the surface. Although the fan con� guration
did not match the physicaleight-bladedtail fan assemblyof the full-
scale con� guration, the model fan was used to simulate the general
� ow physics and trim conditions for the model by using the fan
revolutions per minute to control the fan thrust. For this study, a
general simulation of the thrusting fan environment was thought to
be suf� cient to yield informationregarding the � ow� eld around the
fuselage and empennage. Obviously, a detailed assessment of the
full-scalefan designcouldnot be made usingthis type of simulation.

Laser Velocimeter System and Data Acquisition
The LV system was a three-component system operated in the

backscatter mode to minimize alignment dif� culties between the
transmit and receive optics packages. Most components of the sys-
tem are described in Refs. 37 and 38; this paper presents the � rst
data obtainedwith the upgraded three-componentsystem � oor. The
streamwise and vertical components of velocity are measured by
optics located on the side of the tunnel, out of the � ow; the lat-
eral cross� ow component of velocity is measured by optics that are
located beneath the tunnel � oor. The traversing mechanisms of the
three componentsare computer controlledto ensure the sample vol-
umes of the three sets of beams are positioned at a single location.

Table 1 Description of rotor blades

Property Value

Airfoil sections
23.7% radius VR-12a

84.6% radius VR-12
91.8% radius SSC-A09b

100% radius SSC-A09
Chord, in.

23.7% radius 2.25
74.3% radius 2.25
91.8% radius 2.25
100% radius 1.35

Cutout, in. 8.2
Flapping hinge offset, in. 2.0
Lag hinge offset, in. 2.0
Number of blades 4
Pitch axis, percent of chord 25
Radius, in. 34.55
Solidity, thrust-weighted 0.07866
Tip sweep angle (of 1

4 chord), deg 30
Tip sweep begins, in. 31.7
Twist, deg

0% radius 0
23.7% radius 0
74.3% radius ¡6.6
84.6% radius ¡7.6
91.8% radius ¡9.5
100% radius ¡9.5

aThe Boeing Company airfoil, 12% thick.
bSikorsky airfoil, 9% thick.
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Fig. 3 Description of fuselage and axis system; all dimensions in
inches.

Fig. 4 Tail fan con� guration.

As can be seen in Fig. 1, the third-component beams originating
beneath the � oor were angled at 33 deg relative to the vertical. This
anglewas necessaryto accessoptically the measurementarea due to
the cant of the tail fan duct.Correctionsfor this rotationin the lateral
velocity component were applied to the data during postprocessing.
The sample volume diameter for the three-component system was
approximately 0.2 mm for each of the components. The length of
the sample volume, transverse to the � ow direction for each compo-
nent, was less than 5 mm as measured using a microscope objective
and optical � ltering glasses, and it was veri� ed through the receive
optics using a small, portable seed generator. Although this would
be considereda large sample volume for a typical LV system, it was
considered acceptable for an LV system with a 7-m focal length.

Except for its long focal length and zoom lens assembly, the
systemwasa standardfringe-basedLV system.Polystyreneparticles

(1.7 ¹m) suspended in an alcohol and water mixture were used to
seed the � ow. The velocity data were acquired using frequency-
domain processors (FDPs) to maximize the signal-to-noiseratio of
thedata.To improvetheaccuracyof themeasurementsandminimize
spatial velocity gradient bias, the FDPs were operated with a high
validationratio required; this ensured the measurementswere being
made at the highest signal level in the center of the sample volume.
The LV data acquisition system was designed to allow acquisition
of rotor azimuth position in addition to the velocity measurements
so that an azimuthal history of the velocity could be reconstructed
in postprocessing.

The LV data acquisitionprocessconsistedof positioningthe sam-
ple volume at the measurement location and acquiring data for a
period of 9 min or until 4096 velocity measurements were made in
each of the longitudinal,vertical,and lateral componentsof velocity.
The LV measurements were not made in coincidence,which would
have required that each component of velocity be measured at the
same time from the same particle. Instead, the � ow was assumed
to be periodic with rotor blade passage, and each component was
allowed to be measured individually; this dramatically reduced the
time required to obtain the LV data. During this process, as was
mentioned earlier, conditional sampling techniqueswere employed
to associate each measured velocity with the azimuth of the rotor
blades at the time when the measurement was made. At the conclu-
sion of the process, the measurement locationwas changed,and the
acquisition process was repeated.

For each measurement location, the raw data were reviewed, and
the histograms of the velocities in each of the three components
were processed to improve the signal-to-noiseratio. Because many
of these histograms were double peaked due to close vortex pas-
sage, a simple three-sigma processing algorithm would not have
been valid. Therefore, the processingwas accomplishedby review-
ing the velocity histogramat each location for each componentand
discriminatingoutlyingdata usinga combinationof three-sigmacri-
terion and engineering judgementbased on the histogramstatistics.
The data were binned into 128 bins (2.8 deg azimuth each), and the
mean velocityfor the locationwas calculatedfrom the mean of all of
the azimuth bins. Because the data were associatedwith a rotor po-
sition, it was possible to sort the data by azimuthal position, thereby
reconstructinga time history of velocity at each measurement loca-
tion that represented one average rotor revolution. The reconstruc-
tion of the rotor revolution con� rmed the original assumption that
the � ow was periodic.

Measurement Uncertainty
Wind-tunnel wall interference corrections were calculated using

the methods of Ref. 39 and were found to be negligiblefor this con-
� guration. The uncertainties associated with the wind-tunnel stan-
dard measurements were calculated using the method of Ref. 40,
and they are documented in Table 2. The uncertainty in the per-
formance data that were measured with the balances is also given
in Table 2, as well as the uncertainty in the rotor control angles.
Both bias and random error sources that were evaluated for the LV
measurements were crossbeam angle measurement error, velocity
bias, Bragg bias, velocity gradient, FDP error, and particle lag. The
largest contributors to the uncertainty in the LV velocity measure-
ments are the measurement of the crossbeam angle and the particle
lag. When the error estimation techniquesdescribed in Refs. 37, 41,
and 42 are used, the LV system error for the velocity measurements
in this paper is estimated at 1.3% measured velocity.

Measurement Locations
The laser velocimeter measurement locations are described

brie� y subsequently and are shown in Fig. 5. The operating con-
ditions for each con� guration are documented in Table 3. LV data
were obtained for 11 points evenly spaced over 5 in. in a vertical
line one chord forward and one chord (midsemispan) to the right
of center of the horizontal tail with both the main rotor and tail fan
operating for main rotor advance ratios of 0.055, 0.076, 0.102, and
0.150. The rotor thrust coef� cient was 0.007, and the rotor shaft
angle was held at a constant ¡0.65 deg.
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Table 2 Measurement uncertainty

Measurement Uncertainty

Advance ratio §0:0011
Collective, deg §0:5
Density, slug/ft3 §0:000003
Fuselage angle of attack, deg §0:001
Freestream velocity, ft/s §0:274
Fuselage yaw moment, in. ¢ lb §1:5
Lateral cyclic, deg §0:5
Longitudinal cyclic, deg §0:5
Rotor drag, lb §0:4
Rotor lift, lb §1:0
Rotor, rpm §2
Rotor shaft angle, deg §0:001
Rotor thrust coef� cient §0:00037
Rotor yawing moment, in. ¢ lb §12:0
Tail fan, rpm §40
Dynamic pressure, lb/ft2 §0:083
Ambient temperature, ±F §0:54
Dew point temperature, ±F §0:54
Total pressure, lb/ft2 §0:92
LV velocity measurements, ft/s §1:3%

Table 3 Test conditions

Variable Test condition

Advance ratio 0.055 0.076 0.102 0.15
Collective, deg 11.0 10.1 8.9 7.5
Density, slug/ft3 0.00236 0.00237 0.00236 0.00235
Fuselage angle of attack, deg 4.1 4.0 4.1 4.1
Freestream velocity, ft/s 40.0 54.7 73.8 108.9
Freestream velocity, kn 23.7 32.4 43.7 64.5
Fuselage yaw moment, in. ¢ lb ¡473.4 ¡631.3 ¡815.5 ¡781.4
Lateral cyclic, deg 1.2 1.3 1.9 2.5
Longitudinal cyclic, deg ¡2.8 ¡3.0 ¡3.2 ¡2.7
Rotor drag, lb 0.6 2.8 2.6 3.3
Rotor lift, lb 230.5 228.9 229.4 228.8
Rotor, rpm 2400 2399 2402 2401
Rotor shaft angle, deg ¡0.66 ¡0.61 ¡0.61 ¡0.61
Rotor thrust coef� cient 0.00714 0.00706 0.00707 0.00709
Rotor yawing moment, in. ¢ lb 540.3 497.2 421.8 310.0
Tail fan, rpm 4860 5197 6262 5435

Side view of horizontal tail measurement locations

Rear view of horizontal tail measurement locations

Fig. 5 Velocity measurement locations; all dimensions in inches.

Discussion of Results
The LV velocity data acquired at each measurement location

one chord forward of the horizontal tail were used to calculate
the downwash and sidewash angles for each test condition. For
each measurement location, an average downwash and sidewash
angle were computed based on the averaged values of the ve-
locity over the rotor revolution. The average downwash angle is
shown in Fig. 6 for several advance ratios, and the average sidewash

Average downwash angle 57.3 deg, ¹ = 0.05

Average downwash angle 47.4 deg, ¹ = 0.07

Average downwash angle 34.2 deg, ¹ = 0.10

Average downwash angle 22.4 deg, ¹ = 0.15

Fig. 6 Average downwash angle forward of the horizontal tail; view
from right side of model.
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Average sidewash angle ¡ 7.3 deg, ¹ = 0.05

Average sidewash angle ¡ 6.8 deg, ¹ = 0.07

Average sidewash angle 3.5 deg, ¹ = 0.10

Average sidewash angle 7.2 deg, ¹ = 0.15

Fig. 7 Average sidewash angle forward of the horizontal tail; view
from rear of model.

angle is shown in Fig. 7. In each of these cases, both the main rotor
and the tail fan are operating at the conditions indicated in Table 3.
Figures 6 and 7 also indicate an overall averaged downwash or
sidewash for the speci� ed test conditions. This average for the test
condition was calculated by averaging the angles for the individual
measurements at that condition. As expected, the downwash an-
gle decreases with increasing advance ratio. Similarly, the average
sidewash angle is shown in Fig. 7. The sidewash angle increases
with increasing advance ratio, that is, the average lateral � ow tends
more to the starboard side of the model with increasing forward
speed.

Extremely large variations in the unsteady downwash and side-
wash angles were also measured using the LV system. Typical plots
of the unsteady � ow angles calculated from the unsteady veloc-
ity data are shown in Fig. 8 for a height 1

2 in. below the hori-
zontal tail for each of the advance ratios tested. The results indi-
cate over 30 deg of unsteady � uctuation are encountered near the
horizontal tail at the blade passage frequency with the most un-
steadiness occurring at an advance ratio of 0.10. Carpet plots of
the unsteady angles for all of the advance ratios that were tested
are presented in Fig. 9. These plots show the variation in unsteady
angle with height above the tail section at each advance ratio. In
Fig. 9, the dynamic � ow environmentnear the horizontal tail is ap-
parent by the wide range of magnitude seen in the downwash and
sidewash velocities. The magnitude of these angle excursions was
unexpected and was due to the large, concentrated vorticity con-

Downwash angle, positive downwash is positive z direction

Sidewash angle, positive sidewash is positive y direction

Fig. 8 Unsteady angles for a location 0.5 in. below the horizontal tail.

vected past the tail in the tightly formed tip vortices. The ability to
predict this type of � ow environmentusing unsteady, time-accurate,
vortex-dominatedcalculationsis still an area of research.18¡21 How-
ever, it is seen from the unsteady data that a time-averaged solu-
tion for the � ow environment will miss a substantial portion of the
� ow� eld.

From the unsteadydata, an experimentaldeterminationof the po-
sition of the rotor wake relative to the horizontal tail can be made by
analyzing the 4 per revolution content of the velocity. The vertical
component of velocity was used to calculate the 4 per revolution
rms content of the rotor wake, and the results are shown in Fig. 10.
The strong 4 per revolution content indicates that the rotor wake
is the dominant � ow feature. In Fig. 10, the shaded bars also show
the position of the rotor wake relative to the horizontal tail for the
advance ratios tested. In Fig. 10, the tail is immersed in the wake
above advance ratios of 0.10 as shown by the high 4 per revolution
contentat all measurementlocationsfor these advance ratios.These
results generally agree with those in Ref. 32, considering the dif-
ferent geometry and � ight conditionsof the two test con� gurations.
This general agreement indicates that the operating tail fan had an
insigni� cant effect on the interactionof the main rotor wake and the
T tail, although the in� uence of the rotor wake on the tail fan and
shroud is documented in Ref. 43.

Often preliminary design analysis is based on fairly simple rotor
analysis theory to provide quick design evaluations. Wake skew
angle is one of the basic rotorcraftdesign parameters that determine
the operationalenvelope in which the main rotor wake will impinge
on the fuselageandtheempennage.It is a generallyacceptedpractice
to calculate wake skew angle initially based on the equations in
Ref. 44 to evaluate the initial placement of the control surfaces. It is
also standard to use the hover-induced velocity vh , in the equation
for wake skew angle for both hover and forward � ight. Because vh

is de� ned as
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vh D
p

T=2½¼R2 (1)

this is a fairly straightforwardcalculation.However, when the wake
skew angle for a forward-� ight con� guration is determined, the
induced velocity in forward � ight v f can be shown to be a function
of thrust, tip speed and forward speed. The dependenceon forward
speed is not accounted for in Eq. (1). When the Eqs. of Ref. 44 are
solved, and the rotor shaft angle is assumed to be small, v f is given
by

v f D 1
¯p

2

s³q£
C2

T .ÄR/4 C U 4
1

¤
¡ U 2

1

´
(2)

The skew angle for forward � ight is then calculated by

X D tan¡1

µ
U1 cos.®/

v f ¡ U1 sin.®/

¶
(3)

This formulation in Eq. (3) using the forward-� ight-inducedve-
locity results in a signi� cantly different skew angle calculationthan
if the hover value of induced velocity is used as shown in Table 4.
The results of the skew angle calculation using the forward-� ight-

¹ = 0.05

¹ = 0.07

Fig. 9 Unsteady downwash and sidewash angles.

induced velocity are plotted in Fig. 11 along with the geometry of
the con� guration. Figure 11 shows a very simplistic representation
of the complex rotor wake system. In Ref. 45, it is explained in
much more detail, using � ow visualization and quantitative mea-
surements of rotor wake parameters,how the wake system convects
downstreaminto the tail region. In Ref. 45, the existenceis shown of
an edge of the wake de� ned by the tip vortices as they wrap around
the disk vortices. This edge can be generally approximated by the
calculationof skewangle initiatingfrom the trailingedgeof the rotor
disk. In Fig. 11, the calculatedwake skewangle,which theoretically
de� nes the upper edge of the rotor wake, is plotted for each of the
four forward speeds. Figure 11 shows the wake generated from the
aft portion of the rotor disk, the trajectory of the wake through the
LV measurementlocations,and the possible impingement locations

Table 4 Skew angle comparison

Skew angle, deg

Advance From hover-induced From forward-� ight-induced
ratio velocity velocity

0.05 26 49
0.07 34 62
0.10 44 72
0.15 55 81
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¹ = 0.10

¹ = 0.15

Fig. 9 Unsteady downwash and sidewash angles (continued).

Fig. 10 Unsteady vertical wake impingement at horizontal tail.

on the horizontal and vertical tails. The wake is shown to approach
the position of the horizontal T tail at advance ratios of 0.10 and
above. This correlates well with the experimental determination of
rotor wake position shown in Fig. 10. Note that the skew angle from
Table 4 calculated using hover-induced velocity would have been
greatly in error predicting the location of the rotor wake.

Figure 12 shows an interesting feature of the unsteady vertical
� ow near the horizontal tail. At the lower advance ratios of the test

Fig. 11 Wake skew anglecalculationforCT = 0.007projected on model
geometry; view from left side of model: ——, ¹ = 0.15, X = 81 deg;
– – – , ¹ = 0.10, X = 72 deg;¢ ¢ ¢ ¢ , ¹ = 0.07, X = 62 deg; and –¢ ¢ –¢ ¢ , ¹ = 0.05,
X = 49.

program, represented by the sample plot in Fig. 12a, the � ow is
dominated by the 4 per revolution blade passage frequency and its
multiples. At an advance ratio of 0.15, a signi� cant 2 per revolution
contentbecomespresent in the � ow as shown in Fig. 12b. In Ref. 32,
a strong 8 per revolution in the � ow near the horizontal tail is also
reported; the data in the present investigationshow periodic content
at several multiples of the 4 per revolution frequency, as well as
frequencies between the multiples of the 4 per revolution. During
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a) ¹ = 0.10

b) ¹ = 0.15

Fig. 12 Velocity and order ratio analysis for location 2 in. below centerline of horizontal tail.

the in� ow studies of Refs. 46–48, 2 per revolutionfrequencieswere
noted in several instances; it is possible these frequencies are gen-
erated by vorticity shed from the hub and pylon that moves into the
measurement area at the increased advance ratios.

Conclusions
To investigate the rotor wake–fuselage–empennage interactions

near the empennage of a powered small-scale helicopter with an
operatingtail fan anda T tail, the U.S. Army JointResearchProgram
Of� ce, Aero� ightdynamicsDirectorate, in cooperationwith NASA
Langley Research Center, conducted a wind-tunnel test program in
the 14- by 22-Foot Subsonic Tunnel. Velocity data were acquired
forward of the horizontaltail for four � ight conditions,documenting
the unsteady downwash and sidewash near the horizontal tail. The
major conclusions from this study are as follows.

1)The horizontaltail surfaceexperiencesextremelylargechanges
(over 30 deg) in the unsteady sidewash and downwash angles at the
rotor fundamental blade passage frequency due to the in� uence of
the rotor wake tip vortex passage. The unsteady angle variation is
not captured by steady analysis of the con� guration.

2) Although rotor–empennage interactions are usually encoun-
tered at very low advance ratios, for a T-tail con� guration, the in-
teraction occurs at higher advance ratios. For this con� guration, the
horizontal tail is most affected by the rotor wake above advance
ratios of 0.10.

3) The skew angle can be calculated more accurately from the
momentum equation when the forward � ight velocity dependence
is considered.
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