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Abstract

This paper presents performance analysis of the full-scale XV-15 rotor with high-fidelity computational
fluids dynamics. A comparison of computed rotor loads with experiments was carried out, where CFD
results predicted the FoM within 1%. The method was also able to capture the differences in perfor-
mance between hover and propeller modes. The effect of flow transition was also assessed, showing
the capability of modern CFD methods. The transition onset and the distribution of the skin friction were
well predicted, and found to have a mild effect on the overall figure of merit. The overall agreement with
the experimental data and theory for the considered case demonstrates the capability of the present
CFD method to accurately predict tiltrotor flows.

1 INTRODUCTION

Tiltrotor is a new type of flying vehicle that com-
bines VTOL (vertical take-off/landing) capability
with high speed cruise. For the first time, this tech-
nology was successfully demonstrated with the
Bell XV-3 in 1955 [1]. In the late 1960s and early
1970s, a major program was jointly launched at
the NASA Ames Research Center and Bell Heli-
copters, to develop a new tiltrotor named XV-15.
The results of that effort supported the develop-
ment of new generation of tiltrotors like the Bell-
Boeing V-22 Osprey [2, 3] and the AW609 [4].

Very little wind tunnel data is available for model
and full-scale tiltrotors. At the early stage of the XV-
15 program, the NASA 40-by-80-Foot Wind Tunnel

was used to measure integrated rotor loads in heli-
copter [5], aeroplane and transition-corridor modes
[6]. However, force and moment measurements did
not exclude the contribution from the airframe. The
NASA-Ames Outdoor Aeronautical Research Fa-
cility (OARF) was also extensively used by Felker
et al. [7] with the XV-15 rotor and Bartie et al. [8]
with the XV-15 Advanced Technology Blade (ATB).
The hover and forward flight tests began in the late
90s with the work of Light [9] in the 80-ft by 120-ft
wind tunnel at NASA Ames, but only few conditions
were tested. To fill this gap, Betzina [10] in 2002 un-
dertook an extensive campaign of experiments on
the full-scale XV-15 rotor, where the experiments
were corrected for hub and tares effects.

For all sets of experiments cited, neither sur-
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face pressure nor skin friction coefficients were
measured. In this regard, Wadcook et al. [11] mea-
sured skin friction coefficients on a hovering full-
scale XV-15 tiltrotor in the 80-ft by 120-ft wind tun-
nel at NASA Ames. At low thrust, a region of lam-
inar flow was encountered over a significant frac-
tion of the blade chord, while at high disc load-
ing conditions, the laminar to turbulent transition
region on the upper blade surface moved towards
the blade leading edge, with fully turbulent bound-
ary layer encountered outboard. This set of exper-
iments could be employed to validate and improve
transitional models for tiltrotors.

Concerning numerical simulations of tiltrotor
blades, Kaul et al. [12, 13] studied the effect of in-
flow boundary conditions and turbulent models on
the hovering XV-15 rotor blade, using the OVER-
FLOW2 CFD solver. Results with the Spalart-
Allmaras model [14] with the Detached Eddy Sim-
ulation formulation, revealed lack of agreement
with the experiments of Wadcook et al. [11] in
the laminar-turbulent transitional region. Likewise,
Yoon et al. [15] investigated the effect of the em-
ployed turbulence model on the hovering perfor-
mance and skin friction coefficients of the XV-15
rotor blade at a collective of 10◦. It was found that
the k − ω SST-DDES turbulence model predicted
the figure of merit closer to experiment that the
SA-DDES one-equation model. However, minimal
differences between these fully-turbulent models
were observed in the predictions of skin friction co-
efficient, which did not reproduce well the flowfield
encountered in the experiment [11]. Sheng et al.
[16] used the U2NCLE and Helios CFD solvers to
assess the effect of transition models in predict-
ing the hover figure of merit on the XV-15 blade.
Despite the use of a massive grid of 294 million
cells for the whole rotor, results at 10◦ collective
showed an over-predicted FoM with a discrepancy
of more than 3%. It was shown that the transitional
flow modelling did not have a significant impact on
the predicted FoM mainly due to the small laminar-
turbulent transition region encountered on the XV-
15 blades. A detailed performance analysis of the
hover and propeller modes of the XV-15 blades
were performed by Gates [17] using the HMB CFD
solver. Good agreement with published experimen-
tal data was reported, even though a medium grid
size (9.6 million cells per blade) was employed for
computations. Furthermore, the effect of the hub
spinner on the propeller performance at moderate
advance ratios was highlighted.

Further studies have also been published for
the V-22 tiltrotor using numerical simulations. The
drag polar of the V-22 aircraft has been measured
in the 20×20ft Boeing wind tunnel [18] and the re-
sults were compared against CFD predictions of
the FUN3D and OVERFLOW CFD codes. Neither
CFD nor experiments considered the effect of the
rotors. The experiments considered a model of the
V-22 of 0.15 scale and provided integrated lift, drag
and moment data. In general, the authors state
that good agreement between the CFD and exper-
iments was obtained even if further studies were
recommended to ensure that mesh independent
results can be obtained.

In this work, we present an aerodynamic study
of the XV-15 tiltrotor blades with high-fidelity com-
putational fluid dynamics. The aim is to assess the
level of accuracy of the present CFD method in pre-
dicting the figure of merit for a hover case. This
is addressed by comparing with experimental data
available in the literature [7, 9, 10]. To reduce the
computational cost, we solved the hover flow by
casting the equations as a steady-state problem
in a noninertial reference frame. Results are pre-
sented for a range of design points, which includes
medium and high thrust hover conditions. The sec-
ond objective is to investigate the impact of a fully-
turbulent k − ω SST and transitional k − ω SST-γ
models on the predicted figure of merit at collec-
tive angles of 3◦ and 10◦. Moreover, the ability of
those models in predicting the experimental skin
friction distribution [11] on the blade surface is also
discussed.

2 CFD METHOD

2.1 HMB Solver

The Helicopter Multi-Block (HMB) [19, 20, 21] code
is used as the CFD solver for the present work. It
solves the Unsteady Reynolds Averaged Navier-
Stokes (URANS) equations in integral form us-
ing the Arbitrary Lagrangian Eulerian (ALE) for-
mulation for time-dependent domains, which may
include moving boundaries. The Navier-Stokes
equations are discretised using a cell-centred finite
volume approach on a multi-block grid. The spatial
discretisation of these equations leads to a set of
ordinary differential equations in time,

d

dt
(W i,j,k Vi,j,k) = −Ri,j,k(W )(1)
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where i, j, k represent the cell index, W and R are
the vector of conservative flow variables and flux
residual respectively, and Vi,j,k is the volume of the
cell i, j, k. To evaluate the convective fluxes, Osher
[22] and Roe [23] approximate Riemann solvers
are used in HMB, while the viscous terms are dis-
cretised using a second order central differenc-
ing spatial discretisation. The Monotone Upstream-
centred Schemes for Conservation Laws, which is
referred to in the literature as the MUSCL approach
and developed by Leer [24], is used to provide third
order accuracy in space. The HMB solver uses the
alternative form of the Albada limiter [25] being ac-
tivated in regions where a large gradients are en-
countered mainly due to shock waves, avoiding the
non-physical spurious oscillations. An implicit dual-
time stepping method is employed to performed the
temporal integration, where the solution is march-
ing in pseudo-time iterations to achieve fast conver-
gence, which is solved using a first-order backward
difference. The linearised system of equations is
solved using the Generalised Conjugate Gradi-
ent method with a Block Incomplete Lower-Upper
(BILU) factorisation as a pre-conditioner [26]. To al-
low an easy sharing of the calculation load for par-
allel job, a multi-block structured meshes are used.
Overset grid and sliding plane methods are avail-
able in HMB [20, 27] to allow the relative motion
between different components. Both methods have
been widely employed for isolated rotor blades,
such as the UH-60A and S-76 by Dehaeze et al.
[28] and Jimenez et al. [29], respectively, and com-
plete helicopter configurations [20]. For the present
work, an overset grid method is employed to ex-
plore its capabilities with tiltrotor configurations.

2.2 Turbulence and Transition Models

Various turbulence models are available in HMB,
including several one-equation, two-equation,
three-equation, and four-equation turbulence mod-
els. Furthermore, Large-Eddy Simulation (LES),
Detached-Eddy Simulation (DES) and Delay-
Detached-Eddy Simulation (DDES) are also avail-
able. For this study, two and three equations mod-
els were employed using the fully-turbulent k − ω
SST and the transitional model k − ω SST-γ both
from Menter [30, 31]. It is well known that the
fully-turbulent k − ω SST model predicts the tran-
sition onset further upstream than nature, being
needed the use of transitional models. In this re-
gard, Menter et al. [32] developed a model for the

prediction of laminar-turbulent transitional flows,
involving two transport equations for the inter-
mittency factor γ and the momentum thickness
Reynolds number Reθ. The intermittency factor γ
is used to trigger and control the transition onset
location, and it varies between 0 (laminar flow) to 1
(fully-turbulent flow). In 2015, a new one-equation
local correlation-based transition model γ was pro-
posed by Menter et al. [31], where the Reθ equation
was avoided. The form of the transport equation for
the intermittency factor γ reads as:

(2)
∂(ργ)

∂t
+

∂(ρUjγ)

∂xj
= Pγ −Eγ +

∂

∂xj

[(
µ+

µt

σγ

)
∂γ

∂xj

]
where Pγ and Eγ represent the production and de-
struction sources, respectively. A more detailed de-
scription of the γ equation can be found in Menter
et al. [31].

3 XV-15 ROTOR GEOMETRY

The three-bladed XV-15 rotor geometry was gener-
ated based on the full-scale wind tunnel model per-
formed by Betzina in the NASA Ames 80- by 120-
foot wind tunnel facility [10]. NACA 6-series five-
digit aerofoil sections comprise the rotor blade, and
its identity and radial location along the rotor blade
is reported in Table 1.

The main geometric characteristics of the XV-
15 rotor blades [10] are summarised in Table 2. It
is interesting to note that unlike convectional heli-
copter blades, tiltrotor blades are characterised by
high twist and solidity, along with a small rotor ra-
dius.

A detailed sketch of the XV-15 blade planform
and the blade radial twist, and chord distributions
is shown in Figure 1. The rotor blade chord is held
constant, and extends at almost 80% of the rotor
blade. The blade root, however, was not modelled
due to the lack of information on the cuff geometry
in the literature.

4 XV-15 ROTOR MESH

A mesh generated using the chimera technique
was used for the aerodynamic study of the XV-
15 rotor. It was composed by a Cartesian off-body
mesh used as background, and a body-fitted mesh
for the blade. The use of an overset grid method

3



allowed for the blade pitch angle to be changed by
rotating the body-fitted mesh. Because the XV-15
rotor was numerically evaluated in hover and pro-
peller modes (axial flight), only a third of the com-
putational domain was meshed, assuming periodic
conditions for the flowfield in the azimuthal direc-
tion (not applicable to stall condition). A view of
the computational domain, along with the bound-
ary conditions employed is given in Figure 2 (a).
Farfield boundaries were extended to 2R (above
rotor) and 4R (below rotor and in the radial direc-
tion) from the rotor plane, which assures an inde-
pendent solution with the boundary conditions em-
ployed. Furthermore, an ideal rotor hub was mod-
elled and approximated as a cylinder, extending
from inflow to outflow with a radius of 0.05R.

A C-topology was selected for the leading edge
of the blade, while an H-topology was employed at
the trailing edge. This configuration permits an op-
timal resolution of the boundary layer due to the
orthogonality of the cells around the surface blade
(Figure 2 (b)). The height of the first mesh layer
above the blade surface was set to 1.0 · 10−5cref,
which leads to y+ less than 1.0 all over the blade.
Considering the chordwise and spanwise direc-
tions of the blade, 264 and 132 mesh points were
used, while the blunt trailing-edge was modelled
with 42 mesh points.

To guarantee a mesh independent solution, two
computational domains were built. Table 3 lists the
grids used and shows the breakdown of cells per
blade. The coarse and medium meshes have 6.2
and 9.6 million cells per blade (equivalent to 18.6
and 28.8 million cells for three blades), with the
same grid resolution for the body-fitted mesh (3.6
million cells). The background mesh, however, was
refined at the wake and near-body regions, in-
creasing the grid size from 2.6 to 6 million cells.

5 TEST CONDITIONS

Table 4 summarises the conditions employed and
computations performed in hover and propeller
modes. For the hover mode, the tip Mach number
was set to 0.69, and four blade collective angles
were considered, corresponding to low, medium,
and high disc loadings. The Reynolds number,
based on the reference blade chord of 14 inches
and on the tip speed, was 4.95 · 106. The cruise
condition was modelled at 0 ft (ISA+0◦), with a tip
Mach number of 0.54 and advance ratio 0.337. The

Reynolds number for this case was 4.50 · 106, again
based on the reference blade chord and rotor tip
speed (with no account for the advance velocity).

All flow solutions were computed by solving
the RANS equations, coupled with Menter’s k − ω
SST turbulence model [30]. The flow equations
were integrated with the implicit dual-time stepping
method of HMB, using a pseudo-time Courant–
Friedrichs–Lewy (CFL) equal to 4 for the helicopter
mode computations, and equal to 2 for the aero-
plane mode. Typically, 40,000 iterations were nec-
essary to drop the residual by 6 orders of magni-
tude for the flow solutions.

6 RESULTS

6.1 Helicopter Mode

The effect of the mesh density on the figure of
merit, and torque coefficient CQ as functions of the
thrust coefficient CT are shown in Figure 3. Exper-
imental data of the full-scale XV-15 rotor is also
shown, carried out by Felker et al. [7] at OARF, and
Light [9] and Betzina [10] at the NASA 80×120ft
wind tunnel. The majority of works on performance
analysis of rotor blades do not model the hub and
root apparatus, mainly due to the complexity of
mesh generation. In this regard, experiments were
corrected for hub and apparatus tares effects. Ver-
tical lines labelled as empty (4,574 kg) and maxi-
mum gross (6,000 kg) weight, define the hovering
range of the XV-15 helicopter rotor [1]. Momentum-
based estimates of the figure of merit are also in-
cluded, and its expression is given in Equation 3,
where an induced power factor ki of 1.1 and over-
all profile drag coefficient CDO of 0.01 were used.
This theory, is limited to low and medium thrust,
leading to a wrong trend of the power divergence
at high thrust, mainly due to flow separation [33].

(3) FoM =
CT

3/2

√
2

(
σCD0

8 + ki
CT

3/2
√
2

) .

Using the obtained CFD results, a polynomial fit
was computed and shown with solid lines and
squares (coarse grid) or triangles (medium grid).
Considering the sets of experiments, good agree-
ment was found between them, with a maximum
discrepancy of 4.11% in the figure of merit. The
reason for this disagreement (4 counts of FoM)
may be partly due to the variations in experimen-
tal data between wind tunnel facilities. CFD results
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present an excellent agreement with the test data
of Betzina[10] for all blade collective angles. It is
found that the effect of the grid size on the overall
performance is negligible at low thrust, with a small
influences a high thrust.

The comparison of the predicted and measured
[7, 9, 10] peak figure of merit is reported in Ta-
ble 5. Experiments performed by Felker show a
higher Figure of Merit (2 counts) if compared with
the Light and Betzina experiments. A large recircu-
lation zone was reported in the 80×120 test sec-
tion of NASA by Felker, which may be the reason
of this disagreement. Predictions with the medium
grid indicate good correlation with the experiments
(0.91% respect to Betzina and Light, and 2.53%
respect to Felker), which confirms the suitability of
the present method for tiltrotor blade applications.

From a point of view of the turbulent model em-
ployed, it seems that the fully turbulent flow as-
sumption is able to capture the trend of FoM and
torque coefficient (Figure 3 (b)). Similar conclu-
sions were drawn in previous work by Kaul et al.
[12], Yoon et al. [15], and Sheng et al. [16], where
fully turbulent flows were successfully employed.
Comparison between predicted and measured [11]
FoM at a collective pitch angle of 10◦ is reported in
Table 6. Prediction with the medium grid indicates
good correlation with the experiments (0.8 counts
of FoM), which highlights the ability of this medium
grid in accurately predicting the FoM with a modest
CPU time.

6.1.1 Surface Pressure Predictions

Due to the lack of experimental surface pres-
sure measurements, a comparison between HMB3
and CFD data published by Kaul et al. [13] us-
ing the OVERFLOW2 solver is shown in Figure 4.
Three radial stations were considered (r/R=0.72,
0.83, and 0.94), and the collective pitch angle was
10◦. The surface pressure coefficient is computed
based on the local velocity at each radial station:

(4) CP =
P − P∞

1/2ρ∞(Ωr)2
.

CFD results using HMB3 correspond to the
coarse grid (18.6 million cells for the three blades)
where the k − ω SST turbulence model [30] was
employed, while Kaul’s results were obtained with
a grid size of 35 million cells using the Spalart-
Allmaras turbulence model [14]. Despite that small

variation on the predicted peak CP , a fair agree-
ment is found for all radial stations. Regarding the
radial stations r/R = 0.72 and r/R = 0.83, it is
clear that the suction peak does not exceed the
critical C∗

P values (Eq. 5), while the most outboard
section (r/R = 0.94) reaches sonic conditions.

(5)

C∗
P =

2

γ(Mtip
r
R)

2

[(
2 + (γ − 1)(Mtip

r
R)

2

γ + 1

) γ
γ−1

− 1

]
.

6.1.2 Sectional Loads

Figure 5 shows the distribution of sectional thrust
and torque coefficients along the rotor radius for
collective pitch angles from 3◦ to 13◦. The influ-
ence of the tip vortex on the tip region (from 92%R
to 100% R) is visible in terms of loading and torque
coefficients.

6.2 Aeroplane Mode

Like for hover simulations, only a third of the
computational domain was meshed, modelling this
case as steady-state problem with periodic condi-
tions for the flow in the azimuthal direction. Simu-
lations were performed for medium advance ratio
µ = 0.337 at collective pitch angles of 26◦, 27◦, 28◦

and 28.8◦, and tip Mach number of 0.54 (see Table
4). In aeroplane mode, the indicator of the rotor ef-
ficiency is the propeller propulsive efficiency, which
is the ratio between the useful power output of the
propeller and the absorbed power:

(6) η =
CTV∞
CQVtip

.

Figure 6 compares the total load predictions with
the available experimental data [5] (represented by
square symbols), where the propeller efficiency η
and torque coefficient are given as function of the
thrust coefficient. The experimental data reported
here, were performed on a propeller test rig in the
NASA 40-by-80-Foot Wind Tunnel [5], and are the
only available published data for the XV-15 in aero-
plane mode. HMB3 results with the coarse grid
show an under-predicted propulsive propeller ef-
ficiency for all thrust coefficient, with a maximum
discrepancy of 4.5%. However, results with the
medium grid provide a good agreement with the
experimental data.
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6.2.1 Surface Pressure Predictions

Figure 7 presents predicted pressure coefficient
contours for the XV-15 upper blade at the com-
puted advance ratio, where the CP is computed
based on the local velocity. Results at low thrust
coefficient, confirm the idea that the inboard part of
the rotor is over-loaded. As the collective pitch an-
gle increased, contours of CP at outboard part of
the blade indicates a more uniform propeller load
distributions.

6.2.2 Flowfield details

Flowfield visualisation of the rotor wake for the full-
scale XV-15 rotor blade in propeller mode using
the Q criterion [34] is given in Figure 8. Contours
of surface pressure coefficient are also included.
Despite that a coarse grid size was used as back-
ground (2.6 million cells), the wake development
shows a well-preserved first and second passage
of the vortex. Moreover, the interaction between
blade and vortex typically encountered in hover-
ing rotors is not presented here. In fact, the down-
stream convection of the rotor wake at M∞=0.182,
results in a much less complex wake.

6.3 Effect of the Turbulence Model

In this study, the effect of the k − ω SST-γ transi-
tion model is investigated in predicting the figure
of merit. The predicted skin friction coefficient is
compared with measurements by Wadcock et al.
[11]. Moreover, a comparison with the solution ob-
tained with the fully-turbulent k − ω SST model is
presented. For this case, a matched grid was used,
which has 10.2 million cells per blade.

Figures 9 and 10 show the computed skin fric-
tion coefficient Cf compared with the available ex-
perimental data of Wadcock et al. [35] for collec-
tive pitch angles of 3◦ and 10◦ at the radial stations
r/R = 0.28, 0.50, 0.72, 0.83 and 0.94. At low disc
loading (Figure 9), the experiment shows a natu-
ral transition for all stations at about 50% chord. It
seems that the present transitional model is able to
capture the onset and length of the natural transi-
tion with some discrepancies found at the inboard
station r/R = 0.28. As expected, results obtained
with the fully-turbulent model indicate lack of tran-
sition. Moreover, the values of skin friction coeffi-
cient are under and over-predicted in the laminar
and turbulent flow regions. Considering the Cf at

collective pitch angle of 10◦ (Figure 10), the experi-
mental Cf present a similar pattern as seen for the
lower collective pitch angles. However, the onset of
the natural transition is moved towards the leading
edge, with a fully-turbulent flow region observed at
the outboard station r/R = 0.94. Results corre-
sponding to the transitional model accurately pre-
dicted the onset location and length of the transi-
tion. This physical phenomenon is not captured by
the fully-turbulent solution. The surface skin friction
coefficient of both turbulence models is shown in
Figure 11, where the laminar-turbulent region can
be only identified for the k − ω SST-γ model.

Once the distribution of skin friction coefficient
was analysed, the impact of the turbulence model
on the hover performance of the XV-15 blade was
investigated. Table 7 reports the predicted CT , CQ,
and FoM using the fully-turbulent k − ω SST and
transitional model k − ω SST-γ at two disc load-
ing conditions. It is shown that results are mildly
sensitive to the turbulence model employed, with a
higher figure of merit presented by the transitional
model.

7 CONCLUSIONS

This paper demonstrated the capability of HMB3
to accurately predict tiltrotor flows. The full-scale
XV-15 tiltrotor blades was considered for validation.
The main conclusions are:

• The results obtained with CFD compare well
with test data for the integrated blade load.

• The method was able to capture the perfor-
mance in the different modes; hover and pro-
peller.

• The transition onset and distribution of skin
friction are well predicted and, for this case,
were found to have a mild effect on the over-
all figure of merit.
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Table 1: Radial location of the XV-15 rotor blade aerofoils [7].

r/R Aerofoil
0.09 NACA 64-935
0.17 NACA 64-528
0.51 NACA 64-118
0.80 NACA 64-(1.5)12
1.00 NACA 64-208

Table 2: Geometric properties of the full-scale XV-15 rotor [10].

Parameter Value
Number of blades, Nb 3
Rotor radius, R 150 inches
Reference blade chord, cref 14 inches
Aspect ratio, R/cref 10.71
Rotor solidity, σ 0.089
Linear twist angle, Θ -40.25◦

Figure 1: Planform of the XV-15 rotor blade (above) and twist and chord distributions [36]
(below).

Table 3: Meshing parameters for the XV-15 rotor mesh.

Coarse Mesh Medium Mesh
Background mesh size (cells) 2.6 million 6.0 million
Blade mesh size (cells) 3.6 million 3.6 million
Overall mesh size (cells) 6.2 million 9.6 million
Height of the first mesh layer at blade surface 1.0 · 10−5cref 1.0 · 10−5cref
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(a) Computational domain. (b) XV-15 rotor mesh.

Figure 2: Computational domain and boundary conditions employed (left) and detailed view
of the XV-15 rotor mesh (right).

Table 4: Flow conditions for the full-scale XV-15 tiltrotor blade.

Helicopter Mode Aeroplane Mode
Blade-tip Mach number (Mtip) 0.69 0.54
Reynolds number (Re) 4.95 · 106 4.50 · 106
Blade pitch angle (θ75) 3◦, 5◦, 10◦, 13◦ 26◦, 27◦, 28◦, 28.8◦

Grid Coarse and Medium Coarse and Medium
Turbulence model k − ω SST k − ω SST
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Figure 3: Effect of the mesh density on the figure of merit (left) and torque coefficient (right)
for the full-scale XV-15 rotor.

Table 5: Predicted and experimental peak FoM for the full-scale XV-15 rotor.

Experiments CFD
Felker [7] Light [9] Betzina [10] Coarse grid Medium grid

FoM 0.788 0.761 0.761 0.776 0.768
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Table 6: Predicted and experimental [11] figure of merit at collective pitch angle of 10◦.

Case FoM Difference [%]
Coarse grid 0.775 1.97%
Medium grid 0.768 1.05%
Experiment (0.760) [15] -
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Figure 4: Comparison of predicted surface pressure coefficient between HMB3 using the
coarse grid and OVERFLOW2 from Kaul et al. [13].
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Figure 5: Blade section thrust coefficient (left) and torque coefficient (right) for the full-scale
XV-15 rotor in helicopter mode.
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Figure 6: Propulsive propeller efficiency and torque coefficient as function of the thrust coef-
ficient for the XV-15 rotor blade in propeller mode configuration.
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(a) Blade pitch angle θ75 = 26o. (b) Blade pitch angle θ75 = 28.8o.

Figure 7: Contours of surface pressure coefficient for the XV-15 rotor blade.

(a) Blade pitch angle θ75 = 26o. (b) Blade pitch angle θ75 = 28.8o.

Figure 8: Wake visualisation of the propeller wake using Q-criterion shaded by contours of
CP at blade pitch angle of θ75 = 26o (left) and θ75 = 28.8o (right).

CT CQ FoM
FT 3◦ 0.00293 0.000249 0.450
TM 3◦ 0.00297 0.000223 0.512
FT 10◦ 0.00906 0.000807 0.756
TM 10◦ 0.00909 0.000803 0.763

Table 7: Comparison of predicted CT , CQ, and FoM at 3◦ and 10◦ collective angles between
the fully-turbulent k − ω SST and transitional model k − ω SST-γ. Conditions employed:
Mtip = 0.69 and Re = 4.95 · 106. FT=Fully-Turbulent; TM=Transitional-Model.
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(a) Radial stations.
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Figure 9: Comparison between the computed skin friction coefficient using a fully turbulent
and transitional model solutions with the experimental data of Wadcock et al. [35]. Conditions
employed: Mtip = 0.69, Re = 4.95 · 106, and θ75 = 3◦.
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Figure 10: Comparison between the computed skin friction coefficient using a fully turbulent
and transitional model solutions with the experimental data of Wadcock et al. [35]. Conditions
employed: Mtip = 0.69, Re = 4.95 · 106, and θ75 = 10◦.

15



(a) Fully turbulent solution, θ75 = 3◦. (b) Transitional model solution, θ75 = 3◦.

(c) Fully turbulent solution, θ75 = 10◦. (d) Transitional model solution, θ75 = 10◦.

Figure 11: Surface skin friction coefficient for the fully turbulent and transitional model cases.
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