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ext generation aircraft are re-
quired to hover with heavy pay-

loads and fly fast with great maneuver-
ability. Achievement of significant per-
formance capability in rotorcraft re-
quires advanced concepts such as com-
plex rotor tip shapes and active rotor 
control. The hover condition is a very 
important design consideration because 
it is often a limiting design point in terms 
of power and it represents the true 
value of the helicopter. 

Accurate prediction of hover perfor-
mance parameters such as thrust, 
torque and efficiency to confidently de-
sign rotor blades means that relevant 
physics are properly captured. A good 
hover prediction tool thus characterizes 
the details of the hover simulation in-
cluding distributed blade loads, wake 
trajectories, and vortex strength. Estab-
lishing confidence in an analysis tool re-
quires a benchmark from a high-quality, 
controlled experiment. 

NASA and the US Army have teamed to 
provide the hover prediction commu-
nity with the much needed experi-
mental data. The test is scheduled in the 
second semester of 2020 at the National 
Full-Scale Aerodynamics Complex.  

The Hover Prediction Steering Commit-
tee invites rotor performance prediction 
enthusiasts to participate in a “blind cal-
culations” of upcoming hover tests. Par-

ticipants are encouraged to share results by submitting papers to the 2021 AIAA 
SciTech Forum and Exposition in Nashville, Tennessee. 

GEOMETRY 
The subject model-scale rotor is the Hover Validation and Acoustic Baseline 
(HVAB) rotor. The rotor description is in Table 1 and features a swept tapered 
tip, -14-degree linear twist, and solidity of 0.1033. The planform is shown in 
Figure 1 along with the distribution of RC-series airfoils. Geometry and surface 
grids for structured and unstructured computing are available on the hover pre-
diction website (https://aiaahover.wixsite.com/website-6). Also included are 
blades with aeroelastic wind up and coning. Volume grids are available upon 
request. 

Participants may choose to simulate the rotor in the NFAC facility or in the pres-
ence of the test stand. The rotor will be nominally placed at the center height 
(±2 ft), but the final location has not been determined (it depends on the final 
height of the interface hardware). A description of the NFAC test section, test 
stand and geometric surfaces are available on the hover prediction website. 
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TABLE 1: ROTOR PROPERTIES AND OPERATING CONDITIONS. 

Blade Number 4 
Radius 66.5 in 
Solidity 0.1033 
Reference Chord 5.45 in 
Tip Chord 3.27 in 
Tip Sweep 30 deg at 95% R 
Flap Hinge 3.5 in 
Rotor Speed 1250 RPM 
Tip Mach Number 0.65 @ SLS 

 

 

FIGURE 1: HVAB ROTOR PLATFORM 



 
 

 
 

CONDITIONS 
Calculations should be performed for a 
tip Mach number of 0.65 assuming 
standard day sea level conditions. To al-
low for direct comparison to experi-
mental data and with other's results it is 
recommended that the investigators 
cover the range of collective angles from 
6 to 10 degrees. Expected coning and lag 
angles (built into the aeroelastically de-
formed blades) are reported in the table 
below. 

75 Cone Lag 

6° 1.804° 3.007° 

8° 2.694° 4.525° 

10° 3.706° 6.826° 

PRESENTATION OF RESULTS 
The following results should be pro-
vided as part of your study for compari-
sons to experimental data and across 
different prediction tools, 

 Plots of CT/ and CQ versus col-
lective pitch, CT/ versus CQ and 
Figure of Merit versus CT/. 

 Plots of thrust and torque distri-
butions as a function of radial po-
sition. 

 Plots of pressure coefficient, Cp, 
versus x/c at the following radial 
stations, (r/R): 0.400, 0.600, 
0.675, 0.750, 0.825, 0.875, 0.90, 
0.930, 0.955, 0.973, 0.990.  

 Plot of tip vortex trajectory as a 
function of wake age and dis-
tance below the center of the 
blade tip trailing edge. 

 Plots of tip vortex core circulation 
as a function of wake age. 
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c Local chord  Q Torque 

cref, Reference chord  r Radial position 

CQ Torque coefficient  R Radius 

CT Thrust coefficient  t Sectional thrust 

FM Figure of merit  T Thrust 

dQ Distributed torque  Vtip Tip speed 

dT Distributed thrust  ∞ Free stream density 

P Pressure   Solidity 

P∞ Free stream pressure   Rotor speed 
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