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A NASA NRA NNXO7AB34A:

High Fidelity CFD Analysis and Validation of Rotorcraft Gearbox
Aerodynamics Under Operational and Oil-Out Conditions
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A Gearbox windage losses:
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Power losses due to rotational
deceleration torques exerted by
aerodynamic forces (pressure and
VISCOUS) on gears

Give rise to significant heating and
fuel consumption for rotorcraft and
other military aircraft.

A Rotorcraft:
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Weight + packaging constraints

C smaller, lower torque, but higher
rotational speed designs

C windage losses becomes
dominant over other gearbox losses
(rolling/sliding and lubrication
losses)

&> Boeing CH-47

Chinook
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A Practical relevance:

1.

Consumes upwards of 3% of
transmitted power (@150-200 kW
for V-22 , CH-47).

C Significant implications for
onboard oil cooling requirements
C Reduced range and standby
military readiness

Rotorcraft platform survivability
under oil-out conditions

C Exacerbated by windage losses
manifested as added heating to
critically thermally stressed
systems




. Compressible flow (M
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A Very complex physics for CFD analysis:
. Contact dynamics + relative motion
. Complex gearbox geometries

Multiphase flow (disperse [droplets], continuous [films])
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. Turbulence € modeling challenges: rotating, highly unsteady
. All modes of heat transfer
. Viscous dissipation, often negle

C turbulence momentum and heat transfer modeling implications

A Paucity of validation data
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A Deploy five, modern components of CFD technology:
Integration of unstructured, arbitrary polyhedral meshes and
overset moving mesh technology.

Multiphase, 2 flow regime (droplet+film) modeling for oil flows
Integration of radiation, conduction, free/forced convection
Sublayer resolved hybrid RANS/LES

Immersed Boundary Methods
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A NPHASE-PSU Code:

Developed at Penn State ARL

Overset + unstructured + moving + arbitrary polyhedral meshes
(face based, cell centered)

N-fluid multiphase with deposition, atomization, drag,

dispersion and other relevant models

Incompressible through supersonic

Free/forced convection, conduction, conjugate heating, radiation
Parallel (MPI, matrix level)

Turbulence modeling (2, 4, 7-equation, DES)

2nd-3rd grder discretization
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A Scalar transport equation:
. Moving grid in context of finite volume
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Absolute frame of Velocity of control
reference velocity at volume face
control volume face

Exact satisfaction of Geometric Conservation law (GCL)
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A High fidelity 3D meshes, sublayer resolved and wall-
function resolutions
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_ Original H-topology
C striping

Views of the 16.8x10° cell mesh for 32 tooth spur gear.




