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Objectives

AAssess the applicability of an unstructured grid flow solver
FUN3D for Nose Landing Gear configuration

AExamine grid and turbulence modeling sensitivity



Numerical Method

AEquations solved

i Unsteady Reynolds-averaged Navier-Stokes (URANS) equations
Fully unstructured node-based flow solver (FUN3D)

i Turbulence models
I Hybrid RANS/LES model (Ref. Lynch et al. AIAA Paper 2008-3854)

I Modified Delayed Detached Eddy Simulation (MDDES) model
(Ref. Vatsa and Lockard AIAA Paper 2010-4001)

ASpatiaI and temporal discretizations
i R o e 0 sdifferengexsplitting scheme without flux limiter

i Optimized second-order backward difference (BDF20PT) scheme
for temporal discretization: Dual-time stepping with 15 subiterations

ABoundary Conditions
i Constant temperature, no-slip floor & gear
i Inviscid side walls & ceiling

i subsonic inflow/outflow for inlet and exit planes
I Qutlet pressure specified
I Inlet total pressure and temperature specified



Configuration and Flow Conditions

A Re = 73,000 based on post diameter

- Flow code run in fully turbulent mode
A M =0.166




Computational grids

AUnstructured, mixed-element grids using VGRID
ASequence of 3 successively refined grids: 9, 25 and 71
million nodes

ALocally enriched 47 million node grid




Results

ATime step
u 4.92x10% seconds

ANumber of time steps run
i Total : minimum of 80,000 time steps
i Sampling : Minimum of 50,000 time steps

AConvergence Information
i Cp and Cp,,, checked after every 10,000 time steps



Surface Pressure comparisons
(starboard wheel)
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Surface Pressure comparisons
(port wheel transverse cut at 237 °)
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Surface Pressure comparisons at door
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Surface Pressure comparisons at door
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Power Spectral Density Comparisons
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Power Spectral Density
'\@m / Wheel outer (13)
/ Loweram@
Main strut Upper door (3,4)
4 Mid door (10)
Lower drag-link
Upper drag-link ®)
&)
107

Exp. data (BART)
FUN3D-9M-HRLES

FUN3D-25M-HRLES
FUN3D-47M-HRLES
FUN3D-71M-HRLES

IR | ] | |

10?

lJlJl

Exp. data (UFL)
FUN3D-9M-HRLES
FUN3D-25M-HRLES
FUN3D-47M-HRLES
FUN3D-71M-HRLES

llllll

10°

10°

13



Partial view of grid near torque -arm

25 M node grid 47 M node grid
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2-D Turbulence Kinetic Energy
at wheel wake centerline
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