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FIOEFD Validation and Software Test Matrix

m Before the release of each version of FIOEFD a suite of
300 test cases are run through the different CAD
embedded versions of the software

m The test matrix ranges from simple 2D tests to industrial
scale 3D benchmarks (see the following slides for a
sample set of FIOEFD validations)

m The validation suite includes many classical CFD
benchmark cases including a wide range of flow
turbulence scenarios and regimes suitable for a General
Purpose CFD code

m The following slides illustrate some of the benchmarks
each FIOEFD release has to meet.
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FIOEFD Validation: Flow in 2D Channels with bilateral
and unilateral expansions (Backward Facing Steps)
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FIOEFD Validation:

Natural Convection in a Square Cavity
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FIOEFD Validation: Couette Flow between
Parallel Flat Plates at Re = 3.4 x 104
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FIOEFD Validation: Flow and Heat Transfer over
a Circular Cylinder for Low Reynolds Numbers
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FIOEFD Validation: Unsteady Vortex Shedding
Flow over a Circular Cylinder at Re=3.7x10>

m Predicted turbulent transient flow | @
velocity fields over a circular E )
cylinder calculated with FIoEFD GeiEE
for different computational o
meshes having:

a) 20 quad cells per diameter,

b) 40 quad cells per diameter,

c) 80 quad cells per diameter, &

d)  Similar real flow shadowgraph from
Driver and Seegmiller (1985)
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Driver, D.M. and Seegmiller, H.L. (1985). rameter
Features of a Reattaching Turbulent Shear Experiment (Driver 10 n/a n/a
Layer in Divergent Channel Flow. AIAA Journal, and Seegmiller 1985) '
Vol. 23, p. 163.
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FIOEFD Validation: Supersonic Flow in a 2-D
Convergent-Divergent Channel

m Classical benchmark of air flow at
inlet M=3 in a 2D (planar)

convergent-divergent channel
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FIOEFD Validation: Smoothing step-shaped velocity profile
by a porous screen of different drag coefficient ( ()
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FIOEFD Validation: Cooling a Pin-Fin Heat Sink Due
to Natural Convection
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Caviatition on a Hydrofoil (1); Quantitative
Comparison
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Caviatition on a Hydrofoil (2); Qualitative

Comparison

Reference

24. Wesley, H.B., Spyros, A.K.: Experimental & Computational Investigation of Sheet Cavitation
on a Hydrofoil. Presented at 2" Joint ASME/JSME Fluid Engineering Conference & ASME/EALA 6th
International Conference on Laser Anemometry. The Westin Resort, Hilton Head Island, SC, USA
August 13-18, 1995
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Combustion of a Premixed Methane/Air Mixture
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FIOEFD Validation:

Flow in a 90°-bend of a 3D square duct
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Flow through a Cone Valve
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Supersonic Flow over a Segmental Conic Body

m  Supersonic air flow at
incident M=1.3 over a i
segmental conic body at M.=17
different attack angles in

the 0...180° range.
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5. Artonkin, V.G., Petrov, K.P., Investigations of aerodynamic characteristics of
segmental conic bodies. TsAGI Proceedings, No. 1361, Moscow, 1971 (in Russian).
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Flow Around the Ahmed Car Body

Absolute
Difference | Difference

Cdexp CdFloEFD
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Dispersed-phase flows (droplets and solid
particles’ trajectories)

Injection of a particle into a Re = 105
uniform fluid flow field: 0,10 Vo =1mis,
Y, m 0,09 analytical solution
Uniform ——» "1 —Vp =1mis,
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0 .
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AIAA Journal, v.14, No.6, 1976.

© 2010 Mentor Graphics Corp. Company Confidential

www.mentor.com

GMSRIRY



Stairmand High Efficiency Gas Cyclone (Non-
isotropic swirling Flows)

Comparison of predicted and measured total pressure
drop for a Stairmand HE cyclone
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Fuel Injector Cavitation
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FIOEFD Validation:
Vortex Combustor Benchmark

Temperature of Fluid [K]

= Modified equilibrium combustion model

approach in FlIoEFD:
— Combustion starts upon mixing (no pre-mixing)
— “Limited Combustion Rate” option when
premixed. Requires the separate simulation of
an igniter to start the combustion simulation
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Sayre A, N. Lallemant, J. Dugue, R. Weber, 1994, Scaling Characteristics of
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