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This Work is Quantifying the Performance
of RKPM Filters for LES
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The objective of this work is to study the use of RKPM ker-
nels for Large Eddy Simulation on unstructured FEM grids.

Filter Requirements:
* Control commutivity error
* Meet realizability conditions
» Treat finite domains with unstructured grids.

DNS Data*
Re, =395
192x192x256

"* DNS data provided by William Cabot, Center for Turbulence
Research Stanford University.



To Minimize Errors Associated with LES,

Filters Must Meet Several Requirements () M
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e Commutivity Errors Must Be Minimized:

[d_\p}zdw_d{l} Y o= ZGi\Ifi

dx | dx dx

* Realizability Conditions for the Turbulent Stress Tensor Must
Be Satisfied:
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* Filter Attenuation Properties Must Be Understood.



The Reproducing Kernel Method Provides
a Natural Framework for LES Filtering
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Commutivity Errors for RKPM-Based
Filters May Be Expressed Analytically
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Commutivity error is defined as:
of of f 0z
=55

Kernel function moments are given as:
Nsup

m= Y (5 )kG (x)

i=1

Spatial derivative of filtered function is:
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Filtered spatial derivative is:
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Commutivity Errors for RKPM-Based
Filters May Be Expressed Analytically
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Yields Commutivity Error in terms of moment derivatives:
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- Consistency to p yields:
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Commutivity Error Converges as:
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Finally, because:



Our Filters Take Advantage of Nodal
Connectivity on an Unstructured Grid
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FAST-RKPM Parent Functions
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Numerical Experiments Confirm O(AxP)
Convergence of Commutivity Error
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Results on uniformly spaced 45

1-D grid showing commu- L (a) BOX/CONSTANT —
tive error (a) distribution for 351 HA%%%%@% -
21 grid points and (b) con- =25 [ HAT/LINEAR
vergence rates. <!
2 S 1.5}
f(x) =1+x+x +x = |
] . 0.5 &
* Uniform moments in N
domain lead to zero com- 035 0707, 06 03 ]
mutivity error. Nonuniform
grid will yield non-zero 10 5 -
errors. oy (b) U\
= p=0
e Variable moments =, T
approaching boundaries 0.1} /\6*\\\ . i
yield errors. p=1 T
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* Errors are O(AxP).
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Amplitude Ratio of the Filter is Modified
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Constant Consistency-Hat Parent Kernel
Produces Filter Satisfying Realizability
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Linear Consistency-Hat Parent Kernel
Produces Filter Satisfying Realizability
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TKE=1/2(11)
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Constant Consistency-Box Parent Kernel
Produces Filter Satisfying Realizability
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TKE=1/2(1)
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Linear Consistency-Box Parent Kernel
Produces Filter Satisfying Realizability
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Change in Consistency Results in Small
Change in Invariants
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Change in Parent Kernel Results in a
Significant Change in the Invariants
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Linear Consistency
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Conclusions e

T~ % ¢ National
. Laboratories

Engineering Sciences Center

* A class of Reproducing Kernel Particle Method Filters for filter-
ing of the LES equations have been implemented for unstruc-
tured grid FEM calculations.

* Commutivity error of these filters can be shown to depend on
the spatial derivatives of the filter moments.

* RKPM controls filter moment derivatives through the repro-
‘ducing conditions, allowing for an arbitrary level of commutiv-
ity accuracy.

* A priori tests demonstrate that for the DNS data used, the
RKPM-based filters satisfy the necessary Realizability condi-
tions.



