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The threefold aim of this talk:

a) highlight the progress with the development of a
nonhydrostatic, soundproof, unstructured-mesh model for
atmospheric flows;

b) assess the accuracy of unstructured-mesh discretization
relative to established structured-grid methods for wave dynamics;

c) address relative merits of anelastic and pseudo-
Incompressible PDEs =» implications for soundproof versus

fully compressible PDEs

*The National Center for Atmospheric Research is supported by the National Science Foundation



Unstructured-mesh framework for N\

: NCAR
atmospheric flows
Smolarkiewicz O Szmelter, pubs in JCP, IINMF,Comp. Fluids, 2005-2011

» Differential manifolds formulation % + V. (V®) =GR V(x,t) == Gk

* Finite-volume NFT numerics with a fully unstructured spatial
discretization, heritage of EULAG and its predecessors

&1 = A;(®" + 056t R, V™2, G) + 050t R}

* Focus (so far) on wave phenomena across a range of scales
and Mach, Froude & Rossby numbers



The median-dual edge-based discretisation
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Dual mesh, finite volumes
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, Comp. Fluids, 2011
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Nonhydrostatic Boussinesqg mountain wave
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d-proof modéel

A global hydrostatic soun
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h, =81\,

Fr=0.5

Ro =1 Ho=1

Smith, Advances in Geophys 1979; Hunt, Olafsson & Bougeault, QJR 2001
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Soundproof generalizations NCAR

Smolarkiewicz & Szmelter, Acta Geophysica, 2011

Do’ Dv o’
V-(p'v) = =-v-V — =—-0OVp' — gV —
(pv)=0, Di v-VE,, Di OVop ng

For [anelastic, pseudo-incompressible]:

0" = [p, pO/6,): © = [1, 6/6,]: and Y = [1, 6/6,]

6" = 6-6, ¢ = [(p—pe)/p, cp(1t — 11¢)6]
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Numerics: ﬁ
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Non-Boussinesg amplification and breaking

of deep stratospheric gravity wave

Isothermal reference
profiles ; Hy=3.5H,

NL/U,=1, Fr=1.6;
Ao =21tkm H, =
A(H/2)=10h, = A,

EULAG “reference” solution
using terrain-following =>»
coordinates

Prusa et al., JAS 1996;
Smolarkiewicz & Margolin, Atmos. Ocean,1997;
Klein, Ann. Rev. Fluid Dyn., 2010
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unstructured-mesh “EULAG” solution, using mesh (left) mimicking
terrain-following coordinates, and (right) a fully unstructured mesh
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He H, (RE:Achatz etal., JFM, 2010)
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Table 1: Normahized vorticity: maxumum, mummum, mean and standard deviation.

egs. numerics max(w) min(w) @ (w — )3 "
PSI CV/grid  0.17 021 16-10% 33-1072
ANL CVi/gnd [027 041] 64-107 35-1072
PSI CV/mesh 028 024 20-10% 37-1072
ANL CV/mesh [024 036 95-10° 3.6-107
PSI  SL/grid  0.28 030 21-10% 31-1072
ANL  SL/gnd 0.18 024 7.2-107°  3.0-1072
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Conclusions: NCAR

Unstructured-mesh discretization can sustain the accuracy of
structured-grid discretization while providing full flexibility in spatial
resolution.

Soundproof models are effective for a broad range of
atmospheric flows and have numerical advantages over fully
compressible models.



