Uniformly\third order schemes for polygonal
yrut TR grids

Cambridge 2012

>
Climate Service Center "‘g‘s

Germany e
2R




Plan of Lecture

A Polygonal griddcosahedrorCut cells

A High and low order grids and basis functsystems
SerendipitySparse grids

A Uniform high order Methods on high order gridzalerkin
L-Galerkin Spectral element8aumgardnefsrid (order 2),
serendipitygrids/function systems

A L-Galerkinwith Serendipity grid
A Some Results




Serendipity
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" . O2: full gridC> Main point$®
Grids: 02 oo s dey

LRV
LT T

3-d, 02:
2*3+3 : (7+2+2)*3=

9:36



Projected Saving by sparse grids order-d8: 3
computer time In units of classical 4D

Ahysics hexagonal: 2/27 or 2/81
Mynamics hexagonal: 12/81

AncludingTimestep simplification:
ASimplified timestepping for dynamics for hexagon:
R*4+10/ 81*4=18/314



Cut CellsTriangulation,higlorder
points, phantom points, diagnostic
points




Polynomial order
A The representation order is the degree of
interpolating polynomials

A Consistency or convergence order may be
higher due to supeconvergence

A If the grid lines up on great circles divergence
can be computed by a combination otil
operators ,




Definition of flux based conservation

schemes
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Simpleexamplein 1-d

(Onlyfor regulargrids
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For Serendipity{Galerkinmethods
point fluxes are betweendnodes

Nodesfor a cey\
] IPD><II

 §  §

Linear Ghode Linear D

nodes Q

Higher order nodes are alwagshodes (continuous)




Spaces and Point Fluxes

A S: Continuous, polynomial in cells
A D: Discontinuous, polynomial in cells

A Functions in Bspace are defined by more
than one Amplitude at each node

A In Triangular/hexagonal grid main nodes
have 6 amplitudes, high order points (on
sides of triangles) have

A Point fluxes for the Galerkinoperator C
are between Enode Amplitudes and
defined such that the field IsIn S




The GalerkinfAiGalerkin Zoo

A Operators usedGalerkinG; i;i . Regularization

R (divRri C;forFi ¢ ); Collocation K

A Simple 3 order L-Galerkin% =divRFFI Cri C

StandardGalerkin %:GdivF;Fl' Cril C

A 2-projecton schemes #. - givrvy 2 = GdivkrGy

2 . M
A 2 step schemes allow conserving schemes fornc
conserving form oéqus



Simple O3

A For simple O3 with regularisation operator an
existing & order finite difference scheme can be
enhanced by high order grid points such that the
resulting scheme is conserving and third order



Numerical properties of different

Table-1:7i

Serendipity Schemes

CFL numbers for different- schemes™
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5 dayforecastsof verticalvelocitiesto
26 Jan 1989

Vertical Velocity (cm/s) Z case Vertical Velocity (cm/s) noZ case
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Temperatures at level 20

1989-01-26-00
Temperature (K) noZ case
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Third Order Convergence of Shallow Water Model at Day 3

Canot Haightdillerences., STP nd6 dd 5o with diffusion (K—~1.12e17 m) Sp T511 di902

hour 72 min - =17 m. max 1.0 m.
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Third Order Convergence of Shallow Wate
Model at Day 3

~ Third order "h error” convergence. Case 6. Day 3. Reference: Spectral model t511.
10° I " " " '

106/ n®

o max h error |







