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MnaH nekuuun j /
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BBepeHue

®opmanuam Hamby B Knaccuyeckor mexaHmke (Nambu 1973);
ypaBHEHUA dUnepa ABUKeHua cBob6oaHOro Tsepaoro Tena

YpaBHeHuAa Ttuna Hamby panAa yCTaHOBUBLUUXCA TpeXMEPHbIX
TeYeHUU naeanbHOU KUAKOCTU

—

dopmanuam Hamby pna HecKMMaeMblX ABYMEPHbIX U
TPeXMepHbIX TeYeHUN }KUAKOCTU C UCNOSIb30BaHUEM SHCTpodUU
U cnupanbHocTu, cootsetctBeHHO (Névir and Blender 1993) :

o BapoTponHble TeyeHUA BpaLWAOWENCA CKUMaemMmoun
F
XUAKOCTH

-

= YpaBHeHuA ruapoauHamuKkun B npubaunkeHmun byccmHecka B
3D u 2D cay4yasax

= YpaBHEHUA MAarHUTHOM FTMAPOANHAMUKHN

e
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Towards a consistent numerical compressible
nonhydrostatic model using generalized Hamiltonian
tools

Almut Gassmann™ and Hans-Joachim Herzog®

*Max FPlanck Institute for Meteorology, Hamburg, Germany
b Deutscher Wetterdienst, Potsdam, Germany

Abstract: A set of compressible nonhydrostatic equations for a turbulence-averaged model atmosphere comprising
dry air and water in three phases plus precipitating fluxes is presented, in which common approximations are
introduced in such a way that no inconsistencies occur in the associated budget equations for energy, mass and
Ertel’s potential vorticity. These conservation properties are a prerequisite for any climate simulation or NWP
model.

It is shown that a Poisson bracket form for the ideal Huid part of the full-physics equation set can be found, while
turbulent friction and diabatic heating are added as separate 'dissipative’ terms. This Poisson bracket is represented
as a sum of a two-fold antisymmetric triple bracket (a Nambu bracket represented as helicity bracket) plus two
antisymmetric brackets (so-called mass- and thermodynamic bracket of the Poisson type).

The advantage of this approach is that the given conservation properties and the structure of the brackets provide
a good strategy for the construction of their discrete analogues. It is shown how discrete brackets are constructed to
retain their antisymmetric properties throughout the spatial discretisation process, and a method is demonstrated
how the time scheme can also be incorporated in this philosophy.
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dopmynuposka Hamby (Nambu 1973) ypaBHeHuu/
dunepa aBuxKeHna csobogHoro TBepaoro Tena
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YpaBHeHusa Tuna Hamby ana ycraHoBUBLUMXCA /
TpexmepHbIX Te4YeHU naeanbHoOU Hecmumaemof
J
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Tpaccepbl U PYHKLMU TOKA ANA ycrauosusmerocn./ /
TPEeXMepPHOro Te4YeHUA UAeanbHOM XKUAKOCTU /-

D _ _ D __ _ _ é

/ Dta_vD]]a—O Dt,B_v[I]],B—O Ol(pv)=0 \l‘[

HekaHoHM4YecKkoe npeacTaBreHune: pv:¢(a,,8)(|]ax|],3) ¢(a,,8)=? |
[[))tyEvEIDy:F(X) pvidy=¢(a,B)(Dax0B)0y L "

- [ .

V= (Dax0B)
(DaxOp)my G/
B +df = const
B = const

A
? /l/ [/(x+ do= const

l/
o, = const o= const

Cxema NnMHUN TOKa KaK nepece4veHun a, 5, W¥,... usonosepxHocten. Tpybka Toka (a, ) .



OnpeneneHne «abcontOTHON CKOPOCTUY Mopcuux/
TeyeHunm f

s
Tepema 3pTena o BUXPAX [[))(w [ﬂ](ﬂ D¢M+m [I]](IIDD(’UJ W(l'l
t

(Ertel 1942) .

- }
e 5 :
(I Y=p 7”,0 =0
Dt .
_ D 3 oxOp _ Op
mn ¢=N, m(wa D]]I'Ip)—DI'Ipr 02 =_,02 [QDprnp)

k s Y ..a‘ 'III
- . &
YcraHoBuBlweecs v (DM, = —E ujmpx an) a=p, =N, y=M; .
TeuyeHue XNOKOCTHU: & 0 p

. 4
_ DLPZJDDPXDH’) ( ) Needler 1985
_Dnn Mpex0, Hpx UM, Kurgansky, Budillon, Salusti 2002 j\

\ ” Y.




[1BymepHble ypaBHeHMA dnuaepa (I'aMManOHOij/
dopmanusm ) :

[ o€ =37 ) ¢=0%

>

sweprw: =, (Awfdo=-"[ysdo=inv

OH :—;j(awm%,a +¢/|]2540)d0: -y do=-[poldo -y = ?Z{
Ckobka JIln-llyaccoHa (cMm. Sophus Lie)
P r——
A c: {#.c}=0
AHHyNnATOpbI CKOOOK [lyaccoHa, wnu ' :
dyHKUumMoHanbl (MHBapuaHTbl) Kasumwupa, dC
Unu Kasmmmpbl (cm. Hendrik Casimir) {C’ }[} 0 = E =0
d , .
cl¢l=[t(¢)da dfz—j(J(f( jd —j {)do=0 5l

\_
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MpaKTuueckne npumeHeHuaA: AKobumaH ApaKaBbw

(Arakawa 1966; cm. Takxe Salmon 2005, 2007) A
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MpakTuueckue npmmeHeHUa: AKobmaH ApaKkas
(Arakawa 1966; cm. Takxe Salmon 2005, 2007)
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TpexmepHble ypaBHeHuA dunepa (bopmanusm
Hamby; Névir & Blender 1993)
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CnupanbHocTb (Moffatt, 1969)

YpaBHeHue 6anaHca cnupanbHoctu (Hide, 1989; KypraHckuia, 1989)
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YparaH Katrina okono nuka ero cunbl 28 aBrycta 2005;
Kateropusa 5 SSHS (Suffir-Simpson Hurricane Scale)
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«JHepro-BMxpeBana Teopua» naeajabHom mexaHm

Xunagkoctu (cp. Névir & Sommer 2009)
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YpaBHEeHUA MarHUTHOM rMAPOANHAMUKHU /f /
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YpaBHEHMUA MarHUTHOM FTMAPOANHAMUKMU /f 7/
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3aknounTeNbHble 3amevyaHus No nocsieaHemu qacn/

nekuymnu ,f.g
e Gopmanuam Hamby pacnpoctpaHeH Ha ypaBHeHMA  byccuHecKa
(TpexmepHbie n gBymepHbie) U HA UAEaNIbHYI0O MarHUTHYIO TMAPOAUHaAMMU. B
ypaBHeHuAX BbyccMHecKa CKanapHaa naasyyectb b ABnAeTcA Tpaccepom; B
naeanibHOM MarHUTOrMAPOAMHAMMKE MArHUTHoe none B «BmopoXeHo» B
ABUXXEHUe XXUAKOCTU. |

 [lpepnokeHbl ABa MeToAa MNOCTPoeHUA CKO6ok Hamby. MMepBbi meTop,
UCNONb3YeT 3HEpPruio U Apyrme UMMelowmeca WHTerpaabl ABUMXKEHUA.
Monyyalowanca KOHCTPYKUMUA Ha3BaHa CKobkoir Hamby nepsoro popaa.
BTtopoir meToa  MCNOAb3yeT HApAAY C  MUHTErpaZiom  3Hepruu
HecoxpaHAawWwMeca BeNAUUYUHbl (Hanp. cNUpPanbHOCTb U 3HCTpodUA) Kak '
KOHCTPYKLMOHHbIE 3/1EMEHTbI ANA NOCTPoeHUuAa CKob6ok Hamby BToporo poaa. »

* YCTaHOB/NIEHO Mepapxuyeckoe COOTHOLIEeHUe mexay CcKobkamu Hamby ,
nepsoro M BTOPOro poAa M cooTBeTcTBylouWeid cKobkou [lyaccoHa no |
oTHoweHwuo K npeaeny b—-0un B — 0. KOHCTPYKUMOHHDbIE 3/1IeMeHTbl CKOBOK
Hamby BTOpOro poga CTaHOBATCA COXPaHAIOWUMUCA BeAUYMHAMU U
onpeaenaloT cKobky Hamby nepsoro poga. B ckobkax Hamby nepsoro poaa
BCE UHTErpanbl ABUXKEHUA KPOME SHEPrnm UcYe3aloT U 3TU CKOBKu cao.qmcn |
K cKobkam lMyaccoHa. NB Il = NBIl = PB
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