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T'A30IUHAMIKA
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Glushkov A.V., Khetselius O.Yu., Stepanenko S.N.,
Sofronkov A.N., Svinarenko A.A., Buyadzhi V.V.
Odessa State Environmental University
E-mail: buyadzhivv@gmail.com

New energy, angle momentum and entropy balance approach to modelling
climate and macroturbulent atmospheric dynamics, heat and mass transfer
at macroscale. Il. Computational algorithm

A new non-stationary balance approach to modelling global mechanisms of climate and
macro turbulent atmospheric low-frequency processes, including processes of heat-mass
transfer at spatial and temporal macro scales, is based on the balance relationships for en-
tropy, energy and angular momentum, spectral theory of atmospheric macroturbulence, at-
mospheric moisture flow in further connection with the continuity of atmospheric circulation
forms (teleconnection, genesis of fronts). This article gives a detailed description of the com-
putational algorithm (block diagram) of balance approach with emphasis on modeling
macroturbulent, circulation low-frequency processes, calculating the balance of the atmos-
phere angular momentum etc.

Kew words: macro turbulent atmospheric processes, heat-mass transfer

Introduction. The quantitative study of global mechanisms in atmospheric
low-frequency processes, teleconnection effects etc attracts a fundamental interest in
a modern physics of climate and heat-and mass transfer in complex aerodispersed
(atmospheric) systems [1-10]. Nowdays there are popular such methods of descrip-
tion macro- and micro- turbulent processes in atmosphere such as Modele lagrangien
de dispersion de particules d’ordre, Numerical atmospheric-dispersion models, Re-
gional atmospheric transport model, model of the European Center for Meium-Range
Weather Forecasts and others [1-15]. Despite the presence of sufficiently correct and
consistent approaches to global atmospheric processes, the heat-and mass transfer
processes in an atmosphere, macromodelling dispersion of the pollutants in an at-
mosphere there are remained very actual and hitherto unsolved problems. Earlier we
developed a new non-stationary balance approach to modelling global mechanisms of
climate and macro turbulent atmospheric low-frequency processes, including pro-
cesses of heat-mass transfer at spatial and temporal macro scales, teleconnection ef-
fects (c.g. [16-19]). It is based on the using balance relationships for the angular
momentum of the Earth (atmosphere) as well as an entropy, energy and, spectral the-
ory of atmospheric macroturbulence, atmospheric moisture flow in further connection
with the continuity of atmospheric circulation forms. Here we present the detailed de-
scription of the computational algorithm or the advanced non-stationary balance ap-
proach with accounting for the macro turbulent, circulation low-frequency processes.

1. Advanced angle momentum balance approach and spectral analogue of
atmosphere dynamics equations in a low-frequency range. As some elements of

DOI: http://dx.doi.org/10.18524/0367-1631.2019.57.191958
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our theory were in details presented earlier [16-19], we are limited only by the key
aspects. An advanced non-stationary angular momentum balance equation of in the

planetary dynamic movements of air masses is Written as follows:
o H 21

—ijdV H_[vadq)dzdx+_[_” pL — acos¢dzd¢dk+—

%00 0 ¢y 0

(1)

oy 2 H

+[ [ [roacospdoda.2n,
¢ 00

where M = Qa’cose + uacose — angular momentum; © — the angular velocity of rota-
tion of the Earth; a — radius of the Earth; ¢ — Latitude (¢; — ¢, — Separated latitudinal
belt between the Arctic and polar fronts); A — longitude; u, v — zonal and meridional
components of the wind velocity; p — air density; V — the entire volume of the atmos-
phere in this latitude belt from sea level to the average height of the elevated tropo-

sphere waveguide — H (in notations [1] H = «); pE — the pressure difference be-
tween the eastern and western slopes of the i-th mountalns, z — height above sea level,
To — the shear stress on the surface.

It should be noted [1] that the cycle of balance of angular momentum in the con-
tact zones with the hydrosphere and lithosphere of the Earth becomes a singularity,
which is usually detected through the occurrence of zones of fronts and soliton-type
front. Then the kernel of equation (1) can be defined in the density functional ensem-
ble of complex velocity potential [16, 17]:

— 1 1 & Me*
f=vz+—SgIn(z-a)+—> 2k _ 2
VwZ+2n§qk n(z ak)+2nk2; — ZRZF In(z (2)

and the corresponding complex velocity (c.g. [1, 2]). Here where f complex potential,

— complex velocity general circulation background (mainly zonal circulation); by —
coordinates of vortex sources in the area of singularity; cx — coordinates of the dipoles
in the area of singularity; ax — coordinates of the vortex points in areas of singularity;
My — values of momenta of these dipoles;ay — orientation of the axes of the dipoles;
Ik, gk — values of circulation in the vortex sources and vortex points, respectively.

The detailed description of different methods of choice the parameters sets for
some synoptical situations is presented in Refs. [17-19]. Regarding the physical
mechanism of the angular momentum transfer, nn the known balance scheme by Oort
[1] the Hadley circulation cell in angular momentum in the north part runs into a zone
of the Arctic front, and at the time of the lithosphere it is included in the coverage of
the polar front. Convergence of these atmospheric fronts could then close the cycle of
atmospheric angular momentum balance in the same frequency range of atmospheric
fluctuations without giving effect by an ocean and the lithosphere. The Hadley tropi-
cal cell carries teleconnection of the polar front with southern process by means of
the link mechanism which is similar to link between the tropical and polar fronts or
the Hadley tropical cell with a cell Hadley of temperate latitudes. The balance of an-
gular momentum in conditions of the close convergence of the Arctic and Polar fronts
over the ocean is largely respected by centrifugal "pull™ moisture along the front sec-
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tion of the polar front to south of a center of the cyclonic-depressive these. The
physical features of the atmospheric ventilation predetermine the necessary modifica-
tion of the Arakawa-Schubert model [15]. The model includes the budget equations
for mass, moist static energy, total water content plus the equations of motion. In [15]
it is also defined a cloud work function which is an integral measure of the buoyancy
force in the clouds. If 4 is work of a convective cloud then it consists of a convection
work and work of down falling streams in the neighbourhood of a cloud [17,18]:
kmax

[ m@)KOLAYdY, (3

0

Here A is a velocity of involvement, mg(X) is an air mass flux, K(A, A”) is the

Arakawa-Schubert integral equation kernel, which determines the dynamical interac-
tion between the neighbours clouds (c.g., the definition of K(A, 1”) in Refs. [15, 17]).
If

dA/dt =d A/dt_, +dA/dt,, . ,dA/dt

downstr ? downstr —

dA -F (x),kirx K (A,A")mg (1")dA"+ F(A)=0. (4)

dt downstr. 0
Is an mass balance equation in the convective element (thermal), then one writes [9]:

My(1) = F()+B | myIK(1,2)dR (5)

0

Here B is parameter which determines disbalance of cloud work due to the return of
part of the cloud energy to the organization of a wind field in their vicinity, and bal-
ance regulating its contribution to synoptic processes. Solution of (5) with accounting
for air stream superposition of synoptic processes is given by resolvent method [19]:

M () =F () +B | FSIT(hsip)ds, ©)

where resolvent I" can be presented as follows:

T'(x,s:B) ZB K, (A s)i_ K, (x,8)=
. : (7)
j j K (t,t,)... K (t, 5,5)dtdt,...dt,

The key idea [17,19] IS to determine a resolvent as an expansion to the Laurent
series in complex plane £. Representation for resolvent is given by the Fourier ex-
pansion:

0

=2 6(6-a), (8)

N=-—o0

_ 1 f(c)dg
H n+l
2ml lof=1 (Q - a)
where a is centre of convergence ring of the Laurent series.

(9)
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2. A total spectral analogue for atmospheric dynamics equation of motion.
Earlier we derived and studied the simplified form of equation of motion for atmos-
pheric dynamics in the low frequency limit [17-19]. The method for calculating a tur-
bulence spectra should be based on the standard tensor equations of turbulent ten-
sions. As usually, it is convenient to partition velocity u(vy,vy,w)=(U,V,W), pressure
p, temperature @ into equilibrium and departures from equilibrium values (for ex-
ample: p=p,+p’etc). The total system includes equations for the Reynolds tensions,
moments of connection of the velocity pulsations with entropy ones and the corre-
sponding closure equations. The technique of using Reynolds tension tensors of the
second rank is well known (for example, in the form of an analytical representation).
The circuit equations with accounting the Coriolis force can be rewritten as [18]:

VT =—1[WL1(\7)+ 2\7V1_1(V’)+V’2L1(V’)}——[L (VVUT +
ot a (10a)
+VUL, (V') ++UVL,(V)+VUL (V')]+4oicosV " +§VL6(®,) ,

aU,2 - \/1 1’ I Vi ' T ' '
- =—é[vu L, (0)+VUL (U")+0VL,(U)+VUL(U") |- o
—é[lFL‘l (U)+20Ut,(U’')+U"L,(U’)]-4oicosbU +%U L (@),

avatU':—Zla[V'ng( J)+ VL (U +V 7L (U7 |-
—Z—[VU L,(0)+0VL, (U")++VUL, (U7)+VUL,U") |+ (10c)

a

UL (V) +VUL (V) |
where L, :L".)—(—l)jLa( )+b ;Ctg8(...), bj=1,j=1,4;b=-1,j =2, 3; b;=0,

+ivL6(cD')Zla[U'ZLz(\?)MUULZ(U')}ZLa[WLl(V)+UVL1(V’)+]

00 sin o\
J=5, 6. The velocity’s correlates are determined as follows [2]:
duu.  duu.  Auu,
uuuy = —ba, | — i Ul | Ul , (11a)
OX, OX; OX;
00 ou.0 2
Uu’e’=—b, Uy | M, ;U0 =—bi, i (11b)
OX; OX, OX;
AL Rryy: S ) (11c)
OX. 3l 3 0,
~6u, — U ou;
ol Hi, M =—£(uu N, b] vop?| M Ml (g10)
oX;  OX 3l 3 oX; O

Here ¢, 13, A; are constants which define the scales of turbulent vortexes and
measure of their influence on an averaged motion and atmosphere turbulence anisot-

107



®disuka aepomucrepcaux cucreM. — 2019. — Ne 57. — C. 104-113

ropy [17]. Components of tensor of the turbulent tensions are (spectral modes of ve-
locity field):

k=1 s=—k g=1 j=—q
(12)
k,q,v__k,q,v v N, 2
_Zzzzvk qu j % Z G112 GSJS+JT25+J Vlvl_b
k=1 s=—k g=1 j=—q v=lk—q|

where T, are the vector-tensor spherical functions (c.g. [19,20]). An effective ap-

proach to determination of the atmospheric flow velocity is given by plane complex
field method in a full analogy with the known Karman vortices chain model [17]:

I T 1 . (13
VXY =g Zﬂi[C—CO+k§1(C—C0—k|+C—CO+k|H olc[zrk'”(C bk)} &)

Here I'y — circulation on the vortex elements, created by clouds, by — co-ordinates
of these elements, I" — circulation on the standard Karman chain vortices of, | — dis-
tance between standard vortices of the Karman chain, £ — co-ordinate of the convec-
tive perturbations line (or front divider) centre, {, — kl — co-ordinate of beginning of
the convective perturbation line, Cy+kl — co-ordinate of end of this line. It is very im-
portant to note that equating the velocity components determined in the global circu-
lation model and plane complex field theory, one could find the spectral matching be-
tween the wave numbers that define the functional elements in the Fourier-Bessel se-
ries with the source element of a plane field theory. As usually, it is worth to remind
that any vector field u can be separated into rotational and divergent parts, i.e., u =
Vv + U (the Helmholtz’s theorem). If the vector field is a horizontal wind, one can
define a current function v, to express the rotational part, and a velocity potential f, to
express the divergent part. Usually these parameters are of a practical interest in ap-
plied analysis of the global atmospheric ventilation [1, 2, 5, 6, 18].

Flowchart of the computational algorithm of the balance approach. In Table 1

we list a flowchart (block-scheme) of the computational algorithm of the developed
balance approach to modelling the global mechanisms of climate and macroturbulent
atmospheric low-frequency processes, including processes of heat-mass transfer at
spatial and temporal macro scales, teleconnection and front-genesis effects.
The approach is based on the energy, angular momentum balance relationships for
the global atmospheric macroturbulent low-frequency processes, link of tropospheric
waveguides with atmospheric moisture circulation and, accordingly, with the shape
of atmospheric circulation over the position of the front sections of (atmospheric
fronts as the main drives moisture). The results of calculating the balance of angular
momentum, atmospheric circulation in link with continuity of atmospheric circulation
forms will be presented in the next paper for a whole region of Pacific ocean.
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Table 1
Flowchart of calculating height variation of an elevated tropospheric waveguide, the bal-

ance of the angular momentum, the macroturbulence factor, field of current function of the
wind flows conjugated to this process

The parameterization block of the geopotential field by vortex and mass
sources; input of geographical coordinates

\: \: \:
input of complex coordinates | input of complex coordinates | input of the function of param-
of the vortex sources of the mass sources eterizing the fronts
v v v

Input of magnitudes Input of magnitudes of Fractional-linear conformal transformation

of abundances of vor-| | dipole moments and their || of the parametrization function of the front to
tex sources orientation angles the real configuration
¥ v v

Calculation of the parametrizing function Calculation of potential maps and

] r 1 © 1 current functions, construction of
V-1V, = 2_11:{&— £ + ;[é_ £ K + ___ | isolines, comparative analysis, cor-

rection of function parameters Vy —

N 1 +12Fk In(g—bk)+ix (1) +— iVy, repeqted_calculatlon after cor-
E—E,+k de & 27 rection if necessary, etc.
<t c ol
X +)> M, exp————
{;z_ak kz ‘ (z—ck)z}
¢ A 4

Isolation of the pulsation component in the field V, — iVy by the method of expansion into Lau-

rent series in the ring of convergence and Fourier on the boundary of the ring (the field is closed
by rings of convergence)

v v
Substituting pulsation component into Eqs (10) Computing hydrodynamic pressure
EYIVE i e S and torque of hydro-dynamic pressure
a2l L (0)+ 2V VLUV LU - forces for planar projection:

Averaging by the operation of a re-expansion into R=X-1Y =ipl'v,;
Fourier-Laurent series. A significant deviation from m
L=Re| —pv, Y Lib —ipMv,

Y

geostrophicity due to turbulence sets the temperature
background of the thermal wind. k=1

# A\ 4

Visual correction on the monitor by mapping the connection of the macro turbulence factor
with the moment of hydrodynamic pressures. Iterative multiple reconciliation of both factors by
correcting the vortex and mass sources
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! !

The solution of the integral equation (1) The Arakawa-Schubert model:
) b(t) dg compilation of parameters
Is reducible to a(t)¢(t)+2—nc_f>¢(§)a+ M (Z)=Hm3n(2,l)dl,
K (t = f(t T e
+<ﬁ ( ,ib)(tbgé)d& (t) (3) by operator I Kimy (W) 2+ F =0.
t dg 0
a(t)w(t)+2—n95m(i)a (4) and Resolvent Solution of the SLAE, SDE:
N(A) = Nmax = H, AH
(%,5,B) ZB"‘ Ky (MA,s) (7) R-waveguide height

,, l

Subblock of the census of equation | [ Action of the operator (4) ac- || Calculation of resolvent

(1) to special form by the residues | [cording to Eq.(3) with the aim (7). The translation of
theory method of reducing Eqg. (3) to the resolvent to the form of a

Fredholm equation record of type (1)

A 4 A\ 4 \ 4

Analysis through mapping a resolvent (7) to detect areas of balance imbalance, Eq (1); these
zones are analyzed for excess of mass, reeduced to rotation in a different latitude belt

A 4

Elimination of the imbalance by introduction to a field of the resolvent of vortex structures, vor-

tex & mass sources: (~)—{ ! } o~ —[1‘ In(&-h,)]; (~) qk +(~)M exp ol

& ao ( _Ck)
The location of vortex elements and their fractional-linear conformal transformatlon in a field of
resolvent (7) is performed by pointing detected poles in resolvent function. All together shows
movement of a frontal section and the change in the form of circulation.

A 4

Calculation of angular momentum, v, f, Uz , density gradient; estimate of height variation of
radiowaveguide from displacement of the zones of frontogenesis;
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I'nywrkoe O.B., Xeyeniyc O.10., Cmenanenxo C.M.,
Cogpponroe O.H., Ceunapenxo A.A., Bysaoowcu B.B.

Hosuii 0aj1ancoBUil 110 eHTPOIiI, eHepril i KyToOBOMY MOMEHTY MiJXiJx 10
MOJEJIOBAHHSA KJIIMATy Ta MAKPOTYPOYJEHTHOI IMHAMIKHN aTMoc(epH,
TeII0-Maco-nepeHocy B makpomaciuraoi. Il. Komn’rorepunii aaropurm

AHOTAIIA

Hoeuii 6anancosuti nioxio 00 M00ent08aHHs 2100ANbHUX MEeXAHI3MIE KIIMAMUYHUX | MaK-
POMYpOYIeHMHUX AMMOCHEPHUX HUZLKOUACMOMHUX NPOYECi8, Y M. 4., NPOYecie menio-maco-
neperocy , eqpekmie meneKoHHeKyii mowjo, 6a3zyemvpcs Ha UKOPUCMAHHT OAIAHCOBUX CNIBBIO-
HOWleHb N0 eHMpOnii, eHepeii i Kymosomy MOMeHmy, CNeKmpaibHill meopii ammocgeproi
MAaKkpomypOyieHmHoCcmi i 801020-000pomy y 363Ky i3 HacmynHicmio gopm ammocgepHoi
yupkynsayii (menekonnexyis, eenezuc gpoumis). ¥ yiti cmammi 0ano 0emanbHuil onuc Kom-
n'tomeprozo anecopummy (610K-cxemu) niOX00y 3 AKYEHMOM HA MOOETO8AHHS MAKPOMYpOy-
JIEHMHUX, YUPKVIAYTUHUX NPOYeci8, 6anancy Kymogozo momenmy mowjo. Memoo demoncmpye
OCHOBY MO020 HOB8020 HANpsaAMY y (izuyi ammocghepu i meopii kiimamy, 30kpema, 00820CmMpo-
KOBUX i HAO 00820CMPOKOBUX NPOSHO318, AKUL 8 OAHUU YdC CMA€E OOMIHYIOYUM. V npakmuy-
HOMY NAAHI CYMb MOOENI08AHHA MAKOXC HAYINeHA HA 8UABNIEHHA MA anpobayit HO8UX npeou-
KMopie 0151 00820CMPOKOBUX NPOSHO3i8 OuHamiku ammoc@eproi (knimamuynoi) cucmemu.
Hoemvcs npo adanmayito moougixosanoi  meopii MaxpomypoyieHmHocmi cmocosHo 00
ammocgepHux padioxeune6o0ie 3 Memoro ix MOMCIUBO20 BUKOPUCTNAHHS NOPAO 3 THUWUMU 8
AKOCMI NPeOUKmopie y 00820CmMpoKo8omy niawi. brox-cxema sucsiuye nomenyian 3anpono-
HOBAHUX HAMU NEPUIUX KITbKICHUX MOOenell 004UCeHHs Oaniancy Kymogozo MOMeHmMYy, ammo-
cpepHo20 601020000pOmMYy Y 38'A3KY 3 2eHe3UCOM MPONOCHePHUX padioxsunrbo8o0is i npoye-
camu cnaokoemnocmi gopm ammocgepnoi yupkyrayii (menexonnexyii, pponmoeenesy) ons
yinetl OC80EHHS HOBUX O/l NPOSHOCUYHOL NPAKMUKYU NPEOUKMOPIA.

Knrouosi cnosa: maxpomypoynrenmui ammocgepHi npoyecu, menjonepenic
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I'nywkoe A.B., Xeyeauyc O.10., Cmenanenxo C.H.,
Cogpponkoe A.H., Céunapenxo A.A., bByaoyxcu B.B.

HoBblii 0a1aHCOBBII 110 JHTPONUY, JHEPTUH U YTIIOBOMY MOMEHTY MOAXO0/ K
MOIEJTUPOBAHUIO KJIMMATA U MAKPOTYPOYJIEHTHOI TMHAMUKH aTMOCc(pephbl,
TeI10-Macco-nepenoca B makpomacirade. Il. KomnbiotepHubiii ajroputm

AHOTALMA

Hoebiii banancoulii no0xo0 K MOOeIUPOBAHUIO 2NI0OATbHBIX MEXAHUZMO8 KIUMAMUYECKUX
U MAKpOmMypOYIeHMHbIX AMMOCHEPHbIX HUZKOUACTIOMHBIX NPOYECCO8, 8 M. 4.. NPOYECCOs8 me-
NA0-MACCO-nepeHocd, 3ghexmos meie KOHHeKYuU u Op., 6azupyemcs Ha UCNoaIb308aHul Oa-
JIGHCOBBIX COOMHOWEHULL OJisl SHMPONUU, IHEPSUU, VeN08020 MOMEHMA, CNEKMPALbHOU mMeo-
pul ammocghepHoil MakpomypOyIeHmHOCMU U 61a20000pOMaA 6 C853U C NPEeMCMEEHHOCMbIO
gopm ammocgheproti yupxyisyuu (menekonnekyusi, eenesuc pponmos). B cmamve 0ano Oe-
MAaibHOe ONUCAHUE KOMNBIOMEPHO2O ANOPUMMA NO0X00d C AKYEHMOM HA MOOeIUpO8aHuUe
MaKpomypOyIeHMHbIX, YUPKVIAYUOHHBIX NPOYECCO8, OANAHCA Y2l08020 MOMeHma u m.0. Me-
MO0 OEMOHCMPUPYIOM OCHO8Y MO020 HOB020 HANPAGLEHUs 6 Qu3uKke ammocdepvl u meopuu
KAIUMAmMa, 8 4acmuocmu, OOJ20CPOUHBIX U C8EPXO0IOCPOUHBIX NPOSHO308, KOMOPOEe 6 HA-
cmosiwee 8pemsi CMAaHOBUMCcs. OOMUHUPYIOWUM. B npakmuueckom niane cymov moodenuposa-
HUSL HayeleHa Ha OOHapydiceHue U anpooayuro Ho8blX NPeOUKmopos Oiisi 00N20CPOUHBIX U
CBEPX00N20CPOYHBIX NPOCHO308 OUHAMUKU amMocghepHoll (Kiumamuueckotl) cucmemsl. Peusb
udem makoice 06 adanmayuu MOOUGUYUPOBAHHOU MeopuLu MaKpomypOyIeHmHOCMU npume-
HUMEIbHO K amMOCHepHbIM PAOUOBOIHOBOOAM C Yelbl0 UX NPUMEHEHUS HAPAOY ¢ OpyeuMu 8
Kavecmee NPeOUKmopos 6 00120CPOUHOM naaHe. brox-cxema eviceéeuusarom nomeHyuan
NPEONIONCEHHBIX HAMU NEPBbIX KOIUHECMBEHHbIX Modelell paciema 0alaHca yeno8o20 Mo-
MeHma, ammoc@epHoco 671a20000pOMa 6 Ce53U ¢ 2eHE3UCOM MPONOCHEPHBIX PAOUOBOIHOBO-
008 U NPeeMCmMBeHHOCMbI0 POPM amMoc@hepHoll yupKyiayuu (menekoHHekyuu, ppornmoczene-
3a) 01 yenetl 0CB0EHUs HOBLIX O/l NPOSHOCMUYECKOU NPAKMUKU NPEeOUKMOPOS.

Knroueswie cnosa: maxpomypoyienmuvie ammocpepuvie npoyeccol, menionepeHoc.
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