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Abstract. We present a new generalized physical-mathematical approach to modelling a natural air
ventilation of the industrial city, which is based on the Arakawa-Shubert model, modified to calculate
the current involvement of the ensemble of clouds. New quantitative approach is based on an new
theory of the atmospheric ventilation combined with hydrodynamic forecast model (with correct
quantitative accounting for the turbulence in an atmosphere of the urban zone) and the Arakawa-
Shubert method of calculating the cumuli convection and shifting cumulus cloud ensemble from
surrounding regions. An advanced mathematical methods for modelling an unsteady turbulence in
the urban area are developed. For the first time methods of a plane complex field theory applied to
calculate the air circulation for the cloud layer arrays, penetrating into the territory of the city. We
also consider the mechanisms of transformation of the cloud system advection over the territory of
the urban area. As illustration of a new approach we present the results of series of the computer
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experiments on the calculation of the ventilation characteristics arising from the natural ventilation
of the wind over the territory of the industrial city of Odessa. All above cited methods and models
together with the standard monitoring, diagnosing and management measures can create a basis for a
comprehensive “Green City” construction technology.

Keywords: atmospheric ventilation, new mathematical models, new microsystem technologies,
“Green City” construction technology

HOBHMHA MIAXIA I MIKPOCUCTEMHA TEXHOJIOI'TSI MOAEJIOBAHHS ITMHAMIKHA
ATMOC®EPHOI BEHTIJIALI TPOMUCJIOBOI'O MICTA TA EJIEMEHTH
TEXHOJIOT'TI BYJIIBHUIITBA "GREEN-CITY"

0. 0. Xeyeniyc, O. B. I'ywkos, FO. A. Bynakosa, B. B. byaoocu, O. I. bondapyw, B. M. Bawenxo,
H. bukoswenxo

AHoTauisg. Mu npeacTaBnsieMo HOBHH y3arajJbHeHUH (Di3MKO-MaTeMaTHYHUN MIAX1J] 10 MOAEIIO-
BaHHI IPUPOAHOT BEHTHJIALIT IPOMHUCIOBOTO MiCTa, IKWH 3acHOBaHUI Ha Mmozeni Apakasa-I1lyGepra,
MO (IKOBAHOI 7151 pO3paxyHKy IMMOTOUHOI yyacTi ancamOmo xmap. HoBHit KiTbKICHUH MiXi/] BKITIO-
Yae BJOCKOHAJICHY TEOPito aTMOC(HEpHOT BEHTUJIALIT B TOE€HAHHI 3 MOAEIUIIO T1APOJMHAMIYHOTO TIPO-
THO3Y (3 IPaBWIBHUM KIJIBKICHUM ypaxyBaHHSM TypOyJeHTHOCTI B aTMOC(hepi MiChKOi 30HH) 1 METO-
noMm ApaxkaBa-1llyOepra po3paxyHKy Ky4KOBO1 KOHBEKIIIT 1 3MILIIEHHs KyIT4acTi XMapHICTh aHCaMOITIO
BiJl OTOUYIOUMX perioHu. Po3pobieHo BOOCKOHAJICHI MaTeMaTHYHI MOJIENI MOJICTIOBAaHHS HECTIHKOi
TypOyJIeHTHOCTI B MiChKiil 30H1. Briepiue ais po3paxyHKy UPKYIISLii MOBITPS A1 MaCUBIB XMapHO-
TO 1Iapy, 10 MPOHUKAIOTh Ha TEPUTOPIIO MiCTa, 3aCTOCOBAHI METOM TEOPIii INIOCKOTO KOMILIEKCHOTO
noJsi. Mu Takok po3mIsgaeMo MexaHi3Mu TpaHchopmallii aBeKIlii XMapHOT CUCTEMHU Ha TEPUTOPIIO
MicTa. B aKocCTi inmocTpariii HOBOTo MiIX0My MU IPEACTABISIEMO PE3YJIbTaTH Cepii KOMITIOTEPHUX EKC-
NIEPUMEHTIB 3 PO3PAXYHKY XapaKTEPUCTUK BEHTHIIALI], 110 BUHUKAIOTh B pPe3yJIbTaTi MPUPOIHOT BEH-
TUIALIT BITpY Haj Teputopiero M. Onecu. Bei HaBeneHi BUIle METOIM 1 MOJIEINI Pa3oM 31 CTaHAApPTHU-
MU 3aX0/IaMU MOHITOPUHTY, 11arHOCTUKH Ta YIIPABIIHHS MOXYTh CTBOPUTH OCHOBY ISl KOMIUIEKCHOT
texHonorii OyaiBaunTea «Green City».

Kuirouosi ciioBa: armocdepHa BeHTHIIALIS, HOBI MaTeMaTU4YHI MOJIENi, HOBI MIKPOCHUCTEMHI TeX-
HoJIOT1i, TexHoJoris OyaiBHUITBA " ['pyH cuth "

HOBBIX MMOAXOA U MUKPOCUCTEMHASA TEXHOJOT WS MOJAEJUPOBAHUSA
JTUHAMUKHA ATMOC®EPHON BEHTUJIALIAU ITPOMBIIIJIEHHOT O T'OPOJIA
N OJIEMEHTbBI TEXHOJIOTYM TIOCTPOEHMUSA "GREEN-CITY"

0. 0. Xeyenuyc, A. B. [mywxos, IO. A. Bynaxosa, B. B. Bysoacu, O. U. Bonoapyw, B. H. Bawenxo,
H. Bvikoswenxo

AHoTanusi. Mpl TipefcTaBiIsieM HOBBIA OOOOIIEHHBINH (DU3UKO-MATEMATHUYECKUN TOAXOA K MO-
JETMPOBAHUIO €CTECTBEHHOW BEHTWIALMM MPOMBIIUICHHOTO TOPOJa, KOTOPbI OCHOBaH Ha MOJAEIH
Apakasa-1lly6epra, MoanpuUIMPOBaHHON ISl pacueTa TEKYyILEero ydacTusi ancaMmosst oomaxkoB. HoBblit
KOJIMYECTBEHHBIN TOXO0J BKIJIIOYACT YCOBEPILICHCTBOBAHHYIO TEOPHIO aTMOC(HEpPHON BEHTWISAIMU B
COYETAHUH C MOJEIBIO THAPOIUHAMUYECKOTO IMPOTHO3a (C MPAaBUIBHBIM KOJIMYECTBEHHBIM Y4YETOM
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TypOyJeHTHOCTH B arMoc(epe ropoackoil 30HbI) U MeTtogoM Apaxkapa-lllyOepra pacuera KyueBoit
KOHBEKIIMM M CMEIIEHUS] Ky4eBOro O0Ja4HOrO aHcamOMsl OT OKpYXAIOUIMX peruoHbl. PazpaboTaHbl
YCOBEPILIEHCTBOBAHHBIC MAaTEMaTHUECKUE MOJIENIM MOJEIMPOBAHUS HEYCTOWYMBOW TypOYyJICHTHOCTH B
TOpPOJICKOM MeCTHOCTH. BriepBbie 11t pacuera HMPKY/SILUMU BO3/AyXa JUII MAacCCUBOB OOJIAYHOTO CIIOf,
MPOHUKAIOIIUX HAa TEPPUTOPHUIO TOPOIA, TPUMEHEHBI METObI TEOPHH TIOCKOTO KOMIUIEKCHOTO TOJIS.
MB&I Taxke paccMaTpuBaeM MEXaHW3Mbl TPAHC(HOPMAIUHU aABEKLIUH 00JaYHON CUCTEMBI HA TEPPUTOPUH
TOPOJICKOM TeppUTOpUH. B KadecTBe MILTIOCTpALMK HOBOTO TOJIX0/1a MBI MIPEICTABIISIEM PE3yIIbTaThI ce-
PHH KOMIBIOTEPHBIX SKCIIEPUMEHTOB I10 PAacyeTy XapaKTePUCTUK BEHTHIISIIIUHU, BOZHUKAIOLIUX B PE3ylb-
TaTe ECTeCTBEHHOW BEHTWIALIUK BETpa Ha/l Tepputopueii . Oxeccol. Bee mpuBeeHHBIE BBIIIE METOBI U
MOJIEIA BMECTE CO CTaH/IApPTHBIMU MEpaMU MOHUTOPHUHTA, IUATHOCTUKH U YIIPABICHUS MOTYT CO3/aTh

OCHOBY JIJIs1 KOMIJIEKCHOU TeXHOJI0TuH cTpoutenberBa «Green Cityy.
KiawueBble ciaoBa: armMocdepHas BEHTHISAIMS, HOBBIE MaTeMaTHYeCKHE MOJENM, HOBBIE
MUKPOCHCTEMHBIE TEXHOJIOTHH, TEXHOJIOTHS TOCTPpOeHus «I'puH cutm»

1. Introduction

The desire to ensure a steady pace of economic
development, which has, the organizational forms
of the globalization of the world economy and in-
dustrialization acquired in recent years, can not be
realized except through an increase in the already
excessive burden on the environment. One of the
negative consequences of these processes, known
as man-made, is, in particular, a catastrophic in-
crease in atmospheric pollution. About 200 mil-
lion tons of carbon dioxide, more than 150 million
tons of sulfur oxide, more than 500 million tons
of hydrocarbons, more than 250 million tons of
fine aerosols (dust), and many other harmful sub-
stances [1-4] annually emit into the atmosphere
as a result of such activities. Although the devel-
opment of global transport and communication
systems rule out the possibility of localization of
human influence on the environment, the big in-
dustrial cities are in the most difficult situation as
here there are focused a huge industrial and trans-
port complex, which is the main source of the en-
vironmental pollution, and including the atmos-
phere. One of the difficult aspects of the problem
is that the composition of the atmosphere of the
city is influenced by many factors, which include
the characteristics of pollution sources, their lo-
cation on the terrain, climatic and meteorologi-
cal parameters, especially the city’s architecture,
processes of energy and transport, dissipative and
relaxation, self-cleaning and regeneration, etc.
[1-15]. A link between the individual factors is
difficult enough, processes are mostly random. It
follows that the solution to the problem of the in-
dustrial cities air protection, in particular, and the

environment as a whole requires a development
of the principally new, comprehensive mathemat-
ical and ecological methods. It should be espe-
cially noted the importance and necessity of the
development of modern methods of correct quan-
titative description of the dynamics of atmospher-
ic venting in large industrial cities, where there
are many companies with technological harmful
emissions into the atmosphere.

At present time there are carried out a num-
ber of different models that allow to estimate the
spatial structure of air pollution in the industrial
cities, including scientific and methodical soft-
ware package ISM (WMO), the American En-
vironmental Protection Agency (AAER USA),
Russian Geophysical Centre (Russia), Centre for
Environment, Health and Welfare KIST (Korea)
etc methods based on the laws of molecular diffu-
sion, as well as a system of regression equations
[1-5]. The most of these models have a number
of fundamental flaws (model flare or molecular
diffusion principle does not work if the atmos-
phere contains elements of convective instability)
and at the application. The majority of the models
are relatively simple and do not take into account
the transience wind field, the mutual influence of
the many sources of pollution and so on. There-
fore, increasing the accuracy of prediction of air
pollution and the underlying surface requires a
development of principally new approach which
takes into account all key physical and chemical
factors etc. The peculiarity of the modern eco-
logical situation is the technological level of use
of laws of nature, associated with the transition
from micro to macro level through molecular and

39



0. 10. Xemneniyc, O. B. I'mymxos, 1O. {. Bynskosa, B. B. Byspku, O. I. bornaps...

atomic levels. It should be especially underlined
that nowadays there are many attempts to develop
so called “green city” construction technologies
throughout the world, however majority of these
research and actions are linked only with the pre-
liminary monitoring and diagnosing measures
(e.g. [9,10]), in particular, development funda-
mental technologies such as 1) monitoring urban/
indoor air pollution and modeling, 2) diagnosing
hazardous urban pollutants and control, and 3)
managing urban environment conditions through
integrated network technology [2,3].

The strategical aim of our research is develop
new “Green City” construction technology that in-
cludes not only monitoring, diagnosing and man-
agement measures, and a group of the physical,
chemical, ecological blocks which allow to create
new clean cities of a future. As a first step, here
we briefly present a new generalized physical-
mathematical model of the natural ventilation of
the industrial city, which is based on the Arakawa-
Shubert model, modified to calculate the current
involvement of the ensemble of clouds.

We present advanced mathematical methods
for modelling an unsteady turbulence in the ur-
ban area. The balance relation’s calculations for
the inside-urban zone turbulence have been carried
out for turbulent regime kinetical energy equation.
For the first time methods of a plane complex field
theory applied to calculate the air circulation for
the cloud layer arrays, penetrating into the terri-
tory of the city. We also consider the mechanisms
of transformation of the cloud system advection
over the territory of the urban area. We present a
new effective scheme for calculation of the ventila-
tion potential and stream’s function of winds in the
urban area. As illustration of a new approach we
present the data of series of the computer experi-
ments on the calculation of the ventilation char-
acteristics arising from the natural ventilation of
the wind over the territory of the industrial city of
Odessa. All calculations are performed with using
“Geomath”, “Superatom” and “Quantum Chaos”
computational codes [2,3,12-16].

2. Mathematical modelling an atmospheric
ventilation of the industrial city

Let us start from the a new generalized model
of the atmospheric ventilation of the industrial
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city, which is based on the Arakawa-Shubert
model, modified to calculate the current involve-
ment of the ensemble of clouds. Moreover we
present a generalization of the Arakawa-Shubert
method for calculation of the cloud work for
situation of the city’s landscape. To calculate the
involving streams (the real involving masses ef-
fect is created due to misbalance of vertical and
down-running streams), reaching the territory of
city, the Arakawa-Shubert equations system for
humidity and warm flow equations are solved
[3,5]. Scheme of ventilation of the urban zone
by air flows in a presence of the cloud’s convec-
tion is presented in Figure 1 and explains the key
physical processes in a system. The area of the
horizontal section of dry thermion should be ap-
proximately equal to the area of the cloud base.

Up zone of thermal air
mass above city

Down f cloud
stream f 1

|

Drawing stream

i
M Ventilation Stream

4 i ing in-
Stream oft Thermion | Flow of drawing in

dry ther- | | of dry cong| 10 dry thermion

mion }| vection
H

City's periphery City’s zone

Figure 1. Scheme of air driving between the city
and its periphery.

It is appropriate to note known effect of crea-
tion of meso-jets which are formed in the venti-
lation currents as the Couette flows. If square of
aa cloud base is smaller than a square of cross-
section of the dry thermion top, than the ventila-
tion current can not be appeared due to a lack of
power of a cloud in the formation of the involve-
ment meso-jets. If a square of the cloud base is
substantially larger than a square of cross-section
of the dry thermion top, a ventilation current cap-
tures several dry thermions, or else compensate
a mass-balance current by an involvement cur-
rent from the periphery of the city. A signal of the
destruction of the thermal air mass over the city
is the appearance of convective cloudiness over
the city territory. Basically convective clouds that
move to the city territory, are formed by ridges
on the secondary fronts or in the lines of convec-
tive instability arising in the synoptic processes,
especially in the areas of the subtropics. Here it
is extremely important to understand proportions
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on the dynamics of the processes occurring in the
city with the processes in the atmosphere over the
city periphery. On top of the thermal mass of the
city there is no restriction in the air exchange in
the absence of a closed circulation there, “border-
ing” heat “hat” of the city [1-3]. However, an ex-
tract of the lower layer of air from the air basin of
the city should take place through a vertical con-
vection current in a dry thermion, as it is indicated
on the scheme in Figure 1.

Otherwise, the process may be in antiphase
state and the involvement currents on the periph-
ery of the city are on the contrary to strengthen an
air circulation around the perimeter of the thermal
ring. It is also possible when in a case of power-
ful extract the convection currents in dry thermals
will not have time to make up for extract from a
top of the thermal mass of the city. As a conse-
quence, in this case it will only be observed thin-
ning of the thermal mass of the city without con-
comitant ventilation of the air lower layers. It is
well known that the city area has a fairly complex
geometric relief, so the application of our method
in its pure form is possible only to a flat surface.
However, the city itself creates complex flow in
the area of the streets inherent in him, parks and
squares. Therefore, the flow of air streams in the
city far from isotropic. The horizontal turbulent
eddies within the city are involving circulation
currents. Therefore, all hypothesizes on the city
isotropic turbulence are really transformed here
into a complex picture of the complex anisotropic
flow vortex structure. It is clear that the turbulent
eddies over the urban area must be in the interac-
tion resonant contact with the turbulent eddies of
cloud-based arrays in order to obtain a success-
ful air ventilation. In fact the currents of the front
convection must coincide with currents of ther-
mal convection of the city in the phase setting.
It is clear from the fact that the antiphase state
of vertical currents of the urban convective cent-
ers with convective currents of the cloud convec-
tion would mean mutually compensating the two
mechanisms. Therefore, the involvement currents
caused by the city convection shall not extinguish
the involvement currents caused by cloud arrays
on the border of the city. Hence one can see a log-
ically clear necessity for a resonance effect in the
involvement currents of both mechanisms men-
tioned herein. In the antiphase case, the involving

currents cancel each other and the city will be in
a state of high-rise convective smog that often oc-
curs and is manifested in the form of a thick haze
over the city.

If A is a work of the convective cloud then it
consists of the convection work and work of down
falling streams in the neighbourhood of cloud:

dA

dA dA ,
—=0= +
dt

dt conv At downstr.

Xmax
a4 = [mg(\)K(A, A )N

dt downstr. 0

(1a)

0

Here m () is an air mass, drawn into a cloud
with velocity of drawing A; if
}"m X
—F0) TR mg (W) + F()=0
0 (1b)

is an mass balance equation in the convective ther-
mik and K(A, L ’) is anucleus of integral equation
(1), which determines the dynamical interaction
between neighbour clouds:

dA

dt downstr:

kmax
B KA )mp(W)ah + F(\)=mp(1)
0
The solution of this Arakawa-Shubert type eq.
with accounting for air streams superposition of
synoptic process is:

2)

ma(A) = F(2)+B | F(s)T(s5:B)ds’

0

(3a)

where I(x, sB) is an resolvent of the integral
eq.(2):
r(h,s8)=>8" K, (19 (3b)
m=1
We determine the resolvent as expansion to the
Loran set cycle in a complex plane (; its centre
coincides with the centre of the urban heating is-
land (spot) and internal cycle with its periphery.
The external one can be moved beyond limits of
the urban recreation zone. As result, one could
obtain a representation for resolvent by the fol-
lowing Fourier expansion:

r=Ye-ay
g S(dg

cn - . il
27 5, (¢ —a)

(4)
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where a is centre of convergence ring of the Lau-
rent series. Equations of atmosphere circulation
above city’s zone can be taken in an approxima-
tion of the “shallow water”. Its solution is given
by solution of the equations (1,2) and addition-
ally can be bound by methods of the plane com-
plex field theory. The cloud masses on the urban
periphery can be defined in the wind field by the
following formula (complex velocity potential):

a _ r{ 1 +§[ 1 1 ]}L
g 2mi|C-Co  oi\G—Co- leC0+kl

+;1L§1rk In(G—by )} ©)

Ve~V =

Here I', —circulation on the vortex elements,
created by clouds; b, — co-ordinates of this form-
ing;  — circulation’s on standard vortexes for the
Carman chain; / — distance between standard vor-
texes for the Carman chain; ¢ - centre co-ordinate
for line of convective perturbations or front di-
vider; C - kI — co-ordinate of beginning for line
of convective perturbation; { - kI — co-ordinate
of the end for this line. Naturally, one could as-
sume further that the possible convective pertur-
bations in the periphery of the city come up to
him in the form of convective ridges. The cited
cloud ridges can be determined in a field of the
vertical currents velocity and associated involve-
ment currents. The method for calculation of the
turbulence spectra inside the urban zone is based
on the standard tensor equations of turbulent ten-
sions (more detailed version will be presented in
separated paper):

5? J (* = ﬁ) aplu; é}p’i”}
—t—— ;- MM +tuuu |+ ———+———=
o au/’ ﬁﬁ d’l, 01{"
= utuk ) uj k
& & dc &

Computing balance relationships for inside-
urban zone is fulfilled on the basis of equation
for kinetic energy of turbulent regime. The kineti-
cal energy of fluctuations is defined as follows:
b? = uju, - The corresponding equation for b is
as follows:

ob  oupb?

—+ +—

(ukuu +2ukp) (7

ot Oxy, Oxy.
=—2uju; ui _ 2 £ 5,0
6xk 90

Interaction:
Reynolds tension-
averaged motion

Turbulent Effect of forces
diffusion  of the tension

Advection Accounting for
swimming

forces
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Here g is the magnitude of the acceleration
vector due to the planet’s gravity, 6, is the equi-
librium potential temperature, 8, p' are departures
from equilibrium values.

Equating the velocity components determined
in the shallow water model and model (5), one
could find the spectral matching between the
wave numbers that define the functional elements
in the Fourier-Bessel series with the source ele-
ment of a plane field theory. At last, let us remind
that any vector field u can be separated into rota-
tional and divergent parts, i.e., u = Ay + u, . If the
vector field is a horizontal w1nd one can define a
current function y, to express the rotational part,
and a velocity potential y, to express the divergent
part. Namely these parameters are of a great inter-
est in applied analysis of an air ventilation in the
urban zone.

3. The numerical results for air ventilation
in Odessa and conclusions

As application of a new approach we car-
ried out the PC simulation results on modelling
the air ventilation for a number of the industrial
cities: Odessa (Ukraine), Trieste (Italy), Aleppo
(Syria). Below we are limited by data for Odessa.
The experiments are fulfilled with using natural
and model data on a cloudiness and convection
intensities. All input data parameters are taken
from [2,3]. Naturally the corresponding model
situations on cloudiness are real and can be by a
basis for the possible recreation measures within
“Green city” construction technology. Basically,
it was assumed that the cloud masses coming to
the city by the lines of convective instability. The
distance between the convective clouds was as-
sumed to be 300 to 700 meters. The results of
computing are presented in Figure 2. In Figure 2a
we present the calculated field of a ventilation po-
tential, which is equivalent to a field of potential
in the complex velocity potential function. Note
that the clouds are designed as black squares. The
figure is oriented so that the sea is in the right part,
the borders of a figure are corresponding to the
borders of Odessa city. Approximately one can
assume that the contours of the complex poten-
tial reflects the variation in time of the velocity
field, namely 0.5 m/s for an hour. Density of cur-
rent lines is adequate to the venting flows speed,
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about 1 m/s to 0.5 cm of gradient in Figure. Analy-
sis of the potential function gives the following: if
v, >0, the velocity rate increases in the direction of
positive foci (and similarly on y). This means that
the potential function draws flow in positive foci.
In figure a field of positive foci are marked with
sign “+” and negative one — by sign”-". Thicken-
ing a current function isolines means increasing
a velocity. The direction of flow is obtained from
the definition of the current function, i.e ., v, >0,
if dp/0y>0. It means an availability of positive
foci of the current function from a flow direction.
The isolines in the figure are not signed, because
modular values depend on many factors, notably
than intensity of convection, which determines the
involvement currents power and a density of the
cloud arrays.
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Figure 2. Potential of ventilation y (a) and current
function v (b) for atmospheric situation, presented
in Figure 2a (Odessa city).

Figure 2a shows the results of computer
simulation of the synoptic situation in Odessa,
when the clouds run from the sea by two lines
of convective disturbances and penetrate deep
into the Gulf of Odessa and the city respectively.
Besides, there are presented the dry thermions
(marked by black circles in the figure) located
in the city area. These dry thermions, on the one
hand, create their involvement currents, but on
the other hand, increase the intensity of the an-
nular heat circulation. In this case (figure 2a)
one can see the picture of penetration of an air
ventilation for most of the city. However, in the
current function field (Figure 2b), the penetra-
tion of ventilation is expressed more weakly. We
considered only one synoptic situation example
for Odessa city, which illustrates quite effective
possibilities of our mathematical models to treat
an atmospheric ventilation in the city (in prin-
ciple, in any of the synoptic conditions). The
knowledge of more or less realistic picture of
the city’s atmospheric ventilation allows further
to carry out appropriate recreational activity to
improve air quality and so on.
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NEW APPROACH AND MICROSYSTEM TECHNOLOGY TO MODELLING DYNAMICS
OF ATMOSPHERE VENTILATION OF INDUSTRIAL CITY AND ELEMENTS OF THE
“GREEN-CITY” CONSTRUCTION TECHNOLOGY

O. Yu. Khetselius', A. V. GlushkoV', Yu. Ya. Bunyakova', V. V. Buyadzhi', O. 1. Bondar’,
V. N. Vaschenko?, N. Bykowszczenko®

!Odessa State Environmental University, L’vovskaya, 15, Odessa, 65016, Ukraine
E-mail: okhetsel@gmail.com
2 State Ecological Academy of Post-Graduate Education and Management,
Mitropolit V. Lipkivsky str.35, Bld.2, Kiev, 03035, Ukraine
3Institute of Chemistry and Environmental Protection, Technical University of Szczecin,
Piastow 42 av., 71-065, Szczecin, Poland

Summary

The aim of the work is to develop and present a new approach and correspondingly a new microsys-
tem technology for advanced analysis, modelling and forecasting the temporal and spatial dynamics
of atmospheric ventilation and apply it to quantitative studying a air ventilation for the concrete large
industrial cities.

We present a new generalized physical-mathematical approach to modelling a natural air ventila-
tion of the industrial city, which is based on the Arakawa-Shubert model, modified to calculate the
current involvement of the ensemble of clouds. New quantitative approach is based on an new theory
of the atmospheric ventilation combined with hydrodynamic forecast model (with correct quantitative
accounting for the turbulence in an atmosphere of the urban zone) and the Arakawa-Shubert method of
calculating the cumuli convection and shifting cumulus cloud ensemble from surrounding regions. An
advanced mathematical methods for modelling an unsteady turbulence in the urban area are devel-
oped. For the first time methods of a plane complex field theory applied to calculate the air circulation
for the cloud layer arrays, penetrating into the territory of the city. We also consider the mechanisms
of transformation of the cloud system advection over the territory of the urban area.

As illustration of a new approach we present the results of series of the computer experiments
on determination of the ventilation characteristics (velocity potential etc) arising from the natural
ventilation of the wind over the territory of the industrial city of Odessa. For example, the results of
computer simulation of the synoptic situation in Odessa, when the clouds run from the sea by two lines
of convective disturbances and penetrate deep into the Gulf of Odessa and the city respectively. The
dry thermions, on the one hand, create their involvement currents, but on the other hand, increase the
intensity of the annular heat circulation.

The approach (all above cited methods and models) together with the corresponding standard mon-
itoring, diagnosing, ecological, economical, logistic and management blocks provides a basis for a
comprehensive “Green City” (or Smart-City) construction technology.

Keywords: atmospheric ventilation, new mathematical models, new microsystem technologies,
“green city” construction technology
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HOBUMH MIAXIJ I MIKPOCUCTEMHA TEXHOJIOT'TSI MOJAEJIOBAHHSI ITMHAMIKHA
ATMOC®EPHOI BEHTWIALIL IPOMUCJIOBOI'O MICTA TA EJJEMEHTH
TEXHOJIOT'Ti BYJIIBHUIITBA “GREEN-CITY”
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Pedepar

Mertoro po6oTH € po3poOKa Ta MpencTaBIeHHs] HOBOTO IiIXOY Ta, BIANOBITHO, HOBOI MIKPOCHC-
TEMHOI TEXHOJIOTI JIJIsi MOTJIMOJICHOTO aHalli3y, MOJCIIOBAHHS Ta MPOTHO3YBAHHS YaCOBOI Ta MPOCTO-
POBOI TMHAMIKHM aTMOC(EPHOT BEHTHIIALIT Ta 1i 3aCTOCYBaHHS JIJIsl KUTBKICHOTO BUBYEHHS BEHTHIIALIIT
MOBITPS IJIs1 IPHUKJIAZl KOHKPETHUX BETUKUX MTPOMHCIIOBUX MICT.

Mu mnipescTaBisiEMO HOBUM y3arajdbHEHUN (DI3MKO-MaTeMaTHYHUHN MiAX11 10 MOJCITIOBAHHS MPH-
POIHOT BEHTHJIALIIT MPOMKCIIOBOTO MiCTa, KM 3acCHOBaHWI Ha mMojeni Apakapa-IIlybepra, monudi-
KOBaHO{ /U1 pO3paxyHKy IMOTOYHOI y4yacTi aHcamOuto xmap. HoBHii KiTbKICHUH MiXiJ BKIIOYA€E BIO-
CKOHAJIEHY TeOopito arMoc(hepHOi BEHTWIISLII B MOEIHAHH] 3 MOAEIUIIO TIPOAUHAMIYHOTO IPOTHO3Y
(3 MpaBWIBHUM KiTBKICHUM ypaxXyBaHHSIM TypOyJE€HTHOCTI B arMocdepi MIChKOI 30HH) 1 METOAOM
Apakasa-1llyGepra po3paxyHKy Ky4KOBOi KOHBEKII1 1 3MIILIEHHS KyM4yacTi XMapHICTh aHCaMOIIIO BiJl
OTOUYIOYHX perioHu. Po3po0ieHo BIOCKOHATIECHI MaTeMaTHYH1 MOJIEII MOJICTFOBAHHS HECTIUKOI Typ-
OyJeHTHOCTI B MICBKil 30HI. Briepiie 1y po3paxyHKy HUPKYIISIIT TTOBITPS JJIT MacHBIB XMapHOTO
1apy, 110 MPOHUKAIOTh Ha TEPUTOPII0 MiCTa, 3aCTOCOBAHI METOAM TEOPii INIOCKOTO KOMIIEKCHOTO
noJisi. Mu Takoxk po3misgaeMoO MEXaHi3MH TpaHcdopmaliii aiBeKIii XMapHOi CUCTEMHU Ha TEPUTOPIIO
MicTa.

B sKxocTi imocTpariii HOBOro miXoay MM MPEACTABISEMO PE3yAbTaTH Cepii KOMIT IOTEPHHUX EKCIIe-
PUMEHTIB 3 PO3PAXYHKY XapaKTEPUCTUK BEHTUJIALII1, III0 BUHUKAIOTh B PE3yJbTaTI IPUPOIHOT BEHTH-
nsnii BiTpy Haja Teputopieto M. Onecu. Hanpukiman, 70KIaIHO MpoaHaIi30BaHi JaHi KOMIT I0TEPHOTO
MOJICTTIOBAaHHSI CHHONTUYHOI cuTyanii B Ofeci, KoM XMapH MPOTIKAIOTh 3 MOPs IBOMA JIIHISIMU KOH-
BEKTHBHUX HOPYILIEHb 1 IPOHUKAIOTh NHO0KO B OechbKuil 3aTOKy Ta MicTO BianoBiaHo. Cyxi TepMi-
KH, 3 OJJHOTO OOKY, CTBOPIOIOTH iX TTOTOKH 3aJTy4Y€HHSI, ajie, 3 IHIIOro O0KY, 301JIbITYIOTh IHTCHCUBHICTh
KUTBIIEBOI TETJIOBOT IMPKYIIALIT MicTa.

Hosuii niaxig (Bci HaBeIEHI BUILE METOAM Ta MOJEI1) pa3oM 13 BIANOBIIHUM CTaHAAPTHUM MOHI-
TOPUHTOM, J11aTHOCTHUKOIO, EKOJIOTIYHUM, €eKOHOMIYHUM, JIOTICTUYHUM Ta yHPaBIIHCHKUM OJIOKaMU €
OCHOBOIO JJIsI HOBOI T€XHOJIOTIi OyiBHUIITBA ““3eneHoro micta’” (abo “Cmapt-Citi”).

Kuouoi cijioBa: armochepHa BEHTHIISIIIS, HOBI MAaTEeMaTHYH1 MOJIEITi, HOB1 MIKPOCHUCTEMHI TEXHO-
JIOT1i, TEXHOJIOTisI OY/TIBHUIITBA «3€JICHOTO MICTay
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