
 1 

МІНІСТЕРСТВО ОСВІТИ І НАУКИ УКРАЇНИ 
 
ОДЕСЬКИЙ НАЦІОНАЛЬНИЙ УНІВЕРСИТЕТ 
імені І. І. МЕЧНИКОВА 

MINISTRY OF EDUCATION AND SCIENCE 
OF UKRAINE 

ODESSA I. I. MECHNIKOV NATIONAL 
UNIVERSITY 

 
 
 
 

Фізика                                      Physics 
аеродисперсних         of aerodisperse 
систем                                      systems 

 
 
 
 
 

ВИПУСК              55              VOLUME 
 

Науковий збірник                            Collection of papers 
 

 
 

    

 
 
  

Засновано в 1969 р.                                           Founded in 1969 
 
 

 
 
 
 
 
 
 
 

О д е с а 
О Н У 
2018 

 



 2 

УДК 532 + 533.9 + 536 + 537.5 + 622.61 
 

Приведено результати досліджень тепло- і масообміну в дисперсних системах при 
протіканні фазових і хімічних перетворень, механізмів утворення дисперсної фази, 
фізики горіння різноманітних речовин, критичні умови займання та погасання. Окре-
мо розглядається газодинаміка процесів переносу дисперсної фази. Представлено ре-
зультати досліджень електрофізики дисперсних систем і нелінійних процесів, які про-
тікають в димовій плазмі. 

Видання призначено для науковців, які вивчають процеси в аеродисперсних сис-
темах, зокрема аерозолях. Воно має бути корисним для студентів та аспірантів фізич-
них, фізико-технічних, енергетичних і хімічних факультетів, які спеціалізуються в 
області теплофізики дисперсних систем і фізики плазми, хімічної фізики та 
гідродинаміки. 
 
Редакційна колегія: 

д. ф.-м. н., професор Калінчак В. В. (Україна) (головний редактор) 

д. ф.-м. н., професор Алтоїз Б. А. (Україна)  

д. ф.-м. н., професор Асланов С. К. (Україна)  

д. ф.-м. н., професор Ассовський І. Г. (Росія)  

Ph.D., профессор Гриншпун С. А. (США)  

д. ф.-м. н., професор Драган Г. С. (Україна)  

д. ф.-м. н., професор Контуш С. М. (Україна)  

д. ф.-м. н., професор Копит М. Х. (Україна)  

Ph.D., профессор Новак Войцех (Польща)  

д. ф.-м. н., професор Полетаєв М. І. (Україна)  

д. ф.-м. н., професор Шевчук В. Г. (Україна)  

д. х. н., професор Еннан А. A.-А. (Україна)  

к. ф.-м. н., доцент Орловська С. Г. (Україна) (відп. секретар) 

к. ф.-м. н., доцент Черненко О. С. (Україна) (техн. секретар) 

к. ф.-м. н. Дараков Д. С. (Україна) (техн. секретар) 

 Красотова Л. М. (Україна) (техн. секретар) 
 

Друкується згідно з рішенням Вченої ради ОНУ 
від 30 жовтня 2018 р. 

 
Включено до Переліку наукових профільних видань України згідно з наказом 
Міністерства освіти і науки України № 1279 від 6 листопада 2014 року. 
 
Адреса редакційної колегії: 

65082, Одеса, вул. Пастера, 27,  
Одеський національний університет імені І. І. Мечникова,  
кафедра загальної фізики та фізики теплоенергетичних і хімічних процесів, 
тел. 048 / 723-12-03, 723-62-27 
Адреса в Інтернеті: http://fas.onu.edu.ua 
E-mail: teplophys@onu.edu.ua, svetor25@gmail.com, chernalex@ukr.net 

 

 Одеський національний університет імені І. І. Мечникова,  2018 

 



 3 

UDK 532 + 533.9 + 536 + 537.5 + 622.61 
 

The journal publishes results of studies in the field of heat and mass transfer in 
disperse systems during phase changes and chemical reactions, mechanisms of dis-
persed phase formation. Combustion of solid, liquid and gaseous fuels is analyzed, 
critical conditions of ignition and extinction are considered. Gas-dynamic phenomena 
that determine a transport of dispersed phase are considered. Studies of electrophys-
ics of disperse systems and non-linear processes in dusty plasma are presented. The 
journal is intended for scientists and engineers in field of disperse systems and, in 
particular, aerosols. Also it will be useful for students and PhD students of physical, 
physical-technical, energy and chemical faculties, specializing in thermal and plasma 
physics of dispersed systems, chemical physics and hydrodynamics. 
 

Editorial Board: 

Kalinchak V. V. (Ukraine) (Editor-in-Chief) 

Altoiz B. A.(Ukraine)  

Aslanov S. К. (Ukraine)  

Assovsky І. G. (Russia)  

Dragan G. S. (Ukraine)  

Ennan A. A.-A. (Ukraine)  

Grinshpun S. A. (USA) 

Kontush S. М. (Ukraine) 

 

Kopyt N. Kh. (Ukraine)  

Nowak Wojciech (Poland)  

Poletaev N. І. (Ukraine)  

Shevchuk V. G. (Ukraine)  

Orlovskaya S. G. (Ukraine) (Assistant Editor) 

Chernenko A. S. (Ukraine) (technical Secretary) 

Darakov D. S. (Ukraine) (technical Secretary) 

Krasotova L. N. (Ukraine) (technical Secretary) 
 

The journal is published on the decision of the Academic Council of  
Odessa I. I. Mechnikov National University of 30 October 2018 

 

The journal is included in the list of scientific specialized editions of Ukraine 
according to the Ministry of Education and Science of Ukraine order № 1279, 
November 6, 2014. 
 

Address of the Editorial Board: 

65082, Odessa, Paster str. 27,  
Odessa І. І. Mechnikov National University,  
Department of general physics and physics of thermoenergetical and chemical 
processes 
Phone 048 / 723-12-03, 723-62-27 
Internet address: http://fas.onu.edu.ua 
E-mail: teplophys@onu.edu.ua, svetor25@gmail.com, chernalex@ukr.net 

 

 

 



 4 

ЗМІСТ 
 
 

ТЕПЛОФІЗИКА ДИСПЕРСНИХ СИСТЕМ 
 

Шут М. І., Рокицький М. О., Рокицька Г. В., Шут А. М., Стасюк І. М. 

Теплофізичні властивості полімерних композиційних матеріалів на 
основі пентапласту і вуглецевих нанотрубок 

 

Щекатолина С. А., Жарюк В. Н. 

Обмен липидами между липопротеинами низкой и высокой плотности 
с учетом окисления липопротеинов низкой плотности 
 

Zhou Huiyu, Dragan G. S., Kutarov V. V., Galkin N. B., Filipova T. O. 

Universal description of the biofilms growth Dynamic in logistic model 
 
Popovskii A.Yu., Altoiz B.A., Butenko A.F. 

Structural characteristics of the epitropic liquid-crystalline layer of oleic acid 
 
 
ТЕПЛОМАСООБМІН 
 

Черненко А. С., Корчагина М. Н., Калинчак В. В. 

Зажигание и горение частиц древесного угля в азотно-кислородных 
смесях комнатной температуры. Часть IІ. Аналитическое обоснование 

 

Orlovskaya S. G., Liseanskaia M. V.  

The oxide structures formation on the surface of tungsten  
 

 

ФІЗИКА ГОРІННЯ 
 

Стариков М.А., Хлебникова М. Е., Буланин Ф. К., Сидоров А. Е.,  

Полетаев Н. И., Шевчук В. Г.  

Горение диспергированного жидкого и твердого топлива в  
присутствии электрических разрядов 

 

Калінчак В. В., Черненко О. С., Сікорський М. В., Бритавський Е. В., 

Стукалов С. А. 

Експериментальні дослідження безполум'яного горіння газових 
сумішей з домішками аміаку, водню та ацетону на платиновому 
дротику 

 

Буланин Ф. К., Сидоров А. Е., Киро С. А., Полетаев Н. И., Шевчук В. Г. 

Критические условия воспламенения газовзвеси энергоемких 
соединений 

 

 
 

 
8 
 
 
 
14 
 
 
30 
 
 
37 
 
 
 
 
 
 

45 
 
 
54 
 
 
 
 
 
 
59 
 
 
 
 
 
71 
 
 
 

80 



 5 

ГАЗОДИНАМІКА 
 

Buyadzhi V. V., Sofronkov A. N., Glushkov A. V., Khetselius O. Yu., 

Dubrovskaya Yu. V., Svinarenko A. A.  

New energy, angle momentum and entropy balance approach to modelling 
climate and macroturbulent atmospheric dynamics, heat and mass transfer 
at macroscale. I. General Formalism 

 

Sofronkov A.N., Khetselius O.Yu., Glushkov A.V.,  

Buyadzhi V.V., Romanova A.V., Ignatenko A.V.  

New geophysical complex-field approach to modelling dynamics of heat-
mass-transfer and ventilation in atmosphere of the industrial region 

 
 
ЕЛЕКТРОФІЗИКА 
 

Вишняков В. И., Киро С. А., Кабаненко Р.В. 

Методика зондовой диагностики плазмы сварочного аэрозоля 
 

Драган Г. С., Колесников К. В., Кутаров В. В. 

Температурный профиль сферического объема плазмы с учетом 
рекомбинационных процессов  

 
ФІЗИКА АЕРОЗОЛІВ 
 

Вишняков В. И., Опря М. В., Эннан А. А.-А. 

Влияние щелочной присадки в защитном газе на дисперсный состав 
сварочного аэрозоля 

 
Шингарёв Г.Л., Контуш С.М., Скапцов А.С. 

Малоинерционный способ управления полями температур и пересы-
щений в термодиффузионных камерах. Опыты по исследованию диф-
фузиофореза 

 
Киро С. А., Опря М. В., Эннан А. А.-А. 

Влияние параметров режима электродуговой сварки в защитном газе 
на дисперсный и химический состав частиц cварочного аэрозоля 

 

 

ПРИЛАДИ І МЕТОДИ ВИМІРЮВАННЯ 
 

Контуш С.М., Ахмеров А.Ю., Мандель В.Е., Чурашов В.П. 

Пневматический генератор струи монодисперсных капель 
 

Іменний покажчик ……………………………………………………......... 
Правила для авторів…...………………..……………………………......... 

 
 
 
 
 
95 
 
 

 
 
104 
 
 
 

 
112 
 

 
121 
 
 
 
 
126 
 
 
 

 
139 
 
 
 
149 
 
 
 

 
 
 
158 
 
167 
169 
 



 6 

CONTENTS 
 
 

THERMAL PHYSICS OF DISPERSE SYSTEMS 
 

Shut M.I., Rokytskyi M.O., Rokytska H.V., Shut A.M., Stasiuk I.M. 

Thermophysical properties of polymer composite materials based on 
penton and carbon nanotubes 

 

Tchekatolina S. A., Garyuk V. N. 

Lipid exchange between lipoproteins of low and high density taking into 
account the oxidation of low-density lipoproteins 

 
Zhou Huiyu

1
, Dragan G.S.

2
, Kutarov V.V.

2
, Galkin N.B.

2
, Filipova T.O.

2
 

Universal description of the biofilms growth dynamic in logistic model 
 

Popovskii A.Yu., Altoiz B.A., Butenko A.F. 

Structural characteristics of the epitropic liquid-crystalline layer of oleic acid 
 
 

HEAT AND MASS TRANSFER 
 

Chernenko A.S., Korchagina M.N., Kalinchak V.V. 

Ignition and combustion of charcoal particles in nitrogen-oxygen 
mixtures at room temperature. Part II Analytic justification 

 

Orlovskaya S. G., Liseanskaia M. V.  

The oxide structures formation on the surface of tungsten  
 
 
COMBUSTION PHYSICS 
 

Starikov M.A., Khlebnikova M.E., Bulanin Ph.K., Sidorov A.E., 

Poletaev N.I., Shevchuk V.G. 

Dispersed liquid and solid fuels combustion in an electrical discharge 
presence 

 
Kalinchak V.V., Chernenko A.S., Sikorsky M.V., Brytavsky E.V.,  

Stukalov S.A. 

Experimental studies of the flameless combustion of gas mixtures with 
impurities of ammonia, hydrogen and acetone on a platinum wire 

 

Bulanin Ph., Sidorov A., Kiro S., Poletaev N., Shevchuk V. 

Critical conditions of energy intense compaunds aerosuspensions ignition  
 

 

 
 

 
8 
 
 
 
14 
 
 
30 
 
 
37 
 
 
 
 
 
 

45 
 
 
54 
 
 
 
 
 
 
59 
 
 
 

 
71 
 
 
80 



 7 

GAS-DYNAMICS 
 

Buyadzhi V.V., Sofronkov A.N., Glushkov A.V., 

Khetselius O.Yu., Dubrovskaya Yu.V., Svinarenko A.A.  

New energy, angle momentum and entropy balance approach to model-
ling climate and macroturbulent atmospheric dynamics, heat and mass 
transfer at macroscale. I. General Formalism 

 
Sofronkov A. N., Khetselius O. Yu., Glushkov A. V.,  

Buyadzhi V. V., Romanova A. V., Ignatenko A. V.  

New geophysical complex-field approach to modelling dynamics of  
heat-mass-transfer and ventilation in atmosphere of the industrial region 

 
ELECTROPHYSICS 
 

Vishnyakov V. I., Kiro S.A., Kabanenko R.V. 

Technique of probe diagnostics in the welding fume plasma. 
 

Dragan G.S., Kolesnikov K.V., Kutarov V.V. 

Temperature profile of a spherical plasma volume, taking into account  
recombination processes 

 
AEROSOLS PHYSICS  
 

Vishnyakov V.I., Oprya M.V., Ennan A. A.-А. 

Effect of alkaline additional agent in shielding gas on disperse  
composition of welding fume. 

 

Shynharov G.L., Kontush S.M., Skaptsov A.S. 

A low inertia way of controlling the temperature and supersaturations 
fields in the thermodiffusion chambers. Experiments for research of the 
diffusiophoresis. 

 

Kiro S.A., Oprya M.V., Ennan A.A. 

Influence of the gas metal arc welding regime parameters on the disperse 
and chemical composition of the welding fume particles  

 

 

INSTRUMENTS AND MEASUREMENT METHODS 
 

Kontush S.M., Akhmerov O.Yu., Mandel V.Yu., Churashov V.P. 

Pneumatic jet generator of monodisperse drops 
 

Name index………..…………………………………………………………............. 
Rules for authors………...………………..…………………………………............. 
 
 

 
 
 
 
 
95 
 
 
 
 
104 
 
 

 
112 
 

 
121 
 
 
 
 
126 
 
 
 

 
139 
 
 
 

 
149 
 
 
 
 
 
 

158 
 
168 
171 
 



Фізика аеродисперсних систем. – 2018. – № 55. – С.104-111 

104                             DOI: http://dx.doi.org/10.18524/0367-1631.2018.55.149998 

УДК 539.328 
 

Sofronkov A. N.,  Khetselius O. Yu., Glushkov A. V.,  

Buyadzhi V. V., Romanova A. V., Ignatenko A. V.  
 

Odessa State Environmental University, Odessa 

E-mail: a_sofronkov@ukr.net, okhetsel@gmail.com 

 
New geophysical complex-field approach to modelling dynamics of  

heat-mass-transfer and ventilation in atmosphere of the industrial region 
 
New generalized approach, including an improved theory of atmospheric circulation in 

combination with the hydrodynamic model (with correct account of turbulence in atmosphere 

of the urban area) and the Arakawa-Schubert method of calculation of cloud convection and 

theory of complex geophysical field is applied to the simulation of heat and air transfer in at-

mosphere of industrial region. The modelling ventilation data (mesocirculation) parameters 

over territory of Odessa, as well as the area of the Fukushima power plant after 2011 acci-

dent are presented. 

 

Introduction. Studying energy-, heat-, mass-transfer in continuous environ-
ments such as atmosphere or other geospheres, remains one of the most actual, com-
plicated and important problems of the modern physics of aerodispersed systems, at-
mosphere, climate and environment physics etc. The most difficult aspect of the 
problem is modelling processes of energy-heat, air mass-  transport, dissipative and 
relaxation, self-cleaning, particles (for example, radioactive) deposition etc. [1-16]. 
At present time there is a number of different simplified models that allow to estimate 
the temporal and spatial structure of air ventilation in an atmosphere, and as a rule, 
these models are based on the laws of molecular diffusion, as well as a system of re-
gression equations [1-5]. The most of these models have a number of disadvantages; 
for example, the known flare model or molecular diffusion models do not work if the 
atmosphere contains elements of convective instability.  Moreover, 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 etc. More sophisticated 
approaches such as different versions of the Lagrangian Particle Dispersion Models, 
model of the European Center for Medium-Range Weather Forecasts (ECMWF) and 
others [1-17] and Refs. therein) provide significantly more accurate results, however, 
such approaches require very complicated simulation and very correct input parame-
ters data. Going on our studies [6,9,18-22], here we present an advanced approach to 
the simulation of heat and air ventilation in atmosphere of an industrial region (so 
called local scale atmospheric circulation complex-field (LACCF) approach). It in-
cludes an improved theory of atmospheric circulation in combination with the hydro-
dynamic forecast model (with quantitatively correct account of turbulence in the at-
mosphere at local scales) and the Arakawa-Schubert model of cloud convection.  

Mathematical modelling an atmospheric ventilation.  Our generalized ap-
proach is based on the Arakawa-Schubert model, modified to calculate the current in-
volvement of the ensemble of clouds [3,18-22]. To calculate the involving streams 
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(the real involving masses effect is created due to misbalance of vertical and down-
running streams), the Arakawa-Schubert equations system for humidity and warm 
flow equations are solved [3,6]. Flowchart of the ventilation over  the urban region 
territory by air flows in a presence of the cloud’s convection is presented in Figure 1 
and explains the key physical processes in a system.  

Let us remind that the known effect of creation of the mesojets which are 
formed in the ventilation currents as the Couette flows. If square of a cloud base is 
smaller than a square of cross-section of the dry thermal top, than the ventilation cur-
rent can not be appeared due to a lack of power of a cloud in the formation of the  in-
volvement meso-jets. If a square of the cloud base is substantially larger than a square 
of cross-section of the dry thermal top, a ventilation current captures several dry 
thermals, or else compensate a mass-balance current by an involvement current 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 con-
vective clouds that move to the city territory, are formed by ridges on the secondary 
fronts or in the lines of convective instability arising in the real synoptic processes. 
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, "bordering" heat "hat" of the city. However, an 
extract of the lower layer of air from the air basin of the city should take place 
through a vertical convection current in a dry thermal. Indeed there is a complex pic-
ture of the anisotropic flow vortex structure over the urban region. The turbulent ed-
dies over the urban area must be in the interaction resonant contact with the turbulent 
eddies of cloud-based arrays in order to obtain a successful air ventilation. In fact the 
currents of the front convection must coincide with currents of thermal convection of 
the city in the phase setting. The physical features of air ventilation predetermine the 
necessary modification of the well-known Arakawa-Schubert model. The model in-
cludes the budget equations for mass, moist static energy, total water content plus the 
equations of motion [3,6]:  

0c
M

E D
z

∂
− − =

∂
,                                         (1a) 

0c c

c

M s
E s D s pLc

z

∂
 −  − + =

∂
ɶ ,                                  (1b) 

 

C ity's periphery C ity’s zone 

Flow  of draw ing in- 
to dry therm ion  

T herm ion 
of dry con-

vection  
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U p zone of therm al air 
m ass above city 

м ассы  над городом  

Stream  of 
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m ion  

D raw ing  stream  

cloud  D ow n 
stream  

 
Fig 1. Flowchart of air mass transfer between the city and its periphery 
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0c c

c

M q
E q D q pc

z

∂
 −  − + =

∂
ɶ ,                                   (1c) 

where E is an inflow, D is an outflow, c i i cM p p= ω σ = ω σ∑  – vertical mass flow of 

air in the cloud; wi is an average (on the cross-section) speed in the i-th cloud, c – ho-
rizontal cross-section square for the i-th cloud; 

cω , 
c ps c T gz= + , qc – weighted av-

erage values of vertical speed, statistical energy and the ratio of the mixture of water 
vapor; sɶ , qɶ  – average statistical energy and the ratio of the mixture of water vapor in 
the ambient air, p – air density; c is an amount of the condensed moisture. If e is an 
amount of evaporated moisture, L – specific heat of phase transitions, then the equa-
tion of heat and moisture influx will be as follows [3,6]:  

( ) ( ) ( )p s p sps
v psv pL c e

t z z

′ ′∂ ω ∂ ω∂
+ + + − −

∂ ∂ ∂
�

,                    (2a) 

( ) ( ) ( )p q p qpq
v pqv p c e

t z z

′ ′∂ ω ∂ ω∂
+ + + − −

∂ ∂ ∂
�

.                   (2b) 

The spectral representations in ensemble of clouds: 

( ) ( )(z) , BE z m d= ε λ λ λ∫ ,                                        (3a) 

( ) ( )(z) ,
B

D d z m d= λ λ λ∫ .                                         (3b) 

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

max

0

, / ( ) ( , )conv downstr downstr BdA dt d A dt dA dt dA dt m K d

λ

′ ′ ′= + = λ λ λ λ∫ ,          (4) 

Here λ is a speed of involvement, mB(λ) is an air mass flux, K(λ, ′λ ) is the Ara-
kawa-Schubert  integral equation kernel [3], which determines the dynamical interac-
tion between the neighbours clouds. In the case of air ventilation emergence, mass 
balance equation in the convective thermals is as follows [6]:  

max

0

( ) ( ) ( ) ( , )B Bm F m K d

λ

′ ′ ′λ = λ + β λ λ λ λ∫ .                                (5) 

Here β is parameter which determines disbalance of cloud work due to the re-
turn of part of the cloud energy to the organization of a wind field in their vicinity, 
and balance regulating its contribution to the synoptic processes. The solution of the 
Eq. (2) with accounting for air stream superposition of synoptic processes can be de-
termined by a resolvent method:   

max

0

( ) ( ) ( ) ( , ; ) ,Bm F F s s ds

λ

λ = λ + β Γ λ β∫    1

1

( , ; ) ( , )i

i

i

s K s
∞

−

=

Γ λ β = β ⋅ λ∑ .          (6) 

The key idea [6,18-20] is to determine the resolvent as an expansion to the Lau-
rent series in a complex plane ζ. Its centre coincides with the centre of the city’s 
“heating” island and the internal cycle with the city’s periphery. The external cycle 
can be moved beyond limits of the urban recreation zone. The Laurent representation 
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for resolvent is provided by the standard expansion:  

( )n

n

n

c a
∞

=−∞

Γ = ζ −∑ ,   
2

1
| | 1 0

1 ( ) 1
( )

2 ( ) 2
it int

n n

d
c e e dt

i a i

π
−

+
ζ =

Γ ζ ζ
= = Γ

π ζ − π∫ ∫� ,      (7) 

where a is center of the Laurent series convergence ring.  
The method for calculating a turbulence spectra inside the urban zone should be 

based on solving the system of equations for the Reynolds tensions, moments of 
connection of the speed pulsations with entropy ones and the corresponding closure 
equations [19, 22]. The important parameter of the turbulent processes is the kinetic 

energy of turbulent vortices 2
k kb u u′ ′= , which can be found from the equation (with 

physical explanations of any term): 

( )
2

0

2 2 2k i
k i j k k i

k k k

u b ub g
u u u u p u u w

t x x x

∂ ∂∂ ∂ ′ ′ ′ ′ ′ ′ ′ ′ ′   +      +    +     =   −    −   θ
∂ ∂ ∂ ∂ θ

.     (8) 

Advection Turbulent 
diffusion 

Effect of forces of the 
tension 

Interaction:  
Reynolds tension-
averaged motion 

Accounting   
for swimming  

forces 
Here g is the magnitude of the acceleration vector due to the planet’s gravity, θ0 

is the equilibrium potential temperature, θ′, p′ are departures from equilibrium val-
ues. The speed components, say, vx,vy, of an air flux can be determined in an approx-
imation of “shallow water” [6]. In contrast to the standard difference methods of so-
lution, here we use the spectral expansion algorithm [24,25]. The necessary solution, 
for example, for the vx – ivy component for the city’s heat island has the form of ex-
pansion into series on the Bessel functions. 

From the other side, a air flux speed over a city’s periphery in a case of convec-
tive instability can be found by method of plane complex field theory (in analogy 
with the Karman vortices chain model) [6,19]: 

( )
1 10 0 0

Г 1 1 1
ln

2

n

x y k k

k k

df d
v iv b

d i kl kl d

∞

= =

    
− = = + + + Γ ζ −    ξ π ζ − ζ ζ − ζ − ζ − ζ + ζ    

∑ ∑ . (9) 

Here Гk –circulation on the vortex elements, created by clouds, bk – co-ordinates 
of these elements, Γ – circulation on the standard Karman chain vortices of, l – dis-
tance between standard vortices of the Karman  chain, ζ – co-ordinate of the convec-
tive perturbations line (or front divider) centre, ζ0 – kl – co-ordinate of beginning of 
the convective perturbation line,  ζ0+kl – co-ordinate of end of this line. The indicated 
parameters are the input model ones. 

Equating the speed components determined in the shallow water model and 
model (9), one can find spectral matching between the wave numbers that define the 
functional elements in the Fourier-Bessel series with the source element of a plane 
field theory. Let us underline that using this procedure allows significantly to simpli-
fy a solving the whole problem. It is also worth to remind that any vector field u can 
be separated into rotational and divergent parts, i.e., u = ∇ψ + uχ (the Helmholtz’s 
theorem). If the vector field is a horizontal wind, one can define a current functionψ, 
to express the rotational part, and a velocity potential χ, to express the divergent part. 
Namely these parameters are of a great interest in applied analysis of an air ventila-
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tion in the urban zone. Below we present the results of test computing the air ventila-
tion parameters for some complicated synoptic situations in the Odessa city.  

Some results and conclusion. The modelling has been fulfilled with using 
natural and model data on a cloudiness and convection and the “Geomath” PC code 
[6,18-23] has been used. The data of modelling an air flux parameters over the terri-
tory of Odessa (model synoptic situation), as well as the area of the Fukushima power 
plant after accident are presented. The corresponding model situation on cloudiness is 
absolutely real. Basically, it was assumed that the clouds (designed as black squares) 
run from the sea by two lines of convective disturbances and penetrate deep into the 
Gulf of Odessa. The distance between the convective clouds was assumed to be 300 
to 700 meters. 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 as-
sume that the contours of complex potential reflect the variation in time of the speed 
field, namely 0.5 m/s for an hour. Density of current lines is  adequate to the flows 
speed, about 1 m/s to 0.5 cm of gradient in Figure. Analysis of the potential function 
gives the following: if 0xv > , the speed rate increases in the direction of positive foci 
(and similarly on y).  

This means that the potential function draws flow in positive foci. The direc-
tion of flow is obtained from the definition of the current function, i.e ., 0xv > , if 

0y∂ϕ ∂ > . It means an availability of positive foci of the current function from a 
flow direction.  The isolines in Figure 2 are not signed, as modular values depend on 
many factors, notably than intensity of convection, which determines the involvement 
currents power and density of cloud arrays. In whole, ventilation is manifested in the 
focal point from the sea side. The field of the current function in Fig.2b in this case is 
consistent with the field of the ventilation potential.  

Another application the LACCF approach is studying the air mass ventilation 
in the region of the Fukushima nuclear power plant (FNPP) after accident of Marc 
2011. We have carried put calculation of the ventilation potential and the current 
function at FNPP analogously to the previous ones and compare the obtained data 
with the similar theoretical ECMWF model data and observed ones (see [26-27]). 

 
Fig. 2. (a) The potential of ventilation, (b) The current function (see text) 
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The detailed analysis will be presented in the separate paper. Here we only note that 
the ECMWF  modeled air transfer speed is often higher than the observed values, 
which is consistent with the difference in heights between observations [27]. While 
the LACCF1 our data (model parameters, taken according to methodics [6]) are not 
in good agreement with the observed data, on the contrary, LACCF2 our data (cali-
brated parameters are corresponding to real meteodata) are quite realistic in agree-
ment with the observed ones. That is significantly provided by using the real input 
parameters values. During March 15, the LACCF 2 data indicate the realistic (north-
north-west) air mass (plume) travel direction, whereas the ECMWF modeled direc-
tion is mostly west. Obviously, the approach presented can be effectively used in 
quantitative studying a local scale atmospheric ventilation (air mass transfer), howev-
er, as minimum, its further development requires an improvement of the input para-
meters values choice, possibly using more correct approximation of the “shallow wa-
ter” model, atmospheric turbulence modelling, region orography accounting etc. 
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Софронков О.Н., Хецеліус О.Ю., Глушков О.В.,  

Буяджи В.В., Романова Г.В., Iгнатенко Г.В.  

Новий геофізичний комплексно-польовий підхід до моделювання динаміки 
тепло-масо-переносу та вентиляції в атмосфері промислового регіону 

 
АНОТАЦIЯ 

Новий узагальнений підхід, що включає вдосконалену теорію атмосферної венти-

ляції в поєднанні з моделлю гідродинамічного прогнозу (з кількісним урахуванням тур-

булентності в атмосфері міської території) і методами теорії комплексного геофізи-

чного поля та Аракави-Шуберта розрахунку кучкової конвекції застосовано до моде-

лювання тепло-масо-переносу та повітряної вентиляції в атмосфері промислового мі-

ста (регіону). Представлені результати моделювання параметрів повітряної вентиля-

ції (мезоциркуляції) над територією м. Одеси, а також районом атомної 

електростанції Фукусіма. 
 

 

Софронков А.Н., Хецелиус О.Ю., Глушков А.В.,  

Буяджи В.В., Романова А.В., Игнатенко А.В. 

Новый геофизический комплексно-полевой подход к моделированию  
динамики тепло- массо-переноса и вентиляции в атмосфере  

промышленного региона 
 

АНОТАЦИЯ 
Новый обобщенный подход, включающий усовершенствованную теорию атмо-

сферной циркуляции в сочетании с моделью гидродинамического прогноза (с количест-

венно корректным учетом турбулентности в атмосфере городской территории), 

теорией плоского комплексного геофизического поля и методом Аракава-Шуберта 

расчета облачной  конвекции применен к моделированию тепло- массо- переноса и воз-

душной вентиляции в атмосфере промышленного города (региона). Представлены ре-

зультаты моделирования параметров воздушной вентиляции (мезоциркуляции) над 

территорией м. Одессы, а также районом атомной электростанции Фукусима. 
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