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Abstract

Purpose. The effects of aircraft engine emissions within the planetary boundary layer under the landing/
take-off operations contribute sufficiently to deterioration of air pollution in the vicinity of the airports and
nearby residential areas. Currently the primary object of airport air quality are the nitrogen oxides and
particle matter (PM;,, PM,;s and ultrafine PM) emissions from aircraft engine exhausts as initiators of
photochemical smog and regional haze, which may further impact on human health. Analysis of PM
emission inventory results at major European airports highlighted on sufficiently high contribution of
aircraft engines and APU. The paper aims to summarize the knowledge on particle size distributions,
particle effective density, morphology and internal structure of aircraft PM, these properties are critical for
understanding of the fate and potential health impact of PM. It also aims to describe the basic methods for
calculation of emission and dispersion of PM, produced by aircrafts under the LTO operations. Methods:
analytical solution of the atmospheric diffusion equation is used to calculate the maximum PM concentration
from point emission source. The PM concentration varies inversely proportional to the wind velocity u; and
directly proportional to the vertical component of the turbulent exchange coefficient k;/u;. The evaluation of
non-volatile PM concentration includes the size and shape of PM. PolEmiCa calculates the distributions of
PM fractions for aircraft and APU exhausts (height of installation was given H=4,5m like for Tupolev-154).
Results: The maximum concentration of PM in exhaust from APU is higher and appropriate distance is less
than in case for gas. PM polydispersity leads to the separation of maximums concentration in space for
individual fractions on the wind direction and therefore it contributes to the reduction of maximum total
concentration. Discussion:But although the APU has contributed significantly to the emission of aircraft at
airports, APU emissions are not certificated by ICAO or any other responsible for that authority.It is quite
actual task for local air quality to development model and find measurement techniques to identify
aircraft engine and APU contribution to total airport PM pollution.

Keywords: air pollution; aircraft engine emission; auxiliary power unit; concentration; emission index;
emission inventory; particle matter; non-volatile particle; volatile particle; particle size distribution

1. Introduction

Even through all benefits that airport brings, the
surrounding communities are subjected to the
deterioration of air quality. A lot of studies emphasis
on extremely high concentration of toxic compounds
(including nitrogen oxides (NO,), particle matter
(PM with various sizes: PMjy, PM; 5 and ultrafine),
unburned  hydrocarbons (UHC) and carbon
monoxide (CO)) due to airport-related emissions and

their significant impact on the environment [1, 2]
and health of the people living near the airport [3, 4].

Considered problems are intensified in connection
with increasing air traffic (at a mean annual rate
worldwide of about 5%) [5], rising tensions of
expansion of airports and growing cities closer and
closer each other (the most urgent for Ukrainian
airports, such as Zhulyany, Boryspol, Lviv, Odesa and
Zaporizhzhia) and accordingly growing public concern
with air quality around the airport.
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While engine emissions at aircraft cruise flight
are the issues of air pollution at global scale, the
emissions within the planetary boundary layer under
the landing/take-off (LTO) operations are certainly
the local air quality (LAQ) tasks and they may
produce a direct effect on human health [6, 7].
Currently the primary subject of concern of airport
LAQ are the NO, and PM (PM,o, PM,5) emissions
from aircraft engine exhausts, because they are the
initiators of photochemical smog and regional haze,
which at further steps may impact on human health
directly [8]. Ultrafine particles (UFPs, diameter
<100 nm) is of the most concern in recent years, as
they are small enough to penetrate deep into the
lungs, causing human health damage first of all. The
content of UFPs is near to 90% or even more of the
total particle number count in areas influenced by
vehicle emissions [9].

As a consequence today the LAQ deterioration in
airports at ground level due to aircraft engine
emissions of non-volatile PM (nvPM) is of particular
interest to the scientific community and
policymakers. One of the key statements of
FORUM-AE nvPM workshop was declared: “We
need to work together with airports to help update
their PM models, and to help them find good
measurement techniques to identify different PM
sources at the airport”. The CAEP/9-WG3 was
working to generation data to be used by MDG to
calculate the inventory of nvPM emissions from
aircraft engines and auxiliary power unit (APU).

2. Analysis of the research and publications

During last decade many studies are focused on the
effects of aircraft emissions at ground level as they
sufficiently contribute to air pollution of the airports
and nearby residential areas [10-18]. A large number
of studies [19-25] has highlighted, that airport
emissions may lead to increased concentrations of
UFPs. Particularly, Hu et al. [26], Zhu et al [27]
found that the maximum of particle number
concentration was observed, when aircraft engines
are accelerated to the 100% thrust power for take-off
(departure stage). Thus, the results of investigation
at regional airport of Santa Monica [26] highlighted,
that these concentrations during the take-off phase
were 440 times higher than background levels for
nvPM. Similar conclusions were reported by Hsu
[25] for UFP: the detected UFP concentration by the
monitoring stations at the end of the departure
runway of Los Angeles International airport was

found 50 times higher the levels at a site 250 m
downwind from the runway.

3. Task

The paper was focused on emissions quantification
of aircraft engine and APU to PM emission
inventory at the airport and to investigate basic
mechanisms and properties of PM, to identify the
key characteristics (mass (EIL,) and number (EI,)
emission indices; size distribution (PSD)) of PM in
aircraft exhausts.

The analysis of ICAO and national methods was
used to evaluate PM emission and air pollution from
aircraft emission.

4. PM emission inventory at the airport

Analysis of inventory emission results at major
European (Frankfurt am Main, Heathrow, Zurich
and etc.) and Ukrainian airports highlighted that
aircraft (during approach, landing, taxi, take-off and
initial climb of the aircraft, engine run-ups, etc.) are
the dominant source of air pollution in most cases
under consideration [14, 28, 29], fig. 1, 2.

More than 50% of total NOy emissions inventory
inside airport area is released by aircraft engines. As
shown in fig.1 (b) and fig.2 (b), the contribution of
aircraft emission to total airport PM emissions is
sufficiently high.

As shown in fig.1, the APU contribution to PM
emissions is also sufficiently high. APU of the
aircraft is a small gas turbine to generate electricity
while the main engines are off and to provide bleed
air to start the main engines.

On the basis of measurement results at major
European airports [10, 12, 30] (campaigns were
realized in Frankfurt am Main, 2000; London-
Heathrow, 2000; Vienna, 2001), Schafer et al.
concluded, that APU emissions are comparable in
magnitude to the emissions of the aircraft main
engines due to sufficient APU operating time, which
is much longer than for main engine operation at
aircraft service area in airport [12]. Emission
inventory analysis highlighted on sufficient APU
contribution to PM emission elsewhere: 10.2%
(PM,y) for Frankfurt airport [28]; 6.5% (PM,s) at
major UK airports [31]. But although the APU has
contributed significantly to the emission of aircraft
at airports, APU emissions are not certificated by
ICAO or any other responsible for that authority.
Today the information on APU emissions is limited
by security and propriety requirements of the
manufactures.
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Fig. 1. The emissions inventory of NOj (a, annual emissions — 3.284 tons/year) and PM (b, total emissions — 25 tons/year)
within the International Airport Frankfurt for 2005 with an intensity of takeoffs and landings 1 300 per day

Passenger
transport;
1,39%

Stationary
sources,;
0,14%

Vehicle; 2,39%

Passenger
transport;
11,59%

stationary

SOLFCES;
0,20%

Fig. 2. The emissions inventory of nitrogen oxides (a) and PM,, (b) within International Boryspol
airport with an intensity of takeoffs and landings 50 thousand per year

In order to compare the black carbon (BC)
emissions from the APU to those of the main
propulsion engines, fig.3 plots the Aerodyne BC Els
versus EGT for both the APU and the two main
engines tested during alternative aviation fuel
experiment (AAFEX) by Kinsey [32]. As can be
seen from this fig.3, the APU Els are substantially
higher. Also, if the BC emission rate (mg/min) of the
APU operating at maximum output is compared to
the four main engines of the DC-8 operating at 7%
idle, such as might occur prior to take-off, the APU
emissions would be a factor of 1.2 (FT-2) to 1.9 (JP-
8) times higher [32]. Therefore, APU operation at
airports can be a significant contributor to the total
PM emissions also and depending on their fuel
usage.

500

@ * *Starbaerd Engine JP-8
W Port Engine JP-8

AAPU JP-§

A

&

&

g

g

3

g B
b

BC Mass Emission Index (ma/kg fuel)
8

e

L]
4
| | +

8

o
0 LK LPY Xl . .
300 400 500 600 700 800
Exhaust Gas Temperature (°C)

Fig. 3. Aerodyne BC emissions indices versus EGT for the
APU compared to the two CFM56-2C1 main propulsion
engines tested during the AAFEX campaign [32]
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5. PM characteristics

PM is a complex mixture of extra small particles and
liquid droplets in ambient air. Non-volatile PM is
mainly composed by soot, BC, elemental carbon
(EC) and traces of the metal [23]. Permanent
monitoring at a small regional airport in Warwick,
Phode Island is indicated, that aircraft contribution
obtains 24-28% of the total BC concentrations [22]

Volatile PM is mainly composed by the gas- and
particulate-phases due to nucleation and conversion
process of sulphur and various organic gases in
plume downstream of aircraft engine [23, 33]. The
composition and the quantity of volatile PM are
changed in plume sufficiently in time and space and
depends on environmental conditions (temperature,
humidity, sunlight, wind), plume age and fuel sulfur
content [34]. Due to nucleation of sulphate and
organic materials in cooling exhaust plume, the
volatile PM are only detected at 15-20 m downwind,
while nvPM (soot) are detected at aircraft engine
exit plane elsewhere [35].

PM is identified by the following characteristics:

— mass emission index (El);

—  number emission index (EI,);

— particle size distribution (PSD) — PM
(acrodynamic  diameter <10  microns), PMy;
(aerodynamic diameter <2.5 microns) and ultrafine (UFP
or PM()}]).

Sufficient numbers of experiments were

implemented by Kinsey [23, 24] to assess particle
emissions from commercial aircraft engines. It was
found, that EI,, changed from 10 to 550 mg/kg fuel.
The similar order of El,, range (100-700 mg/kg fuel)
was defined during the measurement campaign by
Lobo [36] at the Oakland International airport for
idle/taxi and take-off conditions for various
aircraft/engine combinations. In most part of
references [22-24, 33-35] PM emissions are obtained
of quite high level at low engine thrust, are
decreasing to minimum at midrange power and then
increasing again at high engine thrust.

During the experiments by Kinsey [23, 24] the
El, were determined in range 1:10” — 1:10"
particles/kg fuel. Timko [35] found that El, increases
in order 1-2 magnitude downwind in comparison
with value at aircraft engine exit due to nucleation of
volatile  particles in exhaust gases. Also
measurement campaign at airports [36, 37] indicated
that EI, are higher during taxi phases than during
take-offs.

A comprehensive review of the studies [23, 38,
39] indicated the dependence of particles size

distribution on nucleation, coagulation and
dispersion mechanisms in plume. The most part of
campaigns [23, 38, 39] express on diameter range
between 3 and 100 nm and correspondingly a
geometric mean diameter varies between 10-35 nm
depending on engine power setting, fuel type and
environmental conditions. The studies [23, 38-41]
also found bimodal distribution of particles: first
(non-volatile) mode is characterized by nearly 20 nm
and second (volatile) mode is caused by the
secondary aerosol generation at 7 nm. Also Kinsey
[32] determined particle size in the range of 30-60
nm for APU (GTCP85-98CK) under different
engine power setting, as it is shown in fig.4
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Fig. 4. PSD for the APU burning: JP-8 fuel [32]

Particle size distribution can be changed after the
plume development. Some experimental
investigations [42] observed  that  UFP
concentrations, which were measured at residential
area (2-3 km downwind of the airport), reached the
level between airport runway and the background
reference site concentrations.

6. Estimation of PM pollution from aircraft
emissions by ICAO and the national methods

ICAO Doc 9889 [43] recommends first order
approximation method (FOA 3.0) for estimating the
particulate emissions, both non-volatile (soot) and
volatile, in the form of emission indices (EI) as mass
emitted per kilogram of fuel.

The calculation of nvPM is based on the engine’s
smoke number (SN), air fuel ratio (AFR) and, if
applicable, its bypass ratio (BPR). The essence of
the technique is to convert the SN via an
experimental correlation into a carbon index (CI).
The CI is the mass of nvPM per unit volume of
exhaust. Thus, under certification conditions
(standard temperature is 273.15 degrees Kelvin and
pressure is 1 atmosphere) for SN<30, the CI (mg/m’



O. Zaporozhets, K. Synylo. Pm Emissions Produced by Aircraft Under the Operations at the Airport 81

based on 1 kg of fuel burn) is determined in
following way [43]:

CI =0.06949x (SN)!23* for SN<30
(D
CI =0.0297 x (SN)? —1.803X (SN) +31.94 for SN>30

The volume of the exhaust (Q) per kilogram of
fuel is calculated by using the engine AFR and BPR
values:

0=0.7769% (AFR)x (1 + BPR) +0.877 ()

On the basis of the estimated values of CI and Q,
the EI of nvPM (mass per kilogram of fuel burn) is
computed by following formula:

El ppnyor = CIXQ 3)

The Elpymuye must be computed for the various
engine power settings used in the vicinity of airports.

Volatile sulphate PM is formed from the fuel
sulphur via oxidation of SO, (S") to SO; (S*') and
subsequent hydration, in the exhaust plume, of SO;
to H,SO4. Fuel sulphur contents (FSC) can vary
widely between different batches of aviation fuel
and are not included in the ICAO databank. For
application to the FOA airport, this input has been
left as a variable to allow the most applicable value,
such as the national and/or international mean
sulphur contents, to be used. As a guide, typical FSC
values range from 0.005 to 0.068 weight percent
[44] with a global average of 0.03 weight percent
[45]. Using a conservative value of 0.068 weight per
cent is currently recommended in the absence of
more specific FSC data.

The EI (mg/kg) of volatile sulphate PM is
calculated by using the FSC and the conversion rate
of S to SV (¢) [43]:

6| FSCXeXMW,,,
Elpy,,y pse =10 X{—MW 4)

sulphur

where MW,,=96 (SO,™) and MW gyipnu=32.

The values of FSC and ¢ are user-defined with
default values as previously mentioned.

In Ukraine today, the air pollution must be
calculated, first of all, for the stationary sources in
accordance with the national standard OND-86
method [46], which is used for administration
purpose of air quality control, including the
definition of the boundaries of sanitary protection
zones around the sources of air pollution, airport is
among them. The OND-86 method provides 20-30
minutes averaged concentrations, which are used, as
concentration limits for domestic normative
regulations.

Estimation and prediction methods of air
pollution are based on atmospheric diffusion by
using the turbulent diffusion equation. In
formulating the initial equations describing the
distribution of pollutants in the atmosphere and their
concentrations change over time, used the possibility
of separating fluctuations from the average impurity
concentration. This allows wusing averaging
techniques known to move from the diffusion
equation for the instantaneous concentrations of the
equation to the averaged values. In general, the
problem of air pollution forecast mathematically can
be defined as a decision under certain initial and
boundary conditions of the following equation [47]:

%4_3 dg 3.0 , 9q

U ——=Y —k ———ax 5

o TEie TR figy, T e O

where ¢ — time; x; — coordinates; ©; — velocity
vector components; k; — the turbulent diffusion

coefficients (i=1, 2, 3); a — coefficient, which takes
into account the air pollutant transformation.

The main calculation expressions of the OND-86
[46] method are based on the analytical solution of
the semi-empirical equation for turbulent diffusion
in the atmosphere with a vertical wind profile of the
form uyo(y/yo)°. Wind velocities u,, and coefficients
of atmosphere turbulence k,, &, k. describe the state
of the atmosphere (depending on stratification or
stability class). The significant material was
assembled according to parameters of wind
velocities and turbulent diffusion factors depending
on atmospheric stability class (meteorological
parameters), time of the day, season, and
geographical arrangement of the location under the
research. It means that the coefficients of
atmospheric diffusion (k,, &, k.) are predefined as
initial data for the dispersion calculation in
dependence to these meteorological parameters.

The maximum value of surface concentration
(mg/m’) produced by emission of point source
(round nozzle) under unfavorable meteorological
conditions at distance xy (m) from the source is
determined by OND-86 method [46] in following
way:

_AM-F-m-nn

Amu = — 6
where: A - coefficient depending on the

temperature stratification of the atmosphere; M —
emission rate, g/s; /' — dimensionless coefficient that
takes into account the rate of PM sedimentation in
the ambient air; m, n — coefficients depending on
output conditions of the exhaust mixture from the
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emission source; H — the height of the emission
source above ground level, m; 77 — dimensionless
coefficient that takes into account the effect of the
terrain, in the case of flat terrain 77 = 1; AT —
temperature difference between exhaust mixture and
ambient air, °C; V; — exhaust mixture rate, m’/s .

Dimensionless coefficient F is determined by
deposition rate of particles. If data on the
distribution of PM size are collected, in this case
diameter d, and appropriate deposition rate w, will
be determined in a way that the mass of PM with a
diameter greater d, is 5% of the total PM mass [46]:

- F=1, if w,/U,,<0.015;

-F=1.5,if 0.015 <w,/U,<0.030;

-F=2.0-3.0, if wy/U,, >0.03,
where U,—unfavorable wind velocity with taking
into the emission purification factor (EPF): if EPF is
at least 90%, F = 2; if EPF is in the range 75-90%,
F=2.5; F =2; if EPF is less than 75%, F=3.

The deposition rate of particles is calculated
according to Stocks law [47]:

L _10%dipeg
4
18-u
where: u-dynamic viscosity of the air, g/cm's.
So in dependence on deposition rate and wind

velocity the coefficient F may be determined in
wider range of their values (fig.5).
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Fig. 5. Dependence of dimensionless coefficient
F coefficient on vy/u,,

It is important to note, that according to the
equation of atmospheric diffusion (5), the
concentration distribution of the passive pollutant
(gas or PM) in atmosphere is determined by a
coefficient of the turbulent exchange k; and wind
speed u;. As established by numerous studies [47-
49], one of the main characteristics of the surface
layer is keeping the vertical fluxes of heat and
momentum with height. However, the wind speed,
temperature and turbulence are significantly changed

with height. There is very clearly manifested the
impact of atmospheric stability is directly related to
the temperature stratification.

Overview of the boundary layer studies [50, 51]
indicated a large number of models to determine the
coefficient of turbulent exchange k&, and wind
velocity u,, inside the surface and boundary layers.

Thus, for the calculation the pollutant
concentration, it is almost enough to adopt, that [47,
50, 51]:

Inz/z,
u=uy ——-
Inz /z,
(8)
k,=v+kz/z for z<h,
k.=v+kh/z for z>h

where zy — the roughness of the underlying surface.
So, k. increases linearly with height z in the surface
layer z</ and remains constant for z>A.

Berlyand [47] found analytical solution of the
equation (5) to calculate the maximum PM
concentration from point emission source for the
case, that the wind speed varies with power law and

the coefficient of turbulent diffusion linearly
increases (9).
u=u1><zn, kz=k1XZ (9)

So, maximum concentration 1s calculated in
following way for volatile (10) and non-volatile (11)
PM [47]:

_0.116x(1+n)*xM [ &
- up X L 5x+n)

(10)

m
koul

ko (1L5+)fte

koup  T(1+ )e®
where u; — wind velocity and k; — coefficient of
turbulent diffusion at height z; both; n — temperature
stratification of the atmosphere; M — emission rate;
@ — deposition rate; H — height of the emission
source.

Thus, if we know the expected values of wind
speed, stability of the atmosphere and the value of
emission rate, it is possible to predict the PM
concentration. The dependence of the concentration
on mentioned input data is characterized by the same
trend for volatile and non-volatile PM.

Analysis of the expressions (6, 7) indicates that
the concentration varies inversely proportional to the
wind velocity u; and directly proportional to the
vertical component of the turbulent exchange
coefficient k;/u;. The impact of the horizontal

component of the turbulent exchange coefficient is
determined by ky=k,/u.

0.063x(1+n)> xM
- uy o g L-3x(+n)

(11)

om
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The distance x,,, from emission point source, at
which PM concentration will obtain the maximum
value, is calculated according to formulas (8, 9)
correspondingly for volatile and non-volatile PM
[47]:

_E u1H1+n (12)
"3 k(14 n)
u1H1+n (13)

o ki (14 n)> (1.5 + o)
It was found, that the maximum concentration of
nvPM (gum) 1s higher than volatile one (g.,), while
the distance x,, is less. The difference in ¢, and x,,
values increases for volatile and non-volatile PM
with increasing of particle deposition rate.
Concentration of non-volatile PM (g, ¢wm) 1S
related with concentration of volatile PM (g, ¢,,) by
following way at the distance x from emission
source with height H [47, 52]:
(O] klx

> 3H
ki )

(14)

do = qX(

(O]
9 wm ZQme(k_aH) (15)
1

Differences in concentrations of volatile and non-
volatile PM are caused mainly by the dimensionless
parameter w/k;. At same value of o the
sedimentation rate of PM will be different depending
on the atmospheric turbulence intensity. In strong
turbulence, for example, in the case of well-
developed convection, the differences in the
sedimentation velocity w are manifested mainly for
large x.

The mentioned features for nvPM distribution are
included by functions (Y, ¥m), Which are determined
by formula (16) on the basis of numerical solution of
the equation (5):

(0]
|: [ :| Hw(l+n)
1+n)°k
_La+n)"k (16)
I+ 0)xx®
Berlyand and Onikul [53] found the following
dependences for y and y, on w/k; and height H

(fig.).

Xm 6)
’_
-
o 1 1l 1
10 100 500 Hm
Curve 1 2 3 4 5
kix/uy 300 400 500 600 700

Fig. 6. Dependence coefficients y and y,,, on w/k; and height H

Analysis  of  analytical and  numerical
investigations highlighted that the maximum
concentration of nvPM is always higher and
appropriate distance to the emission source is less
than for volatile PM. Additionally, the dependence
was obtained for y,, on height H for w/k; = const. As
it is shown in fig. 6, the y,, is practically independent

of the height of emission source, which are
displayed in surface layer. However, for higher
emission sources, the value of y,, increases relatively
quickly with height H.

In the National Aviation University (Kyiv,
Ukraine) a complex model PolEmiCa has been
developed [54], which is based on the Eulerian
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approach to describe dispersion processes for the
matter in atmosphere. Reason for choice of the
Eulerian approach (principle difference of PolEmiCa
dispersion model from Doc 9889 recommendation to
use the Gauss model — Lagrangian approach) was
defined by existing and widely used in USSR
previously and in most of the FSU countries
currently the national standard OND-86. The
complex model PolEmiCa allow to calculate the
inventory and dispersion parameters of the aircraft
engine emission during the landing-takeoff cycle of
the aircraft in airport area [55, 56]. In particular
PolEmiCa was used to calculate the distributions of
PM fractions for aircraft APU exhausts (height of
installation was given H=4,5m like for Tupolev-
154), the results are shown in comparison to gas
emission (fig. 7, 8) and between themselves (fig. 9,
10). From fig. 7 and 8 there is evident higher
concentration for PM close to the source of emission
than for gas. Also, it may be concluded that PM
polydispersity leads to the separation of maximums
concentration in space for individual fractions on the
wind direction and therefore it contributes to the
reduction of maximum total concentration (fig. 9, 10
in comparison with fig. 7a, 8a correspondingly). The
coefficient 7y, for the maximum of surface
concentration is substantially less dependent on the
source height H than in the case of monodisperse
PM, but it is still somewhat increases with H,
especially when 4> 300m [47].
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Fig. 7. Longitudinal distribution of PM,, (a) and gas (b)
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The PolEmiCa model is under the improvement of
the modeling PM dispersion in the atmosphere with
taking in mind the investigated mechanisms and
properties of PM, which are quite different in
comparison with gaseous emissions.
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Fig. 8. Area distribution of PM; (a) and gas (b) emitted
by APU of Tupolev-154 at stand close to runway (shown
as direct line) in wind direction

1,4
1,2 T
\ —&—PM2,5
1 I
‘-\ ——PM2,5+ PM10
0,8 I

—2&—PM2,5+PM10+PM>10

B NUAN

50 100 200 300 400 700 1000 1500 2000 300
Distance, m

Concentration, mg/m3
o o
F - )
p//t/

Fig. 9. Longitudinal distribution of polydispersed PM
(PM, 5, PM,( and PM..j() emitted by APU of Tupolev-154
along wind axis

Fig. 10. Area distribution of polydispersed PM (PM,s,
PM;, and PM. ;) emitted by APU of Tupolev-154 at
stand close to runway (shown as direct line) in wind

direction



O. Zaporozhets, K. Synylo. Pm Emissions Produced by Aircraft Under the Operations at the Airport 85

7. Conclusion

Analysis of PM emission inventory results at major
European and Ukrainian airports highlighted on
sufficiently high contribution of aircraft engines and
APU. Although the APU has contributed
significantly to the emission of aircraft at airports,
APU emissions are still not certificated by ICAO or
any other responsible for that national or
international authority. Information on APU
emissions is quite limited by security and propriety
requirements of the manufactures.

Analysis of numarous studies and experimental
investigations allowed to evaluate mass, number and
size of PM in exhausts from aircraft engines and
APUs during the aircraft LTO operations.

The PolEmiCa model is under the improvement,
including the modeling of PM dispersion in the
atmosphere with taking in mind the investigated
production mechanisms and properties of the PM,
which are quite different in comparison with gaseous
emissions.
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0.1 3anopo:keus', K.B. Cunnio’

Buxkuau 3BajkeHMX YaCTOK BiJ MOBITPSIHMX CyJdeH MiJ Yac eKCIUIyaTalii B MexKax aeponopry
Hartionansuuii aBiariinmia gHiBepcheT, [IpocnexT Kocmonasta Komaposa 1, 03680, Kuis, Ykpaina
E-mails: 'zap@nau.edu.ua; “synyka@gmail.com

Mera: Bukunu aBiaJBUIyHIB B MeKaxX NPU3EMHOIO TPaHMYHOIO IIApy MiJ Yac €TamliB 37IbOTY Ta IOCAAKU
NPHU3BOJATH JIO 3HAYHOTO MOTIPIICHHS SIKOCTI MOBITPS B MEXKaX aepoIopTy Ta Ha MPUJIETIINX KUTIOBUX TEPUTOPISX.
Ha croromsi, ocHoBHIMHE 00'eKTamu 3a0pyTHEHHS TIOBITPS B a8pOINOPTaX € OKCHUAW a30Ty i 3BakeHi gacTku (3410,
342.5 i ymerpanmicnepcHi 3Y), siKi CIPUYMHSIOTH BHHHKHEHHS BIATIOBIIHO (DOTOXIMIYHOTO CMOTY Ta TyMaHy 3
HACTYITHUMH HECTIPUSTIVBIMH HACTIIKAMH JUTS 37I0POB’Sl HACEIIEHHS. AHANI3 pe3ybTaTiB IHBEHTapH3allii BUKHIIB
34 y rojoBHUX aeporoprax €BpOIM BKa3ye Ha JOMIHAHTHICTH BHKHJIIB aBiaJIBUI'YHIB Ta JIOIMOMIXKHOI CHJIOBOI
ycTaHoBKM. CTaTTs CIpsSMOBaHa Ha aHajli3 TEOPETUYHUX Ta EKCIICPUMEHTATIbHUX JOCHIDKEHb 13 PO3MOALTY YacTOK
3a PO3MIPOM y BHKHUJIAX aBiaJIBUTYHIB, & TAKOXK OCOOIMBOCTEH iX MOP(OIIOTii Ta BHYTPILIHBOI CTPYKTYPH, OCKLITBKA
3a3HAUEH] BJIACTUBOCTI MAlOTh BAXJIMBE 3HAYEHHS Ui PO3YMiHHS MoTeHUiiHOro BumBy 3Y Ha 370poB'S
HacesleHHs. CTaTTs TaKkoXK Hajae JeTaJbHHUH OIMMC OCHOBHUX METOJIB PO3paxyHKy BUKWAIB Ta maucrepcii 3U Bin
aBiaJIBUTyHa MPOTATOM 3JITHO-TIOCAJKOBOTO IIMKIY IOBITPSHONO cynHa. MeToau: aHATiTHYHE PO3B'SI3aHHS
piBHsIHHSL aTMOc(epHOi AuQy3ii BUKOPHCTOBYETHCS ISl PO3PaXyHKy MaKCUMallbHOI KoHueHTpamii 3Y Binx
TOYKOBOTO Jhkepena emicii. KonrnenTpartis 34 3MiHIOETECS 00EpHEHO MPOTOPIIIHHO MBHAKOCTI BITpY ul 1 mpsiMo
NPOMOPLIHHO BEPTHKAIBHIM CKIANOBIA KoedilieHTy TypOyieHTtHoro oOMminy kl/ul. OmiHka KoHIeHTparii
Heneryuoi 34 BpaxoBye po3mip i popmy 3U. Monens PolEmiCa oburcmoe posmofin ¢pakmiii 34 y BHKHmax Big
agiagpuryHiB Ta JICY (Bucora ycranoBku H = 4,5 m st Ty-154). Pesyabratn: Makcumanbsha koHieHTparis 34 y
Bukngax JICY Buima, a BiAINOBigHA BiICTaHR MEHINA, Y TIOPIBHSHHI 3 BHIIAAKOM Jyis razy. llomimucnepcHicTh
TIPU3BOIUTE JIO PO3IOUTY MAKCHMYMIB KOHIIEHTPAITIH B ITPOCTOPI YT OKPEMHX (BpaKIliif 3a HAIIPSMKOM BITpY, ITI0
MPU3BOAMTB O 3MEHILIEHHS 3arajbHoi MaKCUMaIIbHOI KoHIeHTpalii. O6roBopennsi: Xoya emicis [ICY csrae piBHs
aBianeuryHiB, Bukumy JICY He ceprudikoBani ICAO. Omxe, 3a3HaueHa mpodieMa € aKTyaJlbHOIO IS MiCIIeBO1
SIKOCTI TIOBITpS, 30KpeMa Uil PO3POOKM MOJET Ta BHU3HAYCHHS METOJIB BHSBJICHHS CKJIAJIOBOI BUKHUJIIB
apiameuryHiB i JICY y 3aranmbae 3a0pyHEHHS TOBITPsI acporiopty 34.

Kuro4uoBi cjoBa: MOMOMiIKHA CHJIOBA YCTaHOBKA; 3BaKCHA YaCTKa; iHBEHTapHW3allii aBiallifHUX IBUTYHIB;
iHAeKc ewicii; 3a0pyJHEHHS TMOBITPS; MOAETIOBaHHS 3a0pyIJHEHHS aTrMoc(epHOro WOBITPSA; eMicis
aBialifHUX JBUTYHIB.
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A.H.3anopoxen’, E.B. Cunnio’

Bb16pochl B3BEeIIEHHBIX YACTHI OT BO3AYIIHBIX Cy/J€H NPHU eKCIIyaTAIlMU B 30HE aePONoOpTa
HannonanpHbpIl aBuaninoHHLIH yHUBEpCcUTET, [IpociekT Kocmonasta Komaposa 1, 03680, Kue, Ykpanna
E-mails: synyka@gmail.com; zap@nau.edu.ua

Hean: BeiOpocsl aBuaaBurareneil B npeaenax MPU3EeMHOTO TIOTPAHUYHOTO CJIOSI BO BPEMsl 3TaroB B3JeTa U
[I0CaAKH 00YCIIaBIMBAIOT CYIIECTBEHHOE yXY/IIIEHHE KaueCTBa BO3/yXa B 30HE a’pOIOpTa U OIU3NIEKALIUX
KHUIBIX paiioHOB. Ha ceromHs, OCHOBHBIMH OOBEKTaMH 3arps3HEHHUS BO3[yXa B adpoNOpTax SBISIOTCS
OKCHIBI a30Ta U B3BemeHHbIe gacTuibl (BU10, BU2.5 u ynerpagucnepcuasic BU), koTopsie 00yCiTaBInBarOT
BO3HHKHOBEHHE COOTBETCTBEHHO (POTOXMMHUYECKOTO CMOTa U TyMaHa C MOCIEAYIOIIMMH HeOIaronpusiTHBIMU
IIOCJIEICTBUSAMY JJIS1 30POBbSl HAaceJeHUs. AHAIN3 Pe3yIbTaTOB MHBEHTapu3aluu BeiOpocoB BY B riaBHBIX
asporioprax EBpombl ykaspiBaeT Ha JOMHHAHTHOCTH BBIOPOCOB aBHAJBHMIaTelell W BCIOMOTAaTEIbHOU
cHI0BOM ycraHOBKU. CTaThsl HalpaBiieHa Ha aHAJIM3 TEOPETUYECKUX M IKCHEPUMEHTAIbHBIX MCCIEIOBAHUM
OTHOCHUTEIILHO pacrpe/ieieHus] YacTHII 10 pa3Mepy B BHIOpOCaxX aBUaJBUTATENEH, a TaK)Ke 0COOEHHOCTE! HX
MOpGOJIOrUK U BHYTPEHHEH CTPYKTYpBI, IIOCKOJIBKY yKa3aHHBIE CBOWCTBA MMEIOT Ba)KHOE 3HAYCHHE MJIS
MOHMMAaHUs TOTeHIHanbHOro BiusHUS BY Ha 310poBbs HaceneHua. CrTaThsi TakkKe MPEIOCTABISET
JeTalIbHOE ONKMCAaHUE OCHOBHBIX METOJOB pacueTa BbIOpocoB u aucnepcuu BU oT aBuagBurarens B TEUCeHUU
B3JIETHO-TIOCAJI0YHOTO IIMKJIa BO3AYIIHOTO CyAHA. MeToAbl: aHaJUTUYECKOE pELIeHHE ypaBHEHUS
atMocepHoil muddy3un ucnonbp3yercs I pacueTa MaKCHUMalbHOW KoHueHTpauuu BY ot Toueunoro
ucrouHnka smuccun. Konnenrpanus BY u3mensiercss oOpaTHO MPOMOPIHMOHAIBHO CKOPOCTH BeTpa ul u
MIPSIMO  TIPOTIOPIIMOHANIFHA BEPTHKAIBHON cocTaBistonield TypOyneHTHOro oomena kodddummenta kl/ul.
OneHka KoHIeHTpauu HeneTyunx BY yuuTeiBaer pasmep u ¢popmy vactun. Mozgens PolEmiCa Beraucnsier
pacnpenenenue ¢paknmii 34 B BeIOpocax oT aBuaasurateneii 1 BCY (Beicota ycranosku H=4.5 m ans Ty-
154). PesyabtaThl: MakcumanbHas koHuentpaiuss BU B BoiOpocax BCY Beilie, a cooTBeTCTByOLIEE
paccTosiHMEe MEHbILE, YeM B cilydae [uii rasa. llonmaucnepcHOCTh MPHUBOAMT K Pa3HECEHHIO IOJIOKEHUN
MaKCHMYMOB KOHIIGHTpAlii B TPOCTPAHCTBE MAJsl OTIACIBHBIX (pakiuii 10 HaNpaBIICHUIO BETpa, HTO
MIPUBOJUT K YMEHBIIEHHWIO OOIIel MakcMManbHOW KoHIeHTparuu. OQocyxmenne: Xots smuccus BCY
JOCTHTaeT YpoBHsS aBuajBurareield, Beiopocsl BCY He cepruduumpoBanbsl MCAO. Takum obpazom, 3Ta
npobjeMa akTyaldbHa MJIS MECTHOIO KadecTBa BO3IyXa, B YAaCTHOCTH M pa3pabOTKM MOIENH U
OMpeJie/ICHUS METOJIOB BBISBIICHHS COCTABJISAIONICH BRIOpOCOB aBuaasurareneid 1 BCY B o0iee 3arps3HeHue
BO31yxa asponopra BY.

KiarwoueBble cjioBa: BCcIoOMoOraTeibHas CHJIOBas YCTaHOBKAa, HWHBCHTapHu3alusd BBI6pOCOB aBHAITMOHHBIX
HBHFaTCHeﬁ; HWHACKC SMHUCCHHU; 3aIrpsA3HCHUS BO3AyXa, MOACIUPOBAHUC 3arpAA3HCHUS aTMOC(I)epHOl"O BO31YyXa,
OMHUCCHA aBUAIIMOHHBIX I[BHFaTeHeﬁ.
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