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MONITORING AND MODELLING OF AIR POLLUTION PRODUCED
BY AIRCRAFT ENGINE EMISSION INSIDE THE ATHENS INTERNATIONAL AIRPORT

Experimental measuring of air pollution inside thieport, produced by aircraft engine emission dgriaccelaration
and take-off on the runway. Measurement data weesl dor verification of modelling results accorditigcomplex
model «PolEmiCa». It consists of the following basimponents: engine emission inventory calculati@nsport of
the contaminants by engine jets, dispersion ottmaminants in atmosphere due to wind and atmegphebulence.

Haoano onuc npogedenux excnepumeHmanbHux OOCTONCeHb KOHYEHMpayii 3a0pyOHeHHs. NOBIMps. UKUOAMU 6I0 OBUZYHIE
NOBIMPAHUX KOpAOIie ni0 4ac po3eoHy Ha 3MMHO-NOCAOKoil cmysi. Hasedeno pesymomamu excnepumenmy, wjo Oynu
BUKOPUCIAHE OJISL NePesipKU O0CMOBIPHOCE KOMNIIEKCHOT mooeni oyinku 3a0pyonenns POIEMICa aka cknadacmocs 3 mooeni
emicii 3a0pyOHIOIOUUX PevosUH AGIaYIHUX OBUSYHIB, MO0 NepeHeceHHs. OOMIWKY 3a0pYOHIOIONUX DPEHOBUH CMPYMEHAMU
BIONPAYLOBAHUX 24318 ABIAYIIHUX 0BUSYHIB, MOOET PO3CIIO8AHHS OOMIUKU 3AOPYOHIOIOUUX PEYOBUH 8 AMMOCHEPHOMY NOGIMPI 6
pe3ybmami nepenecentst 6impom i Oii ammocghepHoi mypoyieHmHocmi.

air pollution, aircraft engine emissions, averaging period of concentration, concentration disribution, concentration
measur ement, contaminants disper sion, L TO-cycle, meteorological conditions, nitrogen oxides NOx

Introduction Aircraft (during approach, landing, taxi, take-afid
ipitial climb of the aircraft, engine run-ups, étare

e dominant sources of air pollution at airports i
most cases under consideration.
; Puring last decade a lot of studies are also fogysi
on the aircraft emissions impact on local and

Additionally it is forecasted by Eurocontrol, titae  '€gional air quality in the vicinity of airport. &h

number of flight in Europe 2025 will be between 1.8aSiC objects of attention are Nitrogen oxide (NOXx)
and 2.1 times the traffic of 2003, up to 17 milkon and fine particle emissions from aircraft engine
fights in case of a fast grO\;vth scenario [1]_emissions as initiators of photochemical smog and

According to such tendency, air transport will @usgegional haze, whlch_dlrectly impact human health.
global ecological problems, as green house effeq0. development and implement models and methods fo
destruction of ozone layer and acid precipitation. assessment of air pollution produced by aircraginen

In recent years a lot of studies are focusing @ tRmission is actual research. Verification of dewetb
aeronautic impact to the upper troposphere andr lowB0dels requires experimental investigation. _
stratosphere on regional to global scale ozone istnem The monitoring of air pollution produced by airtraf
and the climate impact of light scattering and gitism of ~€ngine emission is actual task, providing evidemcehe
contrails and associated high altitude clouds. $upact actual pollution situation, validation the modeti arseful

of aircraft exhaust emission can lead to significaffitial data for improving air quality simulatiorystems
atmospheric warming over the first half of the 2ésttury.  thus aiding an increased understanding and caoitrol
Even though all the benefits that airport bringsythave airport-related air pollution.

significant impacts on those living nearby. Latdlis
problem intensifies in connection with increasing
traffic and growing public awareness of local aialify
around the airports. The environmental issuesngrisi
from airport have been generated by activity aigport  With aim to develop a database of airport air dqyali
(aircraft, vehicle, fixed sources), which in turengrate and meteorological data, a measurement campaign
emissions (combustion, evaporation, spraying), thaes performed at Athens International Airport
reduce air quality and adversely affect humanimealt ~ (AlA) from 13 until 25 September 2007 within the
Consequently, it is becoming more important tavestte  frame of international project <kECATS».

airport local air quality, according to emissiomentory The results of measurement campaign in AIA used
and dispersion modeling, with aim to predict paliis as an input and validation data set for modelling
concentration inside and outside the airport. work due to complex model «PolEmiCa» [2].
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Transport play essential role in economic and $oci
development as well as in the creation of wealth

other transport modes.

Concentrations measurement of air pollution
8fr om air cr aft engine emissionsin thevicinity
of AthensInternational Airport
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Description of measurement campaign The careful choice DOAS location is defined by
at AthensInternational Airport main wind directions, it was guaranteed, that most
S o _ art of exhaust from aircraft, accelerating on

The scientific objectives for the experimenta unway, will be fixed by spectrometer [5].
investigation [3] in AIA were aimed to monitoring The DOAS System and and TE 42C-TL 96 were
of airport air quality, influence of airport emises located at the beginning of a runway “03L”, at
upon air quality in the surroundings and providéistance 210 m from runway end, according to the

reliable data for modeling systems, development g Of the measurement campaign, dominated wind
meteorological database direction (north - east) and magnetic head of tfke-

«21R»(fig. 1).

Nitrogen oxide (NOx) is subject to very intenSiV‘%ﬁ\ccord(ingg to) considered experimental investigation
research as it may have a serious impact on the the vicinity of IAl, one day was chosen —
ozoneproduction in the lower and upper atmosphei2) September, which is characterized by 20 peaks of
Essential concentrations of NOx are generatdditrogen oxide concentrations and corresponding 20
during maximum operation mode of aircraft enginedircraft departures at the runway during afternoon

when aircraft is accelerating on runway before {akﬁemd (14.00-16.00). The clear correlations
off. For detection and estimation of NOXx etween peak concentrations and aircrafts
' movements exist.

concentrations in vicinity of IAA, a differential Nitrogen oxide measurements by DOAS and
optical absorption spectrometer (DOAS) and TEE 42C-TL 96 systems (20.09.2007) was used for
42C-TL 96 were used [4]. verification modeling results according to complex
Local air pollution inside the airport is caused bynodel «NAU». Meteorological initial parameters

aircraft engine emission during LTO-cycle. Thdwind velocity and direction, temperature for each

DOAS and TE 42C-TL 96 measurement sites inside? S) Were provided by meteorological station of

. . airport (site B). The derived datasets will allow
.the AlA (site A) were chosen in suph a.v.vay, Fh&t thestimating of contaminants dispersion in horizoatel
influence of runways can be identified in th§erical directions with taking into account turbote

concentration measurements. diffusion in mixing layer of atmosphere [6].

DOAS

Fig. 1. Location of air pollution and meteorolodiogeasurements equipment at AIA
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Complex model «PolEmiCa» for air pollution Coordinates of moving emission source — aircraft
assessment from aircraft engine emission inside (Xo, Yo, Zo) are the variables, therefore for integration
theairport of equation (1) during concentration averaging,

In the National Aviation University a complexcoordinates of moving emission source are defined

model «PolEmiCa» for assessment of air pollutiofY its velocity and acceleration for each instant
and emission produced by aircraft activities insid8bciss axisX of cartesian coordinate system directs

the airport has been developed. It consists of tHg wind direction, zaxis directs up and

following basic components: perpendicular to ground level, ordinate aXidds

- engine emission model — emission factolf@me to right vectors triple.

assessment for aircraft engines, including infleendontaminants are not reactive. _
of operational factors; The maximum value of instantaneous concentration
- jet transport model — transportation of thémain & point under consideratiow,(y, 3 will be
contaminants by engine jets; derived at moment,, Wwhich is approximately

— dispersion model — dispersion of the contaminan@§termined by the formula:

in the atmosphere due to turbulent diffusion and AX K 12

wind transfer. to =—*+ Axx—%

Contaminants are considered like not reactive.The U, U,y

frame of reference is set so that the wind velociffhe complex model “PolEmiCa” allows treating the
vector U,, and thex-axis are collinear. Theaxis is aircraft as a discrete moving point source with

- . . emission factors for each time step (1 s).
directed upwards and tlyeaxis completes the right- . . .
hand triplep. Thus. with the assurﬁption for tr?e a puff model is used for computation of transient

e o ) ontaminants  concentrations and  dispersion
turbulent diffusion coefficientsk,, k , k, being parameters for each newly created puffs during
constant, a dispersion equation (Eulerian approadhjervalAt:

takes the form (no sources are expected):

dc.  dc dc, . dc, dc p{— (xx)* _ (yN)? }
Lou, Lok Lo Bo BE° 1 Qex
dt “dx *d¢ Ydy °dZ 1) A(xy.2) = 20t AL 20,5 K |
where ' o _ o {8[0%,+2K t][0%6+2K {1} 1°
C is contaminant concentration, is wind velocity; {_ (2-7 -H)? }r . (2 % +|‘DZ}
k., k,, k, are coefficients of atmospheric turbulent, 2075+ 4K § 205 K4 | 5 @)
diffusion. [0%0+ 2K 11 ’
oxyzh= M e XTHTUY (W where

¥ 32 Kx , Ky, K7 are turbulent diffusion factors.

8 [k kk At At

Besides instantaneous puff model (2) the models of
(z-2-H° (z g+ BF)|. instantaneous moving source, fixed point source and
X € _T + ‘T , instantaneous linear source are used in PoIEm#&da al
For comparison, Gaussian puff algorithm for
where modelling contaminants dispersion in atmosphere
X', y', Z are current values of co-ordinates of aﬁCIUd‘?S influence  stability atmosphere  (from
emission source: as_qunl stability classes), thermal buoyancy and
vehicle wake effects:
X =%+ U, t+05at® +y, (t+1); ,
| 2 0 exg - XF _ )
Y = Yot Ve t+05bEY 202 207
c(x,)y,z,t)= x
(oy.z.1) (2n)y* 0,0,0,

(z-7 -Hf}+ ex;{— (z+ 2+H3} A

z =z+w t+05ct?

Xo: Yo, % are initial co-ordinates;

UpL, VL, We are vector components of source speed,, _
a, b, care vector components of source acceleration;

0, ca . 20> 202
Uy is wind velocity.

z z
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wherec is concentration, g/fn
Q is emission factor, g/s;
At is time interval between puff release, s;
Xo, Yo, Z, are center of puff, m;
X Vi, Z are receptor location, m;
H., is height of mixing zone, m;
oy is standard deviation of puff in the x-directiom;,
gy is standard deviation of puff in the y-directiom,
o, is standard deviation of puff in the vertical
direction, m.

Comparison measurement and modelling data
accor ding to experiment conditionsin the vicinity
of AthensInternational Airport

Complex model NAU was used for calculation of
t

averaged concentration (1 min) of the contaminan

produced by aircraft engine emission during take-o
€

in Athens airport. Appropriate model for this cas

was defined as a puff-model (2). Puffs were assess

for each engine of the aircraft separately, becafise

their separate influence on averaged concentration
point of monitor installation. It means that moment ©"

Besides, results were defined for the cases with an
without jets from the engines to show that witts jet
they are more equal to measured data.

For every take-off different values of wind speed a
direction were measured, so the different value&fq

Ky, Kz — turbulent diffusion factors were calculated and
used for following concentration assessment. Ois&n
between each aircraft engine and DOAS for the mbmen
of their maximum emission contribution are shovaoal
For example, case 13 (take off of the A320-214) was
defined with very small angle (6,9°) between the-ff

and wind, so calculated distances 1486.0; 1566 .8uite

big, they show that DOAS measured the pollutiomfro
this take-off when an aircraft was in flight, not the
unway. Thus a height of the source can be defioedy

?n engine installation height for this aircraftetyput by

he height of the flight — it may be an explanafamnthe
between calculated concentrations
max = 49,99 and min 26,47), and measured
(DOAS = 23,32, TE 42C-TL 96 = 16,42+ 1,64).

huge difference between measured and

difference

tmax fOr €ach engine is quite different, for exampl&alculated data for the Boeing 747 take-off a
for take-off of Boeing 747 (shoulder between aside0Ssible explanation is that used averaging interva
engines 42 M)At for aside engines was assessed Min) is equal toAtmax for aside engines (was
as equal to 60 s due to small angle between the wissessed as equal to 60 s due to small angle betwee

and rolling directions.

the wind and rolling directions), so not all of the

Because of that two averaged values of thHeuffs were included in measurement results.

concentration were calculated:
— maximum for this case total puff was considensitie
interval of the averaging.,(2 lines in a fig. 2 below);

For example, in Delta — Atlanta Hartsfield (UNA-UNA
Study [7] it was shown in Sample Event 1 for Bo&ing
with CF6-80C2B1F Engines 9/27/2004 12:40:00 (fig. 3

- minimum for this case half of the puff wasthat two separate plumes were detected, each wf the

considered inside interval of the averagi8g/(lines
in a fig. 2 below).
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Fig. 2. Concentration distribution in exh
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possibly was defined by separate pare of engistsleu
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Fig. 3. Sample Event 1 — Total Particle ConcemrafNumber and Volume) and GQoncentration as a Function of Time

So it was too difficult to include a contributiorom Thus a height of the source can be defined nonby a
each engine to measured result. Second possiblagine installation height for this aircraft tydeyt

explanation is the same as for a case 13 calculatadthe height of the flight.
distances - 1529.1; 1601.9; 1796.1; 1868.9 — af@ables below are showing that most part of the

quite big, they show that DOAS could measure measured data are inside an

interval

between

pollution from this take-off when an aircraft was i maximum and minimum calculated data, which were
flight, not on the runway.

explained before.

M easur ement results by system TE 42C-TL 96 and calculation results due to complex model «PolEmiCa»
of nitrogen oxides (NOx) concentrations produced air cr aft engine emission during take-off air craft
in thevicinity of |AA

Calculated Measured concentration, Calculated
. . . delta NOx by TE 42C-TL 96, -
Aircraft Engine maximum minimum DOAS
ug/mt mg/nt pg/nr
value error

B737-3YO | CFM56-3C1 27.430 318 32 33,00 14.850
B737-3Q8 CFM56-3B2 30,700 28,0 2,8 32,9 16,570
B737-45S CFM56-3B2 29,760 23,6 2,4 30,57 16,00(
B737-4Q8 CFM56-3B2 31,280 56,9 5,7 62,64 16,940
A310 CF6-80C2A8 88,860 86,1 8,6 89,46 48,400
A319 CFM56-5B5/P 29,850 26,9 2,7 46,09 15,920
B747-230 CF6-50E2 163,630 82,5 8,2 90,41 86,910
A321-211 CFM56-5B-3/P 81,780 43,3 4,3 51,7 44,070
A320-214 CFM56-5B-4 49,990 16,4 1,6 23,32 26,470
B737-33A CFM56-3B1 25,500 11,5 1,1 17,98 13,730
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Conclusion 2. Eurocontrol Statics@Forecast Services, Long Term

Basic sources of difference between calculated a 8re§ast of Flights (5?04;1202.5)' B Brussel;: E%’A'Z.
measured of contaminant concentration from aircraft “¢7°povceyt  ©.0. LIOPIBHANHA — BUMIpAHUX 1
engine emiSiion are fO”OWing: PpO3paxOBaHUX KOHHUCHTpALl1n 336pyLlHeHHH MOBITPA

— emission factor — contaminant mass exhaust Bf<#AaMH Bit aBHryHis B acporiopty / O.1. 3anoposers,
used for my modelling values of emiSSiorK'B'CH_‘fmno 1 BICHI/I.K HAY..— 2009. —Ngl._—C._ 40-45.
characteristics for aircraft engine from ICAO4-_ Schafer KlausAirport air quality ;tudles in Athens".
certification. These emission values were defirgd fFirst results of measurement campaign // Klaus fcha
ambient temperature15°C. But in case obtefan Emeis, Carsten Jahn et al. // ECATS working
measurement campaign in AlA, air temperature wagper. — 2007. _ _
26.8°C. Such temperature difference effect on inpét Opsis 4.B. DOAS User Guide / A.B. Opsis. —
and output of modelling data and composes 10 % Bfirulund, Sweden, 1997.

accuracy; 6. Schéafer KlausAirport air quality studies in Athens.
— meteorological data, particularly, wind directiorGeneral concept of development of a databank / Klau
fluctuation was not discounted. Schafer, Stefan Emeis, Carsten Jahnet et al. //TECA

- plume dispersiors§, oy, 6z,) and buoyancy effect working papew. - 2007.

are estimated by model , taking into calculation j&. Asimakopoulos D.NMonitoring and instrumentation at
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