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PRELIMINARY EVALUATION OF NOISE REDUCTION IN SOFIA BY
IMPLEMENTING CONTINUOUS DESCENT APPROACH PROCEDURES
FOR LANDING AT SOFIA AIRPORT

Vladimir Serbezov, Boryana Bozhkova, lvan Dimitrov

Abstract: This work is a part of a more comprehensive study on the environmental effects of the Continuous
Descent Approach {CDA) method of aircraft descent and landing if implemented at Sofia airport. An analysis
of the possibility to reduce noise levels in the vicinity of Sofia airport by implementation of the CDA is
performed. Also a preliminary quantitative estimate of this noise reduction is calculated. The results show
that for the majority of the aircraft types landing in Sofia airport CDA will not affect the noise levels if landing
on runway 09 and it will lead only to minor noise reduction if landing on runway 27. These conclusions do not
undervalue the other benefits of CDA and they are valid only for airplanes for 100 - 180 passengers, that are
most widely used from Sofia airport, but not as general.

Keywords: aircraft noise, noise mitigation, continuous descent approach, CDA

1. INTRODUCTION

One effective way to reduce the
environmental impact of civil aviation is by
optimizing the aircraft flight trajectory. A part of
this optimization is the optimization of the
descent and landing of the airplanes, widely
known as Continuous Descent Approach
(CDA).

The CDA involves the management of the
aircraft configuration (flaps, speed brakes,
landing gear, and throttles) by the pilot or flight
management computer to use the minimum
required thrust on a continuous glide angle into
an airport. By using the lowest thrust possible
and following a standard 3-degree glide angle
into the airport, aircraft will produce lower levels
of noise than aircraft using higher thrust
settings and a “step down” approach. Figure 1
is a depiction of the 3-degree and step down
(standard) approaches.

For many airports, the opportunity to
implement a CDA is limited because of the
volume of air traffic on approach and in the
vicinity of the airport especially during daytime
periods. When approaching traffic is heavy, a
pilot may need to adjust throttles, flap settings,
and extend landing gear to maintain safe and
consistent spacing with other aircraft in the
airport environs. Extending flaps, and landing
gear makes an aircraft "dirty” (i.e., increases
drag), which requires the application of
additional thrust to keep the aircraft flying at the
same speed.
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Nevertheless many large airports such as
Los Angeles International Airport and London
Heathrow Airport have introduced CDA.
According to tests by Boeing and the FAA, CDA
at a single airport can save millions of pounds
of fuel, and reduce atmospheric carbon dioxide
emissions by millions of pounds.

These facts inspired a researcher group
from department of Air Transport of Technical
University - Sofia to take an effort in studying
the potential benefits that can be achieved by
implementing CDA in the Bulgarian airports. In
this particular work we investigated the potential
for aircraft noise reduction in the vicinity of
Sofia airport.

2. ANALYSIS OF SOFIA AIRPORT LOCATION
AND AIRPLANE APPROACH FLIGHT PATHS

The information about Sofia airport is taken
from the Aeronautical Information Publication of
Republic of Bulgaria (AIP) [6]. Sofia airport is
situated in the middle of the Sofia wvalley,
eastern from Sofia city (fig.2). The runway of
the airport is oriented east-west (09/27). For
landings on RWY 09 (airplane landing to the
runway from west direction, heading east) the
approach corridor lies over the Sofia city
centre. The approach corridor for landings on
RWY 27 lies in opposite direction, far from the
town of Sofia, but near town of Elin Pelin.

To define the cases in which the
implementation of CDA will lead to noise
reduction in the area of town of Sofia, the
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approach routes to the airport must be analysed.
These routes for Sofia airport can be classified in
four groups:

1. Straight-in approach to RWY 09 - the airplanes
come from west and land directly.

2. Downwind approach to RWY 09 - the airplanes
come from east, turn 180° and land.

3. Straight-in approach to RWY 27 - the airplanes
come from east and land directly

4. Downwind approach to RWY 27 - the airplanes
come from west, turn 180° and land.

3000 ! : : ! ! ! T
; —typical flight path
| : --==3 deg. slope (CDA) :
= %:;{88» i e :-~~~stand:ard appro?ch profile j
£ 2000 . E B
<_( B =g ' \
L 4
® '
z 1500
o
@
m 5
1000 -
500 i

70 60 50

-40

30 20

Distance from Runway Threshold, km

Fig.1. Continuous Descent Approach profile for runway 27 of Sofia airport

For cases 1 and 2 the final part of the
approach route lies over Sofia. Because in this
final stage the airplane must keep closely the
final approach glide slope there is no difference
in this stage between CDA and no CDA
approach. In these cases the CDA approach
will have no noise benefits.

In case 3 the flight route lies far from large
populated areas and so it is not of interest also.

In case 4 the standard arrival scheme
starts from navigation point NISVA 3C (not
displayed on fig.1), passes near Bozhurishte,
heading to SOF non-directional beacon, at the
west end of the runway. This part of the route
lies over the boundaries of the city. After SOF
the flight route goes east-north-east, passing
near the eastern residential districts of Sofia.
Then at a distance of 26 km from SOF the
route makes a turn until catching the ILS final
approach corridor of RWY 27.
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As far as the prevailing wind direction in the
Sofia valley is from west and north-west and a
significant part of the air traffic is from Central
and Western Europe, this is a very commonly
used scheme for arrival and landing.

If performing CDA approach on this route
the vertical profile of the flight will go at
significantly higher altitude over the northern
and north-western Sofia districts (fig.2). This will
lead to lower noise levels there, compared to
non-CDA approaches. It must be noted that the
published CDA results show most significant
noise reduction for places at distances of 7 to
15 nautical miles (13 - 27.8km) from the
runway, along the flight track. This reduction
can be up to 4 dB [5]. In our case the
mentioned Sofia districts are at much greater
distances of approximately 50 to 60 km from
runway, along the flight track and much smaller
effect can be expected.
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Fig.2. Sofia airport location and runway approach ground tracks

3. CDA AND NON CDA NOISE EMISSION
MODELING

To estimate the effect of CDA
implementation we modeled the single event
noise levels of a typical for Sofia airport aircraft,
coming from NISVA 3C and landing on RWY
27, booth with CDA and non-CDA (standard)
approach. For the purpose the noise modeling
method described in ECAC.CEAC Doc 29 [2,3]
was used. The principal source of aircraft noise
data is the international Aircraft Noise and
Performance (ANP) database which is
described in the also in the same document.

It was judged appropriate for the initial
evaluation to calculate the noise levels only at
tree sites in Sofia. This way the need of complex
calculations was overcome. The first site is the
St. Nedelia church - representative for the noise
levels in Sofia city centre. The second site is the
centre of Druzhba-1 residential district
representative for the eastern Sofia districts. The
third point is in Nadezhda district - representative
for the northern parts of Sofia. The geographic
coordinates of these tree sites (calculation
points) are given in Table 1.

Table 1. Noise calculation points location

Calculation point|  Latitude Longitude

St.Nedelia church| 42°41'48.3"N | 23°19°17.4’E
zk. Druzhba 1 42°39'46"N | 23°24'5.4’E
zk Nadezhda | 42°43'54.4"’N | 23°17’51”E
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The examination of the aircraft types
operating from Sofia airport showed that
aircraft with 100 to 160 seats prevail [7]. Most
of the air carriers use airplanes of the Airbus
A320 and Boeing 737 families. Boeing 737-400
was chosen as a representative airplane to be
used in the calculations.

For the purpose of noise modeling the
ground track of the flight trajectory is divided
in 7 segments. The coordinates of the end
points of these segments are given in Table 2
and the segmented ground track, together
with de noise calculation points are illustrated
in Fig. 3.

Table 2. Ground track segments definition

Latitude Longitude
A, 42° 50’ 30” N 23° 04 36” E
A, 42°41'53.2" N | 28°23 21.8"E
B, 42° 35' 45” N 23°'39" 52" E
e 42° 37 01”N | 23°43 32”E
B 42° 38 57" N 23°44' 10” E
C 42° 40 07" N [ 23°42° 15" E
D 42240 55> N.. | .23° 26' 25" £

The vertical profiie of the CDA is calculated
as a 3 degrees slope. The height of the
reference points of the vertical profile of the
non-CDA approach are taken from the AIP [6].
Booth flight profiles are shown in Fig. 4.
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Fig.4. Calculated flight profiles for standard and CDA approaches

Using this data the Effective Perceived
Noise Levels (EPNL) (table 3) and Sound
Exposure Levels (SEL) (table 4) were
calculated. Booth noise levels were calculated
for CDA and standard approach for every of the
tree points. The calculated values for all tree
calculation points in the non-CDA case are fare
below the 65 dB SEL norm. The CDA shows an
average 2 dB decrease in the noise levels.
These results corresponds well with the data
given in reference [5] and show that this
approach for simplified noise modeling can be
successfully applied for preliminary noise
estimates.
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Table 3: Calculated effective perceived noise level

EPNAB g;g?gggﬂ CDA
St.Nedelya 64.1 61.9
zk.Druzhba 1 61.6 60.0
zk.Nadezhda 69.9 67.4

The conclusion that can be made from the
noise modeling is that the CDA implementation
at Sofia airport will not lead to significant noise
reduction for Sofia town. It must be noted that
an aircraft flying a non-CDA approach can
produce much higher noise if performing
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horizontal flight path segments near the noise
measurement sites even at higher altitude,
because of the greater thrust applied. Higher
noise levels can be expected also if larger
airplanes are operated form Sofia airport.
Considering this two cases we can expect that
the effect from CDA will be somewhat greater.

Table 4: Calculated sound exposure level

L,dBA | Stancard CDA

St.Nedelya 45.97 41.50

zk.Druzhba 1 57.09 55.57
zk.Nadezhda 50.96 48.1

4. CONCLUSIONS

In order to determine the possible effect on
aircraft noise from applying CDA landing
procedures at Sofia airport an analysis of the
airport location and the approach routes to the
airport was performed. The analysis showed
that most promising for noise reduction in the
populated sites in Sofia valley is the downwind
approach route (from west) to RWY 27 which
passes over northern and alongside of eastern
Sofia districts and then over the town of Elin Pelin.

A limited noise modeling for tree
representative points in the central, eastern and
northern parts of Sofia for the flight route
mentioned above was performed. The
calculations were made for Boeing 737-400 as
an representative aircraft in the 120-170
passenger seats class. The calculated results
show that the single event noise levels are not
critical and will not be affected significantly by
the CDA implementation.

Assist. Prof. Vladimir Serbezov, MSc.

Department of Air Transport
Technical University of Sofia,
8, Kliment Ohridski St.
Sofia-1000, BULGARIA

e-mail: vlados @ aero.tu-sofia.bg
phone: +359 2 965 30 78; +359 2 965 25 22
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Additional research for sites in the east part
of Sofia valley and for other classes of aircraft
should be made for better determination of the
potential of the CDA. Although the noise
reduction from CDA predicted in this work for
town of Sofia is negligible it does not
undervalue the other benefits from CDA
implementation. The authors will continue their
research in this direction.
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NMPEOBAPUTENTHO U3CNEOBAHE HA Bb3MOXXHOCTUTE 3A
HAMANABAHE HA ABUALIMOHHWA IWYM B PAWOHA HA FPAL, CODUA
MPU N3NON3BAHE HA CXEMA C HEMPEKBbCHATO CHUXXEHME W
3AXO/[] 3A KALLAHE HA NETULLE CODUA

Bnagumiup Cepbesos, BopaHa Boxxkosa, MBaH [umutpos

Pesiome. HacTosuwara pabora e uact or no-ob6WMpPHO NpoyuyBaHe Ha npegumcTeata M npobnemuTte
CBbp3aHK C KU3NoN3BaHeTo Ha neTtulie Codua Ha eKOAOrMYHO M3rogHUA METOd 3a KaiuaHe C MOCTOAHHO
cHuxeHwe u 3axop, (Constant Descent Approach - CDA). B Hesl e U3BbpLUEH aHanua Ha criyuanTe, B KOUTO
CDA 6u posen no HamanssaHe Ha aBMALMOHHWA WYM 3a panoHa Ha rpag Codua M e HanpaBeHa
NbpBOHaYaNHa KonuMuecTBeHa OueHKa Ha ToBa HamaneHuwe. OT M3BBLPLUEHOTO M3crieQBaHe MOXe fa ce
Hanpaswv u3sop, Ye nanonasaHeto Ha CDA HAMa fa Bofn [0 3HAUMMO HaManfABaHe Ha LUyma B paioHa Ha
rpapg Codus. Mpu 6baeulo npunaraHe Ha TO3W METOA 3a CHWKEHWE M KauaHe Ha neTuule Codus
onpegenawy buxa 6unu HamansBaHeToO Ha U3Pa3XOABAHOTO FOPUBO M BPELHWN EMUCUM, NPU OCUIypABaHe
Ha HeobxoguMuTe HMBA Ha Be3onacHOCT Ha noneTure.
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