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4.1 Final publishable summary report

4.1.1 Executive summary

The air transport industry is paying a lot of atii@m to growing public concern on the environmetigales of
air pollution. Clean Sky is a Joint Technology ilitve that is developing breakthrough technologoeseduce
environmental impact. In order to reduce environtaleimpact from rotorcraft, the Green Rotorcrategrated
technology demonstrator will develop environmergfdly flight paths: they are procedures and missio
profiles designed to reduce fuel consumption (armbadingly CQ emissions) and NGemissions. To this aim it
is necessary to create a data base containingefhigsions by rotorcraft during flight and in diféet weather
conditions. This data base will be used in ordeddsign green mission profiles; to create completabase, a
generic rotorcraft engine has been mathematicatigleted to calculate flue gas emissions by mearssaté of
art numerical codes.

Results from numerical codes always need to belatad by extensive test campaign. In this Projemiti©
Combustione Ambiente (CCA) has performed flue gasssion measurement on AgustaWestland Pzl SW4
helicopter during several flight missions.

In order to perform accurate measurement actixity hot standardized field, CCA has used its beogetrience
in flue gas measurements from stationary gas tesbibue to the lack of standard procedures to perfo
measurements on rotorcraft, CCA has defined the amsropriate methodology and the best practiceshi®
measurements of emissions from aeronautical engines

The equipment defined in the methodology has beéalde to operate properly in flight tests. Thédglines
from methodology have driven during test campagpdrform accurate measurements of CO,, Q®,, TOC
and Q concentration during flight tests. Using data gatld during flight tests, CCA experts have contgduo
edit a report with data related to the environmieftight conditions to be used in the optimisatiprocess of
flight paths. The final goal is to participate &gltce environmental impact from one of the humairities.
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4.1.2 Summary description of project context and objectives

The main task of the project MAEM-RO is the devetgmt of a methodology able to provide the guideslifoe

the measurement of gaseous pollutants emittedebgrigine of a helicopter during flight missions.aAssult of
these methodologies the guidelines will be usedtlier execution of a number of missions in flighithw
different settings of the engine, different fligitbfiles and with different weather conditions.

In order to develop such a methodology is necesgarglentify the various parts that integrated tbge
contribute to the achievement of the desired resElbr this reason, the development of each patteoproject
has been divided into work packages. The first wpdckage has the task of identifying the different
measurement standards applied in other fieldsabint@logy and that can also be used to perform mesmnts

in flight missions. In fact, at the international/él, there are no methods for the measurementhafust gas in
the aircraft industry, but only guidelines or recoendations which, however, are not applicable dufiight
missions but only for measures on the ground, Xanmple ICAO Annex 16 vol 2 Standards and Recommnde
Practices. These recommendations have been takencomsideration during the development of the
methodology but most of the technical indicatioasne from mature techniques of measurement of gaseou
pollutants in the field of plants for the productiof energy through the combustion of fossil fuedsparticular
the combustion of light fuel oil which is similay 9P1.

The second work package has the task of identiffiegmeasuring principle of the flue gas analyndre used
during the experimental campaign. Currently avédab a variety of flue analyzers which operatecading to
different measurement principles in relation to tdfemical species to be measured, the accuracyeof t
measurement and the conditions under which measumtepacurs.

In order to design a complete flue gas measuresystem for flight tests, many requirements haveetdaken
into account:

» system has to be robust enough to stand with lmécwibrations without interfering with measuremen
accuracy and flight safety;

e it has to be not too much demanding from power tpafiview;

» capability of automatic operation, in order to alvekpert presence during flight;

« flight level should be not a issue for analyzerg@icopter standard flight level);

« need of auxiliaries has to be reduced as much sshpe;

» data acquisition system has to transfer measuremenhelicopter acquisition system according to
avionics standards.

These constrains required a deep study for degiggdich component and the whole system integratinrbe
divided in several tasks:

» probe design
The suction probe has to assure homogeneity inledngas for accurate measurements, and it musttuest to
stand with gas high temperatures and engine virsitilt has to be intrusive as small as possihleidang
interference with engine performance and flighesafthat means suction probe should be designedall as
possible, but big enough to sample the right gas fate.

» sampling line
In case of HC measurements, it is necessary talaaidensation of water vapor which causes reagtitn
hydrocarbons to be measured: heated sample linddshe used. Its requirements have to be compatiibte
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1. power supply available on helicopter;

2. external air temperature and pressure;

3. installation path available from sampling probéh® helicopter cabin, where analyzers are installed
For those reasons sampling line has to be progesigned to take into account mentioned constrains.

« auxiliaries and flue gas conditioning
To work properly and for accurate measurements, dias analyzers require a certain amount of flde aad
clean sample: in order to satisfy these constraimission system has as auxiliaries a flow raterobst/stem
with pump and filters to remove particles or ddgtso for this task components have to be light, toot much
demanding from power point of view, to be the lmbstice for the integrated system.

e analyzers
On the market there are many flue gas analyzergxXample compact multi species analyzers, singgeies
analyzers, based on NDIR principle (for CO, £80,, SG,), chemiluminescence principle (for NOFT-IR
etc..
Most of them can be considered at the state ofoarthis kind of equipment, but usually they havéedent
requirements during operation. For example mostnaflyzers use optic measuring principle that isitiga to
vibrations. These requirements have to be comgatitih helicopter flight conditions while measureartseehave
to be accurate as much as possible. CCA enginemes diesigned the integration of analyzers in trstesy
taking into account all those constrains, choosiimglyzers as more “standard” as possible to keep co
reasonably low, avoiding expensive and not welbfgd equipment. Anti vibration mounts could be addp
during flight tests.
Another important requirement is the response toheneters: even if only steady state measurememrts a
meaningful, for aeronautic field steady statestwaishorter than, e.g., power plants steady statethis reason
fast response analyzers should be adopted, wittomes time compatible with typical time of heliogpt
operation, like climb time.

e data acquisition system
Output data from analyzers shall be collected froeasuring equipments and stored in a data baseaifrhef
data base is to validate results from numericakspéach emission measurement set is obviousliedeta
engine condition, e.g. fuel consumption, combuséimriemperature, etc.. For this reason data es®@ds have
to be strictly related to engine setting in timar@dn, i.e. synchronisation is necessary. The bestte reach
this target is to send emissions data to helicopd¢a acquisition system using its date stamp. @isly data
have to be sent as fast as possible. CCA engiaeeidesigning a data management system able to:

1. acquire data from analyzers;

2. manage and store warning messages and status eefsag analyzers;
3. send data to helicopter data system accordingitmiag protocol;

4. store all information in computer hard disk for gib$e checks.

As mentioned before, analyzers with digital outpilt be chose in order to avoid analog to digitahgerters;
personal computer will be connected to analyzer®$8y232 or RS485 protocols.

The task of work package 3 is to design and impigrttee exhaust sampling line from the sampling ptairthe
analyzer. Even before this, it is important to deiae where to sample the exhaust gases of theemdithe
helicopter. It must be that the sample is as homeges as possible and which avoids backflow from
atmosphere that alter the measure. Even the pathediue gas to the analyzer must be compatibth thie
requirements of safety during flight.
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Since the sampling line shall be maintained atresstamt temperature of about 180 ° C, it is necgdbat the
power required for the power supply is compatibighthe voltage and power levels available on tbkchpter
during the flight missions.

The task of work package 4 is the design and imeidation of a software system for the acquisitién o
measurements from the analyzer and transfer thebhoard notebook where data are stored, contaihiagét-
up of the helicopter engine, the weather conditiamd the conditions of flight profiles. The dataragge on the
same computer guarantees the synchronization ofvéin®us data collected, allowing in the future the
comparison of emission levels with the conditiorihaf engine.

The task of work package 5 consists of the ingtallaof all the equipment on board the helicopteithe
beginning and test execution on the ground. Thergtdests will serve to verify the correct openatif the
system, but also to compare later emissions ogritiend with those in flight missions.

The success of this activity will depend on therecr execution of the preparatory stages of theipue work
packages.

The flight profiles were selected by AgustaWestlatdff according to standard flight procedures #mel
experiences gained.

Once all the scheduled flight missions have danejli proceed to the preparation of the databasgaining
the measures collected and the condition of thinerand weather conditions. This is the task ofknygackage
6. The task of the database is also to provide anmef verification for the working groups that Hedth

numerical simulations of the engine of the helieojriside of GRC.
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4.1.3 Description of themain S& T results/foregrounds

The first experimental goalf the MAEM-RO projectis to identifywhat kind offumesanalyzerto use during
flight missions. Thenot standard conditionsf measurementequire that the entire systeraf measurement
experiencesome requiremenfseculiarto the environmenivhere the measuremetttave to be performed.

There are portable analyzers using electrochenaielid: they are very versatile and allow to measueny
chemical species at the same time, however, tloeuracy is quite low. The analyzers more accuregeira
general rather heavy and do not allow to measune rian two chemical species for each instrumeneyT
typically rely on the optical principle of the Nd@ispersive Infrared (NDIR) and they are used foe th
measurement of CO and GO

A measuring principle widely used for the measuneintd NQ, is the chemiluminescence: it has become the
most widely used NQ emissions monitoring technique in stack emissiansl ambient air-monitoring
instrumentation. More than 95% of the NOEMS used by the electric utility industry , aqgpeoximately 99%

of the NQ analyzers used for EPA Reference Method 7E ande&ing employ the chemiluminescence
measurement technology. The basic chemiluminescgmemistry was delineated in 1967 by Clough

et al:

NO + Q:, — N02*+ Oz
NO,* — NO, + hv (~600 to 3,000nm)
hv = photons.

When NO reacts with £ some electronically-excited NOmolecules are produced. These molecules may give
off energy in the form of light emission with intgty linearly proportional to the concentration®. When

the emitted radiation is monitored, it becomes asuee of the concentration of the NO in the regcsiample.
The light emission occurs between 600 and 3,000with,a peak at about 1,200 nm. Chemiluminescer@g N
analyzers measure NO concentrations by using aplaasdilter to select light in the region from ab600 to
900 nm.

The major advantages of chemiluminescence methedattier measurement methods for,M@nitoring
include:

» Increased sensitivity (detection limit)

« Improved specificity (accuracy)

* Rapid response time (control)

» Linearity over a wide dynamic range (precision)

» Continuous monitoring (control and reporting)

« Simplicity of design (maintenance)

The disadvantage of this principle of measuremititat it can be applied only to the oxides ofagien and a
few other chemical species.

The application of traditional infrared spectrosgdp low concentration measurements, such as amnhbien
measurements, is limited by several factors. Kréite significant presence of water vapour,,@8d methane,
which strongly absorb in many regions of the irddafIR) spectrum. Consequently, the spectral regibat can
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easily be used to search for pollutants are limited@60-1300cm , 2000-2230 cm, and 2390-3000 crh.
Another problem is that the sensitivity is not egiodo detect very small concentrations in the spim-frevel.
Finally, spectral analysis was difficult since gabtion of background spectra had to be carriednmartually.
The development of Fourier Transform InfraRed gpscopy (FTIR) provided a quantum leap in infrared
analytical capabilities for monitoring trace po#luts in ambient air. This technique offered a numife
advantages over conventional infrared systemgydim) sensitivity, speed and improved data proogssi

The basic components of an FTIR are shown scheatfigtio Figure 1 . The infrared source emits a drband
of different wavelength of infrared radiation. TH® source used is a SiC ceramic at a temperatul&sd K.
The IR radiation goes through an interferometett thadulates the infrared radiation. The interfertene
performs an optical inverse Fourier transform oe émtering IR radiation. The modulated IR beam gmss
through the gas sample where it is absorbed towsuéxtents at different wavelengths by the varirootecules
present. Finally the intensity of the IR beam isedted by a detector, which is a liquid-nitrogerled MCT
(Mercury-Cadmium-Telluride) detector in the casehaf GASMET FTIR series. The detected signal igideg
and Fourier transformed by the computer to getRhgpectrum of the sample gas.

Infra Red Signal and
Source = Interferometer Detector data processing

Figure 1 Basic componentsof FTIR

The unique part of an FTIR spectrometer is therfi@temeter. A Michelson type plane mirror
interferometer is displayed in Figure 2 . Infraradiation from the source is collected and colladat
(made parallel) before it strikes the beamsplitidre beamsplitter ideally transmits one half of the
radiation, and reflects the other half. Both traitted and reflected beams strike mirrors, whicltecf
the two beams back to the beamsplitter. Thus, aifeohthe infrared radiation that finally goesttee
sample gas has first been reflected from the bel#ttesgo themoving mirror, and then back to the
beamsplitter. The other half of the infrared radiatgoing to the sample has first gone through the
beamsplitter and then reflected from thed mirror back to the beamsplitter. When these twacapt
paths are reunited, interference occurs at the ggigter because of the optical path differencesedu
by the scanning of the moving mirror.
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Moving suitror

Fixed mirror

Beamsplitter i i

Radiation to the sarmple gas and detector

Figure 2 Michelson interferometer

The optical path length difference between the dptical paths of a Michelson interferometer is two
times the displacement of the moving mirror. Theeriference signal measured by the detector as a
function of the optical path length difference iaslled the interferogram. A typical interferogram
produced by the interferometer is shown in FigureThe graph shows the intensity of the infrared
radiation as a function of the displacement ofrtfaving mirror. At the peak position, the opticatipa
length is exactly the same for the radiation tlmahes from the moving mirror as it is for the rabiat

that comes from the fixed mirror.

rrefsenfe Al g RV IO PLEPRY VRV VRV

Figure 3 A typical interferogram

The spectrum can be computed from the interferodramerforming a Fourier transform. The Fourier
transform is performed by the same computer thahately performs the quantitative analysis of the
spectrum. The degree of absorption of infraredatazh at each wavelength is quantitatively related



1 41,.

Centro Ny
Combustione N

Ambiente A
ICIM

an ANSALDO Caldaie company

Sede Legale:

Via Milano, Km. 1,600
70023 Gioia del Colle (BA)
Italy

A SOCIO UNICO

ISO 9001 - Cert. n. 5203

the number of absorbing molecules in the sample $iase there is a linear relationship between the
absorbance and the number of absorbing molecule#ficomponent quantitative analysis of gas
mixtures is feasible.

To perform multicomponent analysis we start with sample spectrum. In addition, we need reference
spectra of all the gas components that may exigtarsample, if these components are to be analyzed
A reference spectrum is a spectrum of one singke @gamponent of specific concentration. In
multicomponent analysis we try to combine theseresfce spectra with appropriate multipliers in
order to get a spectrum that is as close as pessilihe sample spectrum. If we succeed in forming
spectrum similar to the sample spectrum, we getémeentration of each gas component in the sample
gas using the multipliers of the reference spegirayided that we know the concentrations of the
reference gases.

For example, suppose we have a sample spectrumeterdnce spectra like those shown in Figure 4 .
In this case, we know that the sample gas consisiases Reference 1 and Reference 2. We have the
reference spectra available and we know that thefegence spectra represent concentrations of 10
ppm and 8 ppm respectively. To find out the coneioin of each component in the sample gas, we try
to form the measured sample spectrum using a le@abination of the reference spectra. We find out
that if we multiply the spectrum by 5 and the speotby 2, and combine these two spectra, we get a
spectrum that is similar to the sample spectruncofdingly, the sample gas contains reference gas 1
at five times the amount in the reference specttuand reference gas 2 at two times the amouthein t
reference spectrum 2. The analysis indicates tiatsample indeed consists of these two reference
gases. The concentration of the reference gas thansample is found to be 50 ppm, and the
concentration of the reference gas 2 in the samfdlé ppm.

0.3
025
n.2
Sample
0.15 - — —Reference 1
----- Reference 2
0.1
005
0

Figure 4 An example of spectrafor multicomponent analysis



Centro
Combustione
Ambiente

an ANSALDO Caldaie company

Sede Legale:

Via Milano, Km. 1,600
70023 Gioia del Colle (BA)
Italy

A SOCIO UNICO

* Tm
'R
ICIM

I1SO 9001 - Cert. n. 5203

This multicomponent ability of FTIR means that tregecally, any spectrum obtained with the F1
can be reprocessed at a future date to determamedhcentration of any newly calibrated ga
Therefae it is worth saving the spectra obtained fromHREBince they potentially contain so mt

information about the sample ¢

For flight measurement campaign CCA specialistset®asmet D-4000 FTIR analyzer Figure 5

Figure5

As told before, FTIR analyzers are able to measure several compoimeat®ut 1 s, and Gasmet 4000 can

measure wet concentration of:

% SO,
% CO
% CO,
% NO
% NO,
%+ N2O
% HCI
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% HO

<+ HF

% CH,

% CH,

% C3Hg (n propane)

% CgHis (n hexane)

+ HCOH (formaldehyde)

% 0O, measurement with ZnO sensor

As reported in the previous deliverable, vibratiewel in helicopter cabin during flight missionsdee of the
most important issue to consider in the choicehaf best measurement set up. Gasmet DX-4000 analyzer

performances have been investigated during vibratst according MIL-STD-810F specificatiofigure 6
During tests the analyzer has been equipped withration isulator system.

“ Check point sensor used to

measure response

Figure6

Analyzer has been tested with different environmlecinditions:

1. Shock |
The test has been performed as a compliance testest parameters concerned were as follows:
Test method MIL-STD-810F
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Severity 20 gn, 20 ms, 650 shocks in
+Z and —Z direction

Test equipment LDS Vibrator 954 LS

Test conditions According to the MIL-STD-810F
normal

DX-4000 installed on vibrator table in normal wapnd in operation and monitored by PC SW.

2. Shock Il

The test was performed as a compliance test. Bh@aeameters concerned were as follows:

Test method MIL-STD-810F

Severity 40 gn,15 ms, 3 shock in
+Z and —Z direction

Test equipment LDS Vibrator 954 LS

Test conditions According to the MIL-STD-810F
normal

DX-4000 installed on vibrator table in normal wapd in operation and monitored by PC SW.

3. Vibrations (sinusoidal)
The test was performed as a compliance test. Bh@aeameters concerned were as follows:

Test method MIL-STD-810F Procedure |
Frequency 5.5... 200 Hz

Severity 1.5 gn, Z-axis

Test duration 1h

Test equipment LDS 954LS

Test conditions According to the MIL-STD-810F

DX-4000 installed on vibrator table in normal wapnd in operation and monitored by PC SW.

4. Vibrations (random)
The test was performed as a compliance test. Bh@aeameters concerned were as follows:

Test method MIL-STD-810F Procedure |
Frequency 5.5... 200 Hz

Severity 0.041 g2/Hz

Test duration 1h

Test conditions According to the MIL-STD-810F

Test results
Shock |

ISO 9001 - Cert. n. 5203
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Visual inspection
Normal operation

Shock I
Visual inspection
Normal operation

Vibrations (sinusoidal)
Visual inspection
Normal operation

Vibrations (random)
Visual inspection
Normal operation
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No cracks — Pass
Operates as intended — Pass

No cracks — Pass
Operates as intended — Pass

No cracks Pass
Operates as intended — Pass

No cracks — Pass
Operates as intended — Pass

These tests show that Gasmet DX-4000 FT-IT analyzguipped with isulator device, is able to stand a
operate properly with typical vibration in helicep. This statement has been established afteredateange
with Partners in AgustaWestland who confirmed thibtation levels tested in the previous investigatare
above typical vibration level in helicopter cabin.

The complete set up for Gasmet analyzer for properations is shown iRigure 7

Figure7
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The set up is composed by:

sampling probe (to be connected to sampling proled stack);
heated sample lines (n° 2)

sampling unit;

analyzer;

notebook.

The sampling unit is used for:

extracting hot and wet gas emissions and removémticpes

Holding fine particle by means of a filter heatedlB0°C

carrying sample pump heated to T&and sample flow gas ~ 4 I/min
holding Automatic zero gas valve for test and calibn

holding temperature controllers for two heateddif@+ 1 m maximum)

holding G, measurement with zirconium oxide sensor

The weights of every device are:

Adopting 3+0,5 m heated lines the weight of the plate equipment is 32.6 kg. As told before by ughig set
up is possible to measure n° 15 chemical spec@sther analyzer or systems of analyzers, ablegasnre 15

DX 4000: 13.9 kg
Portable sampling unit: 12.3 kg
Heated line: 1 kg/m
Notebook: ~ 3 kg.

species, are as light as the system Gasmet DX-4000.

Even on helicopter used for test campaigns powerces are available, there is a low limit to powepply;
therefore it should be verified that choose seisuppmpatible with power available on helicoptaori power

point of view the most important power users are:

DX4000 300 W @ 220¥¢
Portable sampling unit 400 W @ 22V
Heated line 120 Wim @ 22QV
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The standard heated line used by DX4000 analyzprines about 120 W/m, as shown; CCA experts found a
supplier able to manufacture a customized heated rkquiring about 60 W/m, maintaining an inner glam
temperature of 180°C. Adopting this customized ébdine longer warm up time will be required toaled 80°.
Adopting a 3+ 0.5 m low power heated line the whmbdver consumption will be 910 W @ 22QVAfter data
exchange with AgustaWestland Partners, it candtedthat required power for proper operation efchoose
set up is available and the measurement systenitébke for flight tests also from power requiremnpnint of

view.

Automatic operation capability is a very useful peaty in flight tests: during flight only pilot anitight test
engineer will be present in the cabin, not emissipecialist. For this reason measurement set upohasrk
properly without any operation by measurement ghisti Once the tool has been installed and it by the
specialist, it is able to perform automatic measumets without the intervention of experienced staff

Therefore we can say that the work package 2 hasssfully achieved the goal of identifying the trestable
measuring instrument for performing measurementigint missions.

The role of suction probe in the measurement cigmito assure homogeneity in sampled gas for aceurat
measurements.

There are no standard rules for designing and raatwring sampling probe in aeronautic field bustationary
gas turbine field there are very proofed standatesrfor assuring high homogeneity in the samplast the
Italian UNI 10169-2001, partially derived by intational 1ISO 10780-1994, prescribes two types otisuoc
probe systems and installations according to ftaeksshapes: the circular duct, Figure 8, and nggtiar duct,

Figure 9

Foro A

Figure8



Centro n
Combustione LN
Ambiente |C| M

an ANSALDO Caldaie company 1SO 9001 - Cert. n. 5203

Sede L egale:

Via Milano, Km. 1,600
70023 Gioia del Colle (BA)
Italy

A SOCIO UNICO

M

A3

Al B1 1c1

Foro A Foro B Foro C
Figure9

Sampling should take place in a length of straifyltt with constant shape and cross sectional arebas far as
possible downstream from any obstruction which iweyse a disturbance and produce a change in eaetidir
flow. The cross sectional area must be sufficiargé to avoid increasing of duct gas stream veldmjit more
than 3 % due to blocking effect by sample probees Minimum number of sampling points is dictatedtHty
dimension of the measuring plane; in general thimlver increases as stack cross-section increades. T
sampling plane should be divided into equal areaisred sampling point shall be located within 20 dithe
duct wall.

The measurements have be carried out on AgustadddsiZL SW4 helicopter, Figure 10, in Swidnik fagto

in agreement with AgustaWestland Partners it han likecided to install the sampling probe in leficktof
helicopter, Figure 11. The sampling probe, Figu2e Has been built in AISI 304 stainless steel,ngkinto
account the maximum temperature of flue gas congaog from engine turbine. 304 has good oxidation
resistance in intermittent service to 870°C andantinuous service to 925°C.

Figure 10
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The cross sectional area has been divided in trads, Figure 13, therefore five 3mm sampling ohdve

been drilled on the probe.

Figure 1l

Pzl Partners provided CCA Engineers all informatidrawings, sizes, in order to design and manufadte
sampling probe able to be mounted on helicopteksta
The sampling probe had to be welded on the sthekweld procedure has been decided by welding eagiof
Ansaldo Caldaie Spa, the holding company of CCAl qualified for welding procedures. Taking into @icat
the material of stack and the probe, an AISI 30®lding electrode has been used in a TIG (tungstemn gas)

welding procedure.

Figure 12
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The final result is shown in Figure 14

posizione fori
nel condotto

Figure 13

The quality of the welding procedure has been obgdky dye penetrant inspection (DPI), also caligdid
penetrant inspection (LPI) or penetrant testing)(RiTwidely applied and low-cost inspection methused to

locate surface-breaking defects in all non-poroatenals.
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Gasmet DX4000 analyzer utilizes -andwet measurement principle (no drying or dilutiomhich ensures thi
the analysis islone with a representative sample; the corrosisistant sample cell is heated to 180 °C, wil
ensures that the sample stays in gaseous phaseviglidnigh concentrations of ,O or corrosive gases. In orc
to maintain flue gas temperature at 180 ° heated sampling line is used to carry sample framging probe

Figure 14

to analyzer conditioning systefigure15.

Remote control connector

Zero gas inlet

Heated line out
Manual/automatic operation switch

Heated line in

Filter handle

Sample in

Figure 15

I1SO 9001 - Cert. n. 5203
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The robust construction of the sampling line, Figl6, consists of a 6 mm pipe inside a

Figure 16

thermally conductive stainless steel mesh which astprotection and support. The heat conductls@scoiled
around the stainless steel protective mesh followed further two layers of thermal insulation. Ttheer cover
is a corrugated tube out of polyamide. The endshefsampling line are fitted with heat resistatic@ine

materials, and the entire construction ensuresthi@atomplete sampling line is properly heatedluitiaog the

ends. The line is equipped with a PT100 devicedmmperature control.

The thermal line is powered by sampling unit: iKlearto maintain power consumption as low as paossibl
special low power thermal line has been boughtcatssumption is about 60W/m. Pzl Partners drawrbtst
path in helicopter to connect sampling probe wampling unit and that length is 5 mt.

Vibration level in helicopter cabin during flightissions has been one of the most important issosidered in
the development of integration system for the bessisurement set up. Gasmet DX-4000 analyzer peafares
have been investigated by qualified laboratory mynvibration test according MIL-STD-810F specifioat
During tests the analyzer has been equipped withration insulator system to damp dangerous vidnafT he
damping system depends on frequency and amplitiidibmation. By sensitive data received by Pzl Erwgirs

two plates, Figure 17,

Figure 17
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for damping oscillation have been produced, taking account typical level of amplitude in cabindaim a
certain range of frequencies. The supplier of daggbils calculated the right models of coils tarkvproperly
in our antivibration system, Figure 18

& |TT Enidine - Enisize for Wire Rope & HERM Isolators, 3.2
File Settings Fiters Catalog Help

~ Physical Barameters: nputs:
Configuration T Wibration:
 Comipression | Total Weight [ 20 kg [ -] [ - [
2 ! Frequency Calcuiator
e - it —T -
e 5 Qhy Input: Fn
) User Defined )
 rh Hin: Hz
4 ‘Rule;
{+ 45 Comp/Rall User Defined Max: Hez
T stabile 1=
Stabilizers CE
2 A e e N S e
Solver J ST
| K5 = Catalog e ’ ey
per isolator e per isolatar heghe [0 mm
Active Filters: ey Jz— Direction eyl 2
Fraglles (Ac) as
Model Data ‘
Fn Max Defl. Max Static
Modell Model2 (He) (mm) Load (N}
WRE-20010  WRE200-10 127 5338 a
WRE300:0  WRE0010 168 5115
WRE-A0010  WRE400-10 198 4315
WRES00H0  WRES00-10 224 4032
WREEDDMO  WRESDD1D €4 3737
WRE-700:10 WRE-700-10 280 3514
WRE20008 | WRE-200-03 269 556,01
WRE-40008  WRE400-08 0 67,1
\A/El? 2NR-NR /AT 220RNR 47 f AR R _jll
4 »
18/nSj2011 Database: WRS,w3.2.mdb Status: Tnput Mode

On January 15th-17th 2013 the analyzer system éas installed on SW4 helicopter in Swidnik (Polarizi)e
to the deep preparation phase the installatiorbbas fast, easy and successful.
At first the stack with sampling probe has beemeated to the heated line, Figure 19.

P
gl S . —

Figure 19
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The heated sampling line has been installed otlteo€abin for ground test using cable ties, Figxeln Pzl
Engineers opinion this solution can be used safsly

for flight tests.

Figure 20

The anti vibration plates have been fixed on helieofloor by bolts, and analyzer and sampling baite been
tightly settled on the plates by straps, Figure 21.

Figure2l
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The helicopter test notebook, Figure 22, has beanexted to analyzer using an RS232 cable andeafiytstem
has been checked to verify proper installation.

Figure 22

Fig. 1

Them some measurements in air have been performefifing the proper installation the measurement
system.

Test campaign in flight has been performed on Gmt@s® and 24" following two different flight paths; engine
conditions and flight paths have been planned pels in PZL and AgustaWestland.

The tests have been performed in the helicopten veke-off weight of about 1700 kg resulting frots i
configuration, crew and amount of fuel necessarypierforming the flight. Location of the center gfavity
according to SW4 flight manual.

Settled states have been kept for about two minutesn possible.

In order to verify the proper operation of the meagy system during flight, two missions have bperformed:

a short one and an extended mission. The firstkcimission has been crucial to verify the behavibr o

equipment at 8000 ft altitude.

First flight profile:
1. Starting up the engine;
2. Ground idle;
3. Flightidle;
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Vertical take-off;

Hover: H = (1+1,5) m;

Acceleration and ascending at constant max. power at VY (65KIAS) up to H=1000 ft;
Horizontal flight at V=(60, 80, 110) KIAS, NR=103%, H=1000 ft;

Ascending at V= VY (65KIAS) up to H=8000 ft;

Horizontal flight at V=60 KIAS;

. Engine descending w= -2 m/s, V=60 KIAS, H=(8000 — 1000) ft;
. Engine descending w= -4 m/s, V=80 KIAS, H=(1000 — 800) ft;

. Braking to hover, vertical landing;

. Ground idle, cooling of the engine and shutting down.

Second flight profile:

Starting-up the engine;

Ground idle;

Fluent transition ground idle to flight idle;

Flight idle;

Vertical take-off;

Hover H = (1+1,5) m.

Acceleration and ascending at take-off power at VY (65 KIAS) up to H=1000 ft, NR=103%;
Horizontal flight at V= (60, 80, 100, 110, Va. ) KIAS, H=1000 ft, NR=103%;

Horizontal flight at V=80 KIAS, NR=100%;

. Ascending w=2 m/s at V=80 KIAS, H= (1000 — 4000) ft, NR=103%;

. Horizontal flight at V= (60, 80, 100, 110) KIAS, H=4000 ft, NR=103%;

. Horizontal flight at V=80 KIAS,H=4000 ft, NR=100%;

. Ascending at constant max. power at VY up to H=8000 ft;

. Horizontal flight at V= (60, 80, 100, VH ) KIAS, H=8000 ft, NR=103%;

. Horizontal flight at V=80 KIAS,H=8000 ft, NR=100%;

. Engine descending w= - 2 m/s at V=80 KIAS, H= (8000 —3000) ft, NR=103%;

. Engine descending w= -4 m/s at V= 80 KIAS, H= (3000 —1000) ft, NR=103%;

. Ascending w= 2 m/s at V=80 KIAS, H= (1000 —3000) ft, NR=103%;

. Engine descending w= - 2 m/s at V= 80 KIAS, H= (3000 —1000) ft, NR=103%;

. Ascending w= 4 m/s at V=80 KIAS, H= (1000 —3000) ft, NR=103%;

. Engine descending w= - 2 m/s at V= 100 KIAS, H= (3000 —1000) ft, NR=103%;
. Ascending at constant max. power at V=80 KIAS, w=2m/s to H=3000 ft;

. Engine descending w= - 4 m/s at V= 100 KIAS, H= (3000 —1000) ft, NR=103%;
. Braking to hover, vertical landing;

. Flight idle, cooling of the engine and shutting-down.

Figure 23shows the trend of normalized CO concgatrat different altitude.

ISO 9001 - Cert. n. 5203
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Figure 23

On October 2% other two missions with different profiles haveeheperformed.

First flight profile:

ONoGAMWNE

Starting-up the engine;

Ground idle;

Fluent transition: ground idle-flight idle;

Flight idle;

Vertical take-off;

Hover: H = (1+1,5) m;

Acceleration and ascending at constant max. power at VY up to H=6000 ft, NR=103%;
Horizontal flight at V= 100 KIAS to agreed upon point at a distance, from the location of take-
off, of about 50 km, H=6000 ft, NR=103%.

Engine descending at airspeed V=60 KIAS, H= (6000 — 1000) ft;

. Turning to the left: 720" with roll: y=300 at V=60 KIAS, H=1000 ft;
11.
12.
13.
14.
15.
16.
17.

Turning to the right: 720°with roll: y=-300 at V=60 KIAS, H=1000 ft;
Ascending at constant max. power at VY up to H=6000 ft;

Horizontal flight back to the place of take-off at V=100 KIAS, H=6000 ft;
Engine descending for landing;

Braking to hover;

Vertical landing;

Ground idle, cooling of the engine and shutting-down.
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Second flight profile:
Ground idle;
Flight idle;

Vertical take-off;
Hover: H = (1+1,5) m;

Nouohswnk

NR=103%;

Starting-up the engine;

Fluent transition: ground idle-flight idle;

N
-
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Acceleration and ascending at constant max. power at VY (65 KIAS) up to H=1000 ft,

8. Horizontal flight at V= 100 KIAS up to settled point at a distance, from take-off location, of

about 50 km, H=1000 ft, NR=103%;
9. Turning to the left: 720°with roll: y=300 at V=60 KIAS, H=1000 ft;
10. Turning to the right: 720°with roll: y=-300 at V=60 KIAS, H=1000 ft;
11. Horizontal flight back to the place of take-off at V=100 KIAS, H=1000 ft;

12. Braking to hover;
13. Vertical landing;

14. Ground idle, cooling of the engine and shutting-down.

During the whole test campaign the equipment wopkegerly and no problem has been found.

In conclusion it is possible to remark the mainhtécal and scientific results achieved by carrymg the
project. Regarding the scientific attainments th@mresult has been the development of a methogabdbg
measurement of exhaust gas of helicopter durightfimissions. This methodology has been verifietkgting
and has shown its complete validity. Regarding¢lsbnological achievements they are numerous ansistan
the technical solutions designed to integrate ysesn of measurement in an unconventional settfi@ a

helicopter Among them we can list:

e the determination of the flue gas sampling poinseaaon considerations of computational fluid

dynamic;

e the desigrof the sampling probaccordingto standard internatioral

« the choice of materiatith which the probevas made;

e the manufacturef a linethermostatic alow power consumption;

« the design anamplementation of the systedampingvibrationin the cabin
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4.1.4 The potential impact and the main dissemination
exploitation of results
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activities and

It is common experience that currently the choioethe purchase of a common good (car, refrigeratior
conditioner), passes through the analysis of thpagh that this has on the environment when it isdus

Currently, however, this does not happen in thatan industry. The project MAEM-RO has developed a

methodology for the measurement of gaseous emgsibo the atmosphere that can be applied througheu
industry for the helicopter in order to determintte impact that the flight to the atmosphere. Obsiy it is not
the task of the project MAEM-RO action on reducergissions into the atmosphere, but it is a poweokil on

the verification of it.



