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THE EMISSIVITY OF THE TURBINE ENGINE
POWERED BY BIOFUEL

Air transport is the youngest and most dynamicalgveloping branch of
transport. Growth in demand for air transport, bptissenger and freight, is
caused by the competitiveness of this branch pifynar terms of time and
transport safety. An increase in the volume oftgiffic is associated with in-
creased emissions, which is particularly importarihe case of aircraft operations
in the areas of airports. The main reason for theebpment of aircraft engines is
the reduction of fuel consumption and exhaust doniss Emission standards for
aircraft engines certification marginally treat tissue of particulate matter emis-
sions, which is associated with deterioration afihbility appearing as smog and
contributes to lung and heart diseases. One ofdheions for limiting the nega-
tive impact of the aircraft on the environmenttis use of alternative fuels. Pro-
duction of biofuels in accordance with the prinegplbf sustainable development,
is an attractive alternative, especially becaustheflack of space constraints of
their production allows the geographical diversifion of supply. The article pre-
sents the measurements results of jet engine GT\ekBaust emissions. The test
engine was powered with Jet A-1 fuel with 50-pet@aidition of bioester. During
the test concentration of carbon monoxide, hydiomas and particulate matter
was measured. On the basis of the measurementsffdioe of the use of biofuel
on emissions was presented.
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1. Introduction

The development of air transport contributes ®ititrease in the number
of conducted flight operations, resulting in theedh@¢o increase the number of
operated aircraft. The result of the dynamic dgwelent of air transport is the
increasing demand for fossil fuels that generateseased emissions of harmful
exhaust compounds. Emissions from air transporemsaly affect air quality,

1 Autor do korespondencii/corresponding author: Kaeelecha, Politechnika Poziska, ul.
Piotrowo 3, 60-965 Poznhatel. 61-6652118, e-mail: jacek.pielecha@put.pazpia

2 Remigiusz Jasski, Politechnika Pozmiaka, e-mail: remigiusz.w.jasinski@doctorate.put.pl
3 Jarostaw Markowski, Politechnika Pozs#a, e-mail: jaroslaw.markowski@put.poznan.pl



86 J. Pielecha et al.

particularly in the vicinity of the airports; itsd contributes to the greenhouse
effect. The topic of emissions from combustion aegihas gained a lot of in-
terest in the scientific community [1] and involvedblic opinion [9] due to the
known association between exposure to multiplepaitutants and short and
long-term effects on human health [16]. In additipallution from engines can
cause deterioration of visibility [4] and directty indirectly affect the climate
[14].

The growing knowledge of the processes involveithéncreation of air pol-
lution from combustion engines and a dynamic deweknt of emission meas-
uring devices lead to the creation of new rules @mtitions for the certifica-
tion of aircraft engines [12]. The first emissiomrglards for aircraft engines
were introduced in the late 70s, of the twentiethtary, by the International
Civil Aviation Organization (ICAO). Key provisionin the framework of
measures to reduce the emissions of harmful congsofrom aircraft engines
have been introduced by ICAO in Volume Il of Annlx to the Convention on
International Civil Aviation (i.e. The Chicago Camtion) [5]. The aforemen-
tioned document includes recommendations on thesunement methods of
carbon monoxide (CO), nitrogen oxides (NOx), hydrbons (HC) and smoke
number (SN) [6].

The existing situation contributes to stricter riegments for the environ-
mental performance of aircraft engines [15]. Onehaf ways of meeting the
environmental protection requirements for airceafgines is the introduction of
alternative fuels intended for use in aircraft @egi The most common alterna-
tive fuels are ethanol, and esters of vegetablgiroriAlternative fuels classed
for use in air transport must meet strict criteiirggluding physicochemical
properties directly affecting the combustion prace®sts of production, availa-
bility, impact on the environment in addition to etieg all the safety require-
ments [2].

The popularity of natural sources of energy basetiomass is the result
of limited oil resources. In addition, an increaseglobal energy demand and
interest in the issue of restricting the emissiohbarmful exhaust components,
promote the development of these kinds of energyces. Currently, the share
of biofuels in comparison with traditional fuelssmall, but in the long run, the
importance of biofuels and other unconventionalrgnesources will increase
[3]. The use of unconventional energy sources & to reduce oil consump-
tion [13], and in particular help to balance thegmrtion between the types of
fuels used in transport [8], which is currently doated by petroleum products
[10]. The development of the biofuel market is hiyadependent on the state of
oil prices, the spread of new generations of bisfues well as the development
of alternative energy sources (e.g. wind and satfeat) could be implemented in
the transport sector. The particular importanceterdevelopment of the biofu-
el market are also prospects for the use of bisfuretivil and military aviation.
There is a noticeable increase in interest in lgigfdor use in aviation. In con-
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nection with the assessment of the possibilitiesisafg biofuels to power tur-
bine engines, a number of laboratory tests have bagied out and test flights
using this type of fuel have been conducted. Degp# prevalence of tradition-
al aviation fuels, caused by their operational ab@ristics, conducted research
focuses on the use of plant products to be usealdddives to conventional
fuels. Research work is being undertaken by leadiriipe companies (Boeing,
Airbus), that are supporting the development adrakitive fuels and arrange test
flights for aircraft powered with biofuels.

One of the international initiatives supporting thevelopment of biofuels
in aviation is the project called BIOJet Abu Dhdhiynched in 2013. The insti-
tutions and companies involved in the project idetuBoeing, Etihad Airways,
Takreer, Total, and Masdar Institute of Science &achnology. The initiative
aims to promote the use of biofuels in the aviasentor in the UAE (United
Arab Emirates) and focuses on research, developarhtinvestment in the
production of raw materials and fuel refining captads [11].

Actions taken towards environmental protection, edtimough the use of
bio-components in powering turbine engines, aresallt of obliging the avia-
tion sector to reduce carbon dioxide emissions stadlfing in 2020, moving in
line with the EU directive on the Emissions TradBygstem (ETS). In addition
to verify the possibility of using biofuels in ati@n, research includes develop-
ing new aviation biofuel technologies, based onue of plants not used in the
food and nutrition industry, such as: jatropha, etama and microalgae.

2. Method

Studies on the effects of bioester admixture orethession of harmful ex-
haust compounds were carried out using a GTM-12@1gine installed on
a stationary workbench (Fig. 1). The engine cossidta single-stage radial
compressor which is connected to a single-stagal &xibine. The GTM-120
engine uses an annular combustion chamber andi¢hesfsupplied to the set of
vaporizers [7]. Engine ignition is initiated usiag electric starter, glow plugs
and propane-butane gas, which is the engine powpgalys during this phase of
operation. After reaching a certain speed of theomshaft, the system automat-
ically switches to the appropriate fuel supply. Markbench has an electronic
engine control unit, whose task is to perform lal tontrol functions including
automatic start-up and cooling. Engine is conttbllg adjusting the fuel pump
flow. The engine workbench allows for registerimglaeading parameters such
as: the motor shaft speed, temperature of the dasd@ad the turbine and the
engine thrust.
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Fig. 1. Engine workbench view

Methyl ester of fatty acids of plant origin, usedtiis research as an addi-
tive to traditional fuel, is produced by catalyésterification of fat present in
vegetable oils with methanol. Such esters may begnmt in the form of a bio-
component as an additive to diesel fuel or indepetig as a fuel (biodiesel).

The use of methyl esters as biofuels requires mgétie physicochemical
demands included in their specific regulations. 8arh those parameters de-
pend on the bioesters production technology, foeis on the procedure fol-
lowed for purification, for others still on the &yf materials used. The basic
raw materials for the preparation of bioestersudel vegetable oils predomi-
nantly composed of fatty acids with 18 carbon atamthe chain, and with var-
ying degrees of unsaturation.

The main objective of the research was to asseserthssion of harmful
compounds in exhaust gases of a jet engine, powethdviation fuel Jet A-1
with an additive of methyl ester (FAME). For tegtithe emissions of harmful
exhaust compounds a proper gas analyzer was usedmbination with an
EFM (Exhaust Flow Meter) with a diameter of 125 n#dditionally, an EFM-
HS (High Speed Exhaust Flow Meter) flow meter waed) characterized by
a sampling frequency of 2500 Hz, at the same dieam&he application of two
flow meters installed in parallel on the workbergstabled the measurement of
the mass flow of exhaust from the tested jet endgihe schematic of the engine
workbench is shown in Fig. 2.

Measurement of particle diameters was performet wiEEPS 3090 (en-
gine exhaust particle sizer™ spectrometer) masstrepeeter. It enabled the
measurement of a discrete range of particle dias¢hbeom 5.6 nm to 560 nm)
on the basis of their differing speeds. The degfedectric mobility of particu-
late matter is changed exponentially, and measureofetheir size is carried
out at a frequency of 10 Hz.
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Fig. 2. Engine workbench schematic

Studies of exhaust emissions from the jet engine \werformed with two
types of fuel. The first test cycle was to perfamaasurements when engine is
supplied with traditional aviation fuel Jet A-1. & hesults of emissions of harm-
ful exhaust compounds when running on conventigetafuel were the refer-
ence point for the second test cycle, in whichethgine was fed a mixture of Jet
A-1 with a 50-percent addition of FAME. Each tegtle consisted of meas-
urements carried out with the engine operatingrpatars set to make it capable
of producing thrust in the range between 10 N a2@ M. In the case of parti-
cles size distribution, the measurements wereezhout according to the level
of engine load. Due to the high temperature ofetkigaust gases from the tested
jet engine the measuring equipment was positiodesecto the engine with
a specially made platform for the time of measummmllowed by a certain
period of time when the sample of exhaust gasescolfected. After complet-
ing measurements for one set of engine operatirgpeters the test stand was
moved away and changes to the operating paranaétére engine were made.

3. The results of measurements and its analysis

Diameter distributions of particles emitted by #regine turbine GTM-120
were determined using an apparatus for measureafgdrticulate emissions
from combustion engines. Figures 3—8 show measunierasults for each of the
level of engine load.

In the case of an engine powered by pure kerogeméamum engine load
(10%) patrticles with diameters of 20—40 nm domigdkgdg. 3). The characteris-
tic value of particle diameter distribution obtadn&om measurements was
30 nm. There were no emissions of particles witanditers greater than
100 nm. Measurement of particles concentration peaformed for engine op-
erating points corresponding to the percentage load
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Fig. 3. Dimensional distribution of particles capending to low load operation (pure kerosene)

Diametrical distribution of particles emitted iretltase of an engine sup-
plied with biofuel admixture, is characterized byiacrease in the diameter of
the particulate matter in relation to the distribntobtained when the engine
was fueled with clean Jet A-1 fuel (Fig. 4). Paeticddiameters between
20-50 nm were dominant, and the value of the cheniatic diameter of the
discussed diametrical distribution of particles \8&sm.

The obtained diametrical distributions of parti¢elanatter for the engine
fueled with Jet A-1 and operated at medium levetmgine load (Fig. 5) was
dominated by small particles with diameters of ZD+n. The increase in en-
gine load does not significantly affect dimensiodakribution of emitted parti-
cles. It can be seen only the fluctuation in thecemtration of particles depend-
ing on the engine load. There was no emission dicpdates with diameters
greater than 100 nm. The addition of biofuel re=iiin double reduction of the
concentration of particles emitted (Fig. 6). For exigine load values in the
range of medium loads, the concentration of padiemitted were pretty simi-
lar. There were no significant changes in the dig&ibution of particles. Parti-
cles with diameters of 20—40 nm were dominatingeréhwere no emissions of
particles with diameters greater than 100 nm.
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Fig. 4. Dimensional distribution of particles capending to low load operation
(biofuel admixture)
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Fig. 5. Dimensional distribution of particles capending to medium load opera-
tion (pure kerosene)
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Fig. 6. Dimensional distribution of particles capending to medium load opera-
tion (biofuel admixture)

Increasing the level of engine load for the endimded with Jet A-1 to
80-100% resulted in a reduction of the diametepanticles emitted (Fig. 7).
Emissions were dominated by particles with the Bratiliameters, from 20 nm
to 30 nm. The average diameter of emitted particlessbeen reduced, but also,
the decrease in their scope was found. Particlé$eentoy the jet engine operat-
ing at full load were characterized by the diamedsge of 10-20 nm. The con-
centration values over the range of high load \&luere similar.

In the case of using biofuel, there were no sigaiit differences in both
the concentration and size distribution of paric(€ig. 8). Particles in range
10-20 nm were dominant. In the case of maximumevafiengine load the par-
ticles concentration was the highest and reached® cnt3. There were no
emissions of particles with diameters greater ttagdnm. Although the average
value of the characteristic diameter of the obwidiametrical distribution was
the same as in the case of Jet A-1 fuel (20 nmaygetis a noticeable increase in
the number of particulates having diameters gréhsar 20 nm.

Using an apparatus for measuring the emissionsaaohful exhaust com-
pounds from combustion engines emissions per seabcarbon monoxide and
hydrocarbons were recorded for the engine fueléld ¥t A-1 fuel, and a mix-
ture of Jet A-1 and FAME in a 1:1 ratio. Based ba tharacteristics of the
emissions of harmful compounds and a statisticalyais of the average emis-
sion of pollutants per second was determined foh eaeasured value of thrust.
In addition, in each case the emissions were datednn relation to the fuel
consumption.
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Fig. 7. Dimensional distribution of particles capending to high load operation
(pure kerosene)
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Fig. 8. Dimensional distribution of particles capending to high load operation
(biofuel admixture)

In the case of an engine powered by pure kerosewhidle range of thrust
an increase in the intensity of HC emissions wdged. At the minimum value
of thrust (10 N) the intensity of HC emissions vé@smg/s (Fig. 9). Along with
thrust increasing the intensity of hydrocarbon einiss was growing reaching
140 mg/s at a maximum value of thrust (120 N). $pecific HC emissions (in
relation to fuel consumption) along with thrustre&sing showed a declining
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trend. During engine operation at the minimum val@i¢hrust the specific HC
emissions was 40 g/kg. In the entire range of thitudecreased by 30% and
reached 27 g/kg.

The most important result of the use of biofuels wasignificant reduction
in emissions of hydrocarbons (Fig. 10). The ma#nds of changes in emissions
while loading the engine was consistent with meaments made for engine
powered by pure Jet A-1. However, specific emissias significantly smaller.
For maximum value of thrust reached 20 g/kg, al2&% less than in the case
of pure kerosene.
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Fig. 9. The intensity of hydrocarbons emissions #raspecific emissions
for the jet engine powered with Jet A-1 fuel

In the case of an engine powered by pure keroserleei range of small
values of thrust an increase in the intensity Of €nissions was noticed. At the
minimum value of thrust (10 N) the intensity of &missions was 130 mg/s
(Fig. 11). Along with thrust increasing the intagsif CO emissions was grow-
ing reaching 350 mg/s at 50 N of thrust. In thersewf further increasing the
thrust value, the fluctuations of intensity of C@re observed. The specific CO
emissions (in relation to fuel consumption) alonghwthrust increasing showed
a declining trend in whole range of thrust. Duramggine operation at the mini-
mum value of thrust the specific CO emissions Wi d/kg. In the entire range
of thrust it decreased by 50% and reached 70 d/kgpaimum level of thrust.
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Fig. 10. The intensity of hydrocarbons emissiond #re specific emis-
sions for the jet engine powered with biofuel

In the case of engine powered by biofuel the meénds of changes in
emissions while loading the engine was consistétiit measurements made for
engine powered by pure Jet A-1 (Fig. 12). In thegeaof small values of thrust
an increase in intensity of CO emissions was oleskrin the course of further
increasing the thrust value, the fluctuations d@émsity of CO were observed
leading to 300 mg/s at maximum level of thrust. Hpecific emission was
slightly smaller at maximum level of thrust in coamjgon to engine powered by
pure kerosene and reached 50 g/kg.

4. Conclusions

In order to consider the effects of the additiorbifester to fuel on the in-
tensity of the emissions of harmful exhaust compisum aircraft engines,
measurements of the emission intensity of carbonaxide, hydrocarbons and
particles were performed for the GTM-120 jet engimewered with pure kero-
sene (Jet A-1) and its blend with bioester.

Overall, based on the measurements of particlesseonis it can be stated
that the use of biofuels has a negligible effecthmir emissions. There has been
a change in particle concentration, depending enftiel used in individual
ranges of engine load. These differences, howavernot so important to find
a significant impact of biofuel on particles emiss.
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Fig. 11. The intensity of carbon monoxide emissiand the specific emis-
sions for the jet engine powered with Jet A-1 fuel
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Fig. 12. The intensity of carbon monoxide emissiand the specific emis-
sions for the jet engine powered with biofuel

In the case of gaseous emissions (hydrocarbonsabdn monoxide) sig-
nificant changes resulting from the use of biofwete found. In the case of hy-
drocarbons specific emissions a decrease was foamidularly for large values
of thrust. The use of biodiesel also resulted poaitive change for the meas-
urement of carbon monoxide emissions. The use afiél allowed to reduce
the emissions of carbon monoxide, particularly |foge values of thrust.
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EMISYJINO $C TURBINOWEGO SILNIKA ZASILANEGO BIOPALIWEM

Streszczenie

Transport lotniczy jest najmtodsz najbardziej dynamicznie rozwiggja st gakzig trans-
portu. Wzrost zapotrzebowania na przewozy drlignicza, zaréwno pasarskie i towarowe
wynika gtownie z krétkiego czasu transportu orazpbeczéstwa. Wzrost wolumenu transporto-
wego zwazany jest ze wzrostem emisji zamkéw szkodliwych spalin, co jest szczego6lnie istotn
w kontelécie emisji na terenie lotnisk oraz obszarach do pizylegtych. Gtéwnym celem roz-
woju konstrukcji silnikdw lotniczych jest zmniejsze zwycia paliwa i redukcja emisji zazkow
toksycznych. Procedury certyfikacyjne dla silnikédrzutowych marginalnie traktugzagadnie-
nie castek statych, ktéreagspowodem pogorszenia widziakw oraz choréb ptuc i serca. Jednym
Z rozwigzan ograniczajcych wptyw transportu lotniczego rf@aodowisko jest stosowanie paliw
alternatywnych. W artykule przedstawiono wyniki pardw emisji zwjzkow szkodliwych silnia
odrzutowego GTM-120. Badany silni zasilany byt paliwJet A-1 oraz mieszamkatfty lotniczej
z biopaliwem. Podczas badamierzono wartéci stzenia tlenku wgla, weglowodoréw oraz
czastek statych. Na podstawie przeprowadzonych bazedstawiono wptyw zastosowania bio-
paliwa na emisgj zwigzkéw szkodliwych.

Stowa kluczowe:biopaliwa, silnik odrzutowy, emisja, transportriizizy
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