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Comparative analysis of combustion and hybrid prejou unit in aviation application in terms of enigss of harmful compounds
in the exhausts emitted to the atmosphere. Fopthpulsion of the AOS 71 motor glider, two typeprmfpulsion were planned as de-
velopment versions. The first analysed propulsfobdsed on a combustion engine, but of the Wapjgel L.CR 814 engine with the
power of 55 kW). The second designed propulsion ksyarid based on a LCR 407 combustion engine wgbveer of 28 kW, which is
connected in series with an electric generator phapg the engine (Emrax 228 engine), total powetha propulsion is 55 kW. The
comparison of emissions of harmful compounds einittehe atmosphere generated by the combustiorhgnidd power unit intended
for assembly in the AOS 71 motor glider, assumaripus loads and methods of hybrid propulsion cohtwas made. The tests were
conducted in laboratory conditions. Several diffarerograms were designed to simulate differentgghenanagement methods in a
hybrid system, depending on the predicted missimhl@ad of the motor glider. On the basis of laliorg tests, exhaust emission was
determined from both propulsions as a functionatétional speed and load. Then, based on the ag$diight trajectory and collected
test data, the emission for both propulsions vasamas determined. The values of emission parametes compared and the results
were presented in diagrams and discussed in thelesinos
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Introduction

The environmental aspects of aircraft operationdigse
cussed more and more frequently [7, 10, 12]. lthemome ﬂ
important to reduce fuel consumption and emissiohs
harmful and toxic compounds present in the exhaabts
aircraft engines [10]. The impact of aviation om thnvi-
ronment refers not only to commercial communication
aviation, but also to small, short-distance or @umagfvia-
tion using aircraft equipped with reciprocating eeg.
Attempts to use hybrid propulsion are made, foltgyvthe

Fig. 1. The AOS 71 motor glider

Table 1. Basic data of the AOS 71 motor glider)9B,

solutions used in the automotive industry, which earac- | Wing area S [} 158
terized by lower emission of pollutants and fueh@omp- | Wing span R [m] 16.4
tion compared to traditional propulsion systempéeslly | aspect ratio 17
in the range of work under load — acceleration) 12]. Maximum take-off|  MuadKg] 660

A similar analysis relating to the flight of ther@iaft on | mass
a known flight path can be performed for an aircraf Minimum _ motor Mo K] 500

The paper presents a comparative analysis of ctulep | glider mass
propulsions intended for use in the AOS 71 motadegl
The "pure" combustion propulsion system based ariaay
piston engine (Wankel) and also a hybrid one wittekec-
tric generator (so-called range extender) werestigated. 08

1. Research object
For the analysis there was taken the airframe of tI °°
AOS-71 electric glider (Fig. 1), built as part bktcoopera-
tion between the Department of Aircraft and Airtrgh- -
gines of the Rzeszow University of Technology ahd t
Faculty of Power and Aeronautical Engineering ef tMar-
saw University of Technology.
Table 1 shows the basic data of the airframe, Wity 04 0 s "
2 and 3 present the values of power required ferflight Yl
for this airframe and the efficiency of its progeldepend- Fig. 2. Efficiency of propeller in the function tight speed — for the AOS
ing on the flight speed. 71 motor glider [6, 7]
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Fig. 3. Power required for flight in the functiohfight speed — for the
AOS 71 motor glider; Max= 660 kg [6, 7]

For the combustion propulsion, the propeller wagealr
by a rotary piston 814 TGi. The second propulsias \a
hybrid unit, where the batteries located on-boamlrotor
glider deck were supported by an electric generdtwen
by a 407 TGi combustion engine. Technical dataayiigr
units is shown in Table 2.

Fig. 4 and 5 show the indicated rotational charésttes

for both engines.

Table 3. Technical data of power unit [8, 9, 13]

Engine 407TGi 814 TGi
Maximum engine|  Npa kW] 315 55
power

Maximum torque M [NM] 51 9
Engine mass nikg] 20 35
Specific fuel con- SFGhin 0.3 0.3
sumption [kg/kWh]

Battery - Li-Pol -
Capacity C [Ah] 16

Voltage Ua [V] 355

Battery mass i [kg] 50

Performance - 407 engine

10
3000 4000

Fig. 4.

6000
n [rev/imin]

Performance - Wankel 814

7000

8000 9000

Rotational characteristics of the 407 eagin
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Fig. 5. Rotational characteristics of the 814 eagin

2. Research selection of flight mission parameters

for analysis

For the parameters of both propulsions were seldotre
the analysis in such a way that approximately 3rfiaf
flight duration and 300 km of range is ensuredwdis as-
sumed that these parameters will be obtained when t
energy resources accumulated on-board the motbergire
completely exhausted. Based on the aerodynami@ctesr
istics of the airframe (Figs 2 and 3) the powernmnagy for
the flight for a horizontal speed of 100 km/h anthlee-off
mass of 660 kg was selected. For these parameters,
power required for flight (7 kW) of was determin&hsed
on the characteristics of the course of specifiel fton-
sumption of the engines, the parameters of thedraion
were selected to ensure the desired range. Al ofghe
analysis conducted, the fuel reserve for reachiegrange
was determined — it was 10 kg for the combustianawhin
and 7 kg for the hybrid one. The emission of tosdm-
pounds on a given route depends on the amount edf fu
burned and the range of operation of internal costibn
engines during the flight. In the case of the 8 &ngine,
the operating parameters for the cruising conditiorere
10 kW at revolutions similar the idle speed (15@@n}.
However, for the 407 TGi engine, which worked as an
electric generator propulsion, it was 22 kW atrteximum
torque value and engine revolutions of 4000 rpmisTh
range was covered at close to the minimum spefift
consumption. It was assumed that the propulsionsk wo
continuously.

3. Research on emissions of harmful and toxic
compounds

In piston engine exhausts there are emitted sual co
pounds as carbon dioxide, carbon monoxide, nitragen
ides and unburned hydrocarbons [4, 10, 12]. Emisdi
pends on the engine design, the combustion temyerat
and the pressure in the cylinder. In the case ohk&la
engines, which were taken into account in the aisly
a 1:80 oil-fuel mixture was used for feeding, it@ciance
with the manufacturer's requirements. The emissbn
harmful compounds was carried out in an experintenta
way, using Horiba exhaust gas analyser and thebtssth
for engines located in the Aviation Engine Laboratof
the Department of Aircraft and Aircraft Engines at
Rzeszow Technical University.

Figures 6, 7 and 8 show test stands and devices on
which engine exhausts measurements were made.

The measurement was made at the ambient temperature
of 12°C.

The Horiba apparatus indicated the values of, NOD
[ppm/mol] with reference to the control volume, a@®
and CQ as a percentage [%/vol] with reference to the con-
trol volume.

Based on the obtained measurement results, using
Matlab software, the emission profile of pollutamsen-
gine exhausts (CQCO, NQ) was determined in the func-
tion of rotational speed. The results of the teséspresent-
ed in Figures 9, 10 and 11.
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Fig. 9. The CQ@emission profile for internal combustion enginestie
function of rotational speed
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Fig. 10. The CO emission profile for internal corstion engines in the
function of rotational speed
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Fig. 7. Test stand — a panel used for reading engieration parameters
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Fig. 11. The NQemission profile for internal combustion engineshie
HOR|BA AUTOMOTIVE EMISSION ANALYZER MEXA-584| g Q functign Of rOtationaI Speed g

- The analysis of the harts presented in the Figsl9-1
leads to the following conclusions:
1. The CQand CO emissions were the lowest in the vicin-
(@) ity of the maximum torque obtained by the engines
(about 4000 rpm), which at the same time was atpoin
close to minimum of specific fuel consumption.
2. The NQ emission grew continuously in the function of
rotational speed, which was associated with thesase
in the combustion temperature and the increaseiéh f
consumption by the engines.
For the assumed mission profile (i.e. start anghfliat
600 m, as illustrated in Fig. 12), the emissiorpafticular

STANDBY

Fig. 8. Test stand — Horiba apparatus displayr(aftétching off the
engine)
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compounds generated on a given route in the cortol

lume was determined, assuming:

— the range until the energy source is depletedeuta
300 km,

— the flight duration corresponding to the flighhge — 3
hours of flight,

— the horizontal flight speed V = 100 km/h, thermdi
speed W = 2.3 m/s,

— the ambient conditions corresponding to the patara
according to the International Standard Atmosptere
a given altitude and the lack of wind.

Fig. 12. Flight profile — climb (up) and horizontaght (down)

4. The analysis results
In the first step, the energy accumulated on-bdhed
motor glider was determined for both propulsionsaras.
For the hybrid propulsion, the formula for determ@
accumulated energy takes the form [1, 11]:

@
where { — generator operation time [1]:

ra— (2
The energy generated by the combustion engine ac-
counted for 70% of the energy accumulated on-bote,
remaining 30% was accumulated in the battery assemb
The energy accumulated on-board for the combustion
variant is given with the formula [7]:

#og Yo 3

where: W, — fuel calorific value, equal to 42 MJ/kg:.m—
fuel mass, equal to 10 kg.

Figure 13 shows the energy accumulated on-board.

As mentioned, the energy accumulated on-board for
both propulsions was selected in such a way thatHe
same take-off mass and the range of operation wbaos-
tion engines for the flight with the speed of 108/k, they
provide the same range and duration of the flight.

As a result of the conducted analysis, the emission
harmful and toxic compounds was determined forlaecte
ed flight trajectory. The obtained data is presgritedia-
grams (Figs 14-17).

Fig. 13. The energy accumulated on-board

Fig. 14. The CO emission for propulsion units

Fig. 15. The C@emission for propulsion units

Fig. 16. The N@emission for propulsion units

Fig. 17. The total emission for propulsion units
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As can be noticed, the hybrid propulsion was charac the form of a decrease in fuel consumption and ttas-

rized by the CO emission lower by almost 60% in pari
son to the combustion engine — at the same levpbaker
supplied to the propeller. The ¢@nd NQ emissions were
higher for hybrid propulsion by 3.7% and 22.5% exdjve-
ly. It was related to the range of work of internambustion
engines. The 814 engine worked at small load, wieshilt-
ed in low combustion temperature and high fuel oons
tion. This caused a situation favourable to thenfdion of

sions during the flight on a given route. Approteianatch-
ing of the generator operation range to the aeraayjn
parameters and mass of the airframe will enabgeteven
more satisfactory results. Therefore, an intergstésearch
perspective seems to be the optimization of suplopul-
sion in terms of minimizing fuel consumption whiteain-
taining the same performance parameters of thea#filg.e.
maintaining the flight duration and range at thesdevel).

excessive amounts of CO as an incomplete combustiblowever, this requires a systematic approach toctire

product. In the case of the internal combustiorirendriving
the generator, it operated within its maximum terqthe
load was relatively high (22 kW compared to the imeaxn
power of 31.5), which resulted in more favourabtbauist-
reheat in the combustion chamber (lower emissiolCOf

struction of a hybrid propulsion. The tests weradiected
on commercial engines. The optimization of the a&bov
tested conditions would be possible when the eptiopul-

sion (combustion engine and electric) was desigrasg
systems dedicated for this type of aircraft andtétsk per-

higher emission of C£). High NQ, emission was associatedformed. With unitary production of motor glidersighs

with a higher combustion temperature. The totalssion of
harmful and toxic compounds for the hybrid proputsivas
lower by 27% compared to the internal combustiogiren It
is worth noting that at the same distance and thighsame
take-off mass, the hybrid system used 7 kg of ifue¢lation
to 10 kg by traditional propulsion.

5. Conclusion
The obtained results show that the use of a prpzer
lected and configured hybrid system can bring benéi

uneconomical though. Therefore, attention shouldbaie
to optimization of the selection of individual coaments in
order to minimize emissions while maintaining ernerg
requirements.
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