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Abstract. This paper proposes a study regarding the use of bioethanol as fuel for turbine engines used in
aviation. For this purpose, three blends of 5, 10, and 15% concentrations of bioethanol mixed with Jet A fuel
were tested on JET CAT P80 microturbo engine. During the engine testing, the following parameters were
monitored: engine speed, generated force, temperature in front of the turbine, fuel volumetric flow rate, and
vibration levels measured both on axial and radial direction. The tests were performed by maintaining the
microturbo engine for about 1 min at three operating regimes: idle, cruise, and maximum speed. In addition, a
comparative analysis between fuels for a test with the microturbo engine from the idle position to maximum
position is presented. After the tests were conducted, a jet engine cycle analysis was performed at the max
regime and the fuel specific consumption, the efficiency of the combustion chamber, and the thermal efficiency
of the engine for each fuel blend were calculated. The tests were made without making any modifications to the
engine components or automation system.
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1.Introduction

An important issue for our society is related to the chemical pollution generated especially by the
burning of fossil fuels [1]. Among the main fossil fuel consumers, it is well known that aviation
industry consumes very large amounts of fossil fuel [2], which inevitably sometime will be ended.
There are many studies regarding the harmful effects of the fuel burning. Therefore, intense policies
were developed to replace the crude oil with other sustainable fuel types for thermal engines,
especially in the field of aviation, in order to diminish the chemical pollution [3,4]. The main policy is
the directive for the development of new aviation fuels, e.g., biodiesel, ethanol, and bioethanol [5-7].
In the automotive industry, ethanol and bioethanol are widely used in piston engines by using the E85
[8]. Bioethanol produced by alcoholic fermentation of various feedstocks, e.g., energy crops, agro-
industrial wastes, algal biomass, is a valuable source of energy and materials [9-13].

Many experiments focus on the biodiesel use in turbine engines [14,15]. There are also studies
related by the use of alcohols in turbine engines [16-19]. A problem that ethanol/bioethanol can solve
is related to the decrease in the amount of pollutants produced by combustion. For a long time the
ethanol has been considered an important alternative fuel for engines because it solves a number of
problems of traditional crude fuels such as emission of greenhouse gases and particles.

The purpose of this paper is to analyze experimentally the possibility of using the blends of
bioethanol with Jet A fuel in turbine engines. Burning tests were performed by using the blends as fuel
for the Jet Cat P80 microturbo engine, which is found in the Engine Laboratory from the Aerospace
Engineering Faculty, University Politehnica of Bucharest. According to the technical manual of the
turbo engine, 5% Aeroshell oil must be introduced in the fuel in order to ensure the bearing
lubrication. As was specified, the burning tests were performed using four blends of fuels: the first fuel
is represented by the recommended fuel by the manufacturer (Jet A 95% with 5% Aeroshell oil) and
other three blends of Jet A with bioethanol, i.e., Jet A 90% with 5% Aeroshell oil and 5% bioethanol,
Jet A 85% with 5% Aeroshell oil and 10% bioethanol, and Jet A 80% with 5% Aeroshell oil and 15%
bioethanol.
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The microturbo engine running on bioethanol was analyzed in terms of vibration levels measured
both on axial and radial direction. Also, a comparative analysis between fuels for a test with the
microturbo engine from the idle position to maximum position is presented. After the tests were
conducted, a jet engine cycle analysis was performed at the maximum regime and the specific
consumption, the efficiency of the combustion chamber, and the thermal efficiency of the engine for
each fuel blend were determined.

The benefits of using these fuel mixtures based on alcohols and especially on bioethanol are that
they reduce pollutants and do not require engine modifications. The major disadvantage is that the
bioethanol has an inferior calorific power, much lower than that of Jet A kerosene and therefore the
fuel specific consumption is higher [20].

2. Materials and methods

A schematic view of the work performed in this study is presented in Figure 1. The first step was to
determine the density of each fuel. Fuel mass flow rate [kg/s] was determined based on its density and
volumetric flow rate [L/s].
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Figure 1. Measurement plan

The monitored turbo engine performances were: the speed [rpm], generated force F [N], the
temperature in front of the turbine Tz [°C], and the fuel volumetric flow rate Qc [L/s]. The tests were
done by holding the micro turboengine for about 1 min at idle speed, at cruise speed, and at maximum
speed. The tests were made without making any modifications to the components or its automation.

The tests were performed using a Jet CAT P80 micro turboengine. The Jet CAT P80 [21] micro
engine and the test bench are presented in Figure 2.

Figure 2. Jet CAT P80 test bench

As is stated above, the first objective is to determine the density of each blend with bioethanol.

The second objective of these measurements was to monitor the performances of the Jet Cat P80
analyzing different parameters: propulsion force, fuel flow, temperature in front of turbine, and
vibration level. In this study no modifications were made on the engine (injectors) and also neither on
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automation panel, the fuel flow rate being automatically adjusted by the automation. Four fuels were
tested, Jet A (reference fuel), Jet A+5% bioethanol, Jet A+10% bioethanol, Jet A+15% bioethanol
(Figure 3).

The testing has been performed for the most important regimes of a turbo engine: idle, cruise, and
maximum speed. Each regime corresponds to a percent from the throttle, i.e., idle corresponds to
18.7%, cruise to 30%, and maximum to 94% (not to exceed the safety speed). The engine has been
running for 1 min for each regime.

The vibrations were monitored by using two accelerometers PCB 352C03 mounted on axial and
radial direction. Because of turbo engine small dimension and impossibility of mounting the
transducers close to the bearing, these were screwed into the micro-engine support as is presented in
Figure 4.

Figure 4. Axial accelerometer (a) and radial accelerometer (b)

Using the bioethanol fuel in micro-engine can lead to a change of the burning flame leading to
flame instability, that can be observed in vibration measurement were this instability can produce low
vibration frequencies. An increase or a decrease in burning turbulence can lead to a change of the
vibration levels. For this reason the vibration were measured on two directions.

The third objective of the experimental study was to monitor the stability of the transient regimes
by using four blends. This transient stability was determined by performing a run up test from the idle
to maximum regime.

The fourth objective was to perform a jet engine cycle analysis at the maximum functioning regime
of the engine.

3. Results and discussions
Density of the fuel blends

The physical and chemical properties of the bioethanol can heavily influence the combustion
process, the engine performances, and the efficiency of the engine. Bio-ethanol is a colourless liquid
with specific odour. Physical and chemical properties of bio-ethanol and Jet A fuel are detailed in the
related literature [22].
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To determine bioethanol density, laboratory tests were performed at Physical and Chemical Testing
Laboratory of COMOTI (Figure 5) according to a recommended procedure [23]. The data presented in
table 1 highlight that the blend density decreases as the bioethanol concentration increases.

Figure 5. Density measurements

Table 1. Density of fuel blends

Type of fuel blends Density [kg/m?]
Jet A 817
Jet A+5% bioethanol 815
Jet A+10% bioethanol 813
Jet A+15% bioethanol 812

Evaluation of experimental performances

In a first stage of the experimental performance evaluation of micro turbojet engine, the tests were
performed with the engine functioning at constant regimes: idle, cruise, and maximum (1 min for each
fuel blend).

First, the temperature in front of the turbine T3 [°C] was monitored for the three regimes, the results
being presented in Figure 6.The tests highlight that the temperature in front of the turbine is lower for
the three blends than for Jet A. This is explained by the lower calorific value of bioethanol. It can be
noticed that the most pronounced temperature drop is obtained for cruise mode. The temperature
decreases by increasing the concentration of bioethanol. Although the temperature is smaller, it does
not fall below the engine operating limit for the three studied bioethanol combinations.
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Figure 6. Variation of T3 [°C] (BE - bioethanol)
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Variation of fuel volumetric flow rate Q¢ [L/h] is presented in Figure 7. The Q. variations between
reference fuel, Jet A, and the 3 blends are relative small and the engine automation adjusted the fuel
flow so that the engine speed remains constant. Also it can be observed that the volumetric flow rate
increases by increasing the bioethanol concentration in the blends.

WletA B Jet A+5%BE Jet A+10BE B Jet A+15%BE

idle cruise max

Figure 7. Variation of Q¢ [L/h] (BE - bioethanol)

Variation of force F [N] is presented in Figure 8.1t can be observed that the measured force slightly
increases with the increase in bioethanol concentration of fuel for all three studied regimes. It is known
from the theory [24] the fact that if the temperature in front of the turbine is decreased, the exhaust
speed is reduced, leading to a drop of the engine force. In this particular case of using bioethanol and
Jet A blends, this fact is not confirming, due to the engine’s automatic which maintains a constant
speed, leading to an increase in fuel flow rate and intake air flow rate, determining an increase in
engine force.
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Figure 8. Variation of force F [N] (BE - bioethanol)

The stability of the engine was analyzed also from the vibration point of view, the measurement
results being presented in Figure 9. Vibration spectrum analysis corresponding to the maximum regime
is presented in figure 10. The differences between the overall vibrations levels measured for each
blend are small. The maximum acceleration was obtained for the Jet A fuel and the lowest vibration
for the blend with 15% bioethanol, as can be seen from Figure 10. The vibration spectrum confirms the
operation stability by the small differences between them. The single important difference in spectra is
observed at compressor Blade Pass Frequency (BPF) component, which is presented in the zoomed
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window. During the Jet A fuel testing, the engine had a lower speed than for the other fuels. The speed
differences between the Jet A fuel and its blends are around 76 RPM.
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Figure 9. Vibration levels: (a) axial and (b) radial (BE - bioethanol)
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Figure 10. Vibration spectrum for maximum regime

The parameters analysis during the tests is presented in Table 2 where it can be observed the

variation of the main parameters compared to the reference fuel.

Table 2. Measured parameters

regime Fuel T3[C] variation[%] aeflih] variation[%] FIM] variation[%]| Acc-radial [m/fsh2] | Acc-axial[mfs"2]

Jet &, 6129 6.6E 5.40 11.90 8.05

idle let A+5%BE 602.8 -1.64 6.97 4,56 5.47 1.27 12.40 8.05
Jet 2+10%BE 601.9 -1.79 7.06 6.04 5,50 1.92 10,80 8.00

Jet A+15%BE 5942 -3.05 723 8.50 5,51 211 11.40 8.44

Jet &, 625.9 9,91 14,14 22,20 28,20

cruise let A+5%BE 561.1 -10.36 10,69 7.85 14.33 1.35 22,40 31.90
Jet A+10%BE S560.7 -10.42 10,87 9.71 14.49 2.48 21.60 28.70

Jet 2+15%BE 552.6 -11.72 11.21 13.08 14.49 2.52 21.30 31.60

Jet &, 660.9 22.83 83.94 89.80 95,50

i Jet A+5%BE 626.6 -5,19 24,43 7.02 84,66 0.86 86,60 0,70
Jet A+10%BE 624,59 -5.45 24,71 8.17 85.05 1.32 89,90 0,00

Jet A+15%BE 610.2 -FET 25,65 12,27 85.50 1.86 90.30 86,40

Experimental reprise

This stage of the experimental performance evaluation of micro turbojet engine consisted in
studying a transient regime where the engine was accelerated from idle to maximum passing through
all operating regimes. After performing a run-up test from idle to a speed close to the maximum speed,
the results shown in Figure 11 highlighted that the temperature in the front of the turbine T3 has the
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same pattern for the all blends, but having lower values than the Jet A without jeopardizing the engine
operation. Also the fuel volumetric flow rate increases with an increase in engine speed and bioethanol
concentration over the whole range of tested speeds (Figure 12). For a better visualization and
understanding of the analyzed parameters, in Figure 13 the force depending to the fuel volumetric flow
rate is plotted. Depicted data emphasize that the propulsion force increases with the fuel volumetric
flow rate. Another aspect is that the force decreases as a higher concentration of bioethanol is used for
all fuel flows. Analyzing the transient processes we can see the continuous variation of the studied
parameters and that they fall within the functionality limits of the engine.
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Figure 11. T3 variation from idle to maximum depending
on the engine speed (BE - bioethanol)
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Figure 12. Fuel consumption variation from idle
to maximum depending on the engine speed (BE - bioethanol)
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Figure 13. Force variation from idle to maximum depending

on the fuel consumption (BE - bioethanol
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Jet engine cycle analysis

Jet engine cycle analysis was applied to determine characteristic micro engine performances of the
maximum regime, i.e., the fuel specific consumption, the efficiency of the burning chamber, and the
thermal efficiency of the engine for fuel blends [25]. The fuel specific consumption, Csp [kg/Nh], was

calculated based on Egs. (1)-(3), where Fs [m/s] is the specific thrust, F [N] the thrust (force), M

[kg/s] the fuel mass flow rate, M, [kg/s] the air mass flow rate, f the fuel-air mass ratio, FHV [J/kg]

the fuel heating value, cp [J/kgK] the specific heat capacity, T» [°C] the temperature in front of
combustor chamber, and Tz [°C] the temperature in front of turbine. The fuel specific consumption
(Figure 14) increases due to a bigger concentration of bioethanol, this was expected due to the lower
calorific power of the bioethanol.
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Figure 14. Variation of fuel specific consumption
Csp[ kg/Nh] (BE - bioethanol)
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The efficiency of the burning chamber, 7, was estimated by Eq. (4) andthe thermal efficiency of
the engine, #1, was calculated using Eq. (5), where ve [m/s] is the gas velocity from the nozzle.

(M, +M, kT =M e, T, (L fle,sT, —c 0T,

a~’p2

- . _ 4
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Taking into account that in each mixture 5% Aeroshell 500 oil was added, the fuel heating value of
each fuel blend, FHV [J/kg], was determined using Eq. (6), where g is the mass fraction of each
compound in the blend.

FHV = gAerosheIISOOFHVAerosheIISOO + g JetA I:HVJetA + gbioethanolFHVbioethanol (6)
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Characteristic performances of maximum regime in terms of fuel-air mass ratio, efficiency of the
burning chamber, and thermal efficiency of the engine are presented in Table 3 Tabulated data indicate
that the fuel heating value and the burning efficiency of the combustion chamber decrease as the
bioethanol concentration increases, whereas engine thermal efficiency varies almost insignificantly.

Table 3. Calculated performances for the maximum regime

Type of fuel blends FHV [kd/kg] b [%6] 71 [%]
Jet A 40660 87.5 6.47
Jet+5% bioethanol 39900 79.0 6.27
Jet+10% bioethanol 39140 79.7 6.40
Jet+15% bioethanol 38380 76.4 6.37

4.Conclusions

Studies in the related literature revealed that the use of ethanol especially bioethanol reduces the
emissions resulted from the burning process of the fossil fuels.

The results obtained in this study highlight that bioethanol, in the studied proportions, could be
considered a stable alternative fuel for turbine engines without making technological and functional
modifications of the engine. It was observed that at all the three studied regimes, idle, cruise, and
maximum, the engine has a stable operation without jeopardizing its integrity.

Due to the low calorific power of the bioethanol, the temperature in front of turbine decreases
without exceeding the functionality temperature limits. By lowering the released temperature from
burning, implicitly resulting lower temperature in front of turbine, the mechanical work produced by
the turbine decreases leading to a decrease in the burning gases speed and in the propulsion force.

The analysis of the fuel consumption performed by using the temperature drop in the front of the
turbine highlighted an increase in the fuel consumption with increasing concentration of the
bioethanol. Fuel consumption increases with bioethanol concentration increasing, leading to a higher
propulsion force, where an increase of 2.52 % was obtained for 15% bioethanol.

The vibration levels during the bioethanol test did not exceed the levels when the JET A was
tested. On axial direction vibration with bioethanol were lower than with JetA.

From the run-up test performed from idle to maximum speed (Figures 11-13) it is observed that the
engine operates in functional parameters, without having temperature problems.

The jet engine cycle analysis performed at maximum regime, shown that a higher concentration of
bioethanol in fuel lead to decrease of the specific consumption and it can be concluded that the thermal
efficiency of the engine does not show any major variation for the four types of fuel and the burning
efficiency of the burning chamber decreases as the bioethanol concentration increases.

Another advantage is represented by the stable operation without vibrations and parameter
variations, these being obtained without a technological change to the engine. From the vibration point
of view, the bioethanol used as fuel has led to lower vibration levels.

As a future work, it is proposed to study the pollutant level, the engine operation under different
atmospheric conditions with negative environmental temperature, normal temperature, and very high
temperature. Other studies related to the transient regimes can be conducted, where a very fast
acceleration can be performed to determine the engine stability from the temperature point of view, to
not exceed the temperature limits supported by the power turbine.
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