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A b s t r a c t

Miniaturization of turbine jet engines not only enables testing of fuel mixtures but also opens 
up new possibilities for their use in smaller aircraft. In this work, measurements were carried out 
in the GTM 400 MOD engine in order to create the stand characteristics of unit thrust and specific 
fuel consumption. For both parameters, polynomials were determined describing their changes 
in the range of rotational speeds used. These calculations constitute the first stage of research 
on a hybrid turbojet engine powered by aviation kerosene and hydrogen. The reason for the research 
is to check the possibility of using hydrogen in turbomachinery engines. Hydrogen is one of the fuel 
additives approved for use by the European Union, which forces the aviation industry to reduce 
exhaust emissions into the atmosphere. Hydrogen can not only enrich aviation kerosene but also 
become an alternative fuel.

Introduction

During the operation of a turbojet engine, harmful chemicals are emitted 
into the atmosphere. There are nitrogen oxide, soot, unburned hydrocarbons, 
carbon monoxide, and carbon dioxide (Kotlarz et al. 2006, Kotlarz 2004, 
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Lefebre 1998). The concentration of carbon monoxide and unburned hydrocarbons 
is highest at low engine operating ranges and disappears as a function of the increase 
in engine thrust. The opposite phenomenon applies to nitrogen oxides and smoke, 
the presence of which in exhaust gases at low rotational speeds is very small and 
increases significantly with the increase in engine thrust (Głowacki, Szczeciński 
2011). In European Union countries, it is estimated that aviation contributes 3% 
to total greenhouse gas emissions. The average increase in greenhouse gases produced 
in European Union countries is approximately 4.3% (Capoccitti et al. 2010, Fleuti 
2005, Schumann 2005, Ramanathan, Feng 2009).

As part of the “Fit for 55” package, the European Union, based on the ReFuelEU 
application, intends to introduce SAF (Sustainable Aviation Fuels) fuel admixtures. 
The aim is to gradually reduce exhaust emissions by increasing the content of the 
above-mentioned admixtures in fuels to 70% in 2050. 

The study presented in this paper was undertaken for two reasons. The first 
reason is the desire to create a hybrid turbojet engine in the future. The second 
reason is the lack of information in the literature about the engine used. There are 
no experimental and theoretical studies related to its characteristics.

Therefore, the aim of the study was to determine the polynomial of the change 
in specific thrust and specific fuel consumption in the range of rotational speeds used. 
The analysis was carried out on the basis of 4 measurement samples. The resulting 
stand characteristics are intended to be a reference for measurements planned in 
the future using a hydrogen admixture. 

Materials and methods

Experimental tests were carried out on the GTM400 MOD turbojet engine from 
JETPOL, which is shown in Figure 1. It is a miniature single-flow engine powered 
by JET A-1 aviation kerosene. The engine has a single-stage axial turbine. It is started 
using an electric starter. An example of another analysis of a miniature engine can 
be found in the literature (Douglas, Saarlas 1996).

The principle of operation of a turbine jet engine is to increase the speed of the 
air stream flowing through the engine. An increase in the gas temperature in the 
combustion chamber and an increase in its volume result in the velocity at the nozzle 
outlet being higher than the air velocity at the engine inlet. Thus, during engine 
operation, a thrust force is created, Figure 2, which is expressed in the following 
relationship (Mattingly 1996, Rotaru 2017, Sankar et al. 2020):

	 𝐾𝐾 = 𝑚̇𝑚′𝑐𝑐5 − 𝑚̇𝑚𝑐𝑐1 	 (1)

where: 
ṁ	– air mass flow, 
ṁ'	– mass flow of exhaust gases flowing from the engine, 
c1	– air speed in the inlet, 
c5	– velocity of exhaust gases flowing from the engine.
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Fig. 1. GTM400 MOD engine

Fig. 2. Diagram of a turbine jet engine: 1 – inlet, 2 – compressor,  
3 – combustion chamber, 4 – turbine, 5 – outlet nozzle
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Very important parameters of aircraft engines are their unit parameters. 
Using them, it can be compare processes occurring in different engines, as well 
as their design perfection. The basic parameter of a turbojet engine is thrust. 
The specific thrust depends on the engine pressure, the exhaust gas temperature 
at the exit from the combustion chamber, and the efficiency of compression and 
expansion in the engine. This parameter is directly proportional to the generated 
thrust force and inversely proportional to the air mass flow used

	 𝑘𝑘𝑗𝑗 =
𝐾𝐾
𝑚̇𝑚 	 (2)

Another very important parameter for comparing engine operation is specific 
fuel consumption. This parameter determines the efficiency of the engine in 
terms of the amount of fuel consumed in relation to the generated thrust force. 
Additionally, it is necessary to determine the range and duration of the aircraft’s 
flight. The specific fuel consumption results from the following relationship 
(Rogers 2017):

	 𝑐𝑐𝑗𝑗 =
𝑚̇𝑚𝑓𝑓
𝐾𝐾  	 (3)

where:
ṁf – fuel mass flow.

The specific thrust and specific fuel consumption for full-scale aircraft engines 
are presented in Figures 3 and 4 (Chachurski 2018).

Fig. 3. Specific thrust: 1 – turbojet engine, 2 – turbofan engine with low by-pass ratio,  
3 – turbofan engine with high by-pass ratio, 4 – turboprop engine, 5 advanced turboprop engine, 

6 – conventional turboprop engine
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Fig. 4. Specific fuel consumption: 1 – turbojet engine, 2 – turbofan engine  
with low by-pass ratio, 3 – turbofan engine with high by-pass ratio, 4 – turboprop engine,  

5 – advanced turboprop engine, 6 – conventional turboprop engine

Results

During the tests, a pressure of 101,240 Pa was recorded. The average 
temperature during the four measurements was 23.3°C. For the prevailing 
atmospheric conditions, the average thrust curve was presented in Figure 5.

Fig. 5. The thrust as a function of rotational speed
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Fuel consumption was recorded while the engine was running. Figure 6 
shows them in the form of a mass stream fed to the combustion chamber. Its 
values were estimated based on the fuel analysis certificate of the Orlen SA 
concern. On its basis, it was assumed that the density of JET A-1 aviation 
kerosene was 796 kg/m³.

Fig. 6. The minute fuel consumption as a function of rotational speed

Their unit values were determined based on the recorded thrust and the 
measured minute fuel consumption. The distributions of these parameters along 
with curves representing sixth-degree polynomials were presented in Figure 7.

For the assumed conditions and rotational speed function, the polynomial 
describing changes in the unit thrust is:

	
𝑘𝑘𝑗𝑗 = −2 ∙ 10−25𝑛𝑛6 +  7 ∙ 10−20𝑛𝑛5  −  9 ∙ 10−15𝑛𝑛4  + 
+ 7 ∙ 10−10𝑛𝑛3  −  3 ∙ 10−5𝑛𝑛2  +  0.6022𝑛𝑛 −  5,186.4 	 (4)

while the polynomial of specific fuel consumption describes the relationship:

	
𝑐𝑐𝑗𝑗 = 10−30𝑛𝑛6 –  5 ∙ 10−25𝑛𝑛5  +  8 ∙ 10−20𝑛𝑛4 −  7 ∙ 10−15𝑛𝑛3 + 

+ 3 ∙ 10−10𝑛𝑛2  −  9 ∙ 10−6𝑛𝑛 +  0.1146 	 (5)

where:
n – rotational speed.
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Fig. 7. The specific thrust and specific fuel consumption as a function of rotational speed

Conclusions

During the prevailing weather conditions, the GTM 400 MOD engine 
generated an average thrust force ranging from 18 N at a speed of 30,025 rpm 
to 273 N at a speed of 79,925 rpm. During operation, the engine consumed fuel 
in the same speed ranges from 0.208 kg/min to 0.798 kg/min. It follows that the 
reserve of thrust at sea level during the stand test was 255 N in relation to the 
lowest rotational speed. It should be bear in mind that to fully produce thrust, 
fuel consumption will increased by 0.59 kg/min.

Based on the experimental tests performed on the engine, the trend function 
for changes in specific thrust and specific fuel consumption was determined as 
a function of rotational speed. While increasing the speed, the specific thrust 
increased by 77%. At the same time, specific fuel consumption is reduced by 75%.

The created stand characteristics made it possible to determine the 
performance parameters of the aircraft on which the tested engine will be 
installed. These characteristics also allowed for the determination of changes 
in thrust and fuel consumption when admixtures or alternative fuels are used.
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