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INTRODUCTION

Despite the continuing development of air-
craft turbine engines and their increasing use in 
aircraft propulsion, piston engines are still wide-
ly used even in newer aircraft designs [1]. They 
still show many advantages over turbine engines 
[2]. Low inertia giving the possibility of a rapid 
change in operating conditions, easy starting, the 
low weight and size of piston engines or ease of 
servicing [3] are just some of the advantages of 
their use for aircraft propulsion. Their advantages 
are particularly noticeable in aircraft flying in 

variable conditions and at low altitudes. Examples 
include aerobatic, tourist, training, agricultural or 
fire-fighting aircraft. Piston drives are, therefore, 
likely to be used in these branches of aviation for 
a long time to come, and this makes it constantly 
profitable to develop and improve their designs 
[4, 5]. Aviation is not subject to such stringent 
emission standards as, for example, automotive 
transport [6]. This results in many units, even in 
new aircraft, being powered by carburettor sys-
tems [7]. In addition, the engines themselves are 
often only development versions of older designs, 
which provides ample scope for changes and 
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improvements to the engines themselves as well 
as to the associated systems and systems [8, 9].

The optimum operating characteristics of an 
aircraft engine power system may not be univer-
sal for all flight phases and conditions [10, 11]. 
During take-off or climb, it is usually expected 
to achieve maximum engine power without over-
loading the engine structure, while in steady-state 
flight it is expected to achieve the greatest effi-
ciency of the propulsion system and thus mini-
mise fuel consumption [12, 13]. When designing 
and selecting aircraft propulsion system compo-
nents, it is very important to determine the operat-
ing conditions of the aircraft [14]. Aircraft engine 
operating conditions can be specified by record-
ing the most important parameters of the aircraft 
propulsion system during a flight simulating the 
conditions of standard operation of the aircraft in 
question. Measurements can be made by install-
ing appropriate measurement instrumentation or 
via on-board diagnostic equipment [15]. From the 
collected data, it is possible to determine the aver-
age engine loads in individual flight phases [16], 
the share of individual engine operating states 
over the entire period of operation as well as the 
share of steady and transient states [17]. 

In recent years, the share of electric drives in 
transport has noticeably increased [18]. This ap-
plies not only to automotive transport. Such an 
electrification trend is noticeable in smaller ve-
hicles such as motorbikes and scooters [19], and 
also in aviation [20]. Currently, electric aeroplane 
propulsion is a market novelty and is mainly used 
in motorised gliders [21] and unmanned aircraft, 
although work is also being carried out to apply 
it to large aircraft [22, 23]. The main limitation 
to the use of electric propulsion in aviation is a 
low density of electricity stored in batteries com-
pared to conventional aviation fuel [24]. It can be 
assumed that with the development of batteries, 
electric aircraft will become increasingly popular 
[25, 26]. Work is currently underway to apply hy-
brid propulsion systems to aviation [27, 28]. The 
electric motor could provide an additional source 
of power in conditions of the highest power re-
quirements and simultaneously batteries could 
be recharged on the ground or during flight when 
the internal combustion engine is able to cover 
the entire power demand. The concept of hybrid 
drives is already very popular in land transport. 
The solutions currently in use are proven, refined 
and reliable. The implementation of some of the 
solutions and components familiar from cars is 

possible, but it must be remembered that aircraft 
propulsion systems operate under extremely dif-
ferent conditions [29, 30]. Although many re-
search results describing the operating conditions 
of car propulsion systems under different operat-
ing conditions are available [31], there are few 
works describing the operating conditions of an 
aircraft engine. The works [32, 33] show that the 
application of hybrid propulsion in aviation can 
bring tangible benefits, but if a properly function-
ing system is to be built and controls are to be 
determined, it is necessary to determine the oper-
ating conditions of the propulsion system.

METHODOLOGY AND RESEARCH OBJECT

Research object

The object of the research was an AN-2 air-
craft with a registration number SP-ZET, belong-
ing to WSK PZL-Kalisz S.A., the largest Polish 
manufacturer of ASz-62IR aircraft engines. It is 
a biplane used for aeroclubs, transport or agricul-
tural applications. The aircraft used for the study 
is shown in Figure 1.

The aircraft is driven by the ASz-62IR-16E 
radial engine (Figure 2). This design is based on 
the ASz-62IR engine and extended with an elec-
tronic fuel injection control system with Type 
Certificate No. EASA.E.140 [34]. The engine 
specifications are shown in Table 1.

Scope of the research 

The tests were aimed at determining the basic 
performance of the aircraft’s propulsion system 
under normal operating conditions. The mea-
surements were made during certification tests to 
adapt the aircraft design to the new engine type. 
The recording of propulsion system performance 
parameters did not require the installation of ad-
ditional measurement instrumentation. The data 
was processed by the engine controller, and a PC 
connected to the engine controller via a diagnos-
tic connector recorded the data. The following 
parameters were recorded:
 • crankshaft speed – RPM, min-1

 • intake manifold pressure – MAP, kPa.

The data was recorded at a frequency of 16 
Hz. During the four flights, a data sequence con-
taining 390.701 measurement points (Table 2) 
was recorded for a total time of 7 h and 4 min.
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Figure 1. AN-2 aircraft used for testing

Figure 2. ASz-62IR-16E engine

Methodology

In order to determine the basic operating 
conditions of the ASz-62IR engine in real use, 
it was decided to analyse three issues: in the 
first one (A), the engine operating time was de-
termined at low, medium and high load; in the 
second one (B) – the engine operating time at 
IDLE and at WOT; and in the third one (C) – the 
total engine operating time under steady-state 
and transient conditions.

The analysis was carried out for the data col-
lected from all four flights. The data was first 
filtered in order to negate the influence of signal 
noise, individual measurement errors and the 
limited measurement resolution of the system. 
Moving-average signal filtering was applied. The 
filter length N was selected from an analysis of 
the second time derivative of the speed for sev-
eral selected operating intervals. The filter length 
was considered sufficient if, in the intervals ac-
celeration or deceleration occurred the second 

Table 1. Technical data for the ASz-62IR-16E [35]
Type R9, 9-cylindrer, radial

Cooling system Air-cooled

Length 1328 mm

Diameter 1380 mm

Dry weight 579 kg + 2%

Displacement 29.87 dm3

Bore 155.5 mm

Stroke – cylinder nr 1 174.5 mm

Compression ratio 6.4 ± 0.1

Power-to-weight ratio 1.25 kW/kg

Supercharger
Single stage, single 

speed, geared centrifugal 
supercharger

Gear ratio 0.6875

Fuel types 100LL, OBR 85 UL

Fuel system
Electronically controlled 
multipoint fuel injection 

system
Oil system Dry sump
Power / RPM / MAP (take-
off)

721 kW / 2200 min-1 / 140 
± 3 kPa

Power / RPM / MAP (rated) 605 kW / 2100 min-1  / 120 
± 1 kPa

RPM idle min 550 min-1

RPM max 2200 min-1

Specific fuel consumption 
(take off) > 300 g/kWh

Specific fuel consumption 
(0.5 Power rated) ~220 g/kWh

derivative of the speed did not oscillate between 
positive and negative values. The courses of the 
first and second derivative for different filter 
lengths are shown in Figure 3.

It was decided that it would be optimal to use 
a filter of length N = 8. In this case, each measure-
ment point obtained would be the average of a 0.5 
s time interval. Figure 4 shows the effect of filter-
ing the time interval of the engine speed signal. 
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Table 2. Data recorded during the test flights [19]
No. Start date Measuremet time Number of measurement points

1 2020-08-06 14:06:11 4983.78 76 512

2 2020-08-12 14:13:39 8198.59 125 481

3 2020-08-13 13:35:07 7037.22 108 622

4 2020-09-09 15.42.27 5215.00 80 086

Figure 3. Second derivative of the speed for different filter lengths

Figure 4. Input signal and signal after filtering

The analysis of the load conditions of the air-
craft engine was based on the rotational speed - n 
and the intake manifold pressure value – MAP. As 
in the other work [36], three engine operating states 
were therefore distinguished and determined: low 
load, medium load and high load (Figure 5). In 
addition, IDLE and WOT were also determined. 
The values of these categories are shown in Fig. 
5 and Table 3. The minimum idling speed RPM-
min = RPMidlemin = approx. 550 min-1 was taken 
as the start of the interval. The end of the interval 
was defined as the maximum permissible speed for 
the engine: RPMmax = 105% RPMrated = 2200 
min-1 [28]. MAPmin was taken as the minimum 
idle pressure MAPidlemin = ~30 kPa and MAP-
max the maximum allowable charging pressure 
~140 kPa. The lower and higher RPM values were 
taken as overruns and the lower MAP values as 
engine braking. RPM 100% and MAP 100% rep-
resent RPMrated and MAP respectively for RPM-
rated = MAPrated. The RPM and MAP ranges thus 

selected were divided according to: < 30%, 30–
70% and > 70%, and the areas defined in the paper 
as low, medium and high load were determined in 
this way (Figure 6). The IDLE area does not ex-
ceed 900 min-1 and 35 ÷ 50 kPA, and WOT was 
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defined above 2060 min-1 and 118 kPa (Table 3). In 
order to determine the contribution of steady-state 
and transient engine operating conditions, it was 
necessary to determine which conditions would be 
classified as steady-state and transient.

Undetermined operating conditions can be 
determined by the following parameters:
 • average duty cycle indexed pressure – pi,
 • instantaneous engine torque – Mo,
 • crankshaft speed – n,
 • total heat flow through the engine – .

Theoretically, the operating condition of an 
internal combustion engine can be defined as a 
steady state if the following conditions are met:
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In reality, meeting these conditions is impos-
sible. It is also difficult to record all the parameters 
mentioned. Transients are therefore determined 
using selected parameters and taking individual 
limits of the time derivative.

For the purposes of this study, the determina-
tion of transients was based on an analysis of the 
time variation of the engine speed. 

For this purpose, its time derivative was spec-
ified. The determination of the RPM variation 
intervals made it possible to determine the con-
tribution of steady-state and dynamic operating 

Figure 5. Sample strategy to control the SI engine [37]

Figure 6. Distinct engine operating areas superimposed on the measuring points
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conditions over the entire engine operating time 
studied (Figure 7). The engine operating points 
were defined as transient operating conditions 
with the change in speed per second greater than 
1% of the RPMmax of 2200 min-1 for this engine:
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Figure 8 shows an example of the time course 
of RPM and MAP intake manifold pressure dur-
ing the analysed flight. The specified engine oper-
ating states are marked in green

ANALYSIS OF RESULTS

A – Motor load

A 3D histogram for RPM and MAP was 
drawn from all the measurement points obtained 
(Fig. 9). This graph shows the percentage of the 

engine operating time at a given point/area deter-
mined by (RPM_MAP) relative to the total engine 
operating time. The overlaid on the 3D histogram 
shows the areas corresponding to the predefined 
engine operating states. 

It is clear from the distribution/chart that most 
of the engine operating points fall into two charac-
teristic areas: the first, smaller ones lie in the low 
load area and the second, larger ones in the high 
load area. In the medium load area, on the other 
hand, far fewer measuring points are recorded. In 
addition, there are areas of the engine operation 
that lie outside the described/defined load areas. 
One of these is a small area for RPM 2200 ÷ 2300 
min-1 and pressure above 140 kPA. This is the re-
sult of exceeding the speed and pressure limits 
when the engine is at its maximum performance. 
This area represents 0.97% of the total engine op-
erating time. The second is the area below 30 kPA 
and can be identified with engine braking when 

Table 3. Areas of the specified engine operating states
Engine operating state RPM MAP

Low load 0 ÷ 30% RPMrated
~ (550 ÷ 1000) min-1

0 ÷ 30% MAPrated
~ (30 ÷ 60) kPa

Medium load 30 ÷ 70% RPMrated
~ (1000 ÷ 1600) min-1

30 ÷ 70% MAPrated
~ (60 ÷ 95) kPa

High load 70 ÷ 105% RPMrated
~ (1600 ÷ 2200) min-1

70 ÷ 115% MAPrated
~ (95 ÷ 140) kPa

IDLE 0 ÷ 20% RPMrated
~ (550 ÷ 850) min-1

0÷20% MAPrated
~ (30 ÷ 50) kPa

WOT 98 ÷ 105% RPMrated
~ (2060 ÷ 2200) min-1

98 ÷ 115% MAPrated
~ (118 ÷ 140) kPa

Figure 7. The course of the engine speed RPM and its time derivative dn/dt during a sudden increase in throttle 
opening



62

Advances in Science and Technology Research Journal 2024, 18(8), 56–72

the engine throttle is closed. It represents 3.5% of 
the operating time. As seen in the 3D figure (Fig. 
9), the engine was most often operating in the 
area defined as high load. This is by far the larg-
est area on the graph that accounts for 66.31% of 
the engine’s total operating time. The second such 
area frequently used by the engine is the area de-
fined as low load where two characteristic spots 

can be seen. This area represents 14.96% of the 
total engine operating time.

In the area defined as medium load (RPM 
1000 ÷ 1600 min-1 and MAP 60 ÷ 95 kPa), it is 
difficult to find any characteristic places of en-
gine operation. It seems to be a transition area 
between low and high load conditions and repre-
sents 15.21% of the total engine operating time.

Figure 8. Time course of the intake manifold speed and pressure during flight

Figure 9. 3D histogram of the ASz-62IR-16E aircraft engine performance - flight test averaged data
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The other areas of the diagram defined as 
overruns and engine braking represent a marginal 
part of the diagram area. The overrun of permis-
sible speeds and pressures (RPM < RPMmin and 
RPM > RPMmax) are included in the operating 
time calculations for low and high load, respec-
tively. In contrast, the engine braking area is not 
included in these calculations. 

The areas of most frequent engine opera-
tion described above can also be seen and con-
firmed in the 2D figure (Fig. 10). It clearly 
shows a characteristic density of the measure-
ment points for the engine operation around the  
point RPM~600 min-1 and MAP~40 
kPA for low load and a second high-
er density of the points around the point  
RPM~1800 min-1 and MAP~90 kPA for high load. 
The first of these densities most likely represents 
idle and the second the most commonly used en-
gine operating condition during flight. The dia-
gram also shows the propeller characteristics of 
this engine, marked with a dashed line.

B – IDLE and WOT

IDLE

In the case of idling, it is possible to distin-
guish two local extremes. The first, noticeable 
for RPM~900 min-1 and MAP~50 kPA is the idle 
for a cold engine, while the second, larger one, 

noticeable for RPM~650 min-1 and MAP~40 kPa 
is the idle for a warm engine. In addition, a group 
of points can be seen in Fig. 11 forming the idle 
curve the engine clearly tends towards after re-
turning from engine braking. Engine braking can 
also be seen in the form of a group of curves be-
low 30 kPA ending at around 800 min-1. 

The idling limits defined in the paper are 
shown as a green rectangle on the graph (Fig. 11). 
It can be seen that during the measurements, the 
engine was running at RPM < RPM min, result-
ing in an increase in MAP above 50 kPa. These 
speeds were up to 430 min-1 with a MAP close 
to 60 kPA. In the calculation of operating time 
at IDLE, these overruns were also taken into ac-
count and added to IDLE. In contrast, the operat-
ing time at 900 min-1 and 50 kPA defined as IDLE 
for a cold engine was not included. The IDLE de-
fined in this way represents more than 8% of the 
total engine operating time. 

WOT

For the full load case, two local extremes can 
also be distinguished (Fig. 12). The first (marked 
as W1) for RPM < 2150 min-1 and MAP < 120 
kPa can be identified with the maximum sus-
tained power probably used for climb, and the 
second for RPM > 2150 min-1 and MAP > 120 
kPA can be identified with take-off power.

Figure 10. 2D histogram of all engine operating points with the propeller characteristics superimposed
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In the case of take-off power, exceedances of 
the allowed maximum RPM can also be observed. 
RPM exceedances reach 2280 min-1 and even oc-
casionally up to 2400 min-1. These are points out-
side the upper right corner of the red rectangle 
that defines the WOT limits adopted in the work.  
In the calculation of the WOT working time, the 
above exceedances were also taken into account 
and added to the WOT. The WOT so defined 

represents 2.34% of the total engine operating 
time. In the case of starting power, two areas can 
also be distinguished. One is the area with RPM 
~2170 min-1 and MAP 115 ÷ 138 kPA labelled W2 
and the other labelled W3 for RPM >2180 min-1 
and MAP >138 kPA which can be referred to as 
the take-off power maximum. This can be seen 
around the upper right corner of the red rectangle 
that defines the WOT limits adopted in the work. 

Figure 11. Engine operating point range defined as IDLE

Figure 12. Range of the engine operating points defined as WOT
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The take-off power extreme (W3) identified in this 
way is only 108 seconds out of ~24400 s of the 
flight record and represents about 0.44% of the 
total operating time. Dividing this into 4 flights 
(take-offs) means that maximum take-off power is 
only used for less than 30 seconds per flight.

C – Steady and transient states

The analysis of the variability of the engine 
operating conditions was based on the time de-
rivative of the rotational speed (RPM) and the 

intake manifold pressure (MAP). A histogram of 
the RPM variation is shown in Figure 13. From 
this parameter, the proportion of steady-state and 
transient engine operating states was determined. 
For more than 90% of the flight time, the speed 
variation was no more than 24 RPM/s.

Figure 14 shows a histogram of the variation 
in intake manifold pressure (MAP). As in the case 
of speed, the low variability of the parameter con-
sidered is noticeable. For 62.1% of the flight time, 
the variability of the MAP parameter did not ex-
ceed 0.4 kPa/s.

Figure 13. Histogram of the speed variation during flight

Figure 14. Histogram of the inlet manifold pressure variation during flight
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According to a predefined definition of en-
gine transients, they were determined to account 
for 9.98% of the total flight time. A distinction 
was also made between transient states of opera-
tion into acceleration when the engine speed is 
increased and deceleration when the speed is de-
creased (deceleration, engine braking). The rang-
es of the division of the different states and their 
percentage contribution during flight are shown 
in Table 4 and Figure 15.

It can be seen from the data that engine op-
eration mostly occurred in the states defined as 
steady. Fig. 16 shows a histogram of the intake 
manifold pressure and speed for an engine oper-
ating exclusively in steady states. It is clear that 
these states are characteristic ‘islands’ in the fig-
ure. They denote areas the engine does not sig-
nificantly change its operating parameters over a 
long period of time. The largest and most steady 
states can be seen at high loads (RPM 1700 ÷ 
2100 min-1 and MAP 60 ÷ 120 kPa) and around 
low loads (RPM 5000 ÷ 1000 min-1 and MAP 30 

÷ 55 kPa). The areas of RPM ~1900 min-1 and 
MAP ~60 kPa and RPM ~2100 min-1 and MAP 
~90 kPa are points of flight with a slight descent 
(decreasing altitude). For the medium loads 
(middle of the graph), steady states account for 
a much smaller share and even their occurrence 
is marginal.

Figure 17 shows a histogram of the two vari-
ables for positive transients. These states are as-
sociated with increasing engine speed. As can be 
seen in the figure, they occur most frequently for 
RPM (1000 ÷ 1400 min-1, followed by 1700 ÷ 
1900 min-1 and then 2000 ÷ 2100 min-1). These 
areas therefore show the areas of most frequent 
engine acceleration and mostly line up with the 
propeller-like characteristics. The area of RPM 
~1900 min-1 and MAP ~ 60 kPa seems to be the 
point of onset of acceleration after a slight de-
scent (decreasing altitude).

Figure 18 shows a histogram of the two vari-
ables including negative transients. These states 
are associated with deceleration (decreasing 

Table 4. Transient states of engine operation
Parameter Range of the time derivative of speed Share of the given operating states 

Acceleration n
t > 24 RPM

s  4.75% 

Deceleration 
n
t < −24 RPM

s  5.23% 

Total  9.98% 

 

Figure 15. Percentage of aircraft engine operating states during individual flights
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Figure 16. Histogram of two variables – speed and manifold pressure for fixed engine operating points only

Figure 17. Acceleration – histogram of the manifold velocity and pressure for only the transient operating points 
of the engine at which the speed was increased

RPM). As can be seen in the figure, they occur 
most frequently for RPM (2100 ÷ 2000 min-1, 
then 1900 ÷ 1700 min-1, 1300 ÷ 1100 min-1, and 
700 ÷ 500 min-1). They are located along a sin-
gle line and represent the areas of the most fre-
quent engine RPM deceleration, i.e. the operating 
states the engine load significantly decreases. In 

addition, it is possible to find a deceleration area 
(RPM 1900 ÷ 1500 min-1) with descending from 
the operating point of RPM ~1800 min-1 and MAP 
~85 kPa, and the area of RPM 1600 ÷ 800 min-1 
and MAP 20 ÷ 30 kPa which is responsible for 
engine deceleration, i.e. reducing engine speed 
when the throttle is closed.
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DISCUSSION

The paper presents an analysis of the oper-
ating conditions of an aircraft engine operating 
under short test flight conditions (Figure 19) and 
compares the results of the performance of an en-
gine powering a motor vehicle under urban oper-
ating conditions (Figure 20) [38].

During flight, the ASz engine operated main-
ly in the high RPM>1600 min-1 range (> 70% 
RPMrated) under medium to high MAP > 75 kPa 
(> 50% MAPrated). The most common operating 
point is in the range of 1700 ÷ 1900 min-1 and 75 
÷ 95 kPa, which is ~80% RPMrated and ~65% 
MAPrated. The average intake manifold MAP 
pressure was 73 kPA (~50% MAPrated). This 

Figure 18. Deceleration – histogram of the manifold velocity and pressure for only the transient operating points 
of the engine at which the speed was reduced

Figure 19. 3D histogram of the ASz-62IR engine operating conditions



69

Advances in Science and Technology Research Journal 2024, 18(8), 56–72

Figure 20. 3D histogram of the automotive engine operation under operating conditions [38]

means that, for an aero engine, more than 66.3% 
of the operating time is heavy load (Figure 21). 
The low and medium loads account for 15.0% 
and 15.2% of the operating time, respectively.

The high RPM of automotive engines (RPM > 
70% of RPMmax) is hardly ever used, only about 
0.4%, and is mainly achieved during acceleration, 
or driving close to maximum speed, which does 
not happen in urban conditions. The average RPM 
value oscillates between 30÷40% of the nominal 
RPMmax speed. According to the study [38], a 
motor vehicle engine operates in the speed range 
of less than 50% of RPMmax almost 80% of the 
time of which idling accounts for about 13%. The 
average speed during engine braking is about 40% 
of RPMmax, while rapid acceleration is about 
45% of RPMmax. So in summary, the car engine 
mainly operates in the low to medium RPM range 

with low to medium MAP. This means that, in the 
case of a car engine, only about 11.6% of the op-
erating time is high load, and the main part of the 
operating time is low (about 35%) and medium 
(about 47.5%) load (Fig. 21). This is also con-
firmed by other studies [39].

Under idling conditions, the operating time 
of the aircraft engine was about 8.7%, i.e. more 
than twice as short as that of the car engine (about 
14.4%) (Figure 22). Under WOT conditions, the 
aircraft engine had an operating time of 2.3%, 
while for the car engine this condition was ex-
tremely rare – about 0.1%.

The study shows that most of the time the ASz-
62IR-16E aircraft engine operated in steady-state 
conditions, i.e. about 90% of the time. Compar-
ing the flight results to similar studies conducted 
for automotive vehicles [29], a very similar share 

Figure 21. Aircraft and automotive engine operating times under different load conditions
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of steady-state operation can be observed. In the 
case of the automotive engine, steady-state op-
eration accounts for about 82% of the operating 
time. (Fig. 23). This also means that the share of 
steady-state and transient operations of aircraft 
engines is very similar to that of car engines. 

The difference, however, is in the proportion 
of acceleration and deceleration. In the case of the 
aircraft engine, there is an approximately simi-
lar acceleration and braking time for the engine, 
whereas in the case of the car engine, the brak-
ing time is approximately 5 times higher. Engine 
braking is not included in this analysis.

CONCLUSIONS

The paper shows that the steady-state operat-
ing conditions of an aircraft piston engine differ 
significantly from those of an automotive engine. 
Furthermore, it has been shown that the ASz-
62IR-16E aircraft engine of the AN-2 under real 
flight conditions has a specific, most frequently 
used operating point lying in the range of values: 
RPM = 1800 ÷ 1900 min-1 and MAP = 88 ÷ 95 
kPA. The study also showed a small number of 

aircraft engine operating transients. The defined 
aircraft engine operating transients accounted for 
about 10% of the total flight time, of which posi-
tive transients (acceleration) accounted for almost 
5% and negative transients (deceleration just over 
5% of the total flight time (Fig. 23)). 

Significantly, for motor vehicles, transients 
(understood as acceleration, deceleration and 
braking) accounted for a total of almost 20% of 
operating time (i.e. about twice more than for 
an aircraft engine) with positive transients being 
about five times less than negative transients. This 
is due to a different way the driving force is trans-
ferred. During deceleration, e.g. when approach-
ing a traffic light, the kinetic energy of the vehicle 
continuously drives the engine crankshaft, which 
keeps the negative dn/dt value for a long time. 
Acceleration in urban traffic, on the other hand, 
takes place dynamically until the required speed 
is reached and then speed is usually maintained. 
In the case of airplane propulsion, both accelera-
tion and deceleration can be performed by rap-
idly varying speed to required speed and then the 
speed of motion is not linearly dependent on the 
speed of rotation, so its variation can occur while 
a steady- state engine operation is maintained.

Figure 22. Aircraft and car engine operating times for IDLE, WOT and others

Figure 23. Comparison of the contribution of different operating states of aircraft and automotive engines
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