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ARTICLE INFO  The article presents the concept of a two-stroke high-power aircraft engine, intended primarily for powering  

a record-breaking racing aircraft and its version for powering passenger or transport aircraft. Based on the 

design study and calculated operational indicators, an analysis of its usability in the proposed aircraft will be 
presented. According to initial assumptions, it should be able to exceed the current speed record for a piston-

powered aircraft. Based on the developed design and the tests that were conducted, the engine will also be 

analyzed as a drive for passenger or transport aircraft. For this purpose, it was compared with a turboprop 
engine with particular consideration of the generated thrust. In addition, the unused potential of such two-stroke 

engines as the Rolls-Royce Crecy, Napier Nomad and the high-speed two-stroke engine designs of engineer 

Tresilian will be analyzed. 
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1. Introduction 
The development of two-stroke high-power engines in 

aviation was interrupted by the appearance of turbine 

drives. They offered better altitude characteristics and the 

ability to easily obtain higher flight speeds than the piston 

engines produced at that time. There are many indications 

that a change in their design would, however, allow for 

their parallel coexistence. The proposed two-stroke engines, 

usually with spark ignition, could in theory, provide compa-

rable or better operating indicators than turboprop drives.  

Undertaking work on the design of a two-stroke engine 

for record-racing aircraft allows for the verification of these 

assumptions on the basis of the developed comparative 

characteristics. As an example of a typical turboprop en-

gine, the currently produced and used in modern aircraft 

Pratt & Whitney PW 150A engine were chosen. 

As part of the work, two versions of the engine are de-

signed: the proper, record racing and designed for passen-

ger or transport aircraft. Whereas their design will be simi-

lar, they will differ primarily in the charging system. Long-

engine operation is not required during air races or when 

breaking a record. For this reason, the supercharger can be 

powered by an electric engine, and all exhaust energy can 

generate thrust for the turbo compound. The engine in  

a transport or passenger aircraft must ensure the highest 

possible altitude characteristics and constant boost pressure 

during many hours of operation. For this reason, it is neces-

sary to use a turbocharger with regulation by means of 

exhaust gas extraction. 

The article will present the general concept of the en-

gine, the results of calculations, and the comparative char-

acteristics of turboprop engines. During the design works, 

many solutions have been developed that can lead to an 

increase in the thrust force of the drive system and a reduc-

tion in the weight of the engine or its dimensions. Basic 

calculations and a description of the construction will also 

be presented.  

 

 

2. Development of two-stroke engines in aviation 
Two-stroke engines were first used in aviation in 1908. 

In fact, these were designs applied to drive motor boats 

produced by the American Elbridge [27]. However, aircraft 

constructors paid attention to their low weight compared to 

four-stroke engines [34]. These were primarily Type A with 

10 hp (7 kW) and Type C with 30 hp (22 kW) [35]. For this 

reason, a series of in-line engines with the common name 

Featherweight [34] with a bore of 117 mm and a stroke of 

114 mm was developed on their basis. The first of them in  

a three-cylinder system with a displacement of 3.72 dm
3
 

reached a maximum power of 45 hp (33 kW) and a nominal 

power of 30 hp (22 kW). Its weight was 69 kg. Another 

four-cylinder with a displacement of 4.96 dm
3
 reached  

a power of 60 hp (44 kW) and a nominal 40 hp (29 kW) at  

a weight of 89 kg. The last one had six cylinders with  

a total displacement of 7.43 dm
3
. Its maximum power was 

90 hp (66 kW), and the nominal power was 60 hp (44 kW). 

The weight was 118 kg. These three engines reached their 

maximum power at 1400 rpm [1]. Encouraged by their 

success, Elbridge developed a new, typically aircraft engine 

called the Aero Special [34]. It was a modification of the 

four-cylinder Featherweight. The weight was reduced to 68 

kg, and the rotational speed was increased to 2000 rpm. 

This allowed to obtain a maximum power of 60 hp (44 kW) 

and a nominal power of 50 hp (37 kW) [1]. Despite this, the 

engine turned out to be a failure for the company because at 

that time, there were no propellers adapted to such a rota-

tional speed [29]. 

In 1910, in Japan, Captain Kumazo Hino developed his 

own 8 hp (6 kW) two-stroke aircraft engine. The designer 

was inspired by a trip to Germany, which he made in order 

to get acquainted with the local aviation industry. The fol-

lowing year, he built an in-line, two-cylinder engine with 

18 hp (13 kW), which, according to the project, was to 

reach 30 hp (22 kW). It uses two reciprocating compres-

sors. This made it one of the first supercharged aircraft 

engines. In 1915, its improved version, with a power of 25 

hp (18 kW) was used in a prototype aircraft [11]. 

http://orcid.org/0009-0004-0787-5616
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In the following years of aviation development, two-

stroke engines were used to propel small, light aeroplanes. 

Several well-known constructions, such as the American 

Roberts from 1919 or the Meteor produced since the 1920s, 

can be mentioned. They were also used in unmanned air-

crafts. An example is the experimental flying bomb from 

1917 Sperry Aerial Torpedo [34]. Since 1945, McCulloch 

in the USA has been producing four-cylinder engines with 

an opposite-cylinder system for flying unmanned aerial 

vehicles. The first one, the Model 4300, with a displace-

ment of 1.45 dm
3
 , achieved 65 hp (48 kW) at 4100 rpm. It 

was produced until 1952. From 1950 to 1988, a 4318 model 

with an increased cylinder diameter was produced. The 

displacement volume was thus increased to 1.63 dm
3
. De-

pending on the model, the maximum power ranged from  

72 hp (53 kW) to 84 hp (62 kW) at 4100 rpm. It also pow-

ered several types of gyroplanes. A 110 hp (81 kW) version 

equipped with a turbocharger was also created [24]. 

Two-stroke engines in aviation are currently small pow-

er units designed primarily for drones and ultralight aircraft 

[16], motor gliders or ultralight trikes. Rotax or Hirth can 

be mentioned here. These are engines with a simplified 

design, without supercharging, with spark ignition. They 

are often adapted to automotive gasoline, which is cheaper 

than avgas. In addition, the basic type of drives used in 

flying aircraft models are two-stroke engines. They are 

produced as so-called glow-ignition engines, i.e., simple 

compression-ignition engines with a carburetor and a glow 

plug. Larger model engines are equipped with spark igni-

tion [28]. Larger ones can also drive smaller drones.  

Most of the compression-ignition engines used in avia-

tion were also built as two-stroke engines. Only a few types 

were created due to the difficulty of obtaining  

a favorable power-to-weight ratio. One of the few examples 

can be Junkers Jumo diesel engines. The first of them, the 

six-cylinder, in-line Jumo 204, was created in 1929 [14]. 

Thanks to the use of light alloys and an unconventional 

arrangement of cylinders, a fairly favorable rate of 1.03 

hp/kg was achieved. In most spark ignition engines created 

this year, this indicator was about 0.9-1.5 [29]. It was a six-

cylinder engine with twelve opposed pistons. This allowed 

its dimensions to be reduced. At the same time, this ar-

rangement forced the resignation of the warhead. This led 

to a significant reduction in weight. Its displacement was 

28.5 dm
3
, the bore was 120 mm, and the stroke of the pis-

tons was 210 mm. The compression ratio was 17:1. It 

reached 770 hp (566 kW) at 1800 rpm. 

His successor from 1932 was Junkers Jumo 205. The 

diameter of the cylinders was reduced to 105 mm and the 

stroke to 160 mm. Thus, the displacement volume was  

16.6 dm
3
. At the same time, it was possible to increase the 

rotational speed to 2200 rpm. It reached a maximum power 

of 600 hp (441 kW) [42]. The hp/kg ratio was 1.15. For 

most in-line engines of this period, this value fluctuated 

around 0.9–1.9 [29]. The D version already achieved 700 

hp (515 kW) at 1600 rpm. Its development, created in 1940, 

was Junkers Jumo 207. It was equipped with a better super-

charger, adapted for high-altitude flights. The rotational 

speed was increased to 3000 rpm. This allowed to obtain  

a maximum power of 950 hp (699 kW) in version A and 

1000 hp (735 kW) in version B. The B-3 variant was 

equipped with a G-1 system injecting nitrous oxide into the 

intake system. This increased engine power at high altitudes 

[3, 42]. 

In the 1930s, research on the sleeve valves was carried 

out in the USA and Great Britain. It was thought to be more 

advantageous in aircraft engines than popped valves sys-

tems. This arrangement aroused particular interest in the 

United Kingdom, where several companies undertook the 

production of such structures [26]. Napier Sabre was  

a twenty-four-cylinder engine in the H system. It powered 

fighter planes such as the Hawker Typhoon and the Hawker 

Tempest. Bristol has produced a series of radial engines 

equipped with sleeve valves: Perseus, Aquila, Taurus, Her-

cules and Centaurus [22]. 

Due to its construction, however, the sleeve valves is 

easiest to use in a two-stroke engine. The British engineer 

Sir Harry Ricardo conducted research on such engines. For 

this reason, in 1937, the British Ministry of Aviation com-

missioned him and Rolls-Royce to design a two-stroke 

aircraft engine. Ultimately, they decided on a spark-ignition 

engine with direct injection. The first prototype was built in 

1941. It was named the Rolls-Royce Crecy I. It was a V 

system, twelve-cylinder, liquid-cooled engine. The bore 

was 129.5 mm and the stroke of the pistons was 165.1 mm. 

The displacement volume was thus 26.11 dm
3
. In the Crecy 

II version (Fig. 1), the shape of the combustion chamber 

and the ignition system were modified. The main source of 

boost was a single-stage, centrifugal mechanical super-

charger. Three of the eight Crecy engines used a turbo 

compound. Thus, it was the first engine equipped with it. It 

was connected to the supercharger with a gearbox. In this 

way, it was both the drive of the supercharger and gave 

additional power to the crankshaft. The engine rotational 

speed was 2750 rpm, and when the turbo compound system 

was installed, it was 3000 rpm. This resulted in an increase 

in the maximum power from 1768 hp (1300 kW) to 2729 

hp (2007 kW) [25]. The hp/kg ratio was over 3, and the 

power to displacement ratio was 105 hp/dm
3
 [29].  

 

Fig. 1. Rolls-Royce Crecy II engine [17] 

 

In addition, a properly shaped exhaust system in the 

Crecy engine allowed for a thrust power of 1.44 kN without 

a turbo compound and 1.28 kN with a turbo compound. At 
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an altitude of 3000 m, this value would already be 1.43 kN. 

Using a two-stroke cycle allowed for the obtainment of 

much higher exhaust energy, which can be used to drive  

a turbocharger, a turbo compound, or to obtain additional 

thrust. This can be likened to a four-stroke Rolls-Royce 

Merlin engine with a similar displacement and a similar 

maximum rotational speed. It generated only 0.67 kN of 

thrust, although it was equipped with a mechanical super-

charger and did not have a turbo compound. 

The use of the Rolls-Royce Crecy engine in several air-

craft, such as the Supermarine Spitfire or de Havilland 

Mosquito, was considered. The former could reach a top 

speed of 792 km/h. However, due to the strength of the 

structure, it would be impossible to use the engine capabili-

ties in these aircraft fully. Finally, the North American  

P-51 Mustang was chosen. According to calculations, it 

would be able to reach a maximum speed of 965 km/h. 

Ultimately, the engine was not used in practice [25].  

Another British, two-stroke, high-power engine was the 

Napier Nomad. Unlike Crecy, it was equipped with  

a compression ignition. Its original concept was created on 

the basis of the 1945 specification for a 6000 hp (4412 kW) 

drive, a design of a compression ignition, twenty-four-

cylinder H-engine with a displacement of 75 dm
3
 was cre-

ated. Ultimately, it was considered that there would be no 

demand for an engine of this size and the design was 

halved, creating a system with twelve opposite cylinders 

(the so-called boxer). Its displacement volume was 41.1 

dm
3
. The diameter of the cylinders was 152.4 mm, and the 

stroke of the pistons was 162 mm [17]. 

The first version, the Nomad I, was equipped with  

a charging system with a connected turbocharger with  

a turbo compound. It was developed on the basis of the 

Napier Naiad turbojet engine. The supercharger had an 

axial arrangement; its last stage was centrifugal. Its drive 

was a two-stage turbine, which at the same time, it was 

connected directly to the crankshaft and to the propeller 

shaft through the supercharger shaft to transfer part of the 

power to the crankshaft and directly drive the first stage of 

the propeller. The second stage of the propeller was driven 

only from the crankshaft. In addition, an additional com-

bustion chamber was used in front of the turbine, into 

which fuel could be injected. The engine reached a maxi-

mum power of 3000 hp (2006 kW) and 1.4 kN of thrust. 

The prototype was created in 1949. It was tested on an 

Avro Lincoln aircraft. 

In the Nomad II version (Fig. 2) the charging system 

has been significantly simplified. The turbine was changed 

to axial, and the supercharger's last centrifugal stage and 

combustion chamber were removed. The shaft between the 

turbine and the supercharger was directly connected with  

a hydraulic clutch to the crankshaft. It allowed the power to 

be increased to 3250 hp (2390 kW) at 2050 rpm [29]. The 

Napier Nomad II was proposed to power the Avro Shackle-

ton bomber. Two engines were installed in the prototype 

version of the Shackleton MK IV, which was never tested 

with them in flight [22]. 

 

Fig. 2. Napier Nomad II engine [17] 

 

The development of piston aircraft engines in the period 

after World War II was expected for two-stroke engines. 

Especially those that would be equipped with a sleeve 

valves. In 1946, the British Aeronautical Research Commit-

tee predicted that new, two-stroke engines would soon be 

created, which would reach about 200 hp (147 kW) from  

1 dm
3
 of displacement. This would probably be the next 

phase of the development of piston aircraft drives, if it were 

not for the development of turbine engines that exceeded 

them in terms of operational indicators or altitude charac-

teristics [25]. 

After the end of World War II [40], research on the de-

velopment of aircraft engines was carried out by engineer 

Steward Tresilian working for Rolls-Royce. He was signifi-

cantly inspired by the design of the Crecy engine. However, 

he considered that the engine dimensions should be reduced 

as much as possible. As a comparative drive, he chose the 

well-known and mass-produced twelve-cylinder Rolls-

Royce Griffon V engine with a power of 2500 hp (1838 

kW). Starting from the simple assumption that reducing the 

displacement of the cylinders would allow to increase the 

speed of the piston movement and thus the rotational speed 

of the entire engine, he came to the following conclusions: 

by reducing the engine by half, the power would decrease 

by only 37%, and the power to displacement ratio would 

increase by 25%. The griffon had a displacement volume of 

36.7 dm
3
. Assuming the use of a better fuel, it would be 

possible to reduce its displacement to 23.4 dm
3
, while 

maintaining the same power. Changing the number of cyl-

inders (while reducing the stroke of the pistons) to 16 in the 

X system would allow the engine to be further reduced. Its 

displacement would then be only 20.3 dm
3
. The main limi-

tation in further reducing the engine was the size of the 

valves. According to Tresilian, the maximum reduction in 

displacement could occur in a nine-cylinder radial engine. 

The piston speed would increase by 33% while reducing the 

displacement volume to 13.2 dm
3
 [25]. 

However, increasing the boost pressure would reduce 

the size of the valves. As a result, the bore of the cylinders 

in the X system could be reduced to 99 mm. The stroke 

would be 84 mm. The displacement volume would then be 

equal to 10.3 dm
3
. The engine, despite such a significant 

reduction in displacement, would still be able to reach 2500 

hp (1838 kW). However, the rotational speed would be 

increased to as much as 7250 rpm [25]. 

The next step in the analysis was to change the work 

cycle to a two-stroke one. Sleeve valves would be used 

instead of a poppet valve. With the proper layout of the 
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inlet and outlet system, the engine displacement could be 

further reduced to 9 dm
3
. Its power would be the same as in 

the Griffon with a displacement of 36.7 dm
3
. The rotational 

speed in this version would be 6800 rpm. The engine with  

a compression ratio of 8:1 would be equipped with a me-

chanical supercharger from the Griffon engine and a turbo 

compound. The exhaust system would be arranged in such 

a way so as to be able to obtain additional thrust [25]. 

The designed engine was compared to the Rolls-Royce 

Tweed turbojet engine being developed at that time (which 

was eventually not completed). The Tresilian engine would 

have a slightly smaller frontal area. However, the main 

determinant of suitability was the fuel consumption, which 

would be 26% lower than in a four-stroke engine of a simi-

lar size and 36% lower than in the Tweed. This would al-

low for a significant increase in the range of the aircraft 

flight [25]. 

Tresilian showed that it would theoretically be possible 

to reduce the displacement volume to 7.8 dm
3
 while main-

taining the same power all the time. He also proposed  

a twenty-four-cylinder X engine with a 152 mm cylinder 

diameter (the same as in the Griffon engine) and  91 mm of 

stroke. The displacement volume would be 39 dm
3
. It could 

achieve 8100 hp (5956 kW) at a rotational speed of 4600 

rpm [25]. 

3. The problem of using the propeller in high-

speed flights 
Piston aeroplane engines have been replaced with tur-

bine drives in most applications. They are used in light 

aircraft, usually not exceeding a maximum speed of 300–

400 km/h. The direct source of thrust is the propeller, which 

is driven by the engine, similar to turboprop engines. For 

this reason, the maximum speeds for both piston and turbo-

prop aeroplane are theoretically the same.  

The official speed record for a propeller-driven aero-

plane belongs to the Tupolev Tu-114 turboprop, which was 

877 km/h [38]. However, the unofficial record belongs to 

the experimental Republic XF-84H aeroplane, which was 

supposed to be 1080 km/h [31]. It was equipped with spe-

cial propellers designed to rotate at supersonic speeds. They 

were highly impractical to use due to the noise they gener-

ated. In theory, they could allow supersonic speeds to be 

achieved. 

The speed record for a piston-engine aircraft for a very 

long time belonged to the Rare Bear racing aircraft, which 

is a converted Grumman F8F Bearcat fighter. It is 850 km/h 

[10]. The appropriately modified North American P-51 

Mustang, known as the Voodoo, reached a speed of 893 

km/h in 2017 [30]. 

The main problem in the development of high speeds by 

aircraft in which the main source of thrust is the propeller is 

the decrease in its efficiency with the speed of flight [21]. 

Most common propellers lose their efficiency significantly 

at the Mach number of the aircraft exceeding the value of 

0.7-0.8. As, in fact, the speed of the propeller blades is  

a component of two speeds: the propeller blades' linear 

speed and the aeroplane's forward speed. Thus, the speed of 

the propeller blade is greatest at its end, so the efficiency of 

the propeller may vary with the radius. The Republic XF-

84H propeller was designed to operate only at supersonic 

speeds. This allowed to maintain efficiency at transonic and 

potentially supersonic speeds. However, it was not practical 

due to the noise they generated, which prevented normal 

operation. 

The solution would be to reduce the rotational speed of 

the subsonic propeller so that the tips of its blades do not 

exceed Mach = 1. For obvious reasons, this excludes flights 

with supersonic speeds. Assuming that the speed of sound 

is approximately 1200 km/h, the following can be consid-

ered: 

 √vp
2 + va

2 < 1200 km/h (1) 

where: vp – linear speed of propeller blade tip, va – aircraft 

speed. 

Thus, it is necessary to use a sufficiently large rotational 

speed reduction in the engine. Based on the formula, it can 

be concluded that the maximum speeds for an aircraft pow-

ered by a classic propeller cannot exceed 900–950 km/h. 

Assuming the use of a propeller with a diameter of about  

4 m, its rotational speed should be reduced to no more than 

1000 rpm. Further increasing the reduction in rotational 

speed leads to excessive enlargement and complication of 

the gear in the piston engine, and thus also to an increase in 

its weight while reducing efficiency. 

4. General engine concept 
The general concept of the engine assumes a propulsion 

design that would allow to break the speed record for aero-

plane powered by a piston engine and for aeroplane in 

which the main source of thrust is a common subsonic 

propeller. At the same time, the design should be a hypo-

thetical alternative to turboprop engines in passenger or 

transport aircraft. 

In order for the engine to meet the above requirements, 

several assumptions were made. It should achieve as much 

power (and thrust) as possible with as little weight as possi-

ble. In addition, its construction should be as simple as 

possible. These are particularly important features com-

pared to turboprop drives, which are characterized by  

a high power-to-weight ratio and simplicity of construction. 

For these reasons, it is necessary to use a two-stroke cycle. 

It allows for the achievement of more power than a four-

stroke engine with a similar displacement. In contrast to the 

concept of eng. Tresilian and the Rolls-Royce Crecy engine 

[25], a complicated valves system should also be removed 

from the engine since it increases weight. Air cooling will 

be used to further reduce weight and simplify construction 

[9]. Light alloys will be used. Whenever possible, the use of 

aluminium alloys should be limited in favor of titanium and 

magnesium alloys (Fig. 3).  

For the purposes of the project, it was assumed that the 

engine would have a displacement of 32 dm
3
. The rotation-

al speed needed to obtain the appropriate power has been 

tentatively estimated at 7000 rpm. Based on the different 

designs of aircraft engines, it can be seen that air cooling 

can be effective if there are no more than four cylinders in 

one row [29]. For this reason, several possible layouts can 

be adopted: 

 fifteen-cylinder three-row radial 

 fourteen-cylinder two-row radial 
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 eighteen-cylinder two-row radial 

 sixteen-cylinder x-system 

 sixteen-cylinder h-system. 

 

Fig. 3. Engine piston, which can be made of magnesium alloy WE43A or 
 silumin AK12 

 

Fig. 4. The cylinder of the designed engine made of 36NiCrMo16 steel. 
 Intake ducts are visible on the inner surface 

 

A radial engine would be very beneficial because of the 

cooling. However, it is difficult to achieve significant rota-

tional speeds in this system, which usually do not exceed 

3000 rpm [29]. This is due to the small number of ignitions 

occurring simultaneously and the large mass focused on 

one crankshaft crank. For this reason, it would be preferable 

to have an X system, which, unlike the H system, has only 

one and not two crankshafts. For this reason, H is character-

ized by a greater mass. However, the H system allows the 

use of scavenging from the crankcase (the Schnürle system 

was selected (Fig. 4), five-channel [33]). Thanks to this, 

using a mechanical supercharger is unnecessary, and the 

engine can be naturally aspirated and charged with a turbo-

charger. Treating the H system as two combined systems 

with opposite cylinders (the so-called boxer) allows for 

better balancing and reduction of balancing masses. 

Both crankshafts must be connected by a gearbox, 

which can also act as a rotational speed reduction. The 

project envisages the use of a single-stage cylindrical gear 

with helical teeth with a gear ratio of 1:7 (small gears at the 

ends of the shafts connected to one large wheel located on 

the propeller shaft). Due to the diameter of the large wheel, 

it is impossible to place it between the crankshafts [27]. 

This forces the engine to rotate 90
o
, with two rows of stand-

ing cylinders and two rows of hanging cylinders. The pro-

peller axis, together with the gear, will be moved up in this 

solution. This will also provide an additional air inlet to the 

intercooler below the engine. 

In order to simplify the crankshaft, reduce weight and 

improve balance, the connecting rod system that has been 

tested in aero engines in the boxer system by Anzani and 

Argus companies will be used. For this reason, it is reason-

able to refer to it as Anzani-Argus [34]. Gas forces acting in 

opposite piston-connector systems (Fig. 5, Fig. 6) com-

pletely balance each other, which can be proved by the 

bending moment equation [39, 44]. 

 

Fig. 5. Anzani-Argus connecting rod system [35] 

 

Fig. 5. Distribution of forces in the Anzani-Argus system 
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 0 = F(0a + 0b + 0c) (5) 

 0 = 0F (6) 

At the same time, the balance of inertia forces must be 

ensured. This was probably the main problem during the 

research of this system by Anzani and Argus. They were 

unable to complete this research. Anzani soon went bank-

rupt, and Argus began producing engines for the Luftwaffe. 

However, currently using CAD programs, it is not a prob-

lem to accurately determine the masses located on both 

sides of the crankshaft axis. 

Another advantage of the Anzani-Argus system is the 

shortening of the crankshaft and thus the entire engine, 

because the opposite connecting rods are not offset from 

each other along the crankshaft. As the calculations have 

shown, the bending moments of the forces in the piston-

crank system that act on the crankshaft are balanced within 

the piston pair. This means that no bending moments are 

transferred to the rest of the crankshaft, which remains only 

loaded with torque and bending moments coming from the 

gearbox, in the case of using a rotational speed reduction. 

The shaft journals and the crank arms must transfer the 

significant forces within the pair. This requires their large 

dimensions and the use of steel with sufficiently high bend-

ing strength. In order to make it more endurable, 65S2WA 

steel with Re = 1665 MPa was selected [47]. 

The supercharging with an electrically powered flow 

mechanical supercharger was selected for the engine in-

tended for a racing aircraft. The record speed should be 

reached at an altitude of 3000 m. This maximum height 

allows for trouble-free breathing without an oxygen system 

for the pilot. At the same time, the air density is lower at 

higher altitudes, so are the resistance forces during flight. 

At the presumed height, the engine should be charged with 

a supercharger with a compression equals to π = 4.2. In 

addition, the engine will be charged by turbo compound. 

Based on the references [5, 25, 41], its impact on engine 

power was determined at 25.4%. A crankshaft gearbox 

would permanently connect the turbo compound. The su-

percharger would only operate during record-breaking or 

racing flights. The aircraft would take off without a work-

ing supercharger. 

The engine intended for passenger or transport aircraft 

would have to be equipped with a supercharger that could 

operate much longer than a battery-powered electric super-

charger. The smaller turbo compound turbine will also 

drive the turbocharger. Its impact on engine power will be 

18%. It would be the second stage of charge. The first stage 

would be carried out by a turbocharger, the turbine of 

which would not be connected to crankshafts. Their total 

compression should be variable and adjusted to the flight 

altitude. At the level of 0 m above sea level it should be, the 

compression should be π = 2.77, at a height of 3000 m it 

should equal π = 4 and at 7500 m, it should be π = 7.34. 

The most optimal compression in terms of charge air cool-

ing at an altitude of 7500 m would be π = 2.71 for each 

stage. Compression adjustment would be carried out by 

means of exhaust gas extraction. This would maintain  

a constant boost pressure and, thus a constant engine power 

over a wide range of heights. Throughout its operation, it 

would be supercharged at the same time with a turbo com-

pound and turbochargers. 

In order to obtain additional thrust from the drive unit, 

the following system will be used. The air-cooled engine 

will be located inside an appropriately shaped duct, at the 

inlet of which there would be a fan with a compression of  

π = 1.05. The flowing air would absorb some of the thermal 

energy of the motor while cooling it. Downstream of the 

engine, exhaust gases would be added to the air stream, at 

the same time increasing the flow energy. The outlet of the 

duct would be directed towards the rear of the aeroplane, 

and the gases escaping from it would create additional 

thrust. 

5. Basic operational indicators 
The basic operational indicator of the piston engine is 

the power obtained by it. On its basis, the power-to-weight 

ratio or the ratio to the displacement volume can also be 

determined. Based on "Obliczenia tłokowego silnika spali-

nowego" ("Calculations of a reciprocating internal combus-

tion engine") by J. Jędrzejowski [16], a simple optimization 

of engine power was created depending on the compression 

ratio taking into account the temperature in the cylinder 

during compression, and thus taking into account the risk of 

knocking. The use of gasoline 115/145 with a high self-

ignition temperature of 744 K [37] in the engine for a rec-

ord aeroplane would allow the use of a compression ratio  

ε = 10. The assumption introduces some difficulty in de-

signing passenger or transport aircraft versions. The use of 

gasoline 115/145 would not be a good solution due to the 

price. In this version, it would be necessary to use basic 

100LL gasoline with a self-ignition temperature lower by 

about 30 K compared to 115/145 or cheaper, unleaded 

UL91 [18] with a self-ignition temperature lower by about 

100 K. In order to avoid major changes between engine 

versions, it was decided to maintain the compression ratio. 

At the same time, adding an additional intercooler and 

extending the intake system is necessary [13]. 

The calculations take into account the efficiency of 

gears and piston-cylinder assemblies. To calculate the fric-

tion power of forty plain bearings and twelve rolling bear-

ings, friction coefficients were adopted based on literature 

[19, 45]. This allowed for a more accurate determination of 

the engine's effective power than in the case of adopting  

a specific mechanical efficiency value based on the litera-

ture [16]. The overall engine efficiency was determined at 

ηo = 29.94% for the racing engine and ηo = 29.66% for the 

passenger or transport aircraft engine. It was calculated 

according to the formula [16]: 

 ηo =
Pe × Vs

Wu
 (7) 

where: Pe – effective pressure (741750.2 Pa for racing en-

gine and 73489.3 Pa for passenger or transport aircraft 

engine), Vs – displacement volume needed to burn 1 kg of 

fuel (17.758 m
3
/kg), Wu – gasoline calorific value (44 

MJ/kg). 

To determine the power-to-weight ratio, it is necessary 

to know the weight of the engine. Unfortunately, its exact 

value would only be known after the entire engine has been 

designed. For the purposes of the initial comparison,  
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a value of 550 kg was assumed based on literature data 

from several hundred engines [29]. 

Based on the calculations [16], the basic operational in-

dicators were determined. For simplicity, one table contains 

data for both the basic version of the engine designed as  

a drive for the record aircraft and the version of the engine 

that could be hypothetical propulsion of passenger or 

transport aircraft (Table 1). For the racing version, the 

cruising values were not taken into account because when 

breaking the record, it significantly has only the maximum 

power. The throughput power of the communication engine 

was determined for a rotational speed of 90% of the maxi-

mum rotational speed, i.e., 6300 rpm. 

 
Table 1. Operational indicators of the designed engine 

Motor Racing Passenger/transport 

Maximum rotation 

speed: 
7000 rpm 7000 rpm 

Max. power 
5014.68 hp 

(3687.27 kW) 

4,652.04 hp 

(3420.61 kW) 

Cruising power – 
4186.83 hp 

(3078.55 kW) 

Power-to-weight 

ratio (estimate) 
9.12 hp/kg 8.46 hp/kg 

Power to Stroke 

Volume Ratio 
156.71 hp/dm3 145.38 hp/dm3 

Fuel consumption 

when operating at 

maximum power 

1007.62 dm3/h 943.58 dm3/h 

Fuel consumption 

when operating at 

cruising power 

– 849.22 dm3/h 

 

Calculating the thrust power obtained thanks to  

A properly shaped channel requires certain calculations and 

assumptions to be made. If the aircraft moved at a speed of 

about 950 km/h at an altitude of 3000 m, and the engine 

gave off ambient heat through direct cooling, based on the 

energy balance, its impact on the temperature of the air 

flowing around it would be approximately ΔT = 11 K [15]. 

The next step is to determine the exhaust gas mass 

stream. Taking into account the rotational speed, power, 

excess air coefficient, and the supercharger value, it can be 

determined as follows: ṁs = 5.959 kg/s [15, 32]. Further 

thrust calculations require the use of a flow machine model.  

Assuming the air density at an altitude of 3000 m, the 

aircraft speed at v1 = 950 km/h = 264 m/s and the surface 

area of the inlet to the channel, the mass stream of air enter-

ing the channel would be ṁp = 91.7 kg/s. Heating the air by 

11 K would increase the motor speed to vp = 303 m/s, ac-

cording to the principle of energy conservation. Assuming 

that the exhaust gas has a higher energy and velocity of 

about ms = 450 m/s (it is an underestimated value, since the 

exhaust gas of the Rolls-Royce Merlin engine reached  

A speed of about 580 m/s), the velocity of the stream at the 

outlet from the channel, based on the weighted average 

referred to the mass stream, would be equal to 312 m/s. The 

thrust of the exhaust gas alone would be: 

 Fs = ṁs  ×  v2 = 3.162 ×  312 = 1859.21 N (8) 

The total air and exhaust draught can be calculated 

from the momentum change formula, which in this case 

will take the form of [15, 23, 43]: 

 F = (ṁp  ×  v2) − (ṁp  ×  v1) + Fs ≈ 6.27 kN (9) 

6. Comparative characteristics 
Based on the calculated results, some comparative char-

acteristics can be determined. This is particularly important 

for the engine for propulsion of passenger or transport aer-

oplanes. It will be compared to a turboprop engine of simi-

lar power, Pratt & Whitney PW 150A (Fig. 7) [6]. It can be 

considered a typical example of a turboprop engine used in 

aviation. In order to more accurately illustrate the ad-

vantages of a two-stroke engine, the approximate value of 

the propeller thrust will be calculated. For the purposes of 

calculations, the propeller efficiency of 80% can be as-

sumed [36]: 

 for a two-stroke engine, the propeller thrust is 19.7 kN 

 for the PW 150A engine, the propeller thrust is 21.8 kN. 

 

Fig. 7. Pratt & Whitney PW 150A engine [2] 

 

The thrust obtained from the exhaust gas is more diffi-

cult to calculate than in the case of a racing engine. Howev-

er, it should be considered to be the same or greater. There, 

heated air from the intercooler will be added to the flow in 

the duct. For comparison, a string of 6.27 kN was adopted 

(Table 2). 

 
Table 2. Operational indicators of the designed engine 

Motor Two-stroke PW 150A 

Power 
4652.04 hp  

(3420.61 kW) 

5142.16 hp  

(3781 kW) 

Weight Approx. 550 kg 717 kg 

The fuel con-
sumption 

943.58 dm3/h or 
669.94 kg/h 

740 dm3/h  
or 592 kg/h 

Thrust obtained 

from exhaust gas 
6.27 kN 3.75 kN 

Thrust power of 
drive unit 

25.97 kN 25.55 kN 

 

Two completely different engines are compared. Alt-

hough the PW 150A achieves more power by about 11%, 

the thrust force, which is obtained, is lower by 1.5%. It can 

be noted that a two-stroke engine can obtain greater thrust 

from the exhaust gas thanks to a properly shaped duct. The 

fuel consumption about the volume unit is lower for PW 
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150A. However, a jet has a higher density than gasoline, 

thanks to which the difference in fuel consumption in the 

kg/h unit is smaller. 

In order to more reliably compare both drives, specific 

indicators will be compared, which will allow for a more 

effective determination of the hypothetical suitability of 

two-stroke engines, according to the presented concept as 

an alternative to turboprop drives (Table 3). 

 
Table 3. Operational indicators of the designed engine 

Motor Two-stroke PW 150A 

Power-to-weight ratio 8.46 hp/kg 7.17 hp/kg 

Specific fuel consump-

tion 

0.389 dm3/kWh 

or 0.276 kg/kWh 

0.196 dm3/kWh  

or 0.157 kg/kWh 

Propulsion unit thrust to 

engine weight ratio 
47.22 N/kg 35.63 N/kg 

Propulsion unit thrust to 

engine power ratio 
7.59 N/kW 6.76 N/kW 

Motor Two-stroke PW 150A 

 

The presented comparative characteristics prove that 

two-stroke piston engines can be an alternative to turboprop 

drives. This is shown by operational indicators that are 

similar to or better than in the case of the PW 150A which 

was used for comparison. The proposed engine probably 

has a more favorable power-to-weight ratio, which is one of 

the most important features of an aircraft propulsion sys-

tem. More important than the power issue, however, is the 

thrust power of the entire propulsion unit, which translates 

into the aircraft's actual performance. The proposed engine 

is able to reach 47.22 N from each kg of its weight, which 

is 11.59 N/kg more than the PW 150A. The difference is as 

much as 25%. In addition, it can be seen that in the present-

ed concept, a greater thrust force can be obtained from  

a specific power unit than in the case of a turboprop engine. 

In addition to operational indicators, it is important to 

compare economic factors. For comparison, the prices of 

fuels without excise duty were adopted, which airlines are 

exempt from (Table 4).  

 
Table 4. Operational indicators of the designed engine 

Motor 

Two-
stroke 

engine 

(UL91 
gasoline) 

Two-stroke 

engine (100 
LL gaso-

line) 

PW 150A 

(JET A-1 

kerosene) 

PW 
150A* 

Fuel con-

sumption per 

hour 

849.22 

dm3/h 

849.22 

dm3/h 

740 

dm3/h 

752.16 

dm3/h 

Flight price 

hourly 

PLN 

5944.54 

PLN 

6793.76 

PLN 

3478 

PLN 

3535.17 

*thrust reduced to an equal value with a two-stroke engine, JET A-1 
kerosene 

 

The conditions for the throughput power of 4186.83 hp 

(3078.55 kW) at 6300 rpm were adopted for comparison. 

Prices of aviation fuels are approximate, according to the 

price list of November 2024 [46]: 

 gasoline UL91 PRICE PLN 7 PLN/dm
3
 

 gasoline 100LL PRICE PLN 8 PLN/dm
3
 

 aviation kerosene PRICE PLN 4.7 PLN/dm
3
. 

The presented analysis shows that the cost of one hour 

of operation of a two-stroke engine would be higher than 

for a turboprop engine. This is due to the slightly higher 

hourly fuel consumption in dm
3
/h and the higher price of 

aviation gasoline than aviation kerosene. It is possible that 

increasing the popularity of piston engines in aviation 

would lead to a reduction in its price. It should be noted, 

however, that according to calculations, the two-stroke 

engine achieves greater thrust, which may positively affect 

the economic issues of its operation. Further optimization 

of the two-stroke engine could lead to greater thrust from 

the exhaust gases or greater thrust power from the propeller 

thanks to a turbo compound. 

An important aspect is the lower emission of harmful 

substances from the engine powered by UL91 gasoline. 

While CO2 emissions can be comparable, UL91 will gener-

ate less particulate matter and nitrogen oxides during com-

bustion [8, 20]. Therefore, using piston drives powered by 

UL91 gasoline instead of turboprop engines may be a sim-

ple and eco-friendly solution, leading to better environmen-

tal conservation and the fulfilment of increasingly stringent 

regulations regarding emission standards.  

As already mentioned, the design of a two-stroke engine 

assumes its simple construction, unlike other high-power 

aircraft piston engines (e.g., Pratt & Whitney R-4360, 

Rolls-Royce Merlin or Daimler-Benz DB605). This would 

reduce its price and make it easier to use. Taking into ac-

count the calculated operational indicators, it could be  

a hypothetical alternative to turboprop engines, especially 

in transport aeroplanes, military transport aeroplanes, sports 

aeroplanes or business aeroplanes.  

It would be possible to improve the operational indica-

tors further. However, this would entail ignoring the eco-

nomic aspect. Filling efficiency can be improved by replac-

ing simple carburetors with direct fuel injection. This would 

also allow to increase the compression ratio to ε = 13 and 

increase the boost pressure. The approximate value of me-

chanical efficiency was adopted in the calculations [16]. 

The direct injection version would achieve a maximum 

power of 5476.35 hp (4026.73 kW) at 7000 rpm. Unfortu-

nately, this would increase fuel consumption. Higher com-

pression temperatures in the cylinder would not necessarily 

allow unleaded UL91 gasoline. Instead, the engine would 

likely have to be powered by the more expensive 100LL or 

115/145 leaded gasolines. 

7. Alternative avionics development paths  

in the past and future 
In the history of the development of piston aircraft en-

gines, the following stages can be distinguished: 

1. The period from the beginning of the 20
th

 century to the 

end of World War I. This was the time when basic air-

craft engine systems were developed. The basic compo-

nents were specified. Research has also been initiated 

into the influence of fuel composition on the combus-

tion process and the problem of high-altitude flights. 

2. Inter-war period. During this time, supercharging sys-

tems were developed. In addition, the combustion pro-

cess in the cylinder was studied and effective fuel addi-

tives protecting against premature ignition based on tet-

raethyl lead were introduced.  

3. World War II period. Solutions from the interwar period 

were developed, including supercharging systems and 
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turbochargers. There were also the first systems of using 

exhaust gas energy to create thrust power and turbo 

compounds transferring the energy contained in the ex-

haust gas to the crankshaft. 

4. The next period is the time when, in parallel with the 

first turbine engines, more and more perfect piston air-

craft engines began to be designed. This is the period 

from the mid-1940s to the early 1950s. 

5. The period when turbine drives replaced aircraft piston 

engines in most of their applications. This is the time 

from the 1950s to today [29]. 

The further development of piston engines would have 

been expected had the turbine drives not been developed. 

Research on piston engines focused on the use of sleeve 

valves instead of the classic poppet valve. Especially in 

two-stroke engines, they could be successfully applied.  

Using turbochargers regulated with exhaust gas extrac-

tion would allow maintaining a constant altitude character-

istic over a wide range of altitudes, even up to 8000–10,000 

m. To the extent that they provide a constant boost pres-

sure, their efficiency increases with flight altitude. Exhaust 

gases expanding into a less dense atmosphere have more 

energy, even after passing through the turbine. As they can 

be used to drive the turbo compound and to generate thrust 

force, the engine power and thrust of the entire drive unit 

could be increased to the height to which a constant boost 

pressure could be provided. In this respect, piston engines 

have the potential to outperform modern turbine drives. In 

this case, two-stroke engines have special advantages, 

which generate more exhaust gases than four-stroke en-

gines. Thus, one could certainly expect an increase in the 

maximum flight ceilings of aircraft. 

Theoretically, subsonic propellers allow for flights up to 

a speed of about 950 km/h. The use of supersonic propellers 

could lead to an increase in this speed, perhaps even to 

supersonic values. However, due to the noise they generat-

ed, they would not go beyond the experiment phase. Their 

use in military aviation is doubtful, while it is totally im-

possible in civil aviation. Nevertheless, increasing the speed 

of combat aircraft to about 950 km/h would still occur in 

the 1950s, and, in the longer term, perhaps also in civilian 

aircraft.  

As shown in the article, two-stroke engines may also 

now be an alternative to turboprop aeroplanes. They could 

be particularly useful in transporting aeroplanes performing 

non-commercial flights in the army. Short-range commer-

cial aeroplanes would require a more accurate analysis of 

costs fuel consumption compared to higher thrust power 

and turboprop engines of similar power. The weight, sim-

plicity of construction, and price of two-stroke engines are 

also very important. 

It can be expected that theoretically, it would be possi-

ble to build a piston-powered passenger aircraft reaching a 

speed similar to turboprop aircraft (about 850 km/h). This 

would require optimizing the system for generating thrust. 

This would probably be a beneficial solution in terms of the 

weight of the drive unit and its unit price, but the operating 

costs, including fuel and oil consumption, would be very 

high. 

The current speed record for a piston-engine powered 

aeroplane is 890 km/h. It was achieved by a modified 

World War II fighter that originally had a speed of around 

700 km/h (430 mph) powered by an improved Rolls-Royce 

Merlin engine with 3100 hp (2279 kW) whose design dates 

back to the 1930s. Faced with these facts, an aircraft de-

signed according to the principles of high-speed aerody-

namics, taking into account the compressibility of the fluid, 

could more easily achieve higher flight speeds. It would be 

necessary to use swept wings and empennage. The designed 

drive would allow for the obtaining of much more power, 

more thrust, and, at the same time, less weight. For these 

reasons, it can be concluded that it is possible to achieve  

a speed of about 950 km/h. The designed two-stroke engine 

would be a very good solution for driving racing and rec-

ord-breaking aeroplanes. For this purpose, appropriate 

aerodynamic calculations will be made for a specific aero-

plane body. 

In aviation, the use of two-stroke engines would be 

much simpler than in the automotive industry in the face of 

existing standards and regulations. There are no emission 

standards for harmful compounds similar to those used, for 

example, when a car is allowed in traffic. The certification 

of an aircraft does not consider its emissions, which are 

only accounted for by the airlines, in relation to the entire 

fleet. This does not apply to aircraft with a maximum take-

off weight not exceeding 5700 kg and aircraft performing 

non-commercial flights, such as experimental or racing [7].  

8. Summary 
The designed engine is to be used primarily to propel a 

record-racing aircraft. Its goal is to exceed the current speed 

record of 890 km/h for a piston-powered aeroplane. It is 

planned to reach a speed of about 950 km/h, which is also 

the maximum speed that can be achieved by using a sub-

sonic propeller. 

The engine's operating indicators have been accurately 

calculated. Currently, individual parts are being designed 

and their graphic documentation is being prepared. The 

work currently carried out focuses on propulsion for a rec-

ord-racing aeroplane. However, most parts will be able to 

be used in the version for propulsion of passenger or 

transport aeroplanes. Both variants differ primarily in the 

charge system. 

At the same time, the presented comparative analysis 

shows that a two-stroke engine can achieve more favorable 

operating indicators than a turboprop engine. A racing 

aircraft capable of reaching record speeds could be a good 

demonstrator of the possibilities of such propulsion. How-

ever, this would require building its prototype and testing it 

in a specially designed aeroplane. 

Theoretically, a two-stroke engine could be an alterna-

tive to a turboprop engine. However, turbine drives are now 

predominant in most applications. However, replacing them 

with another type of drive would require large financial 

outlays. It would be necessary to train mechanics to adapt 

the infrastructure for servicing piston engines. In addition, 

increasing the production and distribution of aviation gaso-

line would be necessary instead of aviation kerosene. Aero-

engine manufacturers specializing in the construction of 
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turbine engines would have to adapt their assembly lines, 

which would also generate costs.  

A two-stroke engine offering favorable operating indi-

cators would probably not displace widespread turbine 

drives. However, as part of the following project, several 

solutions are developed that can be used in smaller aero-

plane engines. Attention can be drawn to the methods of 

generating additional thrust by cooling the engine with 

exhaust gases. In the presented concept, the propeller does 

not generate as much as 24% of the thrust. This would 

allow better use of engine power and thus more economical 

operation. An engine with less power could thus generate as 

much thrust as an engine with more power. The smaller 

drive unit has a lower weight, which would benefit the 

weight of the load or fuel carried by the aircraft. The two-

stroke system has many advantages over the four-stroke 

system, such as simple construction, lower price, easy oper-

ation. In the face of numerous methods of using exhaust gas 

energy, their higher emission than four-stroke engines can 

be considered an advantage. Even the oil that is often found 

in them can have a beneficial effect on the mass flow and, 

consequently, the thrust power generated by the exhaust 

gas. 

Another solution that could be widely introduced in aer-

oplane engines is the Anzani-Argus system. Its numerous 

advantages are described in the article. Reducing the weight 

and dimensions of the engine is very beneficial, not only in 

aviation. Designing a system requires a very precise deter-

mination of inertia masses. However, it should not be diffi-

cult with modern CAD programs. The use of the Anzani-

Argus system is possible in boxer engines (which are also 

found in the automotive industry) and in the H system, 

which is treated as a combination of two such engines. 

However, it might be possible to adapt it to the radial sys-

tem. In this case, using an even number of cylinders (six or 

eight) would be necessary. Opposite each other would be 

the master connecting rods: double and single between 

them. Link connecting rods would protrude from the master 

connecting rod. In this way, two "sets" of piston crank 

systems would be obtained, which would be, in a sense, 

their mirror image ("set" with single connecting rods in 

relation to "set" with double connecting rods). This could 

be described as a radial engine with opposing cylinders.  

A smaller number of pistons connected to one master con-

necting rod and, consequently, a smaller number of piston-

connector assemblies on a single crank of the crankshaft 

could allow an increase in the rotational speed of the radial 

engine [29]. 

The presented concept of a two-stroke engine can not 

only drive racing and sports aircraft. According to the pre-

sented comparative analysis, it shows many advantages 

over the currently used turboprop drives. Therefore, it can 

be concluded that two-stroke engines could replace them, at 

least in some applications. Moreover, during the design 

work, many solutions were developed and investigated that 

could be used in general aviation aircraft and in the auto-

motive industry. 
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