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Abstract 

    This document reviews some models of different advance engines such as rotary engine and free piston 
engine. Rotary engine and free piston engine have been used as one of the powerplants for unmanned aerial vehicles 
because of its many unique features, such as higher power density, light weight, simple design, smooth operation, 
low vibration, and compact size. However, it also has demerits, such as high fuel consumption and higher 
maintenance requirements. This report reviews the current status of the heavy-fueled rotary engine combustion 
technologies and overviews the technology gaps that need further research and development to improve its 
efficiency, performance, and durability and also reviews the history of rotary engine and free-piston gas Generators. 
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I.  Introduction
   Nowadays the investigation and use of 

advance In recent years, rotary engines have been used 
for various applications, including automobiles, 
motorcycles, and unmanned aerial vehicles (UAVs). A 
rotary engine has many advantages such as higher power 
density, smooth operation, simple design, low vibration, 
compact size, and light weight. But, it has also 
disadvantages like higher fuel consumption and more 
frequent maintenance requirements. Recently, the rotary 
engine has become attractive to some applications, where 
the merits are becoming more important. Today’s 
advanced combustion control and sophisticated fuel 
injection system may make the rotary engines more 
efficient and quite. Manufacturing accuracy and 
materials technology may resolve the issues of sealing 
leaks. Engine efficiency can be improved by improving 
combustion efficiency and reducing cooling, exhaust, 
and friction losses. Improving combustion efficiency 
requires a thorough understanding of fuel spray, fuel-air, 
mixing, ignition, and combustion processes. This 
improved efficiency would reduce engine-out unburned 
and incompletely burned gases.  Friction loss can be 
decreased by optimizing the seal loading and by using 
lower friction materials for the seals with minimal seal 
wear. Friction loss can also be decreased by reducing the 
seal area. After being abandoned in the mid-20th century, 
free-piston engines are being investigated by a number of 
research groups worldwide as an alternative to 
conventional engine-generator sets or for generating 
hydraulic power in off-highway vehicles. Pescara started 
his work on free-piston engines around 1922 and he 

developed prototypes with both spark ignition (1925) and 
diesel combustion (1928). The latter led to the 
development of the Pescara free-piston air compressor. 
Pescara continued his work on free-piston machinery and 
also patented a multi-stage free-piston air compressor 
engine in 1941 Potential advantages of the free-piston 
engine include optimized combustion through variable 
compression ratio, leading to higher part load efficiency 
and possible multi-fuel operation, and reduced frictional 
losses due to a simple design with few moving parts. 
 

II.  Wankel-type Rotary Engine 
    Over the past 400 years, the idea of developing 
a continuously rotating internal combustion engine has 
been pursued by many inventors and engineers[10]. 
There was hoped that the reciprocating-piston internal 
combustion engine would be succeeded by an elegant 
prime mover bearing a closer resemblance to the 
“wheel”, one of mankind’s greatest inventions. It was 
late in the sixteenth century that the phrase, “continuous 
rotating internal combustion engine” first appeared in 
print. James Watt (1736~1819), the inventor of the 
connecting rod and crank mechanism, also took up 
research on a rotary-type internal combustion engine. For 
the last 150 years especially, a number of ideas on the 
rotary engine design have been set forth by inventors. It 
was in 1846, that the geometrical structure of the 
working chamber of current rotary engine designs was 
planned and the concept of the first engine using an 
epitrochoid curve was configured. However, none of 
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those ideas had been put to practical use until Dr. Felix 
Wankel developed the Wankel-type rotary engine in 
1957. Dr.Wankel had researched and analyzed 
possibilities of various types of rotary engines and 
reached the optimum shape of the trochoid housing. His 
deep knowledge of the rotary valves used for aircraft 
engines, the airtight sealing mechanism for superchargers 
and the incorporation of these mechanisms into his 
design contributed to practical realization of Wankel-
type rotary engine[10]. 
 

III.  Operating Principles of the Rotary 
Engine 

    An eccentric shaft, a three-flank rotor, and a 
trochoid housing are the main parts of the rotary engine 
include. The three-flank rotor rotates according to its 
center of gravity and simultaneously rotates around the 
crankshaft centerline. And the crankshaft rotates 3 times  
speedly the the roters, driven by a gear on the crankshaft. 
The trochoidshaped rotor housing is divided into three 
working chambers by the three corners of the roter. In 
Each chamber a full four-stroke cycle excutes on each 
rotation of the rotor. Thus, there will be one power stroke 
per revolution of the crankshaft in this type of engines. 
Rotary engines do not have intake and exhaust valves but 
for the purpose of to control flow, there are the intake 
and exhaust ports.(see figure 1). 

 
Fig.1: A rotary engine showing the three-flank rotor, 

trochoid housing, and crankshaft[1] 
During the process of intake for this engine the 

fuel-air mixture enters into the first chamber;  Then it is 
compressed as the rotor rotates during the compression 
process.  When the compressed fuel-air mixture reaches 
nearer to the spark plug, it ignites the fuel-air mixture, 
and the combusted gases expand during the process of 
expansion. This process continues till the rotor doesn’t 
reach the exhaust port.and at the end of process The 
combustion gases in the rotary engine exert force to the 
flank of the rotor. And due to this mechanism, one of the 
three flanks of a triangle is forced toward the center of 

the shaft. Thus by using this engine three processes of 
combustion are achieved in every rotation of the rotor 
within the housing. These processes take place in all 
three chambers simultaniously. Hear, in this rotary 
engine, the volume  which is use for the process of 
combuction is traveling during the procedure.like this 
each process takes place in a different location in the 
trochoid chamber.  The four processes of intake, 
compression, ignition and expansion, and exhaust inside 
the trochoid type chamber 
 

IV.  Advantages and Disadvantages of the 
Rotary Engine 

    This engines have many advantages include 
smooth operation ,higher power , low vibration, simple 
design, compact size, density, and light weight etc . The 
main disadvantage of the rotary engine is inefficiency or 
much eating of fuel.and this disadvantage have made it 
less attractive. Another major disadvantage of the rotary 
engine is frequent maintenance and revamp. 
 
Unique Features of the Rotary Engine 
(1) Minor Size and Light Weight 

It is very appealing to automobile especially in 
light of the recent trends toward aerodynamics, stricter 
requirements in collision safety, weight distribution and 
space utility thus putting the rotary engine in the 
spotlight. 
2) Flat Torque Characteristics 

This engine has a rather flat torque curve 
throughout its  whole speed range and according to 
research results, torque fluctuation is smoother than a V8 
reciprocating engine. 
(3) Less Vibration and Low Noise 

The smooth rotating motions of the rotary 
engine produces considerably less vibration and due to 
the absence of a valve actuating mechanism there is 
smooth and quiet operation. 
(4) Simple Structure 
  The rotary engine changes the expansion 
pressure of the burnt fuel-air mixture directly into the 
rotating force of the triangular rotor and the eccentric 
shaft. The intake and exhaust ports are opened and closed 
automatically by the  movement of roter itself. 
Mechanism of valve which includes the timing belt, the 
camshaft, the rocker arm, the valve, the valve spring, 
etc...   which are required in the reciprocating engine is 
not required in a rotary engine. And thus, it becomes 
simpler. 
(5) Reliability and Durability 

The rotary engine doesn’t have such high-speed 
rotating parts as rocker arms and conrods, therefore it is 
more reliable and stable under high load operations. This 
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was demonstrated by the overall win at Le Mans in 
1991[10]. 
The newly improved rotary engine has attained main 
progress in high performance, improved fuel 
economy and clean exhaust gas by innovative action. 
The engine of the next generation is called RENESIS, 
which stands for "The RE (Rotary Engine)'s 
GENESIS" or the rotary engine for the new 
millennium [4]. 
 

V. Target of Renesis Development  
The RENESIS was developed targeting at high output 
power with sufficient efficiency. 
The engine development aimed at: 

(1) Realizing smooth and high power from low to 
high engine speed or to feel more comforts. 

(2) radical improvement in economy of fuel. 
(3) decreasing of exhaust emissions. 

For the aim of the RENESIS development, additional 
technologies are adopted based on the side exhaust as 
shown in Table 1[4]. 
 

 
Table 1 : Major Technologies[4] 

 
BASIC PERFORMANCE AND MAJOR 
TECHNOLOGIES TO IMPROVE ENGINE 
RESPONSE 

1.  Emission Regulation Conformity 
As hydrocarbon (HC) emission characteristics of the 
RENESIS, the use of the side exhaust port allowed for 
about 35 – 50% HC reduction compared to with the 
peripheral exhaust port [4]. 

2. Adoption of the side exhaust port 
The main purpose of the side exhaust port is that it offers 
freedom for more design of the intake/exhaust port 
shape. Due to  the peripheral exhaust port of the previous 
RE, an intake/exhaust overlapping period is relatively 
large. Therefore, this design caused unsteady combustion 
in the low speed of engine  with gentle load range, and 

the air/fuel ratio was enriched beyond stoichiometric 
ratio in that area of combuction. In previous RE, 
peripheral exhaust port also had early exhaust opening 
timing. This halted long expansion stroke, which was not 
favorable in terms of thermal efficiency. And for 
overcome this barrier the side exhaust port was adopted 
as a necessary step. 
   3.  Output Improvement Technologies 
3.1 Increase of the intake/exhaust port areas:- 
The high-power RENESIS achieves 40% higher output 
compared to the RE which have peripheral exhaust port. 
The rotor side seal’s groove position is offset outward by 
2mm for the purpose of maximizes the intake/exhaust 
port areas. The exhaust ports are placed at both sides.  
The two exhaust ports between the front and the rear 
rotors are connected but the exhaust port insert is used to 
separate the path. (See Fig.1)[4] 

 
Fig.2: Exhaust Port Insert[4] 

3.2. Sequential Dynamic Air Intake System (S-DAIS) 
The RENESIS has three intake ports per rotor: primary, 
secondary and auxiliary intake port. But their opening 
and closing timings are different. And four valves are 
adopted for the purpose of intake. Such system control 
the intake manifold length and intake closing timing 
according to the engine speed, getting maximum 
dynamic boost effects. (See Fig.3, 4) 
This enables the RENESIS to deliver smooth high torque 
from low to high engine speed. 
                                 



[Bhargav, 3(1): January, 2014]   ISSN: 2277-9655 
   Impact Factor: 1.852
   

http: // www.ijesrt.com(C)International Journal of Engineering Sciences & Research Technology 
[82-87] 

 

 
Fig.3: S-DAIS Valve Control[4] 

 

 
Fig.4: S-DAIS (High-Power at 3750rpm)[4] 

 
4.  Cut-off Seals and other newly designed seals 

Intake and exhaust ports of the RENESIS are 
located in the side housing. With this configuration, 
gases can be leaked from the gap between the oil seals 
between the intake and exhaust ports. (Corresponding to 
the piston rings in a reciprocating engine) and side seals 
on the rotor’s side. RENESIS employs an additional cut-
off seal located between the oil seals, to ensure almost 
total riddance of leakage due to its tight sealing 
efficiency. (See fig-5) 

Side seals are a new keystone-type with wedge-
shaped section. (See fig-5) Exhaust gas build-up against 
the side seal can easily cause carbonization, but with the 
wedge-shaped or cuneiform side seal, the seal shape is 
optimized to remove carbon. The shape is also more 
harmonizing to its opposed frictional surface, achieving 
much better sealing proficiency. 

 
Fig.5: RENESIS oil and gas seal[11] 

 
6. Increase of Expansion Ratio 

The exhaust opening timing could be retarded 
still securing enough area of the exhaust port and 
improving the expansion ratio: all resulting in better 
thermal efficiency. 
 
Free Piston Engine 
    In the mid-20th century, free-piston gas 
generators were used in some large-scale marine and 
stationary power-plants and attempts were made to use 
this principle in auto- motive applications. The free-
piston engine system does not consist crank-shaft 
mechanism. Due to this the free-piston engine shows 
some distinct characteristics, including (1) variable 
stroke length and (2) the need for active control of piston 
motion. Other important features are potential reductions 
in frictional losses and possibilities to optimise engine 
operation using the variable compression ratio. Free-
piston gas generators are the free piston engines where 
the load is extracted purely from an exhaust turbine and 
not from a load device mechanically connected to the 
engine. 

 
Fig.6: diagram of a free-piston gas generator[7] 
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Free-piston gas generators are free-piston engines which  
feeds hot gas to a power turbine and the output work is 
taken out from the power turbine. Figure 6 shows an 
opposed piston free-piston gas generator plant. The 
operational  characteristics  of  free-piston gas generator 
nearly same to those of other free-piston engines of the 
same configuration. As conventional gas turbine 
technology developed, the free-piston gas generator 
concept was left. 
 
Free-piston engine unique features 
    The free-piston engine has a many unique 
features, some give it advantages and  some represent 
challenges that must be overcome for the free-piston 
engine to be a realistic alternative to conventional 
technology. 
 
Piston dynamics and control 
    In conventional engines, the tasks of piston 
motion control and energy storage are done by the crank-
mechanism and flywheel. The piston motion control 
ensures sufficient compression in one end and sufficient 
time for scavenging in the other, while the energy storage 
provides energy for the compression of the next charge. 
The  sum of the forces acting upon the mover determines 
its motion at any point in the cycle. Hence, the 
interaction of these forces must be arranged in a way that 
ensures the mover motion is within acceptable limits for 
all types of operation if the concept is to be possible. The 
mover motion can be derived mathematically using a 
free-body diagram. The forces working on the mover are: 
combustion chamber pressure force Fc, bounce chamber 
(rebound) force. Fr, load force Fl. x denotes mover 
position. The mover itself will have a mass mp. 
Applying Newton’s 2nd law to the moving mass in, the 
piston motion can be described with x. 
∑Fi = mp * d

2x /dt2 

(1)In this system bounce chamber works as a spring to 
the piston. Adding a load force, this must have 
appropriate characteristics or be subordinate the other 
two to ensure a reciprocating motion of the piston. One 
of the biggest challenge for developers of free pistons is 
accurate control of piston motion. 
 
Frequency control 
    The frequency and stroke length are closely 
related in free piston engine. The system will operate at 
its natural frequency. For sufficient compression and 
scavenging, The stroke length is strictly limited, so there 
are limitations in the frequency control possibilities of 
the engine. It also limits the power output range of such 
free-piston engines Very high levels of controllability 
can be achieved  for engines with different types of 

rebound devices e.g. the Pulse Pause Modulation (PPM) 
scheme for hydraulic free-piston engines.  

Fig.
7: piston displacement xpiston at different piston frequencies 

i.e. different dwell times ∆t of the piston in the BDC for 
maximum frequency of 31 Hz.[5] 

 
The Pulse Pause Modulation frequency control 

pauses the piston motion at BDC using a controllable 
hydraulic cylinder as rebound device. At BDC the piston 
velocity is zero and the upwards motion will only begin 
when the rebound device releases the stored energy. The 
frequency can therefore be controlled by applying a 
pause between the time the piston reaches BDC and the 
release of compression energy for the next stroke. There 
is no minimum frequency like the idle speed in 
conventional engines. This is possible because the piston 
motion in each stroke is not frequency-dependent. A 
conventional engine may have to operate over a range of 
limited speeds or torques and only parts of the 
operational time on the design conditions. 
 
Starting 
    The starting of free piston engine is different 
form conventional engines. Like conventional engines 
The free-piston engine cannot be cranked over several 
revolutions for starting and other methods for starting is 
necessary. Starting can be achieved by impulsing the 
piston to give it sufficient energy to reach top dead 
centre, or by driving the piston back and forth until it 
reaches sufficient compression. The latter can be 
achieved if the load device can be run as motor, e.g. with 
an electric machine or a hydraulic cylinder. If the 
impulse strategy is used, it is important that the engine 
starts on the first stroke and that the engine control 
system is able to keep the engine running after this. The 
mid-1900’s engines mainly used compressed air to aid 
starting, by rapidly introducing it into the bounce 
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chamber. Getting combustion on the first stroke was not 
reported to be a problem, because high compression 
ratios were achievable with this method. Other challene 
was to control the amount of air in the bounce chamber 
instantly to get sufficient scavenging for stroke number 
two, since the bounce chamber was now full of high 
pressure starting air. Although some reports indicate that 
starting was a challenge for the free-piston engines, this 
is never noted as a main problem. The electric machine 
in motoring mode is used mostly to start the engine. The 
rebound devices in these engines are hydraulic cylinders, 
because recent single piston and opposed piston 
hydraulic free-piston engines use stored hydraulic energy 
to start the engine and the first stroke is not different 
from any other stroke so starting represents no problem. 
 
Multi-fuel operation 
    The free-piston engine makes the possibilities of 
multy-fuel operation very easy by its nature. The variable 
compression ratio combined with modern engine 
technology, such as variable fuel injection and valve 
timing, enable the free-piston engine to run successfully 
on a wide range of fuels. The satisfactory operation of a 
free-piston engine on a range of different fuels, including 
gasoline, diesel fuel and crude oil. The free piston 
engines do not care whether they get fuel with octane or 
cetane numbers. 
 
Reported free-piston gas generator applications 
    SIGMA The model GS-34 free-piston gas 
generator manufactured by Soci´et´e Industrielle 
G´en´eralede M´ecanique Appliqu´ee (SIGMA) in France 
was one of the most successful free-piston engines ever 
made. The development of the GS-34 was finished in 
1944, and it was based on Pescaras patents. General 
Motors  (GM) gained interest in the free-piston engine 
concept after testing a number of free-piston engines 
including the SIGMA GS-34 gas generator in the mid-
1950’s. This ultimately led to the development of two 
free-piston gas generators, the GM-14, which was based 
on the SIGMA engine, and the GMR 4-4 ’Hyprex’ The 
GMR 4-4 ’Hyprex’ was a dual (’siamesed’) opposed 
piston, diesel free-piston engine aimed for automotive 
applications, and had power output of around 185 kW at 
2400 rpm.[7] 
 

VI.  Conclusions 
    The basic design and unique features of the free 
piston engine and rotary engine had been discussed in this 
review paper. Although several reports suggests more 
research is required to investigate potential advantages 
over conventional technology. Most of the potential 
advantages of the engine depend on an appropriate 
control system being realisable. Both engines developed 

in the period 1930–1960, namely rotary engine and free 
piston engine. By applying the modern technology in 
enkel engine and in free piston engine, these engines can 
be used more effectively and efficiently compared to the 
conventional engines. The more development in 
flexibility, controllability and the total performance of the 
engines is expected to improve significantly in the future. 
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