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An internal combustion engine without a crankshaft. Perspectives

The article examines the level of perfection of the modern internal combustion engine design, their impact on the environment and
population. A new engine concept has been developed. As a result a decrease in fuel consumption by 80% has been discovered as well as
the effects of the new engine in the field of ecology such as a decrease in the number of diseases caused by poor environmental
conditions, a lower risk of global warming, lower health care costs, an increase in life expectancy, etc. Also, for countries with fossil fuel
deposits, can be anticipated dropping treasury income, factory closures, high unemployment, the likelihood of protests and uprisings.
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1. Global warming and pollution

The growing population of the world is an objective
phenomenon and it has a strong relationship with such
phenomena as, on the one hand, pollution of the air, water
and land, starvation, spread of diseases, etc., and, on the
other hand, the demand for energy from different sources to
prevent the above-mentioned pollution, starvation, spread
of diseases, etc. This means that the more goods and food
are produced and services provided, the more pollution,
including CO,, will be thrown into the environment and the
faster the temperature will increase.

This issue is alarming and attracts the attention of na-
tional governments and international organizations.

NASA has published the latest measurements on July
2020 — 414 ppm and chart “Direct measurement: 2005-
present” [1].
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Fig. 1. Direct measurement: 2005-present [1]

It is easy to see that global warming is getting worse
and could be described by an equation. It means that using
this equation we can anticipate the levels of global tempera-
ture and carbon dioxide in the near future and beyond. It is
well known that the burning of 1 liter of gas produces about
2 kilos of CO, [2]. It is easy to count, but, honestly, scary.

So far, a huge amount of work has been done with no-
ticeable results in reducing the level of CO, and pollution.
For example, new sources of biofuels such as wood, soy-
beans, algae, sugar cane, palm oil and rape oil seeds have
demonstrated that they are applicable, but actually didn’t
solve the problem.

An idea to replace ICE by an electric vehicle powered
by batteries looks like an attempt to mislead. EV advocates
claim that EV will be fuelled by renewables sources, such
as wind and solar but they always forget to say that accord-

ing to research of BP a part of they are only 3-5% world’s
energy supply [3].

A research of BP also shown, that the total part of the
fossil fuels like oil and gas in all primary sources of power
is about 60% and coal 20% [3].

At the same time the UN has made step to limit GHG.
The United Nations Framework Convention on Climate
Change (UNFCCC) entered into force on 21 March 1994
and set a goal “to stabilize greenhouse gas concentrations
"at a level that would prevent dangerous anthropogenic
(human induced) interference with the climate system” and
"such a level should be achieved within a time-frame suffi-
cient to allow ecosystems to adapt naturally to climate
change, to ensure that food production is not threatened,
and to enable economic development to proceed in a sus-
tainable manner [4]".

It means that in the foreseeable future the main roles in
the development and prosperity of the whole world will be
played by the internal combustion engine and fossil fuels.
Moreover “IJER editorial: The future of the internal com-
bustion engine” defined the problem clearly —"The CO,
emitted from an engine is directly proportional to the hy-
drocarbon fuel consumed” [5]. Therefore, there is the vital
requirement to find a new approach in reducing fuel con-
sumption and, therefore, carbon dioxide emissions.

2. An internal combustion engine without

a crankshaft

The research shown that the main directions to reduce
emission are “advanced combustion modes and innovative
after-treatment systems, including extensive use of catalysts
and high-filtration-efficiency diesel and gasoline particulate
filters (D/GPF) in the aftertreatment system, while the use
of urea injections and selective catalytic reduction (SCR)”
[5]. However, another path and a critical look at traditional
internal combustion engines also deserve an attention.

Modern internal combustion engines are built using the
classical design: cylinder, piston, connecting rod and crank-
shaft, and we should note a number of known flaws in tra-
ditional engines:

Inefficient combination of pressure within the cylinder
and tangential force on the crankshaft.

Two points need to be looked at closely here:

a) With the pressure increasing to a maximum and com-
bustion of a significant part of the mixture, the crankshaft
rotates 180 degrees, and the ratio of the tangential force on
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the crankshaft to the force acting on the piston varies from
O0to1andfrom1toO.

Thus, two phenomena are observed when the crankshaft
rotates 180 degrees:

— the pressure changes from a maximum to a mini-
mum value (Fig. 2), which coincides with an isothermal
part (combustion stroke) of the Carnot cycle [6].

A polytropic process is [7]:
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Fig. 2. A change in pressure when a shaft turns from 0 to 180 degrees

— the tangential force on the crankshaft changes from
0to 1 and from 1 to O (Fig. 4) [8]:

T =P-sin(a + B)/cosB (Fig. 3) (2)

P = 1 — force acting on the piston (conventionally assumed
equal to 1), T — tangential force.

Fig. 3. A crank mechanism

b) The compressed mixture is ignited when the piston is
at TDC. It is known that high temperature and high pressure
are necessary for the complete and effective combustion of
the air-fuel mixture. This condition is violated in traditional
engines. After passing the TDC, the piston goes down. The
space above the piston increases, and the pressure and tem-
perature decrease, and the fuel-air mixture does not burn up
completely.

“Ideally, if the combustion process is complete, the ex-
haust gases should only be carbon dioxide (CO,) and water
vapour (H,0). In reality, mainly due to incomplete combus-
tion, the exhaust gases also contain pollutant emissions:
oxides of nitrogen (NO,), unburnt hydrocarbons (HC),

carbon monoxide (CO), soot’s/particles (PM), polyaroma-
tics, aldehydes ketones and nitro-olefins” [9].
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Fig. 4. Changes of a tangential force when crankshaft turns 180 degrees

Therefore, we need to define a goal to overcome the
above-mentioned flaws, namely, to create a new concept of
an internal combustion engine.

Three tasks need to be solved.

1. The lever of tangential force on the drive shaft must
be constant along the piston’s entire travel path.

2. At the TDC the piston has to be stationary for a short
time to ensure an increase of the pressure and temperature
till the optimal values and also at the BDC to ensure the
exhaust of the entire amount of burned gas.

3. The fresh fuel-air mixture should not mix with the
remnants of the combusted mixture.

The idea of the new engine concept is to replace the
crankshaft by gear racks that move linearly and drive the
gear wheels (sprockets) creating torque.

Two videos show the new engine (YouTube. Serguei
Tikhonenkov — “Engine of an internal combustion without
a crankshaft”, *“2-strokes engine without a crankshaft.
Every stroke is combustion”).

The engine (Figs 5-7) can contain from 1 (YouTube.
Serguei Tikhonenkov “Engine of an internal combustion
without a crankshaft”) to 2 or 4 units; optimally — 4
(YouTube. Serguei Tikhonenkov “2-stroke engine without
a crankshaft. Every stroke is combustion ”).

Fig. 5. 2-stroke engines without crankshaft
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Fig. 6. Engine details of an internal combustion without a crankshaft
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Detail A from Fig. 7 (left)

Fig. 7. View of engine (left) and details of an engine (right)

Each unit consists of a main 1 and additional 2 cylin-
ders, an intake valve 3 and a valve 4 connecting the cavities
above piston of the main 1 and piston of the additional 2
cylinders, a common chamber 5, a base 6, on which piston
of cylinder 1 and rod 7 of piston of cylinder 2 are mounted,
and on the lower part of the base 6 there are two struts 8.
On each strut 8 there are pivotally mounted levers 9 with
rollers 10 and gear racks 11 fixed onto them. The rollers 10
roll along the guides 12 and the gear racks 11 interact with

the gear wheels 13 (sprockets) connected by a pinion 14. In
the bottom part of the block apertures 15 for exhaust gases
are located. The common chamber 5 and the cavity above
the piston of the main cylinder 1 are connected by a chan-
nel 16.

The engine operates as follows. When the working mix-
ture is ignited above piston of the main cylinder 1, valve 4
is closed by pressure. The pressure makes the piston of the
main cylinder 1 and the base 6 move down. At the same
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time, the rod 7 and the piston of the additional cylinder 2
move downward, while the valve 3 is opened by vacuum
and ensures the intake of the combustible mixture. The
levers 9 mounted on the struts 8 also move down. At the
same time, the rollers 10 run along the guides 12, and the
gear racks 11 drive the gears wheels (sprockets) 13, creat-
ing torque. When piston of the cylinder 1 reaches its ex-
treme low point, the exhaust gases are discharged through
openings 15. At this point the sprockets make the gear racks
to rotate a 180-degree arc around the sprockets due to their
inertial forces and interaction with the attached units. After
that the base 6 and the pistons of the cylinders 1 and 2 in-
stalled on it are moved upward also due to inertial forces
and interaction with the attached units. When moving up-
ward, the mixture entering the cavity above piston of the
additional cylinder 2 moves through the valve 4 which is
opened by pressure, the common chamber 5 and the chan-
nel 16 into the cavity above piston of the main cylinder 1.
Now valve 3 is closed by pressure above the piston of the
additional cylinder 2. Thus, compressed combustible mix-
ture is created in the cavity above the piston of the main
cylinder 1. When the mixture is ignited, the cycle repeats.

3. Differences between the new engine and the

traditional one

At the TDC, the piston is stationary while the gear racks
run around a 180-degree arc on a sprocket. At this moment,
the fuel-air mixture in the space above the main piston
ignites. The volume in this case will be kept constant,
which will lead to a many-fold increase in pressure and
temperature. These parameters can reach values at which
engine failure will occur. This means that the moment of
ignition of the fuel-air mixture must be optimized. Optimi-
zation will allow us to avoid the destruction of the engine
and, at the same time, create a significantly increased pres-
sure above the piston.

Engine power (HP) is defined by an equation [10]

HP=n-M 1)
where: M — torgue on the shaft, n — revolutions per minute,
M=T-L (2)

where: L — a size of the lever on the shaft, T — tangential
force.
Force acting on the piston:

P
P1
P1 1
2
4
3
VIV2 V2 V3 v

P=S-F 3)

where: S — area of the piston, F — value of pressure in the
cylinder.

Therefore, in the new concept of the engine the tem-
perature and pressure will be increased because piston is
stationary during the calculated short time at the TDC.

It means that the pressure and temperature in the engine
and as well the power depend on the time of the pistons
delay at the TDC. This is a functional relationship.

HP, P, T =f (1) (4)

where: t — time of the delay.

The advantage of the new engine compared with the
traditional one is demonstrated in Fig. 8. Figures 8a and 8b
clearly show that equal amounts of fuel for both engines are
used more efficiently in the new one (Fig. 8b, red). In the
new engine, due to the time delay, the pressure and temper-
ature are significantly higher than in the traditional one. It
means, that the HP of the new engine with the same n will
be more in the same scale.

At the same time as we know the efficiency of any ma-
chine is defined by the coefficient efficiency [11]:

I = (T — Te)/ T (5)

where: Ty, — heater temperature, T, — cooler temperature.

It means, that an efficiency of the new engine will be
higher than in the traditional one.

At the bottom dead center (BDC), the piston is station-
ary, same as at TDC, while the gear racks run around a 180-
degree arc on sprockets providing a high level of exhaust.
As a result, this means that fresh fuel-air mixture will not
mix with the remnants of the combusted mixture. In the
proposed engine, the working stroke and the injection
stroke are performed simultaneously, both strokes being
isolated. While the pistons of the main 1 and additional 2
cylinders are moving up, the fresh fuel-air mixture is
pumped by the piston of the additional cylinder 2 into the
space above the piston of the main cylinder 1 through the
valve 4 which is opened by pressure, the common chamber
5 and the channel 16.

In the proposed engine the lever of tangential force on
the drive shaft remains constant along the piston’s entire
travel path (Fig. 9).

V1 V4 V2 V1 v

Fig. 8. Cycle: a) in the traditional engine, b) in the new engine
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Fig. 9. A tangential force when a shaft turns from 0 to 180 degrees

T=P
P = 1 — force acting on the piston (conventionally assumed
equal to 1).

The change in torque values in the proposed engine is
determined only by the change of pressure in the cylinder.
Statistical values of moment variations in the proposed
engine and in an engine with a crankshaft are characterized
by arithmetic averages. The arithmetic average of the mo-
ment in the proposed engine is 1.83 times the arithmetic
average of the moment in the traditional engine (Fig. 10).

So, it is possible to say, that the proposed engine pro-
vides the significantly reduced fuel consumption and
a perfection of the fuel process's burn.
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Fig. 10. Variation of the moments in the new engine and
traditional one

The new engine must be equipped with efficient fly-
wheels to compensate for the uneven rotation.

We should also note that there are no camshafts and the
gas distribution mechanism.

”Valve mechanism system is one of more system which
influence of characteristic and performance an engine. To
changes or other word is modification a working cycle, it’s
means changes control system in the work cycle. Control
system in an engine is valve mechanism system. To be
changes a mechanism it’s means to be changes control

component design of that mechanism. Control component
in a valve mechanism system is camshaft” [12].

The gas distribution mechanism, which includes a cam-
shaft, is a rather complex unit and has some flaws.

In some researches are noted, that “line contact between
existing cam and follower mechanism results in high fric-
tional losses which results in low mechanical efficiency”
[13].

In traditional engines cams are a type of lobe and as
they spin the intake and exhaust valves are opened. But due
to the design of the gas distribution mechanism, the phases
of the intake and exhaust valves overlap. This causes the
fresh portion to mix with the unburned mixture.

In Figure 11 presented displacement diagrams for
valves (exhaust 1 and intake 2) in the traditional engine, in
the proposed one (intake 3 or connecting 4) and an area of
aperture 15 for exhaust in the proposed engine. In the tradi-
tional engines the valve opening area changes from 0 to
maximum and from maximum to O during the piston
movement. The exhaust starts from the end of the combus-
tion stroke and finishes at beginning of the intake stroke.
The intake starts from the end of the exhaust stroke and
finishes at the beginning of the compression. In the pro-
posed engine the valves (intake valve 3 and connecting
valve 4) are opened by pressure instantly. The valve (intake
or connecting) area in the proposed engine is about 1.35
times the intake valve area in the traditional one.

An exhaust gas releases through apertures 15 when pis-
ton of the main cylinder 1 is in the extreme low point. The
effective aperture area 15 is many times the area of the
exhaust valve in traditional engines (see Fig. 5).
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Fig. 11. Displacement diagram of valves: 1 — displacement diagram and an

effective area of the exhaust valve in the traditional engines, 2 — displace-

ment diagram and an effective area of the intake valve in the traditional

engine, 3 — displacement diagram and an effective area of the intake

(connecting) valve in the proposed engine, 4 — an affective area of aperture

for exhaust and exhaust duration when the piston is stationary at the BDC,
L — length of apertures, B — width of apertures

4. Conclusions
1. Fuel consumption is reduced due to two reasons:

a) Due to that the gear racks move linearly and provide
the lever of tangential force on the drive shaft constant
along the pistons entire travel path. In result, the arithmetic
average of the moment in the proposed engine is 1.83 times
the arithmetic average of the moment in the traditional
engine.

b) Due to the time delay at the TDC, the pressure and
temperature are significantly higher than in the traditional
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one. It can be assumed that an optimization of the delay
will increase the pressure by at least 20-30%. It means, that
the HP of the new engine will be more than in the tradition-
al one in the same scale using equal amounts of fuel for
both engines.

2. Improved exhaust and fuel combustion process.

a) Due to delay at the BDC the time for exhaust increas-
es many-fold. This means that fresh fuel-air mixture will
not mix with the remnants of the combusted mixture.

b) The combustion stroke and the injection stroke are
performed simultaneously, both strokes being isolated.
More over the compression stroke is isolated also.

¢) The absence of the gas distribution mechanism, includ-
ing a camshaft, means that the pressures in cylinders 1 and 2
make "opening" and "closing" of the valves 3 and 4 and
aperture 15. This design provides more efficient “intake” and
“exhaust” compared to the gas distribution mechanism.

5. Perspectives

First of all, it is a huge step in the field of ecology. Re-
ducing fuel consumption will reduce the water, land and air
pollution on the same scale. As a result, we can anticipate
a decrease in the number of diseases caused by poor envi-
ronmental conditions, a lower risk of global warming, lo-
wer health care costs, an increase in life expectancy, etc.
And second, but not last, for example, the new engines
connected to generators will force out nuclear and thermal
power stations working on coal. Small household electric
generators will allow the cheap electricity to be used for
heating the home, providing hot water and operation of
home appliances, etc.

It is difficult to imagine a general picture of the conse-
quences of using the new engine. Multiple correlations of
causes and effects can be described in an economic/mathe-
matical model.

Nomenclature

P force acting on the piston S area of the piston

HP  horse power T tangential force

F pressure in the cylinder Te cooler temperature
M torque on the shaft Ty heater temperature

n engine speed n coefficient efficiency
L a size of the lever on the shaft
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