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CHAPITRE 01

New techniques and improvement
of engine performance

1-1 Undersizing (downsizing)

Under-sizing is a set of processes aimed at reducing the displacement
of an engine without compromising its specific power, with the goal of reducing
fuel consumption.

The technical solutions implemented in both gasoline and diesel engines
enable the reduction of engine displacement while maintaining sufficient
power for the vehicle's requirements.

To achieve this goal, several methods are employed, such as direct injection and

turbocharging.
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1.1.1 Direct Injection
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This type of injection results in higher pressures as these

engines have a higher compression ratio.

Modern gasoline engines,
especially those equipped
with a turbocharger,

promote direct injection to

reduce fuel consumption.

>

Direct Injection

IS

Indirect Injection



-----
F .

rsity of M'sila-----Faculty: ST------ Module:Int
bustion engines -Master 2 -Energetics 2023/2

sl sl 1.1.1

S jaall s34 (g giad dua Jaridal) 33 ) ) 30 (D) (e £ ) 10

Ao e Ll e
Lag /c‘\,

Jaxd Al diaal) cils aall

3}6%&“ S LAB c‘:&y\e - -
s A bl s S C
358 1) gl pa dall jdiluall

) ial Sl 3l cjiall




rsity of M'sila-----Faculty: ST------ Module:In
bustion engines -Master 2 -Energetics 2023/2

—_‘iﬂ_—

aluuall - walithgs aano dools
ité Mohamed Boudiaf - M’sila

1.1.2 Indirect injection
Indirect Injection in ESSENCE Engine

Indirect Injection in _DIESEL Engine

Yy

= IS S
On an indirect injection of a gasoline engine, the In the case of a diesel, the injection takes place in a
Injector is placed upstream of the valve, ie in the small separate chamber (pre-combustion chamber)
intake manifold. The mixture is carried out by which overlooks the cylinder, and not in the intake

vaporization before entering the cylinder. duct in the case of an indirect gasoline.
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1.1.3 Turbocharging with Turbocharger

It provides a power gain or a reduction in displacement while maintaining
the same power output. For example, a turbocharged 1.6-liter engine can
achieve the same torque performance as a 2.5-liter engine.

THE POWER OF AN ENGINE P To increase the power of an

P=C.0 ) i
engine, we can increase:

P is the power 1. its rotational speed

C is the couple 2. its couple:

GO i 3. o is the rotational speed
TN
0 —
30
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Increasing the rotational speed of an engine is limited by factors such as
inertia and friction in the engine components. As a result, the speed

cannot be increased arbitrarily.

The torque can be increased by increasing the quantity of fuel and
oxidizer (air) through methods such as turbocharging or mechanical

supercharging (forced induction).

The torque of the engine also depends on the mean effective
pressure (or PME) This is the role of supercharging, which thus makes it
possible to increase the PME and therefore the torque of the engine and

therefore the power
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1.1.4 ISO-consumption curves

For an internal combustion engine, the amount of
fuel depends on the following factors:
Power (P):
Torque (C)-..

Rotational speed (N):
The iso-consumption curves indicate the areas where

the motor is economical and those which generate high

consumption.

These curves allow for the comparison of different
engines based on specific fuel consumption (Cse) expressed in

grams per kilowatt-hour (g/kWh).
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1.1.5 fuel consumption

Fuel consumption depends on:

» Vehicle mass,

» Geometry or shape to take into account the
forces of penetration in the air,

» Forces due to rolling of the vehicle, etc.

» Power

» Couple

» Speed in revolutions per minute.
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(carbon dioxide) Emission

The type of fuel used in the vehicle will also be taken into
consideration to determine the quantity of CO, emitted per
kilometer.

EXEMPLE

Calculate the consumption in liters/100km of a Diesel
vehicle that emits 120 gCO,/kmData:

the mass of diesel fuel contains 85% carbon

The density of diesel being 830 kg/m3
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1.1.6 Consumption reduction elements

The consumption of a vehicle depends on various parameters

1. Those inherent to the vehicle:
* the mass, the resistance to movement (friction of the air)

2. Those inherent in use:

e acceleration, speed, elevation of the course...

The mass of vehicles is a determining factor in fuel

consumption, the higher it is, the more energy the

vehicle will need to move.
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1.1.6.1 drag coefficient (Cx)
The drag coefficient (Cx) or the resistance to advancement accounts for the resistance

force of a surface. It depends on the geometry of the vehicle.

1.1.6.2 drag force (Fx)
The drag force is the resisting force that a fluid exerts on an object wheu the fluid or the object are
moving relative to each other. The drag force opposes the motion of the object and acts as a

frictional force. It is deined according to the characteristics of the vehicle and its speed of

movement:
p: Fluid density (p air = 1.25 kg/m3 at +10°C)

S: Frontal area of the vehicle in m2 (or reference srea)

F = p 5C. .

Cx: Drag coefficient

|=_:-| s

v: Relative velocity of the vehicle with respect to the fluid in m/s.
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EXEMPLE

1- Calculate the force Fx required for a vehicle with a drag coefficient
Cx = 0.40 and a reference area S = 2.70 m2 to travel at 100 km/h.

2- Calculate the energy consumed over 100 km.

3- Calculate the specific fuel consumption (Cse) over 100 km.

Given: Lower Calorific Value = 38.08 MJ/I

Overall efficiency from tank to wheel = 40%
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F,=2.0.5C,v'=2+125+270+04+27.8'=521.7N

The energy W(work) of displacement = force x distance traveled
W=FxL=521.7x100000=52.17MJ.The Net Calorific Value or NCV designates the quantity of
heat released during the complete combustion of a fuel, the water formed being evacuated

In the form of vapour.Considering a diesel engine (Lower Calorific Value = 38.08MJ/I)

1L > 38,08 MJ.
— Cse=52,17/38,08=1,37 litre

Cse » 52,17 MJ. |

and if we have an overall efficiency from the tank to the wheel of 40%, then the consumption
actual effective specific Cse(actual) = Cse/0.4= 3.42 liters

We therefore conclude that this vehicle will consume 3.42 liters on the 100km trip only

to overcome the aerodynamic resistance to the advancement
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Resistance to rule

Fuel consumption also depends on rolling resistance
(Rr). Rolling resistance takes into account tire
characteristics, their condition, pressure, and the type
of road surface the vehicle is traveling on.

These characteristics and all the forces give us an
expression for the vehicle Toyota PRIUS's resistance
force with respect to its moving speed.

F(en N)=188+0.32.v+0,456.v"
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F(en N)=188+0.32.v+0,456.v"

The vehicle requires an energy of 48.175 MJ for a journey of
100 km at a speed of 90 km/h, resulting in a fuel consumption
of 3.4 liters (with a Lower Calorific Value of gasoline at 35.45
MJ/l and an overall efficiency ¢f.40%). The vehicle requires
48.175 MJ of energy for a 100 km journey at a speed of 90
km/h, which corresponds to a fuel consumption of 3.4 liters

(considering the Lower Calorific Value of gasoline at 35.45 MJ/I
and an overall efficiency of 40%).

Speed of 90 km/h=90*1000/3600=25m/s
F=188+0,32*25+0,456*25% =481 N
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1-2 Variable distribution

. Variable distribution allows for the modulation of certain
parameters of the intake and exhaust valves (often only the
iIntake valves), including...

. Variable valve timing enables the adjustment of the following
parameters of the intake and &ﬁaust valves:

. Valve opening timing (more or less advanced)

. Valve opening duration (more or less extended)

. Valve opening degree (more or less open)

these are systems known as VTEC in Honda engines, VANOS in

BMW engines, and VVT-I in Toyota engines
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In synchronized rotation with the crankshaft (synchronized by the timing
system), the camshaft's role is to move the intake valves (where air and fuel
enter) and exhaust valves (where the exhaust gases exit).
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Normally, in "conventional” engines, there is only one pulley (light green) visible.
However, in this Mazda engine, it is evident that there are two pulleys, indicating
that two camshafts are being actuated.
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In this other view (moving to the left), we can briefly glimpse one of the two
camshafts (in pink). The second one is not visible because it is "cut out" to allow a
view inside the engine (you can see the hole where it inserts, take a look). In dark
green is the crankshaft, in blue is one of the exhaust valves, and in red is the timing
chain. Please note that only the exhaust valves are visible here because the others
have been removed for the same reason as the second camshaft.
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The camshaft
It allows the valves to open by pushing them downwards

Springs

They maintain the
valves closed by
pulling towards to the

TR TATRTL T

UMY —

top

Inlet valve Exhaust valve

The air comes in the gases come out
here this way
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Here we are in the combustion chamber (what is right after the top image). If you only see 3 valves it
is because the engine has been cut up to be able to see inside. So there is indeed another red valve
that exists in reality. Regarding the colors, the green ones represent the intake valves while the red
ones are exhaust valves. We see the spark plug in the middle which indicates that it is a petrol engine
(2.0 Mazda).
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Rocker arm

Rocker arm
1

Push rod

Clearance

Valve
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J Parts of IC Engine

throttle cylinder head cover
cylinder head

camshaft

hhhhhhhhhhhhhhhh

‘ e — SN

rocker arm

= .e.“\- injector
| B = valve
| -"-‘._’.f 0\,, valve lash
o g ~/‘ > 77 adjustment
\ . : ..-, element
intak \‘—,,4 0
manifold — D
intake port | === a1}
spark plug— ceme- ST —
piston // exhaust

port

N
Y

piston pi

cylinder
crankcase
crankshaft
position
sensor
speed sensor

connecting rod
crankshaft

flywheel

oil pump

oil sump re—technology




Engine (Exploded View)

Distributor,  Distributor Cylinder Head Cover
O-rin :
’ Cylinder Head Cover Gasket

Cylinder
Head

Intake

’E‘:,:‘?'?'; gamsha t Manifold
N‘Y Intake Manifold
Oil Filter 2Sket
Water Pump
Water Pump Gasket

Exhaust Manifold

Gasket Timing Belt

Drive Pulley

| Oil P
Drain Bolt /; Gaskaert.
Crush Washer Oil Pan
Drain Bolt
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Valve
Langer opening :

If the tip Is the same size but the cam is larger, then
the valve will be pushed further down (but the open
time will not change).

q:
\
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Valve

o &

Longer duration of opening
The sharper the cam, the shorter the valve opening
duration. In contrast, the cam on the right will inevitably
open the valve for a longer duration because its narrower
end will be in contact with the valve for a longer time

(pressing on the valve for a longer period), resulting in a
longer valve opening time.
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Cam

Here, we are simply ad]

camshaft relative to the s
placed on the axis of t

Shaft
position
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Position

de'arbre

earlier opening

usting the position of the
naft (hence the small mark

ne shalft for you to see).

e
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Variable valve timing allows for...

Variable valve timing allows for the modulation of the quantity of air/fuel
mixture based on the engine's load, that is, the rotational speed!

Variable valve timing aims to open and close the valves differently
depending on the engine's rotationgl speed. When the engine is operating
at lower RPMs, some intake valves will only open partially. On the other
hand, at higher RPMs, the valves will open fully to allow a greater flow
of air/fuel mixture.

Furthermore, the timing of valve opening and closing Is also crucial.
Essentially, at lower engine speeds, to optimize certain laws of physics,
the Intake valves are given a slight "delay" and the exhaust valve is given
a slight "advance." This timing adjustment helps improve engine
efficiency and performance at different RPM ranges.
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1-3 Variable Compression Rate

An MCE-5 engine (from the English "Multi Cycle Engine -
5 parameters") is a combustion engine, more specifically
a type of variable compression engine VCR (Variable
Compression Ratio)

VCR ("Variable Compressmn Ratlo ") engine whose
compression ratio varies with engine speed and load by
varying the volume of the combustion chamber

These engines have better thermodynamic efficiency due
to increased pressure during combustion
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Principle of the MCE-5 engine.

On the left, a conventional piston of an
Internal combustion engine.

On the right, the cylinder-piston
assembly is a double-acting hycrezulic
actuator whose movement regulates
the compression ratio in the left
cylinder.

At the bottom, a connecting rod-crank
system. The translational movements
are converted into rotational motion,
and vice versa, by racks and gears.

video


VIDEOS/1MCE-5. - Moteur à compression variable.mp4
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VIDEOS/1MCE-5. - Moteur à compression variable.mp4
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1-4 Miller-Atkinson Cycle

The Atkinson Cycle is a thermodynamic cycle used in an internal
combustion engine. It was discovered by James Atkinson in
1882. This cycle, which employs a longer expansion stroke than
compression stroke, improves efficiency at the expense of lower
power output. It is commonly used in modern hybrid vehicles.

The expansion ratio is greater than the compression ratio, which
improves the engine's efficiency compared to the Beau de
Rochas cycle. The thermodynamic cycle with extended
expansion stroke has been adopted by Toyota for its hybrids and
by Mazda for its Sky-Active engines, allowing for a higher
compression ratio (14:1) compared to an Otto cycle. This
improvement offers better efficiency, reduced fuel
consumption, and lower emissions of CO2 and pollutants (NOXx,
particles).
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Intake: Everyhing happens as in a conventional engine.

Compression: As a portion of the mixture has been pushed back,
only a fraction of the cylinder votume is compressed.

Expansion: The combustion gases, on the other hand, are
expanded throughout the entire piston stroke.

Exhaust: Everything happens as in a conventional engine.

This type of operation, combined with the addition of a compressor at the intake,
constitutes the Miller cycle.
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The ideal Atkinson cycle.

The ideal Atkinson cycle is
composed of the following
processes:

1-2 Adiabatic (or isentropic)
compression,

2-3 Isochoric heat absorption
(pressure increases rapidly, but
the piston remains stationary),
3-4 Isobaric heat absorption
(combustion continues, and the
piston moves),

4-5 Isentropic expansion,

5-6 Isochoric heat release,

6-1 Isobaric heat release.
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Difference between the Atkinson cycle
and the Otto cycle.

In the Otto cycle, the intake of the air/fuel mixture.

The intake valve opens at TDC (Top Dead Center) and closes
at BDC (Bottom Dead Center).

In the Atkinson cycle, the intake valve closes after BDC, thus
pushing back a portion of the mixture into the intake
manifold. As a result, less mixture and less fuel are needed
to complete a cycle. The compression of the engine is also
lower due to the smaller volume of air being compressed.

The main drawback of a four-stroke engine with an Atkinson
cycle is its reduced power output compared to a
conventional Beau de Rochas cycle. This iIs because the
Atkinson cycle admits less air and, consequently, less fuel.
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1-5 Stratified Charge

The principle of stratified
charge applies to direct
injection gasoline engines.
It involves concentrating
the fuel vaporization near
the spark plug rather than
throughout the entire
combustion chamber. This
operating mode allows for a
reduction in engine fuel
consumption, which can
reach up to 40% when
running at low loads.
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The principle of the stratified charge engine.

The principle of the stratified charge engine is to have a
rich mixture, which is inflammable, in close proximity to
the spark plug, and a leanei mixture, so low in fuel that it
could not be used in a traditional engine, in the rest of the
cylinder. In a stratified charge engine, the power output is
no longer controlled by the quantity of air admitted but by

the amount of injected gasoline, similar to a diesel engine.
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Stratified charge means that the air/fuel mixture in the cylinder is
distributed into several layers with different fuel concentrations.
A stratified mixture is a heterogeneous and structured (organized) mixture

that is generally poor to very poor 01 « R .
< 0.7
" globaie — ™

Air coefficient and richness

For gasoline (essence), the ratio that ensures total combustion
(stoichiometric ratio) iIs approximately 14.5, i.e. it takes approximately 14.5
kg of air to completely burn 1 kg of fuel.

Mair
Air coefficient A is the ratio 14 5
mESSE]'l.EE ’
. mESSE]'lEE
Wealth r =1/\ is the ratio /O O/

at stochiometry A =r=1
A lean mixture (A>1) (r<1) contains more air.
A rich mixture contains less air
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» The air-fuel ratio is 1
(stoichiometric) around
the spark plug. The
spark initiates
combustion (1).

propagates to the leaner
layers and results in
lower fuel consumption

(2).

» The last layer can, if
necessary, be exhaust gas
recirculation (3).
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The stratified mode only operates at low engine load and low RPM.
As soon as higher power is required, the engine management switches
to ""homogeneous mixture' mode.

The injection is advanced and carried out during the intake of the air.

charge stratifiee Mélange homogéne
Stratified mode Homogeneous mode

A\ |

'P‘-

The two operating modes
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The benefits of stratified combustion are:
1) To reduce fuel consumption at low load.

Homogeneous: Operating range: AFR
(Air-Fuel Ratio) 0.7 to 1 (and higher).

Minimum consumption for AFR around 0.85.

Stratified: AFR — 0.3.

2) To reduce pollutant emissions.
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The Homogeneous Charge Compression Ignition (HCCI)
engine is a type of internal combustion engine in which the
air-fuel mixture is thoroughly homogeneously mixed and is
compressed intensely enough to reach the point of auto-
ignition.

HCCI AND CAI MOTORS

HCCI (Homogeneous Charge Compression Ignition) for
diesel and CAIl (Controlled Auto Ignition) for gasoline,These
engines partially reabsorb their burnt gases, which leads to
Instantaneous ignition of the entire mixture contained in the

combustion chamber.
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R Presentation of the HCCI engine.

té Mohamed Boudiaf - M'sila

Four-stroke cycle for HCCl combustion.

Admission
1€r fomne

In HCCI, we have:

« Compression ignition (auto-ignition)

« Direct injection and homogenization in the Diesel cycle

« Strong dilution and combustion control through recycled
burned gases.
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Consommation de carburant

CAl

T
O
2.

100-
90-
80-
70-
60-
50-
40-
30-
20-
10-

N V. . . . . . . %

Essence IDE CAl CAl Diesel Diesel
Conv. Stratifie Rich.1 Pauvre HCCI Conv.

Rich.1 Pauvre EGR EGR



ersity of M'sila-----Faculty: ST------ Module:Inte
mbustion engines -Master 2 -Energetics 2023/20

Emissions de NOXx
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Advantages

» low particle emission
» low NOx emission
» efficiency close to the efficiency of a

conventional diesel engine

e
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Multiple benefits of HCCI

The HCCI combustion is initiated when the mixture is heated by the
recycled exhaust gases (EGR) and when the pressure becomes very high
at the end of compression, with the volumetric ratio generally equivalent
to that of diesel engines. The mixture ignites spontaneously rather than
through a flame front starting from the spark plug. This concept currently
works only under low loads, and the engine must switch to spark ignition
beyond this range.

HCCI offers two advantages. The first is the ability to burn very lean fuel
mixtures, avoiding the production of particles while generating
significantly higher efficiency.

The second advantage is the relatively low combustion temperature,
which prevents the formation of NOx despite the use of lean mixtures.
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1-7 PCCI Concept

In HCCI combustion, air and fuel enter the combustion
chamber and are compressed until the point of auto-
ignition. On the other hand, in PCCl combustion, the fuel
is injected during the compression stroke, creating a
hybrid between HCCI and diesel combustion. In PCCI
combustion, we can use more Exhaust Gas Recirculation
(EGR) than in HCCI.

PCCl is the hybrid of HCCI and diesel combustion,
providing more control over combustion/ignition and
heat release rate, with lower NOx and soot emissions, as
the premixed charge can be controlled differently.
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