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The theoretical diagram does not take into account some drawbacks.

To avoid these, the opening time of the valves is modified as follows:

* The ignition of a gas is not instantaneousdue to its inertia
* The valve opening is not instantaneous

 Temperature variation is through exchanges

* with the outside Modified IR

e Inflammation delay is not taken into account.

N\

e Full combustion requires 2 while
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Theoretical distribution sketch
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Theoretical distribution sketch

ol a ) gl andadsd an

TDC

180~
BDC




i 7 ersity of Msila---—-Faculty: ST------ Module: Internal Combustion En
Sliaall sty 2ome amats Licence 3 Energetics 2025/2026

Chapter 3. Actual cycle of an internal combustion engine

TDC
OC‘J

180~
BDC




i 7 ersity of Msila---—-Faculty: ST------ Module: Internal Combustion En
Sliaall sty 2ome amats Licence 3 Energetics 2025/2026

Chapter 3. Actual cycle of an internal combustion engine




TDC

OD

BDC

1807




Faculty: ST------ Module: Internal Combustion Eng
Licence 3 Energetics 2025/2026

TDC
OD

180°

BDC




i .versity of Msila-----Faculty: ST------ Module: Internal Combustion Eng.

Licence 3 Energetics 2025/2026

Chapter 3. Actual cycle of an internal combustion engine

TDC
OC‘J

1807




TDC

180°
BDC




TDC




TDC

BDC

1807




g.




g.

TDC

BDC




TDC

BDC




TDC

BDC




TDC

BDC




W University of Msila-----Faculty: ST------ Module: Internal Combustion Engines
lhuiintl - lacnoy o miols Licence 3 Energetics 2025/2026

Université Mohamed Boudiaf - M'sila

Chapter 3. Actual cycle of an internal combustion engine

Changes made during admission
Intake Opening Advance 10A

The intake valve opens slightly before the piston reaches
(TDC) to allow for the delay in gas flow. This early
opening is called intake openirig advance (I0A).
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Changes made during exhaust

AEQO

Advance Exhaust Opening

The exhaust valve opens slightly before (BDC) to ensure effective
exhaust flow. This is called exhaust opening advance (AEO).

TDC | TDC
UC‘J .
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Changes made during exhaust
Exhaust Closing Delay

ECD

The same applies when closing the exhaust valve.
Thus, there is an exhaust closure delay (ECD)

compared to TDC. .
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Definition of torque
Torque is the turning effect of a force on an object.

It depends on the force applied and the distance
from the pivot (lever arm) and has both magnitude
and direction, making it a vector.
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The torque 7 [Nm] is the Jala AT [Nm] Oosdll pe
product of the force F [N] and dad) 3 €13 JshagF [N] 3.8 e
the length of the lever arm a a [m].
[m]. T=F.a
In order to increase the magnitude of the aje Juh Sau 25 dal o
torque we can either increase the force, ¢5 g8l 8L La) LiiSay ¢y y gl
the length of the lever arm or both. Lagols 1A £1,3 Jgha 3
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The magnitude of the force F depends on the combustion
pressure within the cylinder. The higher the pressure in
the cylinder, the higher the force on the crankshaft, the

higher the output torque. .
ASF 5680 jlada dalay
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Torque 7' /N/ can also be o c.f' il L) oSy
ST [N] olosl
Jladl) Jarall Jac gial

& aall

expressed as a function of -
the mean effective pressure of
the engine.

PeVa

T =
27TNn

P.. [Pa] — mean etfective pressure

V, [m’] — engine displacement (volume)
n [-/ — number of crankshaft rotations for a complete
engine cycle (for a 4-stroke engine n = 2)
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http://x-engineer.org/automotive-engineering/internal-combustion-engines/ice-components-systems/mean-effective-pressure-mep/
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Example:
Calculate the torque at the : s
crankshaft for an engine A gand) die o) gl a e il
with the following Clalzally & jaal 88 ol
parameters: il
Cylinder bore, B [mm] 85 ) ghad) Ciy s23B [mm] 85
Cylinder pressure, p [bar] 12 ,43) gha¥) iuap [bar] 12

Crank offset, a [mm] 62 « i S £1,3a [mm] 62
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—

First, we calculate the area of the piston (assuming the the piston head is flat

and its diameter is equal with the bore of the cylinder):

B2 - 0.0852
A,=—— == — 0.0056745 m?
P 4 4

Second, we’'ll calculate the force applied to the piston. To get the force in N

(Newton), we'll use the pressure converted in Pa (Pascal).

F=p-A,=120000-0.0056745 = 680.94021 N

Assuming that all the force in the piston goes into the connecting rod, the

torque is calculated as:

T = F -a = 680.94021 - 0.062 = 42.218293 Nm
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Power is the rate at which work is done. In - . . oo

rotational systems, it is calculated as the Sl Baag ‘»’{fbw‘ il ¢ U;m.‘
AP [W] 43l ¢ o)y gall Aalai) o

de ) 5T [Nm] gl aje gl

P=T.w o [rad / s]. 43
W A ABUall 4oulal (bl Basg

product of torque and angular velocity. I

The standard unit of measurement for power

is W (Watt) and for rotational speed rad / s 4 OfJJm }fﬂﬁ(.watt)
is rad/s (radian per second). Most of the Sl plina A (AU (2 Ol X

vehicle manufacturers are providing the power b!lp o ‘.ﬁJ“M 5{5 Sl el ‘1"-""4""3‘
of the engine in bhp (brake horsepower) and ¢ 8539 ¢ 0ol 48 jug (Sl 553(

the rotational speedin rpm (rotations per ¢ Y (AR A sl Asda

minute). Therefore, we are going to use o (o IS il e aadiudu
conversion formulas for both rotational speed RSO ENUIBYE
and power. To convert from rpm to rad/s, tpdicd rad /s Arpm (e Jagaill
we use: T

) w [rad/s|] = N [rpm] - 20
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The engine power can also B8 pld Liay) S
be measured in kW instead Cra Yas Ja g olsIL & jaal)
of W for a more compact AS dad o JsaallWy
value. To convert KW e Jagaill Lalsa)
from kW to bhp and reverse, raddid ¢ (usall sbhp
we use:

P[bhp] = 1.36 P[kW]

P|bhp]
1.36

P[kW] =
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In some cases you might At 48 ¢ elal) (e SHP
find HP (Horse Power) instead (Cra N (Oban 5“§bhp
of bhp as unit of measurement ABUall 8 3aa ¢S
for power. Having rotational ool ds pu Ligal s 13
speed measured in rpm and aje g ABBal) L& <l ) gal) dany
torque in Nm, the formula to S e gt gailly gy gal
calculate power is: 1A Al Gl daa
I: PllW] = . N[rpm]. T|N]
30.1000

1.36. . N[rpm]. T|N]

P[HP] =
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Example

Calculate the engine
power in both KW
and HP, if the engine
torque is 150 Nm
and engine speed

is 2800 rpm.

& jaall 3 68 Caal
Slaa g L) g plusily
150 & aall &) g0
A g a (gl
5,52 2800 &)
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Courbes caractéristiques

One motor —

delivers 90 kW |

of power. During™* [~ =)

the test, 1t I

consumes 0.5 kg« |

minute. Whatis = = i \WLF
its consumption? 1+ |7k | Ll | s
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