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EXERCISE 1

suememens |t jS proposed to study combustion in an internal combustion engine. Gases are considered
perfect gases.

1. The combustion of octane CgHzg in the air of composition (O2 + 3.76N>) is studied:
1.1. Write the equation for the combustion of octane in air.
1.2. Calculate the mass of air required to achieve the combustion of 1 g of octane.
Atomic molar masses are given
M(H) =1 g-mol*; M(O) = 16 g-mol%; M(N) = 14 g-mol-1 and M(C) = 12 g-mol .

Dry air in the vicinity of the ground is a homogeneous gas mixture. It is approximately composed
in molar fraction or volume of: 78.08% dinitrogen; 20.95% oxygen; less than 1% other gases

=5

Is carried out the

wmbusionof 1109 |5 carried out the combustion of 1 L of an octane-air gas mixture containing 0.075 g of
octane.

2.1. Calculate the heat energy released during combustion bearing in mind that the calorific
value of octane is 5,55x10° J per mole of octane.

2.2. Calculate the ratio r between the energy collected on the tree which is 1250 J and the
calorific energy calculated in question 2.1.

]

One liter of the gas

m=ure precting 3 - Qe liter of the gas mixture preceding the Beau de Rochas cycle ABCDA

- AB and CD are reversible adiabatic transformations (or isentropics)

- BC and DA are isochoric transformations

During this cycle, the values of energy exchanges in the form of heat transfer Q or work W between
the gaseous octane-air mixture and the external environment were recorded.

Transformation | AB BC CD | DA | Cycle
[LZ4D 660 -2690
a0 3630

3.1. Determine the values for the empty boxes in this table.
3.2. What is the thermodynamic efficiency of this theoretical cycle?
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The preceding

smecusodmear /] The preceding gaseous octane-air mixture is subjected to the ideal Carnot cycle
ABCDA between the extreme temperatures of 20°C and 2100°C encountered during the previous
cycle.
AB is an isothermal transformation at the temperature of 20°C and CD is an isothermal
transformation at the temperature of 2100°C.

4.1. Calculate the value of the yield of this cycle.

4.2. Compare this yield with that calculated in 3.1 and conclude.

EXERCISE 2

i

Sizing of petrol L ..
injectors.wav S|Z|ng of petr0| InJeCtOrS

To size an injector, it is necessary to evaluate the required flow rate. This corresponds to the
operation in the stratified injection phase where an extremely short injection time is imposed. The
flow situation in stratified mode is achieved at mid-load and at 3000 rpm (beyond these values the
ECU switches to "homogeneous mixing™ mode). It is recalled that at mid-load, the mass of gasoline
injected per cycle is me = 2.10* kg for a cylinder.

Study data:
Gasoline pressure in the injection rail P1=50.10° Pa
Air pressure in intake manifold P,=1.10° Pa
Injection time (crankshaft angle) ai=30°
Stratified maximum phase speed N=3000rpm
Mass of petrol per cycle and per cylinder me=2.10" kg
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EXERCISE 3

&7

A Acylinder engine,

whose ofinderborep\ 4_cylinder engine, whose cylinder bore (diameter) A =86 mm and whose stroke
(distance between the PMB and the PMH) L = 84 mm, operates at a rotation speed of 5000 rpm-1
and then delivers a torque of 154 m.N.

The engine operates with a richness R = 12

Fuel used at a net calorific value of 42 kJ.g™. The density of the fuel is 750 kg.m™. The intake
pressure is 98000 Pascal and the air temperature is 20°C. The combustion efficiency is 0.9

&

Calculate the
effective power.wavCaI cu I a.te .

The effective power of the engine: Peff.

The actual mass flow of air consumed by the engine: qmair
The mass flow of fuel injected: Qmess

The theoretical calorific power of the injected fuel: Pcalin
The calorific input due to combustion: Pcomb.

arONE
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Al &l jle il jlall pas | ANl Gl el @ jaa 8 3 Al ) zoa

(02+3.76N2) Sl ¢l 2 (3 CgHig S5V (31 jial Al jo s 1
el (8 LS Y Gl il Aalrw iS) 1]
OESYI Gaplpe 1 G)in a4 lhaall o) gl ALS Caal 1.2
sUana 4y A1 A gall Ji)
M(H) =1 g-mol*; M(O) = 16 g-mol%; M(N) = 14 g-mol-1 et M(C) =12 g-mol .

Ol U 778,08 tans sl dse s LB 058 oulate e Bl s (a1 (e il Gladl s s
oAl e 71 e Jl i 720.95
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Transformation | AB BC CD | DA | Cycle
L] 660 -2690
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Chambre de
combustion
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EXERCICE 4

To run a small car for one minute, at the constant speed of 90km/h, its engine receives an
energy of about 5.1 MJ which comes from the combustion of diesel fuel. The efficiency of the
motor is 28%. The combustion of one litre of diesel provides 38 MJ. The road is horizontal.

1. What are the forces that prevent the vehicle from moving?

2. Calculate the mechanical energy supplied by the motor for one minute. Express the

result in J and then in kWh.

3. Deduct from this the average power of the resistance forces assumed to be constant.

4. What would be the fuel consumption to travel 100 km at the indicated speed?

4 O3l
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