INTRODUCAO

1.Conceito Fundamental

Motores térmico s&o maquinas que
transformam energia térmica em energia mecanica.

2.Classificacao dos motores quanto a
combustao:

Motores a combustdo interna

Motores a combustdo externa
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3.PRINCIPAIS COMPONENTES

3.1Componentes (6rgaos) fixos:

Cilindro

Bloco

Carter

Cabecote

Camara de combustao
Sede de valvula

Guia de Valvula



3.2 Componentes (0rgaos) moveis:
Pistao

Pino munhao

Aneéis de segmento

Biela

Arvore de manivela
Volante

Casquilho

Valvula

Mola de valvula

Eixo comando de valvula
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4. MOVIMENTO
DO CILINDRO
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5. DEFINICOES

6. CICLOS OPERATIVOS
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7. ASPECTOS DE
TERMODINAMICA
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8. COMBUSTIVEL
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COMBUSTIVEL

TITULO

ESTEQUIOMETRICO

COMBUSTIVEL

TITULO
ESTEQUIOMETRICO

ciclopentano 14,7 hidrogénio 29,6
ciclohexano 14,7 monoxido carbono 29,6
benzina 13,2 metano 9,5
tolueno 13,4 etano 5,7
xileno 13,6 propano 4
propeno 14,7 butano 3,1
~ buteno 14,7 benzol 2.7
penteno 14,7
hexeno 14,7
hepteno 14,7
hexadecano 14,7
metanol 6,4
etanol 9,0
propanol 10,5
L butanol 111
Fia. 126
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8. CARBURADOR
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SEM FLUXO DE AR
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TEDMMANINIANMICA

2. THERMODYNAMIC ENGINE CYCLES

V 94, 5
Figure 2.1 pV-diagram (left) and ¥5-diagram (right) of the SI engine process
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1 — 2 : Isentropic compression, dg = 0

dg = du+dw=10
12 = 0
dw = —gi=-—mc,dd
2
w2 = —f‘m;ﬂt,. d = —T’.r'u'.{iuf:ﬁ'-z == ﬂ]j

1

The work w, 5 is used to compress the gas and therefore, it is negative.
: ! g ) E



2 — 3 : Isochoric input of thermal energy, dV = D:

dw = pdV =0

3
a3 = fpdVZD
2
dg = du=mo,d0
a

2.5 m.::a,f dd = mey,(dy — ¥3)

2

The lncreased thermal energy g3 is caused by combustion of the gas.



3 — 4 : Isentropic expansion, dg = 0:

Gaa = 0
dw

di = —m ¢y dv

]
Wyq = —fmcu d = —mey (g — V3)
3

This state change describes the power stroke of the engine where w; 4 is
the cutput of kinetic energy from the gas, which is positive (34 < ).



. Isochoric heat loss, dV = 0:
dw = pdV =10

1

T”‘-I = fﬂdv = rl

4

dg = du=dw=mc,dl

1
Ta1 = mﬂ‘-uf dt = me,(vy — )
4

The loss of thermal energy qq.1 is due to the gas exchange: The burnt hot
gas is pumped into the exhaust and the combustion chamber is filled with
a cold mixture of unburnt fuel vapour and air {gq4 1 is negative because of

¥, < 0,).
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« K=Cp/CV




Flease note that the thermal efficiency mn, does not depend on the absolute
ternperature values. It mainly depends on the compression ratio €. Example:
For a compression ratio of ¢ = 11 and an adiabatic coefficient of &k = 1.4 the
theoretical thermal efficiency g, is:

ek — 'E'Eil?



oYL

w; = Fld Jz j{[pjug} ~po)dV;

=1

where:

Va=CYL. (V] =¥ isthe displacement volume of all cylinders
CYL is the number of cylinders
Wy is the (normalised) indicated specific work.
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Figure 3.1 pV-diagram of four-stroke combustion engine



The piston stroke from Top Dead Center (TDC) is
sloog) = {1 —cos B) + v(1 — coseg)

From Figure 3.2 we get

lsinfi = rsinacs
. . -
cos i = 1;1 - @sin“acs (3.2)

which yields the piston stroke as

! [ 2
slags) =7 (1 — Costees + . (1 — 1'|."I J = I3 sin? ﬂtcg)j . Ly

At Top Dead Ceuater, we have aeg = ), s{apcs) = 0, and at Bottom Dead Center



3.1. BASIC ENGINE QPERATION 27

5 : piston stroke
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Figure 3.2 Piston and crankshaft motion

acg = 7, slags) = 2r respectively. The derivatives of the piston stroke are
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These derivatives over crankshaft angle can be related to the derivatives over

time as follows:
i = E= ds Iricxrﬁ: as
dt dees  di deees
.:i_:*'s_i( ds Idaf;-s)_i( ds )~§E+ ds Iﬂm'ﬂfﬂﬁ'
dt? ~ dt \daes dt ) dt \dacs dt dacs  dt?
2

The indicated specific work can be written as

- s

§ =

CYL

1 ds;(ccs)
wp = ---%—Z[Fﬂﬂcs}—m] Ay dagcsg
Val o daes
1
= = j!f Teomblacs)dacs . (3.6)
id

The combustion torque at the crankshaft is thus defined as

CY L ffS_-,'

Tcamb{':lﬂ:f:‘:l = Z {Fj{&C‘S} - pﬂ} A {3‘?}

L
dacs



The pistou strokes in different cylinders are shifted by phase.

4
sjlacs) =5 (ﬂ'r::s — =1~ EI':L) , J=1,..,CYL (3.8)

The average combuslion torgue is

T-Lu:l-m&-

1 y
" j£ Teombloes)dacs
P;
= — 3.9
&es (3.9)
where F; is the mean indicated power. The total indicated work w; Vi can now
be written at stationary engine operation as

w : 4w P, 2R,
W Vg = A8T o = d'r!'_—t == LA .
Gecs 2N n
and the normalised work
2P
wy = _'_t y [:3'1[]]
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F. is the effective power in W
w, is the effective specific work per cycle in J/m?®
my 18 the mass of fuel measured per cylinder in kg
mmy 15 the fuel Row in kg/s
H;  is the specific energy of the fuel released in the combustion J/kg
Va  is the total displacement volume in m?
(V4/CY L displacement volume per cylinder)

The indicated thermodynamic efficiency (friction not considered) is:

L V,,{
E —_ v e L 12
" omiH, CYL (3.12)




Table 3.1 Indicated specific work w,, theoretical heat loss gu;n, and realistic heat
loss gy - for different engine types, related to fuel combustion heat,

33-35% 40-43%  45-48%
Gkt th 23-28% 22-25% 12-14%
qht v 37-44% 35-40%  26-33%

Engine T}rpE‘[ sl Diesel Big Diesel

wh
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Figure 3.9 In-cylinder pressure p over crankshaft angle acs.
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3.3. IGNITION CONTROL IN S5I ENGINES

Figure 3.21 Ilgnition angle map



HC, [g/kWh]

in
on
=

500

450

400

350

:‘,_-:“ - —
= £5
B
E a = 2400 rpm
E’ LE} T = 45 Nm
oy 1 4 A=113
HC
0 7.5
NO,

20 5 1

| Consumplion
10 2.5+ i
0 0 - e ¢ L -

0° 10° 20° 30° 40° 50° @

Figure 3.22 Fue! consumption and emission levels over ignition angle a;.



GERENCIAMENTO DO MOTOR

mm ] {iﬁi/z -

Powertrain Control Driver Information Systems Vehicle Netwo

v{‘ b QO Z" ’ ih o i" \‘4,&5 NEs
" Ny @

» Engine Control and
Management

» Hybnd and Electric
Auxiliaries

1ONLNOD NIVHINIMOd ﬂ







HEGO

ECT

e

Rampa/Tubo Distribuidor
ulador
de Pressédo
H JAC
'
: ACT
4
1
- - ) ar
1 : admitido
'
'
MAF
TPS
Infetor
A Bobina de
uc
) Unidade de Comando

Catalisador




