Ciclo de poténcia a gas
Otto

Objetivo da Aula

e Nesta aula sera apresentado o ciclo Otto para motores de combustao
interna

Ao final desta aula, o aluno deve ser capaz de:
1. Identificar um ciclo Otto ideal
2. Desenhar os diagramas P —v el — s

3. Fazer balanco de energia em cada processo para calcular trabalhos,
calores e rendimento do ciclo
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Parametros fisicos importantes cylinder head

combustion chamber

MOVIMENTO DO PISTAO

Taxa de compressao:
razao entre volumes

)/ maximo e minimo.
e — I R Vi

Total _!l ‘ﬂl ilul‘ rc= V
Il am SI:8 < rc<12
R Cl:12 < re= 24

Bore
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Camara de Combustao e Volume
residual
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O ciclo Otto de 4 tempos
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Prassure, P

Pressure, P

Voluma, V

F_igur: 26 Ind.i:.atm diagram for a typical four atroke cycle 51 engine, An indicator
diagram plots cylinder pressure as a function of combustion chamber volume over a
T2 cycle. The diagram is generated on an oscilloscope using a pressure transducer

mounted in the combustion chamber and a position sensor mounted on the piston or
crankshaft.
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Pulkrabe kSFWiﬁﬂ Voluma, v loep represents positive work.

Pressure

Figure 210 Four-stroke cvele of a SI
| engine equipped with a supercharger or

turbocharger, plotted on Pov coordinares.
For this cycle intake pressure is Ereater
than exhaust pressure and the pump work
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Figure 2.3. The pressure-volume or indicator from a Rover M16 engine operating at
2000 rpm, with an enlargement of the pumping loop; bmep = 3.8 bar, and imep = 4.6 bar
(including the pumping work of 0.45 bar pmep). Adapted from Stone (1999}
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Consideracoes

De maneira semelhante ao ciclo Brayton, a andlise a ar padrao considera:

1. quantidade fixa de ar no interior do pistao-cilindro SSJJ ma YE (,V\/\()OI‘

2. sempre ar ( nao é convertido em produtos de combustao)

3. sempre gas ideal ﬂL

4. Processo de combustao substituido por transferéncia de calor de um
fonte externa a 't

5. Nao ha processos de admissao nem exaustao. T Q B;E I-H
1 4

6. Processos internamente reversiveis Z\z\ '5”'“* T |9 vl

7. A analise a ar frio considera calores especificos constantes avaliados a
temperatura ambiente (298K)
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Processos e 12 Lel no ciclo otto

Processos:

1. 1-2: Compressao adiabética F NVELY VEL /[SO(VA no/pn (,ov)

2. 2-3: Transferéncia calor a volume constante (Adigao)

3. 3-4: Expansao adiabatica ENoVeRsy VEL (e M Qo?n (A)

4. 4-1: Transferéncia calor a volume constante (Rejeicao)
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Pressure,

P

Pressura, P
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Figure 3.2 Otto eyele, 6-1-2-3-4-5-6, on (a) pressure-specific volume coordinates, and
(b} temperature-entropy coordinates,
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Figure 2.4. The air standard Orto cycle (Stone, [999).

0Cessos:

1. 1-2: Compressao adiabética

2. 2-3: Transferéncia calor a volume constante (Adigao)
3. 3-4: Expansao adiabatica

4. 4-1: Transferéncia calor a volume constante (Rejei¢ao
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Table 2. Graphic representations and definitions of the individual and overall
efficiencies of the reciprocating-piston engine

Fressure ve. volume dagram | Desigration Conditions Cefinition Efliciencies
Theoetical Ideal gas, con= | g =1=&" 4 4+
reference gtant spacific Thearatizal

2 constart- heats, infinitaly | or
volume cyela | rapid heat tharmal ¥

adciion and efficiancy '
dizzipation, ete.
w
Faal high- Wall heat Ri-F 1
pressurs lomsea. real Efficiency
warking gag, finita ly factor of tha
oyChe rapid heat addi- | highpressurs
tion and dissl- | cyola i
paticn, varishla
specific heats fa
L
Real change Flew losses, o
Cyoke haating of the Crharge
{4-stroke) misiure of the | exchanoe
air, et efficiency
¥ k

Mechanical losses Los=as dus 1o | Bzl engine . 1 1
fnetion, cool
ing, alxliary o | m
urits l i

Al rights reserved. © Robert Bosch GmbH. 2002
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Processos e 12 Lel no ciclo otto

P i
Processos: a a 5 1 VJ)
1. 1-2: Compressao adiabética E = Q + W , V = constant
2. 2-3: Transferéncia calor a volume constante (Adigao) 2: 2 L
3. 3-4: Expansao adiabdtica :E ) !
4. 4-1: Transferéncia calor a volume constante (Rejeigao) d E - d u _\_ Q “ * M ; i ] ,
S P —

{a) p-¥ diagram (b) T-s diagram
Figure2.1  Otio cycle. !

Gupta, 2009

1? Lei:
1. 1-2: Qeo; Wiz dll . W_L{j_g)}
2. 2_3: W“:O/ QD}: dUIs: \JS-UZ:D QZS‘- CV(TS -/12) Z

Bl
3. 3-4: Q;u\:g, W_}q-_é?Uiq: Ug-Us » Wy = G Mq.»/fz) (

4. 4—1: W‘H-—Q , Q“= JUV\: ULUq n Duu - M
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Calculo dos estados
termodinamicos
-(2)”
!L"]_

=1

15 B (Pg)kk
T, \P

k—1
(PQ)T - (712)1_k LB
Pl - (5} Pl N
RT.
Py = RT3 — Py = ——2
U3
T - (Rl)kkl B (?)/1)1_k
T;  \Pj s

Processos:

1
2
3
4

(2)
(0]

. 1-2: Compressao adiabdtica
. 2-3: Transferéncia calor a volume constante (Adigao)
. 3-4: Expansao adiabdtica

. 4-1: Transferéncia calor a volume constante (Rejei¢ao)

1-k) gk

Cen
2 ey
ey e ’
() p-V diagram (b) T diagram
Figure 2.1  Ofio cycle.

Gupta, 2009

Estado | P[KPa] | T[°C] | v[m|3/Kg] | RIKJ/Kg.K]
1 Ve 1 Tl U1 R
2 P. 2 Tg (2)) R
3 Ps 13 U3 R
4 L 4 T,i (] R
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Figure2.1 Otio cycle.
— Gupta, 2009
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Pressao efetiva média
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Procedimento de Solucao,

V = constant

h=7)
1) Diagrama P-v e T-s k 4 s
Bk i.—(:T-y:i’ ————-; V () T-s dia :
2) Tabela de Estados e 202
Gupta, 2009
Estado | P[KPa] | T[°C] | v[m|3/Kg] | RIKJ/Kg.K]
1 P T (o R
3) Tabela de Processos | 2 B 1 U2 il
3 Py T3 U3 R
4 P, Ty Vs R
Processo | qKJ/Kg] | w[KJ/Kg]
Processos: 1-2 0 C'U(TQ - Tl)
1. 1-2: Compressao adiabdtica 2_3 CU(-I;% _ TQ) O
2. 2-3: Transferéncia calor a volume constante (Adicao) 3-4 0 Cy (il"/l : Tg)
3. 3-4: Expansio adiabdtica 4-1 Co (Tl . T4) 0
4. 4-1: Transferéncia calor a volume constante (Rejeigao) Z Qi Wy
iq lig
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