Motores de Combustio Interna Combustao

Modelagem de motores de ignicao por faisca
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Motores de Combustio Interna Combustao
Objetivos

* Modelar um ciclo de um MIF com as seguintes caracteristicas:

1. Mistura de gases ideais em funcao da razao de equivaléncia e fracao de
gas residual

2. Modelo de Intake e Exhaust — quase estatico

3. Funcao de Wiebe para a taxa de liberacao de calor (ou queima do
combustivel)
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Analise de pressio e combustio — GAS PERFEITO
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Motores de Combustao Interna

Equacoes para calculo da mistura— EES

ny = Neo =+ nHz ¥+ nc02 -+ nHZO T n02 “+ nNZ

n, — total number of moles of unburned mixture

n, = (1-x,) (leX)Jr (1+ 3.773)] + xn,
4

¢
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Equacoes para calculo da mistura— EES

£¢C + 2(1 = €)¢H2 + 02 + IIJNZ - nCOCO + nH2H2 + nCOZCOZ -+ nH20H20 I

n02 02 + nNzNz

lp —_— N/O —_— 3773

n; = moles of "i" per mol of O, as reactant

moles of burned gas

" moleso f fresh mixture

Xp
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Equacoes para calculo da mistura— EES

b 4
EES: AtoF = (x;‘*)

EES
= aCOZ + szo + cCO + de T €N2 +f02
n_C0y = %/ 4tor = number of moles of CO, per mol of 0,

n_co,

x_b_COZ —_ ‘l_’lb

— mole fraction of specie "i" per mol of 0, as reactant
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u = u(T, Q)
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Para sistema onde nao haja variacao da
razao de equivaléncia:

mi{xpRp+{1—xp )R, T
V

L dT : ; ,
m (xpcvy + (1 — xp)cry,) T +Q + X mixpepp + (1 — xp)cpy)T;
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Internal encrey, kifkg air

Motores de Combustao Interna
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Figore 4.2 Internal erergy versus iemperaire plot for siolchiomeric
unbisrmed and barmed gas mixomres: isotoane fuel: anburned residoal fraction
1.
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Motores de Combustao Interna Propriedades da mistura

Fuel: Isooctane, CgHy
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Figure 4.3 Sensible enthalpy and internal energy of unbumed isooctane-air
mixtures as function of temperature. Units: kJ/kg air in mixture,
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Motores de Combustao Interna Propriedades da mistura
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Figure 4.10 Sensible enthalpy and internal energy of low-temperature
burned gases as function of temperature, isooctane fuel. Units: kJ/kg air in
original mixture.
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Propriedades da mistura

b = (F/A)
(F/A) ¢
(A/F) —1 (A/F)sr  Fst _ Ast 1
— = X—=—X—
A (A/F)¢r 24 (A/F) Fsg A/F  Fsr
11 = (AST{:AST) — i _ _(F/4) _ b> ¢ = A1
L XG)g /st
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- nairMair/nfo B nair/nf
(nairMair/nfo)ST (nair/nf)ST

1=

p/ns =1mol > A= ¢! =9

(Mair)sT
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Fracao massica residual

(do ultimo ciclo) m,

Aprisionada no cilindro

Xy = l=1—ml~/mc

m; = massa induzida (admitida) no cilindro por ciclo
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Fracao massica queimada (x;):
« Se sO admite a mistura de ar fresco/ fuel 2 x, = x,

« Se ha Exhaust Gas Recirculation — Nox diminui

m
EGR(%) = —£ x 100

l

Xp Na mistura fresca

EGR
b me me 100

m; _ EGR -1
mc)+xr—100 (1—x,.)+x,
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Reagentes:

C,H, + (a + Z) (0, + YN,)

Y = 3,772 (molar ratio)

4a + b
CoHp + ( ) (0 + YN,)

4

b

y = — para normalizar o
a

C,H, para 1 mol de C no fuel

a 4+b/a
e
y+a 4

) (02 + YN,)

a 4+y
CH, +E(T)(02 +YN,)
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Reagentes:

1
CHy + E (02 + lez)

Nair/st Para 1 mol de fuel CH,

Ngir/st = Nair®

nair/st 1 1
Ngir = " = E * a

mas parany =1 mol,

1= ¢_1 _ Nair

nair/st

entao

1
- (02 + YN,)

Para qualquer

P

CH, +

(F

P

1
(02 +YN;)

1
(0, + dN3)
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EpCHy = epC + dpeHy £y elementos de C e H

4
epCH, = epC + mgbyH

epCHy, = e¢pC + ¢H2
epCH, = epC +2 (1 — ﬁ) HH,

(4 +y— 4)
epCHy, = epC + 2 ¢OH,

4 +y epCH, =e¢pC + 2(1 — &)pH,

mas CH,, + %(02 +YN,) - E¢CH,, + (0, + PN,)
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Motores de Combustao Interna

Entao os reagentes:
epC + 2(1 —e)¢pH, + 0, + YN,

Para a equagao de combustao geral:
epC + 2(1 —e)¢pH, + 0, + YN,
— nCOZCOZ —+ nH20H20 + nCOCO + nHzHZ + TlOZOz
+ ny, N>

n; — numero de mols da espécie i por mols de 0, como reagente

n, = LN
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Generalizando para um combustivel de formula
molecular “media” (CH,) , tem-se para 11 a 4 mol

de C:

(12a + b)
M; = a - =a(12 +y)

Entao a Eq. de combustao pode ser escrita como:

(CHy) + % (05 + YN,)

E por mol de 0,:

% (CHy)a + (0, + YN,)
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Mas observe que:
£ 4 4 (12+y) 4 (4+y+2x4)

a 4+y

0(201(4+y):cx(12+y)>< 4+y) a(12+y)

e 4 A 4 s
a a(12 +y) T (ﬁ) _a(12+y)( + 2¢)

Entao:

Z127) (1+ 2¢) c/)(CHy)a + (0, + YN,)

Ou ainda:

4
V(l +2¢) (CH,) + (05 +PN,)
;

a
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Numero de moles da mistura nao gueimada (n,):

4(1 + 2¢ '
n, = (1—Xb) ( M )¢ | 1+1/J + XpNy
f _

Numero de moles da mistura gueimada (n;):

Ny = nCOZ + nHZO + Nco + nHz + n()z + TlNz

Vai depender de mistura pobre ou rica
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Mistura pobre (¢p < 1): Mistura rica (¢p = 1):
Nco, = €P ng, =0
Ny, = 2(1 —&)¢ Ny, =Y
Nco =0
ng, =0 *Os outros components dependem
ng,=1—¢ da hipotese para a mistura, como

ny, =Y EQUILIBRIO QUIMICO

n,=0-¢&)p+1+y
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Massa da mistura (queimada ou nao

queimada), (mgp), por mol de 0,

4(1 + 2¢)
My

Mmpp = 32 + 4(1 + 2¢) + 28,16
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Massa molecular da mistura gueimada (M,):

m
Mb — RP
np

Massa molecular da mistura nhao queimada (M,,):

Mmpep
M, =
ny

Mauricio Trielli e Guenther Krieger



Motores de Combustao Interna

Propriedades da mistura

Para mistura nao queimada, T1=500K e T2=1000K
cv_u=((uu2-uu1)/(T2-T1)/M_air)
cp_u=((hu2-hu1)/(T2-T1)/M_air)

gama_u=cp _u/cv_u

Para mistura queimada, T1=1200K e T2=2700K
cv_b=((ub2-ub1)/(T2-T1)/M_air)
cp_b=((hb2-hb1)/ (T2-T1) /M _air)
gama_b=cp b/cv b
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Modelo Quase-estatico de enchimento e
esvaziamento do cilindro. Fluxo massico

\LY/

(kg/s) pela abertura “j":

1/2
2p(Py — Py) f

(1 - (42/41)%)

m} — CDAE
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Percent burned
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Analise de pressao e combustao

" AG,
100 I |

P

— Afj—ste—— A8, Crank angle
6, Gro% B
Funcao de Wiebe

Combustao

Aﬁd N 1/3 Sme,« 2/3
‘&Qd Jref Nn:f SI,

x,=1—ex r—a ¢—0, -
I e T
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Modificar para a entrega do projeto:

1) Incluir area de abertura em fungao do
CAD

2) Incluir Funcao de Wiebe completa

3) Incluir taxa de transferéncia de calor
por convecgcao em cada stroke
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