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'3.1-INTRODUCTION

Different types of mathematical models are used to simulate the operation
of internal combustion engines, whether spark-ignition or compression-
ignition.
These models can be grouped into two main categories:

- Order models

- Physical models.
Physical models reproduce the phenomena that occur produced in engines
from the point of view of either fluid mechanics or thermodynamics.
In this category of models, a distinction must be made between, on the one
hand,

Dimensional models based on the Navier-Stokes equations and the
energy conservation equation in differential form in space;

Thermodynamic models based on the first two laws of
thermodynamics.
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Thermodynamic models are also called zero-
dimensional models because only time is
considered as an independent variable. The
basis of zero-dimensional modeling lies in
writing mass and energy conservation
equations, for which the inflow and outtlow
rates, thermodynamic properties, and heat
transfers must be provided. The overall
structure of the solution, including specific
models and submodels, is illustrated in the
following figure.


Presenter Notes
Presentation Notes
Les modèles thermodynamiques sont aussi appelés modèles zéro-dimensionnels, car seul le temps intervient comme variable indépendante. La base de la modélisation zéro-dimensionnelle consiste à écrire des équations de conservation de masse et d’énergie, pour lesquelles les débits, rentrants et sortants, les propriétés thermodynamiques et les transferts thermiques, doivent être fournis. La structure globale de la résolution incluant modèles et sous modèles spécifiques est illustrée dans la figure suivante
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3-2 Mod¢le thermodynamique 1 zone

This approach assumes that the gas system in the combustion
chamber is homogeneous, therefore the temperature and pressure of
the gases are uniform.

Energy balance for the gas system:
The gas mixture in the cylinder exchanges with the external
environment:

* Heat transfers to the walls dQ,

« Work performed by the piston on the system d /',

* The enthalpy change induced by the various mass transfer
mechanisms such as liquid fuel injection.

(hcarb,l; dm carb,l )inj

arois


Presenter Notes
Presentation Notes
Cette approche suppose que le système gaz dans la chambre de combustion est homogène donc la température et la pression des gaz sont uniformes.

bilan énergétique pour le système gaz
le mélange de gaz dans le cylindre échange avec le milieu extérieur 
des transferts thermique aux parois dQparois , 
du travail qu’exerce le piston sur le système dW , 
la variation d’enthalpie induite par les différents mécanismes de transfert de masse tel que l’injection de carburant liquide : 
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3-2: 1 zone thermodynamic model

* Segment leaks (Z JF:’I..G‘]’”:’I. )ﬁ |
ies

e Mass transfers to valves

[ Z ‘F"; .n?mj. )mim et (Z hi. .(fmj- )m.

These latter terms will be grouped
' (Z h.dm, )

together in the term
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Neglecting potential energy and Kinetic energy, the first law of
thermodynamics applied to this system allows us to write

dU = oW + EfQP + Z h.dm,

With dU the internal energy variation

The internal energy of a gas mixture can be calculated from the
internal energies of each species constituting the mixture:

U = Z m, ., = ”"Z I,

Avec m, , Y, et u, respectively the mass, the mass fraction and the
internal energy per unit mass of the species k and m is the mass of
the mixture
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The internal energy mass and the heat capacity at
constant volume can be estimated from the formulas:

u=y Yu, Etc,=)> Y ¢,

The internal energy variation can be written as

dlU =u.dm+ ”"Z dY u,_+m.c,.dT
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dU =udm+m) dY, u, +mc,dT

m_, dT , the term corresponding to the variation in energy
induced by the evolution of temperature,

u.dm , the term representing the change in energy due to the
addition or removal of mass in the area,

m_dY, u, elated to the variation in energy induced by the

evolution of the composition of the mixture.
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The work done by the piston to the gas system is expressec

dW = -PdV

With

P, the pressure in the area and therefore the
cylinder pressure with the assumption of uniform
pressure,

dV , the variation in volume of the area,
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Heat losses at the walls are the sum of the heat losses induced by
convection and radiation phenomena

pr — E)QP_EC'JIFE'-L'I'{.F T ég_}p_m;ﬂ-mwmﬂm = de

the temperature variation of the system over time:

dl = : ( PdV +dQ, +ZIJJ..de. —u.ffm—irnz dl ai, ]

mn.c

The mixture is an ideal gas so the equation is: P.V = m.r. T

With
m , the total mass in the area,
r , the ideal gas constant of the mixture.
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dU = oW +0Q,+ > h.dm,
dU =u.dm+m) dY, u, +m.c,.dT

(SQ;} = (SQp,ﬂ'ﬂmcnf T é‘QP,m}'ﬂﬂﬂﬂmﬁﬂf = GFQ;}

dW = -PdV
1
dT = ( PdV +dQ, + )3 h..dm —u.dm— m) dY, u,
m.c,

PV=mr.T
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3.3: 2 zones Thermodynamic Model

The concept of a two-zone thermodynamic model is used for:

The study of the combustion of spark-ignition engines.

In this case, the gas system will be divided into two subsystems.

- fresh gases (air + steam fuel)

- Flue gases that are the result of combustion or from any recycled gases
(EGR)

This approach is also used in diesel combustion mainly for access to the
thermodynamic quantities of the flue gases and mainly in the case of the

modeling of species such as NOx or thermal COs.
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system of 7 algebraic and differential
equations.

We will find for each zone; "
an equation for the conservation of
energy ( Z h,.dm, ] -
an equation of state,

an equation for the conservation of

mass and total volume.
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Variation de la température d’une zone au cours du temps a I’aide du premier
principe de la thermodynamique :

(220, dm )~ dm —m, (> dY, u, }l :|

_ 1
| MC,,

(—Pd]:": + {f{-r:}p.i + f E "!:i'_l ":fm; }-. - T‘-Il-dml — i, IiE{ﬂ; iy }I‘- :l

Les équations d’état sur les différentes zones, sachant que la pression est uniforme dans la
chambre, donnent :

PV, =mxT,
PV, =m,.n.d,

Avec,
m, et m, ,, 1a masse totale dans la zone 1 et la zone 2,

r et r,, la constante du mélange de gaz parfait présent dans la zone 1 et 2,
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Variation of the temperature of a zone over time using the first law of
thermodvnamics

| dT, = |: ~PdV,+dQ ,+(>_h dm ) —ul..::.l’ml—m]leru:i"}:ﬂx”
| M, - ’

; AT, = : (—PdV,+d0,, +(3_ h,dm } — 1ty dmy —m, (> d¥, 1), ']
M., -

.

The equations of state on the different zones, knowing that the pressure is
uniform, give:

PV, =m 1T,
PV, =m,.rd;

m,; and m,, the total mass in zone 1 and zone 2,
r, and r, , the constant of the ideal gas mixture present in zones 1 and 2,
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En considérant la conservation du volume et de 1a masse on aura :
V=V+V,
dm, = rfmmfm:l —dm_, , —dm P [Lidmmb +dm__, )1

dmy = dm g, 5 —dm, g —dm g {idﬁ?mm + rfmm.&_{:]

-

La température moyenne se déduit donc de I’équation d’état des gaz

: Lo PV
parfait appliquée a la chambre : T="_
.Y
: . oo : 1
La température moyenne en fonction des différentes températures I = T F
v ¥2
dans les zones et de leurs fractions volumiques respectives, T, M T.

Avec, f, et f,, ,la fraction volumique de la zone 1 et de la zone 2.
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(oncidearinoe the cancervatinn af valiime and mace we will have:

V=V +V,

dﬂjl — dﬁ;ﬂdm.l _dﬁjﬂ'}:.l - dﬁ!_ﬁa’:&s.l {i'd}ﬂf.ﬂub T drﬁmf-!!.f )1

dm, =dm gz, » —dm g, —dm g, 5 {idmmm_!, + n’mm.&_{)

2

PV
The average temperature is therefore deduced from I =
the equation of state of the ideal fH.¥r
The average temperature as a function of the T — 1
different temperatures in the zones and their f; j},j

respective volume fractions, T | T
'l |

With, f,, and {,, , the volume fraction of zone 1 and zone 2.
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3,4- Modele Thermodynamique Multizones

L’approche multi zones est une géneéralisation du modele deux zones.

Dans D’approche deux zones, gaz frais / gaz brulés, ’hypothése est faite que la
température dans

les gaz briulés est homogene diu a un mélange parfait et instantané des produits issus de
la combustion.

Afin de mieux prédire la formation des oxydes d’azote, on peut diviser la zone des gaz
brilés en deux sous zones, une zone adiabatique et une zone type « couche limite »
proche parois.

dl = : ( PHIFH + de-n T {E h.f 'dﬁ!.i" } — i, 'dﬁ!” — 1, [E d}} U )”

I .
m. "r'-‘1.'. Fl

Avec, ne[1, N], Pindice relatif a l1a zone considérée
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I’équation d’état sur chaque zone ainsi que la conservation de la
masse et du volume totale donne :

PV =m r.I

Fl A

N
V=27

=1

dm =dm . —dm + dm

n—n+l — n—1—n

— .::aTmﬁn.m_” + dm

ach.n

représentent respectivement les
d m_ el ant n—1—3n débits de masse entre la zone n et
les zones voisines.
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Le systeme d’équation algébrique et différentielle constitue des
équations précédentes permet de décrire I’état thermodynamique de
chaque zones a chaque instant.

Une des voies pour déterminer la température moyenne dans la
chambre est d’utiliser I’équation d’état des gaz parfait

On peut estimer la température globale :

1

I =
S Jm
=l

Avec, f,,, , la fraction volumique de la zone n.
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The system of algebraic and differential equations consisting of the
previous equations makes it possible to describe the thermodynamic
state of each zone at any given time.

One way to determine the average temperature in the chamber is to
use the ideal gas equation of state

The global temperature can be estimated:

With, {;, , the volume fraction of the zone n.
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