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ABSTRACT

A thermodynamic model has been developed gpulied to predict the cylinder
pressure and temperature with performance of a lspgnition engine. The model
simulates the full thermodynamic cycle of the emgand includes heat transfer,
combustion, gas exchange process, thermal dissociaf water and carbon dioxide, and
chemical equilibrium. A comparison of results frdhe model and the experimental
research shows good agreement.

BUJI iLE ATE SLEMEL I MOTOR CEVRIMININ
TERMOD INAM iK MODEL i

OZET

Yapilan c¢algmada, bir termodinamik model ggilrilerek, buji ile atglemeli bir
motorun silidir basin¢g ve sicaklik gerlerini ve performansini tahmin etmek icin
kullaniimstir. Kurulan model, motorun tim termodinamik cevnimyansitmakta ve
motordaki yanma olayini, 1si transferini, dolgu gdémini, yanma urunlerinin sl
ayrismasini ve kimyasal denggartlarini icermektedir. Kurulan model ile deneysel
calismalardan alinan sonuclarin katastiriimasi uygunluk géstermektedir.
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1. INTRODUCTION

The reciprocating internal combustion engiae found its widest use in
the automotive industry, although this type of eeghas been utilized in
numerous other applications as well. The highergyaw weight or volume
ratio, relatively lower cost and easy maintenarfdd@ reciprocating engine
have made it popular for land transport. The dguakent and production of
the modern spark ignition engines is very importaot market and
legislation requirements which demand low costhipgrformance engines
with low fuel consumption and reduced emissionspofiutant. Because
these factors are directly related to the combngii@cess in the cylinder of
engine, many researches have been achieved tafydédm¢ parameters
which affect the combustion efficiency and pollutiormation.

Motor vehicles are responsible for a significamount of environmental
pollution, especially in urban areas. Non-stoichetme combustion is the
consequence of the mode of operation and desigmstreamts on the
reciprocating engines, producing high toxic CO,Nfdd HC emissions to
the atmosphere. After the realization of the faett the motor vehicles are
one of the major contributors to high toxic emigsion the atmosphere in
urban areas, tough measures have been introducedntm! and reduce
such emissions from vehicles. Thus, the designutdraobile engines is
very important to reduce emissions of these palistaOn the other hand,
design and operating variables not only influenoe levels of pollutant
emissions, but also these parameters affect theneemqmpwer output and
efficiency. Thus, while we investigate various esios control strategies,
we must also consider their effects on engine perdoce.

A number of sources for N@missions from spark ignition engines has
been identified through experimental and theorktiaak and some useful
information obtained and adopted in engine desidpe. research works still
continue on this subject.

Mathematical modelling has been one of thelstdn meeting the
challenge of reduced exhaust emissions and aclgiggond fuel economy.
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Since, mathematical modelling of the engines ha® laesubject of research
helping to define key controlling variables, givimtgarer insight to the
physical processes and its ability to predict behavunder different
operating conditions and in general powerful taokengine design [1] .On
the other hand, succesful mathematical modellifigre@fsome advantages
over traditional experimental procedures. It hasved to be cost effective
and requiring shorter analysis times in design exg@erimental methods. In
addition, increasing computer power has given tisenprovement in the
numerical methods applied to the simulation ofrélevant thermodynamic
and gas dynamic phenomena.

In this study, a thermodynamic model has bamreloped for the spark
ignition engine cycle, to obtain the engine chasastics of emissions and
performance. Then, by using this model, the pressamd temperature
values have been computed as a function of craneaand thus,
performance of engine have been invastigated ®wé#nious stoichiometric
ratio, A, values.

For the thermodynamic model, the engine cg@ind assumed to consist
of two very distinct zones separated by the indiyithin flame front. These
are the unburned gas zone and burned gas zong@r@$sure in these zones
iIs assumed the same, but all other properties affereht. Then,
compression, combustion, and expansion processegaculated using
basic thermodynamic relation.

For the compression process, with the assompif adiabatic
compression, the pressure in the cylinder and #rapérature of the
unburned gas are determined from the relations tfog adiabatic
compression. Thermodynamic coefficients and engdirfianctions for the
calculation of specific heat values of the mixtofereactants and products
are taken from Turns [2] and from Heywood [1] .

For the combustion and expansion processeaglaéion between the
cylinder pressure, P, and the crank angldias been obtained by applying
the first law of thermodynamic to the engine cy&ndThis relation includes
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the rate of volume change, and the combustion aatthansfer rates, and is
in the form of the following equation,

idF
il I = 1
- 58, (1)

In this study, the combustion rate has bedcutzded from the burned
gas mass fraction equation, 8X(given by Vibe [3], and the heat transfer
rate has been determined by using Annand heatférareationship [4].
Also, the rate of volume change is calculated fritv®@ engine geometry.
Then, to solve the above equation step by stephrcrank angled, the
Euler's Method has been used.

The products of combustion of the fuel-air tare have been calculated
by using the dissociation of water and carbon diexiand preparing a
chemical mass balance for Carbon, Hydrogen, andg@xyThen, with
these calculated values, the burned gas propdrdes been determined
from the empirical relations.

After the calculation of the cylinder pressérethe unburned and burned
gas temperatures,, and T, respectively, have been determined by using
the basic thermodynamic relations. Then, by usimgse pressure and
temperature values, the engine power output (omnedfective pressure)
and specific fuel consumption are calculated.

The fuel-air mixture, which is inducted intbet engine cylinder at
atmospheric conditions, mixes with the residualfgas the previous cycle.
Thus, this mixing process changes the fresh fuelrature pressure and
temperature. At the first stage of this study,fthal mixture properties have
been obtained by using basic thermodynamic relgtion

2. THERMODYNAMIC MODEL OF THE ENGINE CYCLE

The mathematical modelling of the combustioocpss is based upon a
homogeneous gas-air combustible mixture, throughclwhhe flame
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Thermodynamic Model of The Cycle of Spark Ignitiéengine

propagates from the spark. This introduces the eqainof two very distinct

zones separated by the infinitely thin flame fromhe pressure in the
reactant and product zones is same, but all otrepepties are different.
However, the properties are assumed homogeneob@tite zones. The
heat transfer to the cylinder wall and product aisstions are considered.
The properties of the reactants and products degrdmed by balancing the
first law of thermodynamic for the engine cylinder.

2. 1. Cycle Analysis
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Figure 1. Engine Thermodynamic System

We consider a control volume that encloseshallgases in the cylinder.
Mass enters the control volume through the intakigevat flow rate, m.
And mass leaves through the exhaust valve at fee, M , as shown in
Figure 1. The first law of thermodynamics for tbantrol volume is,

du _ - : dQ dw
gt M @
where
U ; the total internal energy of the gaseda&ioed in the cylinder (kJ)
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h, h,; the mass specific enthalpies of the incomingexitng flows (kJ /
kg)

Q ; the heat that is transferred to the sumdauwgs from the gases (kJ)

W ; the work which is done by the gases (kJ).

If we consider the time between closing thaeke valve and opening the
exhaust valve, and assume that there are no leakstlie cylinder, no mass
enters or leaves the cylinder. And, the engineueegy is

w=199 €)
dt
then, the energy equation is
au _dQ_dw
dé dé da (4)

wheref is the crank angle.

The work done by the gases is computed assuthi pressure in the
cylinder is uniform,

dé dé
where P ; pressure and V ; volume.

Consequently, the energy equation for thendgr is

du _dQ_PdV (6)

d9  dé  dé

The total internal energy of the gas can h#ew, by characterizing both
the burned and unburned gases by mass averagert@epwith a mass
fraction of burned gas, X;

(7)
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U =mX(u,)+m(- X )u,)
where < > denotes an average over the entire nfdssrioed or unburned
gas in the cylinder, and
m; the total mass of the charge (kg)
X; the mass fraction of burned gas, X /M , (kg / kQ)
<uy> , <u>; the average specific internal energy of the bdrand
unburned gas, respectively (kJ / kg) .

The unburned gas is quite uniform in tempeeatthe burned gas is not.
Because, there are temperature gradients in theebuyas caused by the
progressive burning and by the boundary layer hesg. Thus, we can
write,

{u,) =u, 8)

While the specific heats vary with temperatutat variation is small
over a limited temperature range. If we assumetaanspecific heats, this
assumption will simplify our analysis of the engieycle. To minimize the
errors introduced by this simplification, the spiecheats will be evaluated
for the actual composition of the gases in thencidr as an average over the
temperature range encountered by those gases.

Thus, for the temperature interval,JT < T, , this average becomes,

i (9)
g (Tz _Tl)
The enthalpy of an ideal gas, which is at terajure T, can be written
as,

.
h; =Ah; (To) + (hT - hT0 )i =Ah (To) + _[CPi (T)dT (10)
To
Then, the internal energy of an ideal gas igevr as,

Uy =h;-Pv=h, -RT (11)
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The enthalpy and internal energies of the édirand unburned portions
of the gas can be expressed in terms of the aveagfic heats by

() =a, +cqu (Ty)
{uy) =(hy) —Ry(Ty) =@, +¢c, (T,) — R,(T,) (12)
(U) =2, +(c, ~RXT,) =, +c, (T,)

and similarly,
hu = au + CPuTu
u, =a, +¢, T, (3

where @ and g include the reference temperature terms and tbgiEs of
formation, hence,

T (14)

where,
Ahti(To) ; enthalpy of formation at standard referenceestied / kg)

Properties calculation equations and polynbrogefficients are taken
from Turns [2], for air and combustion productsd drom Heywood [1] ,
for fuel. The specific heat of species (k) for sance at a temperature, T,
can be calculated from;

cn(T) = Rla +a,T +aT* +a, T +aT*)  (15)
where “@(t = 1 to 5) " are the polynomial coefficients the species k.

Then, the total internal energy of the gathencylinder is

U =mX(a, +c, (T,))+ m1-x)a, +c,T,) (16)
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The total volume of burned and unburned gasest equal the volume in
the cylinder at any crank angle,

V = mX(v, ) +m1- X)v,
where (17)
<w> ; the mean specific volume of the burned ga¥/(kg)

\i ; the mean specific volume of the unburned ga¥/ (kg)
then,

V= mxM +m(1- x)m (18)
P P
thus,
()= PV -m(l- X)R,T, (19)
° mXR,
noting that,
R, = (kb _1)'CVb (20)
R, =(k, - ey,
where k is the ratio of specific heats, now eque(it8) can be written as,
PV (k, -1) 1)
X (T,) =——-ml- X )+ T
mXg, (T,,) 1 m )(kb 5%

Now, equation (21) is written into equatio®)And we can eliminate the
burned temperature from the energy equation,

U=m(l-X)a, +m(1- X)(Mjcv T, +mXa, + PV
k,—-1 )™ K, —

At the end of the intake stroke, the cylinaerfilled with a uniform
mixture of fuel and air. The pressure, cylinderwog, and gas temperature
at the time the intake valve closes aig\R, and T, respectively. Because
temperature difference between the unburned gadhendylinder wall is

small, we can assume that the compression of tésig approximately

(22)
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adiabatic. Then the pressure in the cylinder carddétermined from the
formula for the relation between pressure and velum adiabatic

compression, from the crank angle at which intaki@es closes to the angle
at which the spark plug ignites the mixture.

P(6)= P{%} ' (23)

The temperature of the unburned gas througti@utycle is computed
by adiabatic compression,

k-1

T,(6) :Tl{ PF(f)}k“ (24)

then, equation (24) is written into the energy eigna(22),

U =m(l-X)a, + m(1- X)(Mjcv T{E} A mXa, + PV (25)
k-1 )% R K

b

and equation (25) is written into the energy equmator the cylinder (6),

U _dQ_pav
dg¢ do  do

k-1
d k, —k Plk PV (26)
— I ml-X)a, +ml-X) >—*1c, T|=| +mXg+——
L e o
:E_Pd_v
dg  dé

Thus, we have the rate of change of the cgliqmessure in terms of the
conditions at the end of the intake stroke, the ocdtvolume change, and the
combustion and heat transfer rates,

dQ k, _dv k, —K P)k [dX
- P~ -ma,-a,- e T~ | o
46 k-1 dg | d { }CVU 1( j dé

= (27)

de Ko
K, -k, || kK, 1| T, | P |k \
m.(l— X).cv : : = +
“1 k-1 K PR k, -1

dp
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2. 2. Combustion Rate

Instead of developing detailed fluid mechahmfacombustion process,
we can specify a simple functional form for X thetows the essential
features of actual combustion profiles. This peofg a delay from the time
the spark is fired until the pressure rise, whigh dssociated with
combustion, becomes appreciable, an acceleratinpuastion rate until a
large fraction of the charge is burned, followedabglecreasing burn rate. In
this study, the following empirical relation, whighgiven by Vibe [3] , has
been used ,

X(0)=1- Ex{ 6908{9 % j ] (28)
NG,

then, the combustion rate is

dXx 27632(9 6) E{ 6908{9 % ” (29)
AG

(g 08,
where

0o ; the crank angle at which the spark is fired (deg)
A8 ; the combustion duration (crank angle degrees)

C

2. 3. Heat Transfer Calculation

In the first law equation, Q is the net heahsfer to the cylinder, that is
the heat transfer either to or from the cylindartHis cycle modelling, heat
transfer is calculated using Annand heat trandtionship [4] . This heat
transfer relation consists of convection and ranliaheat transfer terms,

ZQ hA(T, -T,)+cal(rs -7 (30)
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where
Nu.k
h=—-— 31
5 (31)
Nu = A(Re)?

h ; the convective heat transfer coefficiat/(m’K)
Nu ; the Nusselt number

k ; the gas thermal conductivity (W / m K)

D ; the cylinder diameter (m)

A, B, C; the coefficients

Re ; the Reynolds number

_ pV,.D

U

p ; the gas density (kg /3n

u ; the gas viscosity (kg / ms)

V, ; the mean piston speed (m /' s)
A ; the total heat transfer area?jm

Ty ; the mean gas temperature (K)
Ty ; the mean wall temperature (K)

Re (32)

Then, the combustion rate is

dQ_1(dq, , dq, (33)
dé w\ dt dt
and with the assumption of gQdt =0,

d
dQ_ % (34)
dég w
where,

OL—% = th,(<Tb> —TW)+CAJ ((Tb>“ —Tv;‘) (35)
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and A, = A.X"? suggested by Ferguson et. al. [5] , also becalid®g/ dt
=0, Ty =T..

The properties, which are used in the abovwatons, are functions of
the gas temperature, and in the case®f | a function of pressure too. To
calculate these properties, the burned gas isettead air. Below, there is
the summary of how they are determined.

The kinematic viscosity is calculated by

T n
=yl e (36)
p=u )
where

T, ; the reference temperature (=300 K)

1, ; the gas viscosity at the reference temperate&e3¢6 10° kg / ms)

n = 0.71 suggested by Perry [6] .
The gas thermal conductivity is given by Kaiilu& Carman [7]

k = 5277x10(0.1969T, - 9580°T, -1 (37)

And, the gas density can be calculated asvisl)

PT,
PT

rg

(38)

p=p,

where
pr ; the gas density at the reference temperaturd 7¥kg / m)
P ; the pressure (kPa)
R ; the reference pressure (=101.325 kPa)

Annand suggested a value of 0.70 or 0.75 fweffrcient B, also
suggested that the coefficient A should be seleottdeen 0.35 and 0.8 [2].
In this study, the coefficient A is chosen as 0.26d, the value of 0.70 is
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chosen for the coefficient B. The radiation coédfit C is given as 4.5x10
W/m?K* by Annand [2].

At early times, when very little of the chargas burned, the burned gas
temperature is particularly sensitive to small ercand modelling
inadequacies. Because, it is difficult to say wiat heat losses are during
the early part of the burn. Hence, for the vergtforank angles, from the
time at which the spark is fired until the time whapproximately 5 or 7
percent of the charge is burned, the adiabaticeléemperature is used for
the burned gas temperature.

On the other hand, for the expansion stroke, ttme-dependent wall
temperature is modelled by assuming a conductisstemce, B, for the
walls with a coolant temperaturg TThen,

Tw :Tc + R/vdd_Q,[D (39)

where
Ry ; the conductive resistance (=0.005 K / W)
Tc ; the effective coolant temperature (=350 K)

2. 4. Rate of Volume Change
The compression ratio is

_ VetV (40)
V,

c

&

where
\ ; the clearance volume {in
Vg ; the displacement volume {jn

The volume in the cylinder can be expressed sisple function of the
crank angle;

7D2

V(9)=V, + ? s(8) (41)
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where,
s(6) = r{l— Cose+%@—\/1—)IZSin20)} (42)
where
A=rl/L

L ; the piston rod length (m)
r ; the length of the crank arm (m)

Then, the rate of change of volume is

dv 7mD? _. ACosd
—=—rS|n6’ 1+ — (43)
dé { x/l—AZSinZH}

and the total wall area is

A= 4\[;c +7D[r(1—C086?)+ Lﬁ-m)] (44)

2. 5. Combustion Stoichiometry

The burned gas properties are computed asguchiemical equilibrium
among six products of combustion. The products hed teaction are
numerous. Major products of lean combustion ag®,HCG, O, and N;
while for rich combustion, they are,@, CG, CO, H, and N. On the other
hand, there are the minor species of equilibriummimastion of
hydrocarbons in air. These are the atoms O andhélflee diatomic species
OH and NO.

But in this research, only the following stdmmetric equation is
considered,

C,H, +a(0,+3762N, + 7656wH,0) - bCO, +cCO+dH,0 +eH, + fO,
+ 3762aN, (45)
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in which the dissociations of water and carbon iexare considered. In
this equation, the coefficiematrepresent the ratio of the number of moles of
O in the reactants to the number of moles of fuet ¥8n relata to the
equivalence ratiop ;

n
a:—m+A’:/1.[m+ﬂ} (46)
o 4

thus, given the fuel type anbl ( orA ) , ais a known quantity.

In addition, in the above equation, w is theafic humidity,

P
w= 0£322¢—g 47)
a g
where,
@; the relative humidity
P, ; the air pressure at the temperatug¢kiPa)
R ; the saturation pressure of water at the tempexat, (K)

and,

M=y W) (48)
" (1+ 1608w)

where, M ; the molecular weight of the humid air (kg / kinol

Although the products of combustion of the fdogdrbon-air mixture
may contain a large number of species, their nusnbeg limited to CQ
CO, HO, H,, O,, and N in this study. Because the dissociation of nitroge
requires a higher temperature relatively to thesatistion of water and
carbon dioxide, this process is not included. Thigseffect on the energy
balance is negligible.

The numbers of moleb; c, d, e andf, are dependent on the degree of
dissociation of the reacting substances. To savéhie five unknowns, five
simultaneous equations are required. The way taimlihese equations is

CO+H,0 = H,+CO,

co+lo, - co,
2

(49)
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preparing a chemical mass balance and by consgdéra following basic
equilibrium reactions;

The first equation, which is water-gas shifaaton, states that in
equilibrium the rate of formation of Hand CQ is equal to the rate of
formation of CO and bkD. Their proportions in the mixture can be
determined from the equilibrium equation of thatior

Peo, P,

K. =
" PHZO Peo

(50)

where Roz, Pa2, Pa2o, Pco are the partial pressure of gQH,, H,O, and
CO, respectively.

Similarly for the second dissociation equatiavhich is the carbon
monoxide reaction, the equilibrium equation isha form;

Feo, (51)

PooPy?

Kp, =

where R is the partial pressure 0,0

Because ofiy= N/ Nt = B / P, we can write;

K,, = Yn. _ be (52)
Yh,0Yco dc
and,
K. = yCOZ = b Nt}é (53)
P2
ycoyoyf.Py2 c.f’2 pP

where, N=b+c+d+e+f+ 3.762A .

Kp1 and Ky, are equilibrium constants and are function of terajure
only. And, their values are calculated from the §Sillunction or given in

log,, Kp, = —4275-7.77659K10°T +5.1865%10°T? -1.83203A0°T?
+3.31748A07"°T* - 24238107 T°>

log,, K, = 41.75367-5.78096d.0 °T +3.69976d10°T 2 —1.28456d.0°T 3
+2.3057X10™T* -1.67704107'°T>
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tables. Similar tabulations are found in the JAN#Adbles [8]. In this
research, they are given as a function of temperatua polynomial of 5th
degree;

Other relations involving, ¢, d, e,and f are obtained by using a
chemical mass balance for carbon, hydrogen, andewgy

Carbon; m =b+c
Hydrogen; n/2+7656w.a=d+e (55)
Oxygen; 2a+7,656w.a=2b+c+d+ 2f
and, with,
he
KPl :d_
Cc
(56)
« - b N2
©octhph
Combining these five equations above gives,
N, = m+2+ 7656va+ f + 37622
c= m
b
P.f
1+ Kp, Vt
n
KF,lc[2 + 7656waj (57)
e= m
(m- c)(l+"lcj
m-c
c+e n
f=a-m+ -—
4
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Firstly, we can obtaif) c, € andN; by solving these equations iteratively
by using first value of = a — m — n / 4rom the stoichiometric combustion.
Then,b andd can be calculated from the equations;

b=m-c
(58)
d =g+ 7656wa— e

Thus, with these known values, we can caleullaé mixture properties
and solve the first law of thermodynamics for thedalling. The fuel,
which is indicated by the formula ", is assumed to be iso-octane; thus,
m=8andn=18.

2. 6. Gas Exchange Processes

The fuel-air mixture, which is introduced irtee cylinder of the engine
at atmospheric pressure, Bnd temperature,,Tconditions, mixes with the
residual gas from the previous cycle. Thus, thixess changes the pressure
and temperature of the final mixture, before thenpession stroke. At the
first stage of this study, thermodynamic properbéshe final mixture are
calculated from basic thermodynamic relations. Tacwate the final
mixture properties, parameters such as inductionpaessure, £ and
exhaust discharge pressurg,&e kept constant.

2. 7. Solution Procedure

The pressure in the cylinder, P can be caedlay using equation (27)
with the combustion rate given by equation (293 anth expression for
heat transfer given by equation (34) . After thespure in the cylinder is
calculated, the mean unburned and burned gas tetopes can be
determined by using equation (24) and equation, {E8pectively.

In this research, to calculate the pressurghm cylinder from the
equation (27), the Euler's Method is used. This hodtconsists of the
following formulas;

% = (6,P) (59)
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dP _PR,-R - £
de NG !

i+1

)
|
—
—
N
0
>
)
+
v

where,
R ; the value at the current step (kPa)
R+1 ; the value at the next step (kPa)
A6 ; the step size (crank angle degrees)

3. PERFORMING OF THE CYCLE MODELLING AND RESULTS
3. 1. Engine Geometry and Operating Conditions

Stoichiometric Ratio
Percentage of EGR
Engine Speed

Spark Timing
Combustion Duration
Compression Ratio
Bore

Stroke

Rod Length

Crank Arm Length
Number of Cylinders
Fuel

Intake valve opens
Intake valve closes
Exhaust valve opens
Exhaust valve closes
Inlet Temperature
Inlet Pressure
Exhaust Pressure

Atmosphere Temperature
Atmosphere Pressure

A =1.05

: EGR =% 10

; N =3000 rpm

Bo = 27 Deg. Before Top Dead Center
A0B. = 51 Crank Angle Degrees
§=8
; D=73 mm
;S =72mm

; L=120 mm

; =36 mm

2=4
; Iso-octane (#E1s)

; 20 Deg. Before Top Dead Center

; 30 Deg. After Bottom Deadt€en

; 30 Deg. Before Bottom Deauete

; 20 Deg. After Top Dead Gente
;iF 330 K

N 95 kPa

« B 105 kPa

2a¥300 K

4 P101.325 kPa

Saturation Pressure of Waterg+3.169 kPa (at 300 K)

Relative Humudity

=% 40
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3. 2. Results

Figure 3 and 4 show the cylinder pressure,uumdd and burned gas
temperatures, as a function of crank angle, resbgt

P (kPa)
6000

5000 1
4000

3000

2000 1 \

1000 1 % \

0 ] ‘ ‘

180 210 240 270 300 330 360 390 420 450 480 510 540
0

Figure 3. Cylinder Pressure

T(K)
3000
25001 J/\
Burned
2000 Gas
15001 T
Unburned
1000+ Gas L
.r‘/
500 - ]
0 T T T T
180 210 240 270 300 330 360 390 420 450 480 510 %40
0

Figure 4. Unburned and Burned Gas Temperatures
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Engine Performance Results;

Indicated Mean Effective Pressure ; IMEP = 938.8 kP
Indicated Specific Fuel Consumption  ; ISFC = 224.84 kW-h
Indicated Efficiency ni = 0.3656

Indicated Power ;i 32.34 kW

Peak Cylinder Pressure md&z = 5070.68 kPa
Peak Burned Gas Temperature bmak = 2698 K

Peak Unburned Gas Temperature umak = 927 K
3. 3. Conclusion

A computer code for the simulation of thermaayic processes, which
take place in the cylinder of a spark ignition ewgiwas developed. The
main objective of the present work was to developomputer code to
calculate the cylinder pressure, burned and unblugas temperatures of a
spark ignition engine. A good agreement was obthinghe comparison of
calculated and measured cylinder pressure. Thenga@prepresentation of
the cylinder pressure, burned and unburned gaset@types as a function
of crank angle was achieved [9].

The comparison between the analytical and rexeatal results shows
that the model satisfactorily simulates the cydespark ignition engine.
Thus, the methodology, which is used to developntibelel, can be applied
to the actual spark ignition engines with minimuifficllty. However,
several areas in the model need further developmEnerefore, the
inclusion of detailed calculations of the gas exg®processes, the blowby
gas model, and the heat transfer coefficient inteodycle simulation model
can provide more detailed results. With the extsmsimentioned, the
computer code could be used as a useful design tool

Consequently, the thermodynamic model candeel by the automotive
engineers for predicting the engine performanca sfark ignition engines.
Hence, by using these results, they can seleaghmum spark timing and
fuelling schedules or improve combustion chambeigie
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