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Abstract

A quasi-dimensional, a small size single cylinder four stroke spark ignition engine simulation is
developed for studies of engine performance and the ethanol and gasoline mixture of fuel (E20 and E85),
air, unburned mixture, and burned products zones (A two zone heat release). The first law of
thermodynamics is applied to each zone as following a four stoke engine. Phenomenological models are
used to simulate fuel injection, break-up, evaporation, air entrainment, and ignition delay. Premixed
burning is modeled based on the new chemical kinetics model, while diffusion burning depends on the
rate of fuel-air mixing. This paper describes the model, and illustrates the behavior of critical sub-models
of heat transfer between the unburned-burned zones. It is shown that predicted cylinder pressure and
heat release profiles are in good agreement with experimental investigation data of as power, torque,
specific fuel consumption and specific fuel economy under rates engine speed and load conditions.
Furthermore, the applicability of the simulation for performance studies under a range of engine speed
and loads demonstrated. The results of the study as the power and torque were calculated by the
methods differ by around 10% with experiment investigation. And the results of specific fuel consumption

and fuel economy are less than 10% with experiment investigation.

Keywords: Quasi-Dimensional, Combustion Model, Chemical Kinetics, unburned-burned zones

1. Introduction constitutes difficult modeling problems in their

Spark ignition engine combustion is a own right. A number of modeling approaches

complex, unsteady, heterogeneous  three have been proposed and tested with various

dimensional processes. The complexity arises
from the strong interaction of many phenomena
such as fuel spray, chemical kinetics, turbulence
understood and

which is not completely

degrees of success. In zero-dimensional single-
zone models, the control volume is defined to
coincide with the cylinder volume [1]. The cylinder

charge is assumed to be uniform in both
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composition and temperature, at all times during
the cycle. The fuel injected into the cylinder is
assumed to mix instantaneously with the cylinder
charge, which is treated as an ideal gas.
Combustion is modeled as an empirical heat
addition process. However, this type of model
cannot be used to account for fuel evaporation
(and is effect on pressure), air entrainment into
the fuel spray, and spatial variation in mixture
composition and temperature.

Comprehensive, multi-dimensional models of
spark ignition combustion have evolved over the
past fifteen years [2, 3, 12 and 13]. However,
phenomenological sub-models describing fuel
spray processes are still included in these models,
and some of the input variables are based on
estimates and speculation. Furthermore,
computer time and storage constraints place
severe restrictions on the routine use of these
codes for design purposes. In addition, for
practical spark ignition fuels which are blends of a
large number of hydrocarbons, detailed reaction
mechanisms have yet to be identified (Heywood
[12]). As a consequence, these schemes need to
be calibrated with experimental data to give
acceptable results for different engine designs
and operating conditions.

As an intermediate step between zero-
dimensional and multidimensional models, (Non
liner equation from the engine cycle), quasi-
dimensional, multi-zone models have been
effectively used to model spark ignition engine
combustion systems [2 and 3]. The Quasi-
dimensional, multi-zone models combine some of
the advantages of zero-dimensional, single-zone

and multi-dimensional models. These models are

based upon a blend of fundamental data. Quasi-
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dimensional models offer the fastest and least
expensive means of generating the information
required to support design and development.

Time dependent (Non liner equation from
kinetic combustion), quasi-dimensional modeling
has been an active area of research since the
early heat release studies [5, 7 and 10]. They
predicted heat release rate in a quiescent
chamber spark ignition engine allowing for fuel/air
mixing. Krieger [1] predicted proposed an air
induction model based on the rate of change of
fuel mass (see fig. 1). The combustion rate given
by this model was only related to the total amount
of air entrainment during premixed combustion
and was independent of the fuel-air mixing
process. Depcik [11] assumed that the fuel
injected into the cylinder vaporizes
instantaneously. However, this approach is valid
only if the combustion chamber conditions are
near the critical point of the fuel.

The objective of this paper is to develop a
quasi-dimensional, zonal combustion model and
implement it into a comprehensive simulation of
spark ignition engine performance [10 and11]. In
the present effort, the combustion chamber will be
partitioned into fuel, air, mixing and burned zones.
Phenomenological models will be used to
simulate fuel injection, break-up, evaporation, air
entrainment, and ignition delay. Pre-mixed
burning will be modeled based on the novel
chemical kinetics [8], while diffusion burning will
be controlled by the rate of fuel-air mixing. The
applicability of the simulation for performance
studies (variation in power (kW), torque (N.m),
specific energy consumption (g/kWh) and fuel
consumption (L/hr)) under a range of speeds and

loads will be demonstrated.
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Fig. a. the mixing zone is created as air is entrained
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Fig. 1b. Combustion stars.

Fig.1 Definition of fresh air, fuel injection, mixture unburned and burned with combustion products zones.
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Fig.2 Computational sequence of Compression Stoke (Injection, Evaporation, Entrainment)

Combustion stoke (ignition delay, The novel chemical kinetics [8]) and Expansion stoke.

During the course of the combustion
process, this model partitions the  cylinder
contents into fuel, air, mixing, and combustion
products zones, as illustrated in Fig.1. prior to
fuel injection, the combustion chamber contains
a mixture of air and residual combustion
products (stage Fig 1a). Next, the fuel which is
injected into the combustion chamber is divided
into many droplet parcels according to time
increment. Each of these parcels according to
the time increment. Each of these parcels
retains is identity during the subsequent
processes. These liquid fuel droplet parcels form

a fuel zone (stage Fig 1a). The fuel droplet

starts  evaporation  immediately  following
injection. Vaporized fuel and entrained air form
the mixing zone (stage Fig 1b). The entrainment
of air form the air zone into the mixing zone is
calculated based on fuel spray tip penetration
and spray angle. Before ignition, the mixing zone
is divided into an unburned zone, which contains
only fuel vapor and air, and a burned zone,
which contains residual combustion products.
After a short time period of ignition delay,
combustion starts (stage Fig 1b). Combustion
products only transfer from the burned zone.
Combustion proceeds in two stages. First,

the burning rate is controlled by premixed



AEC-1028

combustion. Second, the burning rate is
controlled by diffusion combustion. The ignition
delay is calculated for each fuel-air parcel. At
the end of the ignition delay of the first parcel,
combustion of the parcel starts. Premixed
combustion is controlled by chemical kinetics.
When all fuel parcels which have evaporated
until the lapse of the ignition delay of the first
parcel are burned, premixed combustion is
completed. After the ignition delay period, more
fuel is injected into the chamber, evaporated and
mixed with air to form combustible mixture.
Diffusion combustion is controlled by fuel-air
mixing rate, and continues until combustion is
completed. The computational sequence of
injection, evaporation, entrainment, ignition
delay, and combustion is shown in fig.2.

The model assumptions are: [6, 13 and 14]
1) Each zone is in thermodynamic equilibrium.
2) The gas in all zones behaves as ideal gases.
3) Pressure is spatially uniform throughout the
chamber, but changes with time.
4) Each zone is assumed to have its own
temperature and composition. These properties
are assumed to be uniform within each zone,
and vary with time.
5) No mass transfer occurs from the mixing zone
to the air and fuel zones. No fuel is transferred
directly to the air zone.
6) Only vaporized fuel is transferred into the
mixing zone; the fuel droplets are all contained
in the fuel zone.
7) The temperatures of the burned and
unburned zones are initialized to the bulk gas
temperature at the time of injection.
8) There is no heat transfer between the

unburned and burned zones.
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2.1 The thermodynamic model
The mathematical engine model was
applicable in detail mass and energy balance for
four stroke spark ignition engine and is based on
the thermodynamic analysis of the ideal fuel-air
cycle. The method is assumed that the fuel-air is
supplied from a perfect system and mixed
completely.
Mass balance, the equation of state for an
ideal gas is
PV =mRT (1)
The rate of change of mass within any open
system is the net flux of mass across the system
boundaries. Hence for a control volume

enclosing the air-fuel mixture, we have
m=S"m (2)
From the first law of thermodynamics, the

open system can be modified as following

equation from Ferguson [13].
E:QfWJeri(Hi) (3)
i

Taking the derivative of Eq. 2 and 3 as the

function of the crank angle 0 vyields as

am _ -~ dm, (4)
do _Z do

d(mu) _ dQ _ dW dami

40 do o T — df () ©)

2.2 Thermodynamic properties

The specific heat change as the function of
the crank angle in eq (2) and (5), those indicate
the enthalpy change with respect to temperature
and pressure, which was obtained from curve
fitted polynomial equation. Table 1 shows the
thermodynamics properties expressed as a
function of length, pressure and temperature.
Where, Lewis [15] has represented the

thermodynamic properties of fuels and air
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Ferguson [13] proposed the thermodynamic
properties of air and combustion products.

Table 1 Thermodynamic properties [12, 14]

Internal energy, entropy, enthalpy [12]

du [ PvBlnv]dT [[mnv Blnv]]dP
*Cp Vv

(P T omT)aL |Y[omT T omp)/aC

dv_vIolmvdlT v dlnvdP

dL T OlT dL P dlnP dL

ds (Cp)dT v dlnv dP [8h] _c
—=l— T == || =°pP
d. | T )dL TomTdL (9T)p

Fuels [14]
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h C d
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Air and Combustion product [12, 14]

=a; +aT +a3T2 +a4T3 +a5T4
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T
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—anT+aT +3724+ 2413 8745
3 4 4

2.3 The model of Combustion Engine

In the combustion stroke, we consider the
temperature in the term of burned mixture (T,)
and unburned (T,) as separate open systems.
Recalling Eq.(5) and combining all the
derivatives of thermodynamic properties will
enable the pressure and temperature to be
expressed as a function of length, pressure,
unburned gas temperature and burned gas
temperature.
Z—i,%,%: f1(L,P, Ty, Ty) (6)

Modified algorithm from Ferguson [13] as
following the arbitrary heat release conditions
and solving the above equations with
appropriate input data enable determination of
the indicated work, enthalpy and heat loss

throughout the system. Those can be expressed

as a function of pressure and temperature.

sea of InpSvation
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dP _A+B+C )
dL D+E
h? a4V 1/2
—h|——+—[x""(Tp — T
a [ 2 (% ~Tw) o [9Invy [A+B+c] (8)
du vmepp X cpp (0T )l D+E
hy —hy [ dx 2\C
o dT*(H)V
b2 av 1/2
—h| 2 2 (l—x )(Tu ~Tw)
aTy [ 2 b
dL vMcepy (1 — X) (9)
vy |Olny, |[A+B+C
Cpy | OInTy D+E

From the derivatives of Eq. (7-9) let us defined
the constant term with respect to the
combination of the thermodynamic properties

equations are:

A-Ldv Ve 10
el (10)
(dV +VC Vp Olnvy 172 Ty —Tw "
e olnT, Ti
B—h-db__v [P 90 b (11)
vm vy Olny, (1,X1/2)Tb_TW
Cpu 8lnTu Tb
dlnvy hy —h —x?
C=— (i vy X T N o X _(NCH - (12)
l’lTb CPbTb dL v
2
Vg Olnvy, Vp dlnvy (13)
cppTp | OInTy P O0lnP
2 2
E:(lfx) vy |0y, vy Olnyy (14)
cpyTy | OInT P OlnP

2.4 Chemical equilibrium with the fuel mixture

The basis of the equilibrium combustion
products with fuel mixture model c,HgO,Nsis a
solution to the atom balance equations from the
chemical reaction equation of fuel and air
forming and The subscript 1,2&3 represent the
one of the fuel (Gasoline), the fuel in the second
(Ethanol) and third (Base Benzene) of E20, E85
respectively as shown in Table 2.

Table 2 The E20 and E85 Thailand Fuel [9]

Name Ratio E20 | Ratio E85
Ethanol (99.5%) 20 85
Base Benzene 80 15

This mixture equation is given in Eq.15 for

the condition of equivalence ratiod), where
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through »,, are mole fractions of the product
species, € is the molar fuel-air ratio required to
react with one mole of air. This process based
on the work of modified Ferguson [13] as given
below

ed(1—x1)Cq1Hp 10y N1 +

€¢(X1)(X2Cq2H1320y2N52 + X3Ca3Hﬁ3Oy3N83) (15)
11COy +v3Hy0 + 13N, + 140,

- +l/5CO + 1/6H2 + l/7H + 1/80
+l/90HV10NO +V11N

0210,
0.79N,

Where y,is the molar ratio of multi-fuel
having the condition (0<x; <1). x, andy; are the
fuel in the second and third which having the
condition( y, +x3 =1). There is the conservation
of 4 atoms, c,H,0 and N from mixture equation,

so atom balancing can be written,

C ep(1- p)al+ ey, 1,02+ edz, 7,03 = (Y, + YN (16)
H  ed(l— x)BL+ edy, x, B2+edy, x: p3

(17)
=2y, +2ys+ Y, +Y,)N
O ep(l- 7)1+ e, 1ar 2+ 6, 7,7 3+0.42 (18)
=Y, +Y, 2y, +Ys+ Y+ Yo+ YN
N &p(1- x,)01+ sdy, x,02+edy, ;03 +1.58 (19)

=(2Y; + Yio + ¥i)N
Where, N is the total number of moles and y is
the mole fraction. Thus, the total number of mole
fraction must be equal to one and this gives:
X yi-1=0 (20)
The expression for atom balance of each
equation can be eliminated by dividing eq. (17-
19) by eq. 16. The equation can be written as

next equation.

2y, + 2y + ¥, + Yo — [di(y, + ¥5)]=0 (21)
2V, + Y, +2Y, Vs + Y+ Yo + Yoo —[da (Y, = ¥5)] =0 (22)
29, + Yoo+ Yo - [ds(y + y)]=0 (23)
where

_ (1 - Zl)ﬂl + lezﬂ2+lllsﬁ3
(A=a)al+ 2,02+ 7, 1503

0.42
(I=x)ri+ 111272+111373+g

1

2

(I=x)al+ x 1,02+ 1,03

1.58
(1= 201+ x, 1,02+, 2,63 +§

3

(I=x)al+ x 2,024y ;03
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Eq. (20-23) have 11 unknowns (y,,y,,¥;...y;, )
therefore in order to solve for these 11
unknowns other 7 more equations are needed
which may be derived from the consideration of
equilibrium among products. The equilibrium
constant can be related to the partial pressure of
the reactants and products. And the partial
pressure of a component is defined relative to
the total pressure and the mole faction, thus the
equilibrium constant can be rewritten as Table 3.

Table 3 The dissociation effect

1/2p1/2
co, <—>CO+%OZ K =YY P

Y,
Ho+10, oH0 K=
2° : TOYaYeP
1, y
FH30.00H K=t
1/2
Ty on K, =Y
2 Yo
1/2
Lo, 0 K, =3P
2 i
1/2
1N2(_)N Kezyll'lp/z
2 Y

102+1N2(—)NO K, = 1/>2,101/2
2 2 Yi'Ys

Equilibrium constant in Table 3, K,
through K, are curve fitted form Gills [8] and their
expressions are of the from,

(24)

_ L8 AT AT AaT' Mg
Kp_exp(Aa(]nT 1)+ e T T T

+Aa7j

Through algebraic manipulations, the ten
equations can be reduced into four equations
with four unknowns. The equations are nonlinear
and solved by using the Newton-Raphson
method [14]. Each of these may be expanded
in Taylor's series  f;(y;.y4.ys5.¥5) =0 where
j=1,2,3,4 (neglecting the second order and
higher order) as,

of of

- af af i
fir—LAy,, —LA Ay LAy =0 25
P gy s gy AVt 5 Ay £ o EAYe (25)

Functions f; are evaluated from the solution
(Eq.20-23) the

of interested functions

independent set of derivatives is obtained by
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solution of matrix equation that results from
differentiating with respect to mole faction. The
above can be arranged as set of linear
equations in the matrix form,

of; e
[ﬁ}my] [-f1=0

(26)

This set of linear equations can then be
solved for vys,y4,y5,¥¢ and iterative procedures
undertaken until the corrections are less than a
specified tolerance (§). For convenience,
defining following partial derivatives and defining
the constant values for a simple studied and the
Jacobian by Turn [14] of solution are given as
Table 4.

Table 4 The Jacobian of solution
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3. Results and Discussion

To illustrate the behavior of the combustion
model, and al the same time validate the overall
engine simulation, a study was performed for a
representative, direct-injection, four-stroke, spark
ignition engine. The basic parameters of this
engine are listed in Table 1. Rated speed and
load conditions were selected for the validation
run since complete test data, including cylinder
pressure trace, were available for this point. The
rated operating conditions are speed of 2000-
4500 rpm, fueling rate of 15-25 g/sec, and
injection timing of 346.0 crank angle degrees.

Table 5 Baseline Spark Ignition Engine, [9].

_%,1=127,89,10,11

D"*ay =3,4,5,6
L =345
1 L 1c o 1c lcy?
D, :%:7‘;1)/,25 D, :%:* “l,y_f: Dm:%:*%a Dy, :%:7q¥62
&, 2, ¥ 2V, ¥ 2V, ¥ 2V
A lc 1cy)?
Ds :% :Clyzltz Dy :i:c‘zy}t/za Dy :%:7%5 Dy :% :7%)11/42
;s ¥s ¥ 2 ¥ 2 Y
D, n_1o¥ o M 1O¥ 16
103 — - 12 04 - 172 ° 13— - 1/2
6.)/3 2 y3 6.)’4 2 y4 6.)’3 2y3
ofy oty
L _14+Djp3+D 22
8y3 103 113 8y3

of of
—L =Dy + Doy +1+Dgy +Dygg + Doy ——2=2D)4 + Doy —diDy4
Y4 0Y4

o ot

Bore, b (m) 0.068

Stroke (m) 0.045
Stroke/2 (rod Length) 0.25
Compression ratio 8.5
Equivalence ratio 1.1

Intake valve opening 11 deg BTC
Intake valve opening 40 deg. ABC
Exhaust valve opening 44 deg. BBC
Exhaust valve opening 26 deg. ATC

E:D15+1 %**dIDIS*dI

afy ofy

—L = Dyg+1+Dyg+ Dy =2 _2Dys+2+Dy5+D

6)/6 6 76 6 ayﬁ 6 76 96

%:Dms %:2+D|03+D113
3 3

?f; =2D,, +D,, +2+ Dy, + Dy, + D,y, —d,D,, (:L: Dy, —d;D,,

oY, oY,

%=2D15+1—d7D15—d2 M 4,4,

Ys . 05 ’

of of

aix:Dz(‘*D% ,,4:0

Y Y,

Model, Gasoline Fig. 3, 4 and 5
Model 1,Test 1 is fuel E20

Fuel | Model 2,Test 2 is fuel E85
Output, Fig.6, varied speed (rpm))
Output Fig.7, varied load (%))

Eq.26 may be solved using by Gauss
elimination. The second approximation is
then{y}mz{y}ﬁ{g}k y=34,56- 1he process of
forming the jacobian, solving EQg.24 and
calculating new values for i is repeated until a
stop criterion is met, results in the molar

concentrations of the 11 product species.

Fig. 3 shows that the assumption (Model,
gasoline 100%) predicted cylinder pressure trace
falls in very good agreement with the
experimental data. Heat release analysis of the
cylinder pressure trace reveals the details of the
combustion process. The predicted heat release
profile shown in Fig. 4 exhibits the double-peak

shape which characterizes direct injection spark
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ignition combustion. The first peak due to 7
premixed combustion strongly depends on the B
amount of fuel that mixes with air to form a 5
combustible mixture during the ignition delay §4_
period. Premixed combustion is primarily ;'5:3
controlled by the chemical reaction rate. The g
2_
constants used for the chemical reaction rate are
listed by Gill [8]. Premixed combustion is Y
completed when all fuel injected during the 50 —90 0 %0 180
crank angle (degrees CA)
ignition delay period is burned completely. When )
Fig.3 Pressure VS Crank Angle
premixed combustion is over, heat release rates . ) ) i
A quasi-dimensional, a small size single
momentarily drop. The second peak due to . o .
cylinder spark ignition engine
diffusion combustion is controlled by air-fuel 300
mixing rate. Diffusion combustion continues until gk
combustion is completed.
__ 200}
Figure 5 assumptions to use compare the 2
B 150t
temperatures of the unburned mixture zone and g
= 100}
burned product zone with the bulk gas §
50}
temperature (obtained from a single zone
analysis). The temperature in the burned product o
zone is close to the adiabatic flame temperature -0 ~90 0 20 180
crank angle (degrees CA)
throughout the duration of the combustion
. Fig. 4 Heat release rate VS crank angle
process. The temperature in the unburned zone
] . ] A quasi-dimensional, a small size single
is close to that of the air zone. It reaches its
. ) cylinder spark ignition engine
peak close to TDC, and drop with piston 3000 i i
expansion. The bulk mean gas temperature ...EﬁLT,‘iﬁé‘J"Sas
2500

clearly falls between the burned and unburned

. : 2000
temperature. It rapidly increases when

combustion starts, and reaches its peak value

temperature (K)
o
=]
=]

when the diffusion controlled burning rate is at

[=]
[=]
o

its peak value.
500

-?BU -9I0

0 90 180
crank angle (degrees CA)

Fig. 5 Temperature VS Crank Angle
A quasi-dimensional, a small size single

cylinder spark ignition engine
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4. Parametric Studies
4.1 Effect of Engine Speed

For this study, the engine speed was varied
between 2000-4000 rpm, while maintaining free
load at constant assumption injection timing
(Combustion duration angle 40 deg.). Operation
condition was defined at an overall fuel-air
equivalence ratio of 1.1 Thus, the fueling rate
was adjusted as speed (and thus airflow) was
varied in order to maintain 1.1.

Figure 6 shows the variation in power (kW),
torque (N.m), specific energy consumption
(g/kWh) and fuel consumption (L/h) with engine
speed. At low engine speeds, charge heating in
the cylinder and manifold is more predominant
due to longer gas residence times, Furthermore;
the increased chance for backflows tends to
decrease power and torque. On the other hand,
frictional flow losses in increase with the square
of engine speed. In addition, when choking
occurs, further increase flow rate. These factors
tend to decrease power and torque at high
engine speeds. As a result, the optimum
volumetric efficiency occurs between 3500-4000
(rpm) as the single cylinder engine.

The variation in power (kW) with speed is
certainly reflected on the corresponding variation
of FC (L/hr). However, as shown in Fig. 6, SFC
its

the

(g/kWh) larger relative changes between

minimum and maximum values than
breathing characteristic. Hence, combustion and
heat transfer related factors should be explaining

the observed trend.

The 4th TSME International Conference on Mechanical Engineering TSM E"'I

Co

ME

16-18 October 2013, Pattaya, Chonburi : 20 1 3

POWER (kW) TORQUE (N.m)
Test Test Test Test
Ne(rpm) Model 1 | Model 2 Model 1 | Model 2
Engine 1 |Engine 2 Engine 1 |Engine 2
E20 E85 E20 E85
E20 E85 E20 E85
2000 224 268 2.14 2.42| 1044 12.42 10.20 11.47
2500 2.83 3.39 274 3.15| 10.64 12.65 10.36 11.94
3000 3.42 3.96 3.22 3.57| 10.44 12.40 10.15 11.34
3500 3.73 4.46 3.74 4.33] 9.99 11.98 9.75 11.46
4000 4.10 4.88 375 4.48| 9.60 11.51 8.92 10.69
SFC (g/kW.h) FC (L/hr)
Test Test Test Test
Ne(rpm) | Model 1 | Model 2 Model 1 | Model 2
Engine 1 |Engine 2 Engine 1 | Engine 2
E20 E85 E20 E85
E20 E85 E20 E85
2000 | 399.08 | 402.26 | 337.23 398.96| 0.90 1.14 0.98 1.31
2500 | 399.59 | 408.93 | 34590 402.29| 1.09 143 1.28 172
3000 | 391.16 | 400.62 | 349.57 400.83| 1.40 1.66 153 1.94
3500 | 378.09 | 397.65 | 335.90 393.83| 1.65 1.98 1.70 2.31
4000 | 364.25 | 383.88 | 363.70 397.13| 1.87 218 1.85 2.41
5.0
- = =a= = Model 1 E20
45 =
E 4.0 -4 -Modal 2 ES5
2 as
& a0 g Tzt Engine 1
E20
2.5 .
—f— Test Engina 2
20 E&5
1500 2000 2500 3000 3500 4000 4500
RPM
13.0
= o = Madal 1 B0
120
E
< 1o -4 - Model 2 005
=2
T
E 0.0
e Test Friggine 1
3.0
E20
8.0 —— Test Cngine 2
1500 2000 2500 3000 3500 4000 4500 E&5
HPM
420
= opm = Madel 1)
400 i S
- _—
= - -
= a3 . h | -4 -Model 2 EBS
= e,
2 S
g 360 =i Test Englne 1
340 E20
—{fi— Test Engine 2
320
E85
1500 2000 2500 3000 2500 4000 4500
RPM
2.5
—-#~=-Madel 1 E20
=20
=
3 -4 -Modsl 2 E&5
215
1.0 —g— Teat Engine 1
E20
05 =fi=— Te3t Engine 2
1300 2000 2300 3000 3300 4000 4500 E£65
RPM

Fig. 6 Engine performance parameters

as a function of speed.
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4.2 Effect of Load

Figure 7 shows the variation in power (kW),
torque (N.m), Specific energy consumption
(9/kWh) and fuel consumption (L/hr) with a
constant speed of 2500 rpm is used to study the
effect of load on engine performance. In order to
vary load, the fueling rate is changed. At full
load, the fuel mass injected per cylinder results
in an overall fuel-air equivalence ratio of 1.1.

The lower the load, the lower the amount of
fuel injected, and thus the leaner the overall
fuel-air equivalence ratio 1.1.

Engine friction is a strong function of engine
speed. As load is decreased at a constant
engine speed, the importance of friction (and
mechanical losses) as a fraction of fuel energy
input increases. Therefore, power and torque
decreases with decreasing load. SFC (g/kWh)
and FC (L/hr) increases with increasing load.
This trend is depicted in Fig. 7.

5. Conclusions

A quasi-dimensional multi-zone combustion
model has been developed for studies of engine
performance. The zonal combustion model
partitions the cylinder into fuel, air, unburned
mixture, and combustion products zones.
Phenomenological sub-models are used to
simulate assumption fuel injection, assumption
break-up, assumption evaporation, assumption
air entrainment, and assumption ignition delay.
Premixed burning is modeled based on chemical
kinetics, while diffusion burning is controlled by
the rate of fuel-air mixing. Due to its expanded
physical basis and the increased resolution of

the combustion chamber, the model can provide

POWER (kW) TORQUE (N.m)
Test Test Test Test
%(Load) | Model 1 | Model 2 Model 1 [ Model 2
Engine 1 [Engine 2 Engine 1 |Engine 2
E20 E85 E20 E85
E20 E85 E20 E85
40 3.14 3.78 2.34 2.62| 10.01 12.02 8.92 10.69
60 3.29 3.95 2.94 3.35] 10.46 12.57 10.15 11.34
80 3.42 4.10 3.42 3.77] 10.87 13.06 9.75 11.46
100 3.53 4.25 3.94 4.53] 11.25 13.52 10.20 11.47
120 3.65 4.38 3.75 4.68| 11.60 13.94 10.36 11.94
SFC (g/kW.h) FC (L/hr)
Test Test Test Test
%(Load)| Model 1 Model 1 | Model 2
Model 2 E85 |Engine 1 |Engine 2 Engine 1 | Engine 2
E20 E20 E85
E20 E85 E20 E85
40 323.68532| 333.22567| 335.90 393.83| 1.25 1.50 0.98 1.31
60 336.57| 346.093126| 337.23 398.96| 1.26 1.51 1.28 172
80 351.88 361.39 345.90 402.29 127 1.53 1.53 1.94
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Fig. 7 Engine performance parameters

as a function of load.
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a level of accuracy which surpasses that of
single-zone, zero-dimensional models

The model has been shown to predict
cylinder pressure and heat release shapes in
good agreement with experimental data, under
rated speed and load conditions. Further, its
behavior over a range of speeds and load is
reasonable. While less fundamental than multi-
dimensional combustion models, the quasi-
dimensional model can still generate cost and
time-effective solutions, directly applicable to
engineering problems.

The results of the study as the power
and torque were calculated by the methods differ
by around 10%. Typical deviations results of
specific fuel consumption and fuel economy are

less than 5% with experiment investigation.
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8. Nomenclature
Heat area

Enthalpy
Equilibrium constant
Heat

Temperature
Internal energy
Volume

Burned faction

Mole faction

Ratio of mole fuel per mole air
Equilibrium ratio
Crank Angle

Engine speed

Subscript

b
s

u

Burned
Start
Unburned
Wall



