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ABSTRACT

This study presents performance optimization of an Otto cycle (OC) gasoline engine using new criteria named as realistic power
(RP) and realistic power density (RPD) conditions based on finite-time thermodynamics (FTT). The effects of design and operating
parameters such as cycle temperature ratio, cycle pressure ratio, friction coefficient, engine speed, mean piston speed, stroke length,
inlet temperature, inlet pressure, equivalence ratio, compression ratio and bore-stroke length ratio on the performance parameters
such as effective efficiency, effective power and power density have been examined. Moreover, the energy losses have been
determined as fuel's energy and they have been illustrated based on incomplete combustion, friction, heat transfer and exhaust
output by using figures. Realistic values of specific heats have been used depend on temperature of working fluid. The results
obtained demonstrated that the engine performance increases with increasing some parameters such as cycle temperature ratio,
cycle pressure ratio, inlet pressure; with decreasing some parameters such as friction coefficient, inlet temperature. However, the
engine performance could increase or decrease with respect to different conditions for some parameters such as engine speed, mean
piston speed, stroke length, equivalence ratio and compression ratio. The results of this study could be used an engineering tool by
Otto cycle engine designers.

Keywords: Otto Cycle, Spark Ignition Engine, Engine Performance, Power Density, Finite-Time Thermodynamics.

Buji Ateslemeli Otto Cevrimli Benzinli Bir Motorun
Gerg¢ek Gii¢ ve Gergek Glig Yogunlugu Kosullarinda
Performans Analizi

(0V4

Bu caligma Sonlu-Zaman Temodinamigine dayali olarak gelistirilen, gergek giic ve gergek giic yogunlugu kosullar1 olarak
adlandirilan yeni kriterler kullanildigi Otto ¢evrimli benzinli bir motorun performans optimizasyonunu sunar. Cevrim sicaklik
orani, ¢evrim basing orani, siirtlinme katsayisi, motor hizi, ortalama piston hizi, strok uzunlugu, giris sicakligi, giris basinci,
esdegerlik orani, sikistirma orani ve silindir delik ¢api-strok uzunlugu orani gibi tasarim ve igletme parametrelerinin, efektif verim,
efektif gii¢ ve gii¢ yogunlugu lizerine etkileri incelenmistir. Enerji kayiplari yakit enerjisi cinsinden tamimlanmistir ve eksik yanma,
siirtiinme, 1s1 transferi ve egzoz ¢ikisma dayali olarak grafiklerle ifade edilmistir. Is akiskanmin sicakliina bagl 6zgiil 1silar
kullanilmigtir. Elde edilen sonuglar motor performansinin g¢evrim sicaklik orani, ¢evrim basing orani, giris basmeci gibi
parametrelerin artisiyla arttigini; slirtinme katsayisi, girig sicakligi gibi parametrelerin artisiyla azaldigini gostermistir. Bununla
birlikte, motor hizi, ortalama piston hizi, strok uzunlugu, esdegerlik orani ve sikistirma orani gibi parametrelerin degisimi diger
kosullara bagli olarak performansi etkilemistir. Bu ¢alismanin sonuglari, Otto ¢evrimli motor tasarimi yapan tasarimcilar tarafindan
miithendislik araci olarak kullanilabilir.

Anahtar Kelimeler: Otto Cevrimi, Buji Ateslemeli Motor, Motor Performansi; Gii¢c Yogunlugu; Sonlu-Zaman
Termodinamigi.

1. INTRODUCTION

Internal combustion engines (ICE) particularly, gasoline
engines are commonly used by people. Due to
environmental and economical restrictions, so many
optimization studies have been carried out by engine
designers. Mozurkewich and Berry [1] optimized the

considerations of incomplete combustion, friction loss
and heat leak. Wu and Blank [2] examined the
combustion effects of the OC on the work optimization
and they [3] performed an optimization study with
respect to engine power and mean effective pressure for
the OC engine. Chen et al.[4] carried out an investigation

performance of an air-standard Otto cycle (ASOC) with
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to understand the relationship between the net work
output and thermal efficiency of the ASOC taking the
heat transfer losses into consideration. Wu et al. [5]
applied the Miller cycle into a supercharged Otto engine
to increase the net work output. Durmayaz et al. [6]
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performed a review study on thermal systems based on
FTT and thermo economics. Ge et al. [7, 8] carried out
an examination on the performance of reversible [7] and
irreversible [8] OC engines with consideration of
variable specific heats. Chen et al. [9] determined power
output and efficiency of the irreversible Otto cycle (10C)
with considerations of heat transfer losses, finite-time
processes and non-isentropic processes. Ozsoysal [10]
defined the heat loss as a percentage of the fuel’s energy
for ASOC and diesel cycle. Ge et al. [11] performed an
analysis to investigate the effects of temperature-
dependent specific heats and enery losses arising from
friction, internal irreversibilities and heat transfer on the
performance of the IOC. Hou [12] carried out a
comparison about the performances of ASOC and
Atkinson cycle by taking heat transfer losses into
account. Abu-Nada et al. [13] conducted a
thermodynamical analysis for a SI Otto engine using a
new gas mixture model. Lin and Hou [14]
computationally investigated the influences of variable
specific heats of working fluid, heat loss and friction
losses on the performance of ASOC under maximum
cycle temperature conditions. Lin and Hou [15]
compared the performance of ASOC and Miller cycle
under the maximum temperature conditions. Wang et al.
[16] examined the influences of quantum degeneracy and
heat transfer between the working fluid and the cylinder
wall on the optimal engine power and efficiency of an
OC engine. Ust et al. [17] investigated the influences of
cycle pressure and cycle temperature ratios on the
performance of the IOC. Cesur et al. [18] carried out a
study on a Sl gasoline engine with steam injection
method to examine the engine performance and exhaust
emissions. Shu et al. [19] investigated the onset and
severity of knocks using knock metrics in Sl engine
operating at various engine speeds. Gharehghani et al.
[20] performed an experimental investigation on the
thermal balance and performance of a turbocharged Sl
engine running with natural gas and they developed an
empirical correlation for computing the energy of
exhaust gases. Irimescu et al. [21] suggested a new
procedure for estimation of blow-by rate and
compression ratios based on the motored in-cylinder
pressure trace for an optical Sl engine. Boretti [22]
examined the influences of water injection on charge
efficiency, tendency to knock and temperature of exhaust
gases used to operate turbo charge turbine for a
turbocharged, direct injection Sl engine fuelled with
ethanol. Xie et al. [23] experimentally studied load
controlling using EGR and spark timing for a Sl engine
fueled with methanol. Pan et al. [24] experimentally and
theoretically examined the effects of EGR, compression
ratio and boost pressure on cyclic variation of a port fuel
injection (PFI) gasoline engine. Li et al. [25] carried out
a study on a new hybrid breakup model to simulate the
fuel injection processes of multi-hole injectors in a direct
injection SI gasoline engines. Mendiburu et al. [26]
investigated the performances of downdraft gasifiers
integrated with gas turbine, spark and compression

ignition engines for distributed power generation. Merola
et al. [27] researched the influences of plasma-assisted
ignition system with different plasma configurations and
spark plug geometry on combustion characteristics of an
optical Sl engine. Pradeep et al. [28] used a compressed
air injection system with LPG induction through the
manifold to reduce short-circuiting losses of a two-stroke
Sl engine by using two different methods. Najjar et al.
[29] examined the influence of variable valve lift and
throat diameter on the performance and pollutant
emissions of a S| engine using a computer program called
Lotus which predicts gas flow, combustion and engine
performance. Gurbuz et al. [30] carried out an
investigation to show the effects of swirl flow on
combustion parameters, cyclic variations and engine
performance in a Sl engine fuelled with hydrogen.
Hanipah et al. [31] reviewed some of the recently
reported commercial developments in free-piston engine
systems particularly aimed for use in hybrid electric
vehicle power trains. Wang et al. [32] placed a tumble
flap into the intake port and determined the effects of it
on in-cylinder aerodynamics and cycle-to-cycle
variations (CCV) of direct injection Sl engine using
multi-cycle large-eddy simulation (LES) and proper
orthogonal decomposition (POD) methods. Cucchi and
Samuel [33] examined the influences of an exhaust gas
turbocharger on particulate matter emissions produced by
a gasoline direct injection engine. Calam et al. [34]
performed a study on utilization of fusel oil in a single
cylinder, Sl engine and they examined the influences of
the blends of gasoline and fusel oil on engine torque,
specific fuel consumption and pollutant emissions at
various engine speeds and loads. Wu et al. [35] simulated
combustion processes of a Sl natural gas engine with
three kinds of different combustion chambers by using
multi-dimensional computational fluid dynamics (CFD)
code. Beccari et al. [36] developed two different model
to predict knock onset of liquefied petroleum gas (LPG),
natural gas (NG), gasoline and their mixtures in SI
engines by using collected data from experiments. Gonca
et al [37] carried out performance analyses and
optimizations for the irreversible thermodynamic cycle
engines. Bagirov et al. [38] investigated the effects of the
number of injector holes on engine performance, specific
fuel consumption and pollutant emissions of a gasoline
engine with pre-combustion chamber. Najjar and Amer
[39] used a smart device and neuro-fuzzy controller
model for improving the engine volumetric efficiency,
power and fuel economy of a Sl engine. The results
showed that the smart device improved engine power up
to 21% and brake spesific fuel consumption up to 21%
between 25% and 75% of engine load. However, the
neuro-fuzzy controller increases engine power up to 60%
and decreases the brake specific fuel consumption up to
35%.

In this study, the effects of the engine design and
operating parameters on the effective efficiency,
effective power and power density of an OC gasoline
engine have been investigated by using a realistic
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simulation model based on finite-time thermodynamics
(FTT). Inthe literature, there is no parametrical study like
this for OC gasoline engines. Apart from previous
studies, a comprehensive comparison for the engine
design and operating parameters has been presented.
Also, energy losses with respect to exhaust output, heat
transfer, friction and incomplete combustion are
demonstrated as percentage of the fuel's energy. In this
comprehensive report, new performance conditions have
been described named as realistic power (RP) and
realistic power density (RPD). Presented results could be
used by real engine designer to optimize the performance
of OC gasoline engines in terms of effective efficiency,
effective power and power density.

2. THEORETICAL MODEL

In this study, Otto cycle (OC) engine is analyzed by using
FTT model. The OC is shown in Fig. 1.

PA

Figure 1. P-v diagram for the irreversible Otto cycle [48].

The parameters, constants and engine properties used in
the analysis are cycle temperature ratio (¢« ), friction
coefficient (), residual gas fraction(RGF), engine

speed (N ), inlet temperature (T, ), inlet pressure (P,),
cylinder wall temperature (T, ), cylinder bore (d),

stroke ( L ) and their standard values are given as follows:
8, 12.9 Ns/m, 0.05, 3600 rpm, 300 K, 100 kPa, 400 K,
0.072 m, 0.062 m respectively.

In the present model, the effective power, power density
and efficiency are given as below:

= (1)

f
Qm Q | ' d e ' 77e =
OUt VT f Qf

Where, the total heat addition ( ) at constant volume
(2-3), the total heat rejection (Qout) at constant volume
P

(4-1) and loss power by friction ( |) [11,40] could be
written as below:
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where Z is a constant relation to friction [40] and its
minimum value is taken as 75, where (£ is a coefficient

N C)

R ZﬂS_PZ =

of friction which considers the global losses, S_P is mean
piston velocity which is given as:
= _L-N
S, =——
30 (5)

Where L and N are stroke length (m) and engine speed

(rpm). Qf is the total heat potential of the injected fuel
and it is given as below:

), =mH
Qf f u (6)
Where H, is lower heat value (LHV). m, is time-
dependent fuel mass and it can be expressed as follows:
. mN
m, =
120 @)
Where m, is fuel mass per cycle (kg). nyc is heat

released by combustion; th is the heat loss by heat
transfer into cylinder wall and they are given as below:

Qf,c :ncmeu (8)

htr A\:yl me T ) htrﬂyl
©)

Where, 77, is combustion efficiency. It can be written as
below [41-43]:

7, =—1,44738+4,18581/ $ —1,86876 / 4

(10)
@ is equivalence ratio and it can be written as below:
;e (m, /m,)

Fst (11)
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Where, m, is air mass per cycle (kg). F, is

stoichiometric fuel-air ratio and they are given as
follows:

m, = pava =P (VT _Vrg )

(12)

v, =v,+v, = Y0
r-1 (13)

v Ve _md’L 1
Coor 4 r-1 (14)
F _£(1201-2+1.008 f+16-y+14.01-5)

o 28.85

(15)
p.=1(T,R) (16)

Where V;, V,, V.

rg’
cylinder, air, residual gas, stroke and clearance.

V,, and V, are volume of total

Prg is density of residual gas which is given as below:
prg = f (TmiX7 Pl) (18)

T,.x is average temperature of air-steam mixture. They
are given as below:
_mTR +m TR,

mix B .

m,R, + M R, 0)
R, andR,; are gas constants of air and residual gas.
Their values are taken as 0.287kJ/kg.K

The compression ratio (') is given as:

r=Vv,/V, 1)

Where f stands for function. The functional expressions

are obtained by using EES software [44] Where subscript
"1" stands for the condition before the compression

process. T, and P, are in-cylinder temperature and

pressure at the beginning of compression process. T, is

the temperature of the steam injected into cylinder. Fuel
used in the model is gasoline and its chemical formula is
given as C7Ha7 [45].

Where «,f,7,0 are atomic numbers of carbon,

hydrogen, oxygen, nitrogen in fuel, respectively. & is
molar fuel-air ratio [45]:

0,21

&
2 4 22)

Where, h,, is heat transfer coefficient and it is stated as
[46]:
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h“, — 130V-|- —0.06 PlO.STmiX0.4 (Sp +1.4)0.8 (23)

a’

m; , m m,, and Ayl are flow rate of total charge

(kg/s), air (kg/s), residual gas (kg/s) and total heat
transfer area (m?), respectively, they are given as:

m, =m, +mg+m,, (24)
. maN rT"lf Fst
m=——-=—-—
120 @ ’ (25)
m, .
= —2—=m,RGF
120 | @n
2
A, 0
r-1 2 (28)

Where m, and m,, are air masses per cycle (kg). RGF

is the residual gas fraction. d and I are cylinder bore
(m) and compression ratio, respectively. T_. and T, are
mean combustion temperature and cylinder wall
temperature. C, and C,, are constant pressure and

constant volume specific heats, they could be written for
the temperature range of 300-3500 K as below [11]:

C, =2506-10""T? +1.454.107T*° - 4.246-107T +3.162-10°T°*

+1.3301-1.512-10*T % +3.063-10°T 2 -2.212-10'T®

C =G, -R (30)

The equations for reversible adiabatic processes (1-2s)
and (3-4s) are respectively as follows [47]:

-
- In|=t
Rin|r| C, -In T

(29)

T
Inl=2
C, Inf2

1

=R-In

1‘
3 (31)
Where,
C,, =2.506-10"'T,,* +1.454-10'T,*° ~ 4.246-10 T, +3.162-10°T,,** +

1.0433-1.512-10"T,,, *° +3.063-10°T,,, > —2.212.10'T,,

2s1 2s1

(32)
C,, =2.506-10 "', ;* +1.454-10 T, ;** ~4.246-10 7T, , +3.162-10°T,.*° +
1.0433-1512-10'T,, ** +3.063-10°T, ;2 —2.212-10'T,,, °

4s3

(33)
T,,—T T,,—-T
TZsl_ 2'|-1-|-4s3= 4'|'3
In-2 In 2

L T (34)

B=PR P =T,IT, (35)

[ isnamed as pressure ratio. For irreversible conditions,

Ty and T4 could be written as below:
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T = Tos + T (17c —1)
, ==t 7/

Tic (36)
T, =T+ (T4s _Ts) (37)
Where 7. and 77 are isentropic efficiencies for the

compression and expansion processes, respectively. In
this study, the other dimensionless engine design
parameters used in the analysis are cycle temperature

ratio (o) and cycle pressure ratio (4). They may be
expressed respectively as:

k-1
e T A -l
Tmin Tl r 77(: (38)
A= P Pin =P 1 P (39)

In the literature, energy losses could be stated as
percentage of fuel’s energy [14]. In this study, similar
approach is used to obtain the energy losses depend on
heat transfer to cylinder wall, exhaust, friction and
incomplete combustion as below:

L = 100 L = 100
fuel , fuel ,
L, = R 100
Qe , Le=(1-7, )x100 (40

3. RESULTS AND DISCUSSION

In this study, a new finite time thermodynamic model has
been developed to evaluate effective efficiency, effective
power and power density of an Otto cycle engine.
Parametrical studies have been carried out to investigate
the engine design and operating parameters on the
performance of OC gasoline engine. The engine
properties are given in Tablel.

Tablel. Engine properties

Engine type Lambordini
Bore [mm] 72

Stroke [mm] 62
Cylinder Number 2

Stroke Volume [dm?®] 0.54
Maximum Power, [KW] 15
Compression ratio 10.7
Maximum speed [rpm] 3600
Cooling Water

The variation of effective efficiency, effective power and
power density are demonstrated with respect to
compression ratio (r) in Figs. 2-6 and 8-13. Fig. 2 shows
the effects of cycle temperature ratio on the performance
parameters. The maximum effective efficiency, effective
power and power density increase with increasing cycle
temperature ratio owing to more energy input into
cylinder. It is clear from the figure that the amplitude of
power density is lower than that of effective power.

Per (KW)
Py (KW/dm®)

15 20 Pt (%) 25 30

Figure 2. The variation of P, - P, -77,¢ with respectto ¢

Fig. 3 demonstrates the effects of friction coefficient on
the engine performance. The friction coefficient is
directly related to lubrication oil and friction surfaces.
Friction losses increase with increasing the friction
coefficient, hence maximum effective efficiency,
effectjve power and power density decrease.

13¢
124

12t

L
N
[y

Pet (kW)
Pg (kW/dm?3)

[u
[ee]

10F

——n =129 Ns/m
————— n= 14,9 Ns/m
——n=16,9Ns/m

15

28/7ef (%) 30 32 34

24 26

Figure 3. The variation of P, - Pd -1 with respectto 44 .

Fig. 4 illustrates the effects of engine speed on the engine
performance. As expected, the effective power and
power density increase with increasing engine speed.
However, the effective efficiency is lower at low engine
speeds compared to that at high engine speeds. At high
engine speeds, there are no considerable differences
between maximum effective efficiencies as the friction
losses increase with increasing engine speeds. It is
understood that increase ratio of fuel energy given into
cylinder slightly is higher compared to that of effective
power and power density.
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Py (kW/dm?)

N = 3600 rpm
————— N = 3200 rpm
——N=2800rpm |
——~-N = 2400 rpm
----- N = 2000 rpm

25 for (%) 30 35

15 20

Figure 4. The variation of P, - P, - 77.¢ with respect to N .

Fig. 5a and 5b illustrate the effects of mean piston speed
on the engine performance. In these figures, two
conditions are determined as constant engine speed
condition (the 1. condition) and constant stroke length
condition (the 2. condition). It is clear that the effective
power, power density and effective efficiency increase
together with increasing mean piston speed at the 1.
condition since engine dimensions (stroke length and
bore) enhance. However, while the effective efficiency
decreases, the effective power and power density
increase with increasing mean piston speed at the 2.
condition as engine speed increases. It is obvious that
power density change of the 2. condition is grater
compared to that of 1. condition since engine dimensions
increase with increasing effective power.

"S,=8mis | N= 3600 rpm
60l ——Sp=1lmis di=1 128
Sp =14 m/s
{20
40t £
S B
§, 15 <
-
° o
a
20F
{10
a
(@ s
35
——40
(b)
130°E
S
g
o
So=gms |2
d/L=1 ——-Sp=11m/s
6 L= 0,062m Sp=14m/s
24 het (%) 28 32

Figure 5. The variation of Pef - Pd - T with respect to §p

at constant a) N ,b) L.

Fig. 6 shows the effects of stroke length on the engine
performance. It is clear from the figure that the effective

power increases while the effective efficiency and power
density decrease with increasing stroke length. The main
reason of this result is that the friction losses and engine
dimensions increase with respect to stroke length.
Although engine power increases, engine dimensions
more increase. Also, we can see that the ratio of power
change is higher than that of power density.

250 ) 25

20 20

15

Pg (kW/dm?)

10

——-L=0,13m

15 20 o (%) 2 30
Figure 6. The variation of P, - P, - 774 with respect to L.

Figs. 7a and 7b demonstrate the effects of cycle pressure
ratio and engine speed on the engine performance for
constant compression ratio condition. Cycle pressure
ratio has positive effect on the engine performance
parameters. They increase with increasing cycle pressure
ratio. The engine power and power density increase with
increasing engine speed. However, the effective
efficiency increases to a specified value of engine speed
and then decreases. It is clear that optimum engine speed
which provides the maximum effective efficiency
increases with increasing cycle pressure ratio.
14 T T T T —30

25

Per (KW)
L
o
Py (kW/dm®)

=y
o

10

2000 2500 3000 3500

N (rpm)

1500

Det (%)
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Figure 7. The variation of a) F"ef - Pd and b) 7] with respect

toNand A .

Fig. 8a and 8b show the effects of intake temperature on
the engine performance. Two main conditions have been
described as constant cycle temperature ratio condition
(the 1. condition) and constant maximum combustion
temperature condition (the 2. condition) in these figures.
At the 1. condition, the maximum effective power, power
density and effective efficiency increase while intake
temperature increases since maximum combustion
temperature and energy input increase. However, the
maximum engine performance decreases with increasing
intake temperature at the 2. condition as air mass
introduced into cylinder decreases.

14f ——T1=300 K a=8 27
————— T1=325 K
——T1=350 K
124
12| %
= g
g I
& &
10F 118
' L L L 15
27 30 het (%) 33 36
. . , . 30
——T1=300 K  Tpa=2400 K
————— T1=325 K
1ol —T1=350K
125
10 %
120 =
g g
o <
8 115
(b)
6 10

21 24 27 Pt (%) 30 33

Figure 8. The variation of F’ef - Pd - T with respect to T1

at constant a) & and b) Tmax.

Fig. 9a, 9b, 9c and 9d illustrate the effects of equivalence
ratio and compression ratio on the cycle temperature ratio
and engine performance parameters. As can be seen from
the figures, cycle temperature ratio, effective power,
power density and effective efficiency increase with
increasing compression ratio. However, they increase to
a determined value and then begin to reduce with respect
to increasing equivalence ratios. The reason for lower
values of them at lower and higher equivalence ratios is
that lower fuel energy input occurs at lower values of
equivalence ratio. In the case of higher values of it,
combustion efficiency decreases due to high rates of fuel
mass input. It is clear that there are optimum values of
equivalence ratio which provides maximum cycle
temperature ratio, effective power, power density and
effective efficiency. Their optimum values are obtained
at different equivalence ratios. The maximum values of

cycle temperature ratio, effective power and power
density are between 1 and 1.2 of equivalence ratio while
the maximum value of effective efficiency is between
0.8 and 1 of that.

10

@

[

B Py (kW) &

o

oW

hes (%)

20

T TTI TN
——

Py (kW/dm?)

20 et (%) 30

Figure 9. The variation of a) & , b) Py - P,,c) M7y and

d) Py -77¢ withrespectto I' and o

Fig. 10 shows the influence of equivalence ratio on the
engine performance. Similar to previous figures, the
maximum effective efficiency, effective power and
power density increase to particular values of
equivalence ratio and then start to decrease. The
maximum effective efficiency is seen when equivalence
ratio is equal to 0.9 while the maximum effective power
is seen when equivalence ratio happens 1.2.

The effects of cylinder wall temperature on the engine
performance is shown in Fig.11. There are no
considerable changes in maximum effective power and
power density depend on cylinder wall temperature.
However, maximum effective efficiency increases with
increasing cylinder wall temperature as heat transfer loss
decreases.

Fig.12 demonstrates the influence of intake pressure on
the engine performance. It is known that more air mass is
introduced into the cylinder at higher pressure conditions.

481



Gonca GUVEN / JOURNAL OF POLYTECHNIC, Journal of Polytechnic, 2017; 20 (2) : 475-486

Therefore, engine performance raises with increasing
intake pressure.

25 T T T T 50

20

Py (kW/dm?)

20 het (%) 30 40

Figure 10. The variation of P, - P, - 774 with respectto ¢ .
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Figure 11. The variation of P, - Pd - T with respect to Tw.
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Figure 12. The variation of F’ef - Pd -1 with respect to P1.

The influence of ratio of bore to stroke length (d/L) on
the engine performance is shown in Fig.13. It is obvious
that the engine performance increases with increasing
d/L owing to increasing engine dimensions.

25
20

N
o

Pet (KW)
T
o
Py (KW/dm?3)

=
o

20 he (%) 30

Figure 13. The variation of P, - P, - 77 with respect to d/L.

Fig. 14 shows the effects of d/L on the engine
performance at constant cylinder volume for different
conditions. In this figures, three conditions are
determined as constant cycle temperature ratio and stroke
length condition (the 1. condition); constant equivalence
ratio and stroke length condition (the 2. condition);
constant equivalence ratio and compression ratio
condition (the 3. condition). At the 1. condition, the
effective power, power density and effective efficiency
increase to a specified value and then begin to abate with
increasing d/L. At the 2. and 3. conditions, the effective
power, power density and effective efficiency raise with
increasing d/L.
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Figure 14. The effects of d/L on P - P, - 7] variation at
constanta) <r and L, b) ¢ andL,c) ¢ andr.

Fig. 15 illustrate the effects of compression ratio on
losses as fuel's energy. In order to investigate the energy
losses, two conditions are determined as constant cycle
temperature ratio condition (the 1. condition) and
constant equivalence ratio condition (the 2. condition).
Incomplete combustion loss (Lic) and heat transfer loss
(Lny) increase whilst exhaust energy loss (Lex) decreases
and friction loss (L) remains constant with increasing
compression ratio at the 1. condition. Total cylinder
volume and equivalence ratio change with respect to
changing of compression ratio at this condition.
However, Lic and Ly are constant, L increases and Lex
decreases with respect to increasing compression ratio at
the 2. condition. Lijc does not change at constant
equivalence ratio because combustion efficiency is
constant. Total cylinder volume increases with increasing
compression ratio, hence Ly increases and Lex decreases.
L+ changes with respect to stroke length and engine speed
which are constant at both of the conditions. Therefore,
L+ does not change at the 2. condition due to constant fuel
energy input. At the 1. condition, it increases since fuel
energy input decreases with increasing compression
ratio.

4. CONCLUSION

In this study, the effects of the engine design and
operating parameters on the effective power, power
density and effective efficiency of an OC gasoline engine
have been examined by using a realistic model based on
the FTT. A comprehensive parametrical study has been
carried out. In the parametrical studies, the effects of
cycle temperature ratio ( ¢ ), cycle pressure ratio (4 ),
friction coefficient ( &£ ), engine speed (N), mean piston
speed (Sp), stroke length (L), inlet temperature (T1),
inlet pressure (P1), equivalence ratio (¢ ), compression
ratio (') and bore-stroke length ratio (d / L) on the
effective power, power density and effective efficiency
have been examined. The results show that the effective

power, power density and effective efficiency increase
with increasing cycle temperature ratio (<), cycle

pressure ratio (A ), inlet pressure (P1).
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Figure 15. The variation of energy loss percentages with
respect to r for constanta) & and b) @ .

The engine performance decreases with friction
coefficient ( £ ). On the other hand, the effective power,

power density and effective efficiency increase with
increasing mean piston speed for constant engine speed
conditions, however, as the effective power and power
density increase, the effective efficiency decreases with
increasing mean piston speed for constant stroke length
conditions. While the effective power and power density
increase, the effective efficiency decreases with
increasing stroke length and engine speed. The effective
power, power density and effective efficiency increase up
to a determined value and then start to decrease with
increasing equivalence ratio and compression ratio. The
energy losses with respect to incomplete combustion and
heat transfer increase, as exhaust output losses decreases
with increasing compression ratio for constant o
conditions. At this condition, friction losses are constant.
However, the losses depend on friction and incomplete
combustion are constant, while exhaust output losses
decrease and heat transfer losses increase at the constant
equivalence ratio conditions. The results are
scientifically valuable and therefore, they can be
assessed by gasoline engine designers.
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Nomenclature

A heat transfer area (m?)

ASOC Air-standard Otto cycle

C, constant volume specific heat (kJ/kg.K)
G constant pressure specific heat (kJ/kg.K)
d bore (m)

F fuel-air ratio

FTT  finite-time thermodynamic
hy heat transfer coefficient (W/ m?K)

lower heat value of the fuel (kJ/kg)

ICE Internal combustion engines
10C Irreversible Otto cycle
| loss

L stroke length (m), energy loss percentage (%)
m mass (kg)

m time- dependent mass rate (kg/s)
N engine speed (rpm)

oC Otto cycle

P pressure (bar), power (KW)

Q rate of heat transfer (kW)

r compression ratio

R gas constant (kJ/kg.K)

RGF  residual gas fraction

RP realistic power

RPD  realistic power density

S stroke (m)

S_P mean piston speed (m/s)
T temperature (K)

v specific volume (m3/kg)
Y volume (m?)

Greek letters

o cycle temperature ratio, atomic number of
carbon

ﬂ pressure ratio, atomic number of hydrogen
0 atomic number of nitrogen

¢ equivalence ratio

/4 atomic number of oxygen

A cycle pressure ratio

7] friction coefficient (Ns/m)

Yy density (kg/md)
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Ne Isentropic efficiency of compression
Ne Isentropic efficiency of expansion
Subscripts

1 at the beginning of the compression process
a air

C combustion, clearance

cyl cylinder

ef effective

f fuel

fr friction

ht heat transfer

i initial condition

ic incomplete combustion
in input
I loss

max maximum
me mean
min  minimum
mix  mixture

out output

rg residual gas

S stroke, isentropic condition
st stoichiometric

t total

w cylinder walls
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