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Table 1 Details of the develoied EF7 enime characteristics.

Cubic capacity [cm3]

1645 1619

Bore x Stroke length [mm]

Effective power [kW]

78.6x85 77.4x86

87/6000 86/6000
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Table 1 Boundary and Operating Conditions Used in the Simulation.

Category Parameter Value / Description
Fuel Properties
Fuel type Gasoline

Fuel model Default gasoline (GT-Power)

Research Octane Number 95

Lower Heating Value (LHV)  Based on GT-Power fuel database
Air-Fuel Ratio

AFR 14.7:1

Equivalence ratio A= 1 (Stoichiometric)

Control assumption Constant for all cases
Ambient and Intake Conditions

Ambient pressure 1 bar

Intake air temperature 298K

Reference pressure 101325 Pa

Humidity Neglected (dry air assumed)
Engine Load Conditions

Engine load Full load

Throttle position Wide Open Throttle (100%)
ECU Control Assumptions

ECU model Simplified control model

Spark timing Parametric (user-defined)

AFR control Constant

Knock sensor Disabled

Closed-loop control Not activated

Physical Sub-models
Combustion model Wiebe two-zone model

Woschni model

Default semi-empirical GT-Power

model

Heat transfer model

Friction model
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Fig.6 The effect of spark timing and engine speed on: (a) power, (b) torque,
and (c) BSFC.
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Fig.7 The effect of the catalytic converter and engine speed on: (a) power,
(b) torque, and (c) BSFC.

VPO alays of ojladd (5 0593

e g
(m) jailyw b3 B
(Pa) (5305 330 bawgio L8 BMEP
(kg/kW.s) (630 cubom ohag Span  BSFC
(g/9) ooy &5 T
D) iy 1> (55! e
(Pa) LSSkl 5o buwgio lis  FMEP
(Pa) 0354538l 350 bwgio lis  IMEP
(kg) s> m
(ke/s) s5950 41 639)9 lom slabim) o> &3 Ta
(kg/s) wogw oz &5 Ty
(=) byysidow slass Neyr
(rpm) ;9390 ey N,
KW) 5058 5Zas> 0lss P
(Pa) gzpe > j5,lid prey
(K) eyly> Jawsl &3 Q
(Nm) (53055 ygleaS Ty
(K) gz 0 <dlo ys Los Tres
m3/s) gyl abamo 358 bz &5 W
(m) juibuw (loule ez Va
(m?) x> Y
QLS TUINTS3 BV S
) Siddse s 0
(0) @izl glojese agly 6,
O @l gosd 4l 6
() ez gt o,
(kg/m3) >y cdl> 3 lsn J&s  Pres
Ude SuilSe uwdiges sale dolinle



FFY

[11]

[15]

[21]

vol. 211, p. 119041, 2020.

M. Sheykhi, M. Mehregan, A. Emamian, S.
Ghorbani, K. Aliakbari, and A. A. Delouei,
“Multi-objective optimization of combined
cooling, heating, and power (CCHP) system
based on CNG engine,” Case Stud. Therm.
Eng., vol. 61, p. 105020, 2024.

H. Hosseini, A. Hajialimohammadi, 1. J.
Gavzan, and M. A. Hajimousa, “Numerical
and experimental investigation on the effect
of using blended gasoline-ethanol fuel on
the performance and the emissions of the bi-
fuel Iranian national engine,” Fuel, vol. 337,
p.127252,2023.

M. M. Balakheli, M. Chahartaghi, M. Sheykhi,
S. M. Hashemian, and N. Rafiee, “Analysis of
different arrangements of combined
cooling, heating and power systems with
internal combustion engine from energy,
economic and environmental viewpoints,”
Energy Convers. Manag., vol. 203, p. 112253,
2020.

GT-Power v2016 user’s manual.

M. Sheykhi and M. Mehregan, “Technical and
economic modeling of a trigeneration
system with EF7 engine as a prime mover,”
Case Stud. Therm. Eng., vol. 52, p. 103743,
2023.

A. Barjaneh and H. Sayyaadi, “A new closed-
form thermodynamic model for thermal
simulation of spark ignition internal
combustion engines,” FEnergy Convers.
Manag., vol. 105, pp. 607-616, 2015.

J. Heywood, “Internal combustion engine
fundamentals,” 2018.

C.R.Ferguson and A. T. Kirkpatrick, Internal
combustion engines: applied thermosciences.
John Wiley & Sons, 2015.

J. B. Taylor, A. L. Carrano, and S. G. Kandlikar,
“Characterization of the effect of surface
roughness and texture on fluid flow—past,
present, and future,” Int. J. Therm. Sci., vol.
45, no. 10, pp. 962-968, 2006.

R. C. Costa and ]. R. Sodré, “Compression
ratio effects on an ethanol/gasoline fuelled
engine performance,” Appl. Therm. Eng., vol.
31, no. 2, pp. 278-283, 2011,
doi:10.1016/j.applthermaleng.2010.09.007

J. Li, W. M. Yang, and D. Z. Zhou, “Modeling
study on the effect of piston bowl
geometries in a gasoline/biodiesel fueled
RCCI engine at high speed,” Energy Convers.
Manag., vol. 112, pp. 359-368, 2016,
do0i:10.1016/j.enconman.2016.01.041.

L.Qian, J. Wan, Y. Qian, Y. Sun, and Y. Zhuang,
“Experimental investigation of water
injection and spark timing effects on
combustion and emissions of a hybrid

Modares Mechanical Engineering

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

oblKen g 5,54 jien

&b

I. Veza, M. Z. Asy’ari, M. Idris, V. Epin, [. M.
Rizwanul Fattah, and M. Spraggon, “Electric
vehicle (EV) and driving towards
sustainability: Comparison between EV,
HEV, PHEV, and ICE vehicles to achieve net
zero emissions by 2050 from EV,”
Alexandria Eng. ], vol. 82, pp. 459-467,
2023, doi:10.1016/j.a€j.2023.10.020.

B. Dogru, R. Lot, and K. K. ]. Ranga Dinesh,
“Valve timing optimisation of a spark
ignition engine with skip cycle strategy,”
Energy Convers. Manag., vol. 173, pp. 95-
112, 2018,
d0i:10.1016/j.enconman.2018.07.064.

H. Talati, A. Ebrahimi-Moghadam, and K.
Aliakbari, “Design and evaluation of an
innovative variable-length manifold with
variable runner connection on a 4-cylinder
spark ignition engine,” Appl. Therm. Eng., p.
123796, 2024.

B. Sun, Y. Wang, C. Shi, F. Nie, and X. Yan,
“Combined effect of chamber geometry and
compression ratio on the combustion
process in a methanol-enriched rotary
engine,” Energy, vol. 318, p. 134772, 2025,
doi:10.1016/j.energy.2025.134772.

J. Lee, C. Park, J. Bae, Y. Kim, Y. Choi, and B.
Lim, “Effect of different excess air ratio
values and spark advance timing on
combustion and emission characteristics of
hydrogen-fueled spark ignition engine,” Int.
J. Hydrogen Energy, vol. 44, no. 45, pp.
25021-25030, 2019,
doi:10.1016/j.ijhydene.2019.07.181.

B. Deng et al,, “Key design and layout factors
influencing performance of three-way
catalytic converters: Experimental and
semidecoupled numerical study under real-
life driving conditions,” J. Clean. Prod., vol.
425, p. 138993, 2023,
doi:10.1016/j.jclepro.2023.138993.

A. Kakaee and M. Karimi, “A comparative
study on influence of natural gas
composition on the performance of a CNG
engine,” Mapta J. Mech. Ind. Eng., vol. 2, no. 3,
pp. 9-18, 2018.

A.-H. Kakaee and M. Keshavarz,
“Simultaneous dynamic optimization of
valves timing and waste gate to improve the
load step transient response of a
turbocharged spark ignition engine,” J.
Brazilian Soc. Mech. Sci. Eng., vol. 39, pp.
2383-2394, 2017.

M. Sheykhi, M. Chahartaghi, A. A. S. Pirooz,
and R. G. ]. Flay, “Investigation of the effects
of operating parameters of an internal
combustion engine on the performance and
fuel consumption of a CCHP system,” Energy,

Volume 26, Issue 06, June 2026


https://doi.org/10.1016/j.aej.2023.10.020
https://doi.org/10.1016/j.enconman.2018.07.064.
https://doi.org/10.1016/j.energy.2025.134772.
https://doi.org/10.1016/j.ijhydene.2019.07.181.
https://doi.org/10.1016/j.jclepro.2023.138993.
https://doi.org/10.1016/j.applthermaleng.2010.09.007.
https://doi.org/10.1016/j.applthermaleng.2010.09.007.
https://doi.org/10.1016/j.enconman.2016.01.041.

catalysts under real driving conditions,”

Energy Convers. Manag., vol. 233, p. 113888,
2021,

doi:10.1016/j.enconman.2021.113888.

VPO alays of ojladd (5 0593

ik sgise 38lac 5 SundBS Jase 9 By (s3ipple; comsin slayially 43U uyn PO

[22]

hydrogen-gasoline engine,” Fuel, vol. 322, p.
124051, 2022.

P. Piqueras, M. |. Ruiz, J. M. Herreros, and A.
Tsolakis, “Influence of the cell geometry on
the conversion efficiency of oxidation

Urte SyilSo udige sole doliole


https://doi.org/10.1016/j.enconman.2021.113888.

