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Fuel H to C ratio

Combustion Stoichiometry

Air:     Oxygen 21%, Nitrogen (nitrogen + argon) 79%

Fuel:  Hydrocarbons (CaHb), oxygenates (CaHbOc)

Examples:                                                                         LHV

Gasoline                                            CnH1.87n           44 MJ/kg

Diesel fuel CnH1.75n 43 MJ/kg
Natural gas (mostly methane) CH3.8 45 MJ/kg
Coal CnH0.8n 30 MJ/kg
Methanol CH3OH 20 MJ/kg

(LHV = Energy released per unit mass of fuel without recovery of the 

heat of vaporization of the water vapor in the combustion products)

Stoichiometric Combustion

C H O +
1 2a +

b
− c  (O + 3.773 N )

→ aCO +
b

H O +
1 

2a +
b
− c


x3.773 N

For typical petroleum based fuel (c=0): 

(A/F)stoich ~ 14.6 (range 14.2 to 15)
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Lean and rich combustion

Fuel-lean combustion
– major products: CO2, H2O, O2, N2

– minor products: HC, CO, H2, NO

Fuel-rich combustion
– major products: CO2, H2O, CO, H2, N2

– minor products: HC, O2, NO

Equivalence ratio: Normalized A/F or F/A ratios:

Fuel-air equivalence ratio,  Relative air-fuel ratio 

F / A                                               A /F

stoichiometric                                                                          stoichiometric

 =
1
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Figure 4-22
Exhaust gas composition from several diesel engines in mole fractions on a dry 
basis as a function of fuel/air equivalence ratio.31

Figure 4-20 Spark-ignition engine exhaust gas composition data in mole fractions as a function of 
fuel/air equivalence ratio. Fuels: gasoline and isooctane, H/C 2 To 2.25. (From D’Alleva and Lovell,24

Stivender,25 Harrington and Shishu,26 Spindt,27 and data from the author’s laboratory at MIT.)
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Superposition of Figures 4-20 and 4-22
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Equilibrium combustion products: 

Dissociation effects

P=30 atmospheres
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Thermodynamic model of engine charge 

for heat release process

• Unburned gas

– Ideal gas of frozen composition

• Burned gas

– At high temperature (T>1740K), as 

equilibrium mixture

– At low temperature (T< 1740K), as frozen 

mixture

Equilibrium combustion products: 

Dissociation effects

P=30 atmospheres
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Fuel: octene; p1 = 1 atm, T1=388 K, xr=0.05 (Fig. 5.9)
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Fuel-air cycle results: f,i

C

B 

A

A=SI engine at stoichiometric with rc=10; C=Diesel at A/F=36 (=0.4) with rc=15

Fuel-air cycle results

In the Fuel-Air Cycle, the engine processes are still modeled as ideal 

but the properties of the working fluid (fuel/air/residual gas mixture 

before combustion, and burned gases in chemical equilibrium after 

combustion) are described accurately.

The results from this improved cycle analysis model are useful for 

estimating, approximately, the effects of compression ratio, fuel/air 

equivalence ratio, and mixture inlet conditions on engine efficiency and 

performance. The following approximate relationships are useful.

1. The maximum indicated fuel conversion efficiency of an actual engine is 

about 0.85 times the efficiency of the equivalent fuel-air cycle.

2. Results from change of engine operating condition can be interpreted in 

terms of percentage change in output values

Computer codes which accurately simulate the real engine cycle have 

now been developed and are widely used.
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c
chemcial energy in inducted fuel
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Deconstruction of cycle losses

SAE 2009-01-1907

Real Cycle Effects

1.   Combustion efficiency   = 1−
exhaust chemical energy as CO, H2, HC, soot

2. Heat loss, finite combustion time, 

actual valve timing

SI engine:
H2 and CO ~ 1 to 2% of fuel energy

HC ~ 1% of fuel energy
c ~ 97-98% 

Diesel engine

Very little unburned gas

c ~ 99%

Fig. 5-18
Pressure-volume diagram for 
actual SI engine compared 
with that for equivalent fuel-
air cycle; rc = 11.
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Mixing Control

MIXTURE PREPARATION

Fuel                    Air

Metering             Metering

Fuel                                         Air

EGR

EGR

Combustible

Mixture

Engine

SI Engine Mixture Preparation

1. Requirements

2. Fuel metering systems

3. Fuel transport phenomena

4. Mixture preparation during engine transients

5. The Gasoline Direct Injection engine

11



-Air/Fuel Ratio - Emissions

Gas Fraction
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Fuel properties (Table D4 of text book)

MIXTURE PREPARATION

Parameters                        Impact

-Fuel Properties                 - Driveability

-Residual/Exhaust              - Fuel Economy

Other issues: Knock, exhaust temperature, starting and 

warm-up, acceleration/ deceleration transients
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Lean                                                             Lean for good fuel economy

Load
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stability                                   flow for power
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Gasoline evaporative characteristics

Distillation curve (ASTM D86) of UTG91 (a calibration gasoline)

200                                                                        Cumene

(Methyl-ethyl benzene)

160                                                                 (NBP 152.4oC)

Toluene

120                                                                  (NBP 110oC)

Iso-octane

80                                                                 (NBP 99.2oC)

Iso-hexane

40                                                                  (NBP 60.3oC)

0     20    40    60    80   100

• Reid Vapor pressure (ASTM D323):

– equilibrium pressure of fuel and air of 4 x liquid fuel volume at 37.8oC

• T10, T50, T90

– Temperature at 10, 50 and 90% distillation points

• Driveability Index (DI)
– For hydrocarbon fuels: DI = 1.5 T10 + 3 T50 + T90 (T in oF)

RVP: winter gasoline ~ 11 psi (0.75 bar); Summer gasoline ~ 9 psi (0.61 bar); California Phase 2 fuel = 7 psi (0.48 bar) 

DI: range from 1100 to 1300; Phase II calibration gasoline has DI=1115; High DI calibration fuel has DI 1275.
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FUEL METERING

• Carburetor

– A/F not easily controlled

• Fuel Injection

– Electronically controlled fuel metering

Throttle body injection

Port fuel injection

Direct injection

Requirement for the 3-way catalyst

Fig 11-57

Air/fuel ratio
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PFI Injector targeting
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Injectors

PFI injectors

• Single 2-, 4-,…, up to 12-holes

• Injection pressure 3 to 7 bar

• Droplet size:
– Normal injectors: 200 to 80 m

– Flash Boiling Injectors: down to 20 m

– Air-assist injectors: down to 20 m

GDI injectors

• Shaped-spray

• Injection pressure 50 to 250 bar

• Drop size: 10 to 50 m

15
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know the air flow

(Ta) using volumetric efficiency (v) calibration

a D
2  

v Displacement vol. VD,

 = P
RT gas constant R

FEATURES OF ELECTRONICALLY 

CONTROLLED FUEL INJECTION SYSTEM

• Sensors

– Air temperature

– Engine Speed

– Manifold air pressure (MAP) / air flow rate

– Exhaust air/ fuel equivalence ratio (): EGO (and UEGO)

– Coolant temperature

– Throttle position and throttle movement rate

– Crank and cam positions

• Controls

– Injection duration

– Spark timing

– Other functions

Idle air, carbon canister venting, cold start management, 
transient compensation, ….

Fuel Metering

•  A/F ratio measured by  sensor (closed loop operation)

– feedback on fuel amount to keep =1

•  Feed-forward control (transients):
– To meter the correct fuel flow for the targeted A/F target, need to

•  Determination of air flow (need transient correction)
– Air flow sensor (hot film sensor)
– Speed density method

Determine air flow rate from MAP (P) and ambient temperature

m = V  
N


(N,)

rev. per second N,

a

17



Effect of Injection 

Timing on HC 

Emissions

SAE Paper 972981

Stache and Alkidas

Engine at 1300 rpm

275 kPa BMEP

Injection 

timing refers 

to start of 

injection

ENGINE EVENTS DIAGRAM

Intake                   Exhaust               Injection

BC TC         BC         TC         BC         TC         BC         TC         
BC Ign                                                       Ign

Cyl.#4

TC BC         TC         BC         TC         BC         TC         BC         
TC Ign                                                       Ign

Cyl.#3

TC BC         TC         BC         TC         BC         TC         BC         
TC Ign                                                       
Ign

Cyl.#2

BC TC         BC         TC         BC         TC         BC         TC         
BC Ign                                                       Ign

Cyl.#1

0          180        360        540        720        900       1080      1260      1440

Cyl. #1 CA (0     o is BDC compression)
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Intake flow phenomena in mixture preparation
(At low to moderate speed and load range)

Reverse Blow-down Flow

•   IVO to EVC:

– Burned gas flows from exhaust port because Pe>Pi

•   EVC to Pc = Pi:

– Burned gas flows from cylinder into intake system until cylinder and 

intake pressure equalize

Forward Flow

•   Pc = Pi to BC:

– Forward flow from intake system to cylinder induced by downward piston 

motion

Reverse Displacement Flow

•   BC to IVC:

– Fuel, air and residual gas mixture flows from cylinder into intake due to 

upward piston motion

Note that the reverse flow affects the mixture preparation 
process in engines with port fuel injection

Mixture Preparation in PFI engine
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Manifold pressure charging in throttle transient


Vm 

Aquino, SAE Paper 810484

Mixture Preparation in Engine Transients

Engine Transients

• Throttle Transients

– Accelerations and decelerations

• Starting and warm-up behaviors

– Engine under cold conditions

Transients need special compensations 

because:

• Sensors do not follow actual air delivery into cylinder

• Fuel injected for a cycle is not what constitutes the 

combustible mixture for that cycle
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f
dt 

c f


Fuel transient in throttle opening

m

air

m

c

Model prediction                                         Observed results

Fig 7-28
Uncompensated A/F behavior in throttle transient

Fuel-Lag in Throttle Transient

The x- Model

dMf = xm −
Mf

m = (1- x)m +
Mf

m f = Injected fuel flow

rate m c =Fuel delivery

rate

to cylinder

Mf =Fuel mass in puddle
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– Homogeneous
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40%

30%

DISI technology penetration

• Significant market

penetration of DISI                                    2013

2008

charge 

configuration

– As enabler of the             
20%

boosted-
downsizing                      10%

strategy

0%

DISI      Boosted

Pertinent Features of DISI Engines

1. Precise metering of fuel into cylinder

– Engine calibration benefit: better driveability and 
emissions

2. Opportunity of running stratified lean at part load

– Fuel economy benefit (reduced pumping work; lower 
charge temperature, lower heat transfer; better 
thermodynamic efficiency)

3. Charge cooling by fuel evaporation
– Gain in volumetric efficiency

– Gain in knock margin (could then raise compression 
ratio for better fuel economy)

– Both factors increase engine output
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Engine

Spherical piston cavity                        End of

Piston

Fuel spray 

impingement

Vaporization 

and transport

Reverse tumble               Swirling spray                      to spark plug

(SAE 960600)

Toyota DISI Engine (SAE Paper 970540)

Straight port

High pressure 

injector
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24

https://ocw.mit.edu/help/faq-fair-use
https://ocw.mit.edu/help/faq-fair-use


© Society of Automotive Engineers. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

© Society of Automotive Engineers. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

T
e
m

p
e
ra

tu
re

d
if

fe
re

n
c
e

(o
C

)

Charge cooling by in-air fuel evaporation

Charge cooling effect                                        Lowering of intake volume

Intake air temperature (oC)                                         Intake air temperature

(oC) 

Anderson, Yang, Brehob, Vallance, and Whiteabker, SAE Paper 962018

Wall-guided versus spray-guided injection

Wall-guided injection                         Spray-guided injection
(injector relatively distant                          (injector relatively close to spark plug)

from spark plug)

SAE 970543 (Ricardo)                                     SAE 970624 (Mercedes-Benz)

25

https://ocw.mit.edu/help/faq-fair-use
https://ocw.mit.edu/help/faq-fair-use


© Society of Automotive Engineers. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

© Society of Automotive Engineers. All rights reserved. This content is excluded from our
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use.

T
o

rq
u

e

Part load fuel economy gain

SAE Paper 960600 (Mitsubishi)

Full load performance benefit

Full load                                              Full load

SAE 970541 (Mitsubishi)
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Comparison of cold start HC emissions
(Koga, Miyashita, Takeda, and Imatake, SAE Paper 2001-01-0969)

Cumulative engine out HC in the first 10 seconds of cold-start

DISI Challenges

1.   High cost

2.   With the part-load stratified-charge concept :

– High hydrocarbon emissions at light load

– Significant NOx emission, and lean exhaust not amenable to
3-way catalyst operation

3.   Particulate emissions at high load

4.   Liquid gasoline impinging on combustion chamber walls

– Hydrocarbon source

– Lubrication problem

5.   Injector deposit

– Special fuel additive needed for injector cleaning

6.   Cold start behavior

– Insufficient fuel injection pressure

– Wall wetting

27
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Significant particle numbers in cold start

SAE 2011-01-1219

28

https://ocw.mit.edu/help/faq-fair-use


REFERENCES 

1. Wai Cheng. Internal Combustion Engines. Massachusetts Institute of Technology: MIT 

Open Course Ware.  

2. Heywood, J. Internal Combustion Engine Fundamentals, McGraw-Hill, New York, 

1988. 

3. Pulkrabek, W.C. Engineering Fundamentals of the Internal Combustion Engine, 

Prentice Hall, Upper Saddle River, New Jersey, 2003. 

4. Colin R. Ferguson and Allan T. Kirkpatrick. Internal Combustion Engines: Applied 

Thermal Sciences, 2nd Edition,, John Wiley and Sons, New York, 2000. 

5. Gupta, H. N. Fundamentals of Internal Combustion Engines, PHI Learning Private 

Limited, New Delhi, 2009. 

6. Awaludin, W. Panuntun, W.S. Alam, N. Sinaga. Selection of Diesel Generator for 

Biogas Power Plant Systems, National Seminar on Chemical Engineering, Department of 

Chemical Engineering FT Undip, 2003. 

7. Sinaga, Nazaruddin. Design of Biogas-Air Mixer for Dual Fuel Diesel-Biogas Engines, 

Journal Teknik, Year XXV, Issue I, 2005. 

8. Sinaga, Nazaruddin. Analysis and Engine Selection for Dual Fuel Diesel-Biogas, 

Journal Rotasi, Mechanical Engineering Department, Diponegoro University, Vol. 7 No. 

2, April 2005. 

9. Sinaga, Nazaruddin. Design of Conversion Kit for Dual Fuel Diesel-Biogas Engine 

Modification, National Journal of Efficiency and Energy Conservation, Mechanical 

Engineering Department, Diponegoro University, Vol. 1 No. 1, September 2005. 

10. Sinaga, Nazaruddin. Opportunity and Strategy for Energy Saving in the Transportation 

Sector in Indonesia, Proceedings, National Seminar on Energy Efficiency and 

Conservation (FISERGI) 2005, Diponegoro University, ISSN 1907-0063, December 

2005. 

11. Cahyono, Sukmaji Indro, Gwang-Hwan Choe, and N. Sinaga. Numerical Analysis of 

a Water Brake Dynamometer Using Computational Fluid Dynamic Software, 

Proceedings of the Korean Solar Energy Society Conference, 2009. 

12. Sinaga, Nazaruddin. The Influence of Turbulence and Pressure-Velocity Coupling 

Algorithm on the Simulation Results of the Flow Through the Suction Valve of the Motor 

Cycle Engine, Journal of Rotation, Volume 12, No. 2, ISSN: 1411-027X, April 2010. 

13. Priangkoso, Tabah and N. Sinaga. Review of Fuel Consumption Mechanistic Models to 

be Applied on the Smart Driving Simulator Program, Proceedings, 2nd National Science 

and Technology Seminar, Faculty of Engineering, Wahid Hasyim University, Semarang, 

June 2011. 

14. Mrihardjono, Juli and N. Sinaga. Driving Cycle Tests of Honda City Passenger Cars 

Fueled by Premium Gasoline, Journal of Gema Teknologi, Volume 16, No. 3, October 

2011, ISSN: 0852 0232. 

15. Sinaga, Nazaruddin and Tabah Priangkoso. Review of Empirical Models of Vehicle 

Fuel Consumption, Journal of Momentum, Vol. 7, No. 1, April 2011. 



16. Supriyo and N. Sinaga. Design of Cooling Power of Eddy Current Dynamometer, 

Journal of Eksergi, Politeknik Negeri Semarang, Vol. 7, No. 3, ISSN: 0216-8685, 

September 2011. 

17. Supriyo and N. Sinaga. Design of 250 kW Eddy Current Dynamometer, Journal of 

Eksergi, Vol. 7, No. 3, ISSN: 0216-8685, September 2011. 

18. Sinaga, Nazaruddin. Energy-Saving Tests of Passenger Cars to Support the Smart 

Driving Program in Indonesia, Proceedings, 10th National Seminar on Mechanical 

Engineering (SNTTM X), Mechanical Engineering Department, Faculty of Engineering, 

Brawijaya University, Malang, November 2011. 

19. Sinaga, Nazaruddin, T. Priangkoso, D. Widayana, and K. Abdurrohman. 

Experimental Study on the Effect of Driving Parameters on Fuel Consumption of 1500-

2000 CC Passenger Cars, Proceedings, 10th National Seminar on Mechanical 

Engineering (SNTTM X), Mechanical Engineering Department, Faculty of Engineering, 

Brawijaya University, Malang, November 2011. 

20. Sinaga, Nazaruddin and B. Prasetiyo. Experimental Study on the Characteristics of an 

Eddy Current Chassis Dynamometer, Journal of Eksergi, Politeknik Negeri Semarang, 

Vol. 8, No. 2, May 2012, ISSN: 0216-8685. 

21. Sinaga, Nazaruddin and A. Dewangga. Tests and Preparation of Water Brake Chassis 

Dynamometer User Manuals, Journal of Rotation, Vol. 14, No. 3, July 2012, ISSN: 

1411-027X. 

22. Sinaga, Nazaruddin. Smart Driving: Fuel Saving, Emission Quality Enhancement and 

Accident Reduction, Paper presented in the Seminar of Astra-Undip, Mechanical 

Engineering Department, Diponegoro University, November 2012. 

23. Sinaga, Nazaruddin, and Mulyono. Experimental Study on the Impact of Pertamax and 

Pertamax-Plus Fuels on the Exhaust Emissions of Motorcycles, Proceedings, National 

Seminar of Research and Community Service Institution, Politeknik Negeri Semarang, 

2013, ISBN: 978-979-3514-66-6, Pages 168-172. 

24. Sinaga, Nazaruddin and S. J. Purnomo. Relationship of Throttle Position, Engine 

Rotation and Gear Position on Fuel Consumption of Passenger Cars, Eksergi, Energy 

Engineering Journal, State Polytechnic Semarang, Vol. 9 No. 1, January 2013. 

25. Sinaga, Nazaruddin. Smart Driving Training to Reduce Greenhouse Gas Emissions and 

Transportation Costs of Land Transportation, Proceeding, 12th National Seminar on 

Mechanical Engineering (SNTTM XII), Faculty of Engineering, University of Lampung, 

October 2013. 

26. Sinaga, Nazaruddin, S. J. Purnomo, and A. Dewangga. Development of Efficient Fuel 

Consumption Equation Models for EFI Gasoline Fuel Passenger Cars, Proceeding, 10th 

National Seminar on Mechanical Engineering (SNTTM XII), Faculty of Engineering, 

University of Lampung, October 2013. 

27. Sinaga, Nazaruddin, and Y. N. Rohmat. Comparison of the Performance of LPG and 

Gasoline Motorcycles, Proceedings, National Seminar on Green Industry Technology, 

Center for Industrial Pollution Prevention Technology (BBTPPI) Semarang, Ministry of 

Industry, Semarang May 21, 2014. 

28. Syachrullah, L.I, dan N. Sinaga. Optimization and Prediction of Motorcycle Injection 

System Performance with Feed-Forward Back-Propagation Method Artificial Neural 

Network, Proceedings, 2nd National Seminar on Development of Research and 



Technology in Industry, Faculty of Engineering, Gajah Mada University Yogyakarta, 

June 2014. 

29. Paridawati and N. Sinaga. Reducing Fuel Consumption of an Injection System 

Motorcycle Using Artificial Neural Network Optimization Method with Back-

Propagation Algorithm, Proceedings, 2nd National Seminar on Development of 

Research and Technology in Industry, Faculty of Engineering, Gajah Mada University 

Yogyakarta, June 2014. 

30. M. Rifal and N. Sinaga. Impact of Methanol-Gasoline Blend on Fuel Consumption and 

Exhaust Emission of an SI Engine, Proceedings, The 3rd International Conference on 

Advanced Materials Science and Technology (ICAMST 2015), Semarang State 

University, April 2015. 

31. Sinaga, Nazaruddin, and Mulyono. Experimental Study on the Motorcycle 

Performance with Variation of Gasoline Types, Journal of Eksergi, Vol. 11, No. 1, ISSN: 

0216-8685, Pages 1- 6, January 2015. 

32. Syachrullah, L.I, and N. Sinaga. Optimization and Prediction of Motorcycle Injection 

System Performance with Feed-Forward Back-Propagation Method Artificial Neural 

Network, American Journal of Engineering and Applied Science, Vol. 8 Issue 2, pp. 236-

250, ISSN: 1941-7039, February 26, 2016. 

33. Rojak, Amirur and N. Sinaga. Analysis of Air and Fuel Consumption on Passenger 

Cars Fuel with LGV, Journal of Politeknosains, Vol. XV, No. 1, ISSN: 1829-6181, 

March 2016. 

34. Khudhoibi and N. Sinaga. Effect of Engine Remap on LGV-Fueled Car Operations, 

Journal of Momentum, Islamic University of Wachid Hasyim, Vol. 12, No. 1, ISSN: 

0216-7395, April 2016. 

35. Rifal, Mohamad and N. Sinaga. Impact of Methanol-Gasoline Fuel Blend on Fuel 

Consumption and Exhaust Emission of SI Engine, AIP Conf. Proc. 1725, 020070-1–

020070-6; Published by AIP Publishing, 978-0-7354-1372-6, March 2016. 

36. Sinaga, Nazaruddin and D. Alcita. Comparison of Fuel Consumption on EFI Car 

Fueled with Gasoline and Methanol-Gasoline M15, Eksergi, Energy Engineering 

Journal, State Polytechnic Semarang, Polines, Vol. 12 No. 3, September 2016. 

37. Nazaruddin Sinaga. Preliminary Design of a Simple LPG Converter Kit for Small Scale 

Gasoline Engines, Journal of Eksergi, Journal of Energy Engineering Polines, Vol. 13, 

No. 1, January 2017. 

38. Nazaruddin Sinaga. Numerical Jet-Swirling Analysis on Annulus Channels Flow Using 

Finite Volume Method, Journal of Rotation, Mech. Eng. Dept., Diponegoro University, 

Vol. 19, No. 2, April 2017. 

39. Nazaruddin Sinaga and M. Rifal. Effect of Methanol-Gasoline Fuel Composition on 

Torque and Power of a 1200 CC EFI Passenger Car, Journal of Rotation Vol. 19, No. 3, 

July 2017. 

40. Nazaruddin Sinaga. Design and Manufacturing of Simple Data Loggers for Motorcycle 

Chassis Dynamometers, Journal of Rotasi, Vol. 20, No. 1, January 2018. 

41. Rifal, Mohamad and N. Sinaga. Experimental Study of Methanol – Gasoline Ratio on 

Fuel Consumption, Exhaust Emission, Engine Torque and Power, Gorontalo Journal of 

Infrastructure and Science Engineering, Vol 1 (1), April 2018, pp. 47-54. 



42. Nugroho, A., Sinaga, N., Haryanto, I. Performance of a Compression Ignition Engine 

Four Strokes Four Cylinders on Dual Fuel (Diesel-LPG), Proceeding, The 17th 

International Conference on Ion Sources, Vol. 2014, 2018, 21 September 2018, AIP 

Publishing. 

43. Nazaruddin Sinaga, B. Yunianto, Syaiful, and W.H. Mitra Kusuma. Effect of 

Addition of 1,2 Propylene Glycol Composition on Power and Torque of an EFI 

Passenger Car Fueled with Methanol-Gasoline M15, Proceeding of International 

Conference on Advance of Mechanical Engineering Research and Application 

(ICOMERA 2018), Malang, October 2018. 

44. Nazaruddin Sinaga, Syaiful, B. Yunianto, M. Rifal. Experimental and Computational 

Study on Heat Transfer of a 150 KW Air Cooled Eddy Current Dynamometer, Proc. The 

2019 Conference on Fundamental and Applied Science for Advanced Technology 

(Confast 2019), Yogyakarta, January 21, 2019. 

45. Nazaruddin Sinaga. CFD Simulation of the Width and Angle of the Rotor Blade on the 

Air Flow Rate of a 350 kW Air-Cooled Eddy Current Dynamometer, Proc. The 2019 

Conference on Fundamental and Applied Science for Advanced Technology (Confast 

2019), Yogyakarta, January 21, 2019. 

46. Ahmad Faoji, Syaiful Laila, Nazaruddin Sinaga. Consumption and Smoke Emission of 

Direct Injection Diesel Engine Fueled by Diesel and Jatropha Oil Blend with Cold EGR 

System, Proc. The 2019 Conference on Fundamental and Applied Science for Advanced 

Technology (Confast 2019), Yogyakarta, January 21, 2019. 

47. Johan Firmansyah, Syaiful Laila, Nazaruddin Sinaga. Effect of Water Content in 

Methanol on the Performance and Smoke Emissions of Direct Injection Diesel Engines 

Fueled by Diesel Fuel and Jatropha Oil Blends with EGR System, Proc. The 2019 

Conference on Fundamental and Applied Science for Advanced Technology (Confast 

2019), Yogyakarta, January 21, 2019. 

48. Sinaga, Nazaruddin, M. Mel, D.A Purba, Syaiful, and Paridawati. Comparative 

Study of the Performance and Economic Value of a Small Engine Fueled with B20 and 

B20-LPG as an Effort to Reduce the Operating Cost of Diesel Engines in Remote Areas, 

Joint Conference of  6th Annual Conference on Industrial and System Engineering (6th 

International Conference of Risk Management as an Interdisciplinary Approach (1st 

ICRMIA) 2019 on April  23-24, 2019 in Semarang, Central Java,  Indonesia. 

49. Sinaga, Nazaruddin, B. Yunianto, D.A Purba, Syaiful and A. Nugroho. Design and 

Manufacture of a Low-Cost Data Acquisition Based Measurement System for Dual Fuel 

Engine Researches, Joint Conference of  6th Annual Conference on Industrial and 

System Engineering (6th International Conference of Risk Management as an 

Interdisciplinary Approach (1st ICRMIA) 2019 on April  23-24, 2019 in Semarang, 

Central Java,  Indonesia. 

50. Y Prayogi, Syaiful, and N Sinaga. Performance and Exhaust Gas Emission of Gasoline 

Engine Fueled by Gasoline, Acetone and Wet Methanol Blends, International Conference 

on Technology and Vocational Teacher (ICTVT-2018), IOP Conf. Series: Materials 

Science and Engineering 535 (2019) 012013 doi:10.1088/1757-899X/535/1/012013 

 


	Course9-ICE.pdf (p.1-28)
	Course8-ICE.pdf (p.1-28)

	Reference-ICE.pdf (p.29-32)

