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Table 1- Base Engine specifications

Row Description Base Engine
1 No. Cylinder 6
2 Displacement (Lit) 1.7
3 Bore (mm) 78.6
4 Strok (mm) 85
5 Compration Ratio 12.5
6 BSFC ( g/kW.hr) 230
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Figure 1- Base Engine Torque - Speed curve
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Figure 2- Base Engine Brake Power — Speed curve
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Figure 3- Base Engine Valves Timing Diagram
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Table 2- Comparison of Hydrogen and Methane

Row Description hydrogen methane
1 Flammability limit (%volumetric) 4-75 5.3-15
2 Stoichiometric Mixture (%volumetric) 29.53 948
3 Minimum Energy for Combustion (Mj) 0.02 0.29
4 Auto -Ignition Temperature (K°) 858 813
5 Combustion Temperature (K°) 943 1493
6 Burming Velocity (m/s) 265-325 37-45
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Figure 4- Exhuast Manifold Model (One-dimensional) in GT-Power with GEM-3D
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Figure 5- Complete simulation model of the base engine in GT-Power
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Figure 6- Adapting the Performance of the Simulation Model Based on the Set Target (Torque)
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Figure 7- Base engine turbocharger compressor performance curve
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Table 3- Some of the Base Engine Test Results

ENSP | Torque | Power | BMEP BSFC

(rpm) | (Nm) (kW) | (bar) | (g/kW.h)
1000 118.2 12.4 9 2479
2000 235.24 49.2 17.91 226.5
3000 256.69 80.6 19.55 217.9
4000 252.56 105.7 19.24 221
5000 229.84 120.3 17.5 232.9
5500 209.25 120.5 15.94 240.7
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Figure 8- Cylinder Pressure - Crank Angle Degree Curve of Cylinder 1 at 2000 RPM
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Figure 9- Cylinder Pressure - Crank Angle Degree Curve of Cylinder 1 at 5500 RPM
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Figure 10- Matching Engine Power Between Test and Simulation Model Results
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Figure 11- Matching Engine Torque Between Test and Simulation Model Results
Gilwdand Joo gl g 90 gl o 59590 HgliudS Gaudai 1) JSB

20,0 BMEP - Brake Mean Effective Pressure

data test

—_— T TT———— —TC-CNG Dedicat -Base
/. Engine Model

175 !

15.0- /

BMEP [bar]

125

10.0-

000 2000 3000 4000 5000 6000
Engine Speed [RPM]

Figure 12- Matching Engine BMEP Between Test and Simulation Model Results
Sibwaned Juo uls 9 o903l @S (w2 s9i 90 BMEP Golad VY JSCo

Archive of SID.ir



Archive of SID.ir

\FeY QLM) “A)Le‘> o)l.o...':.» LMQ)}L\A} JL@ ‘Lj‘)'“}‘ 9 u}jﬂ QSM'"QSJJ _GQJ.C 4..1)...«.)

250 BSFC - Brake Specific Fuel Consumption, Cyt
|\ data test
TC-CNG Dedicat -Base
Engine Model
24014
E
5 230
(4]
[
&
2
220
2|P
000 2000 3000 4000 5000 6000
Engine Speed [RPM]

Figure 13- Matching Engine BSFC Between Test and Simulation Model Results
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Figure 14- Engine Torque in Different Percentages of Hydrogen at 5500 rpm
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Figure 21- The BMEP of the Engine in Terms of Speed at 20% of Hydrogen
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Figure 22- The BMEP of the Engine in Terms of Speed at 30% of Hydrogen
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BMEP: Brake Mean Effective Pressure
BSFC: Brake-Specific Fuel Consumption
CA: Crank Angle

Cyl: Cylinder

ENSP: Engine Speed

K: Kelvin

kJ: kJoule

M: Metre

PCYL: Cylinder Pressure

RPM: Revolutions Per Minute

S: Second
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English Abstract

Numerical Study of Hydrogen Addition to Natural Gas Turbocharged
SI-Engine on Performance Characteristics of the Engine
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To improve the performance of gas-burning engines, hydrogen fuel was added to the engine intake mixture
as a supplement, along with natural gas, due to its higher calorific value, wider ignition range, higher flame
speed, faster combustion, and lower combustion temperature. A gas-burning engine from the light-duty
category was chosen as the base engine. The engine simulation process was done in GT-Power software and
validation was done using the performance test results of the base engine with gas fuel. Different percentages
of the combination of natural gas and hydrogen fuels were applied to the simulation model by applying
different combustion monitoring conditions and while checking engine performance indicators such as
torque, BSFC, volumetric efficiency, BMEP, in-cylinder pressure, and NOx emission, the best percentages
for the fuel mixture is designated. The results show that adding hydrogen fuel to natural gas improves the
performance characteristics of the engine. Based on the obtained results, with hydrogen percentages equal to
10% to 20% in combination with gas, the performance indicators are improved, and for hydrogen amounts
greater than 30% in the fuel composition, there will be no significant effect on improving engine behavior.

Keywords: Natural Gas Engine, Hydrogen Fuel, Fuel Mixture, Engine Performance Improvement
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