ISSN: 2476-6909; Modares. Mech. Eng. 2026;26(02):119-128.

Modares Mechanical Engineering

Tarbiat Modares DOI: 10.48311/mme.2025.96828.0
University journal homepage: mme.modares.ac.ir

Numerical Study of the Effect of Replacing Nitrogen with Helium-Carbon
Dioxide on Diesel Engine Combustion

Seyed Safdar Taghavi Khesal, Amin Jalalian"®, Mahmood Salari, Mojtaba Barzegar Rahimi

Department of Mechanical Engineering, Faculty of Engineering, Imam Hossein University, Tehran, Iran.

ARTICLE INFO ABSTRACT
Article Type One of important problems of closed-cycle diesel engines is the drop in combustion pressure and engine power. In the
Original Research present work the solution in a typical engine using CFD has been investigated. This is achieved by injecting helium

into inlet gas mixture. This mixture involves recycling CO, from the products and injecting oxygen. The basis of closed-
cycle engines is EGR. The higher the %EGR, the smaller amount of gases such as nitrogen, which are less effective in
chemical reactions. Therefore, the strategy of present work is to use the highest possible %EGR. Results indicate that
in the case where helium has a mass fraction of 4.6 to 11.7% and CO, has a mass fraction of 73 to 66%, after
combustion, pressure and power drops occur, and to eliminate them, it is necessary to change o/f ratio. In general, as
the amount of helium increases (up to a mass fraction of 20%), the peak pressure increases but does not reach the
desired value, and the heat release rate decreases; however, at a mass fraction of 39%, the peak pressure exceeds the
desired value, but combustion does not occur, this increase in pressure is the result of piston movement. By changing
the o/f ratio from 16.5 to 11.5 and helium with a mass fraction of 9.5% and 67% EGR, the pressure variation matches
the desired state. In this case, sfc is lower than in all cases, even the desired case, and the power output is higher than
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Table 2 Initial conditions of species mass fractions

[
EGR% O/F 02 co2 He N2  mode
F (kg/m3)
14 16.5 0.178 0.221 0.1445 0 0.634 1
77 165 01275 0221 07793 0 0 2
75 16.5 0.195 0.221 0.756 0.023 0 3
72 165 0.167 0.221 0733  0.046 0 4
69 165 0.139 0221 0701  0.078 0 5
65 16.5 0.115 0.221 0.662 0.117 0 6
58 165 0.085 0221  0.584  0.195 0 7
38 165 0.052 0221 03896  0.389 0 8
67 115 0.128 0.221  0.6843  0.095 0 9
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Fig. 2 A view of the solution domain and boundary conditions
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Fig. 1 Closed cycle diesel engine [13]
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Table 1 Specifications and some important parameters of the engine [9,
10, 13]

Engine Model Deutz F1L511
Number of cylinders 1
Number of cycles Four stroke
cooling system Air cooled
Cylinder diameter 100 mm
period 105 mm
Density ratio 18:00
engine speed 1500 rpm
Maximum power 5.775 kw
Fuel injection duration 336 to 360 crank degrees
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Fig. 3 A view of fuel injection from the Eulerian-Lagrangian approach [17]
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Fig. 8 Pressure diagram versus crank angle in different mass fraction of
species
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Fig. 9 Pressure diagram versus crank angle in different mass fraction of
species
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Table 3 Operating parameters at different situation

Modes IMEP [bar] SFC [kg/kw.hr] POWER [kw]
1 4.49 0.019 33
2 4.35 0.0262 3.2
3 3.39 0.024 2.87
4 343 0.0232 2,53
5 2.44 0.0271 1.8
6 111 0.0494 0.82
7 1.54 0.0265 1.13
8 0.10 0.2581 0.07
9 4.66 0.0189 343
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Fig. 7 Pressure diagram according to crank angle in laboratory and
simulation mode
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Fig. 10 Graph of heat release rate according to crank angle in mode 1 and
4
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Fig. 11 Graph of heat release rate according to crank angle in mode 1, 5, 6
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Fig. 13 Pressure diagram versus crank angle in different mass fraction of
species
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