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Abstract
Injection rate shape has an important effect on the performance of Received: 28 June 2021
internal combustion engines. In this study, the effect of three Accepted: 2 September 2021

triangular injection rate shapes, including left triangle, middle PGS VIR 24

triangle, and right triangle, which were distinguished by the
parameter a equal to 0, 0.5, and 1, respectively, on the
performance of a Reactivity Controlled Compression Ignition
(RCCI) engine were investigated and compared with the square
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Effect of Triangular Injection Rate Shape on the

injection rate shape. It was realized that by increasing, the gross Keywords:

indicated efficiency (GIE) and nitrogen oxides (NO,) emissions Triangular Injection Rate
increased, while unburned hydrocarbons (UHC) and carbon Shape,

monoxide (CO) emissions decreased. The highest GIE and the Reactivity Controlled
lowest UHC and CO emissions were obtained by the right triangle, Compression  Ignition
which were 9.9% higher and 27.45% and 25.51% lower than those Engine,

obtained by the square injection rate shape, while the lowest NOy Natural Gas,

emissions were obtained by the left triangle, which was 14.15% Computational  Fluid
lower than that obtained by the square injection rate shape. Dynamics
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1. Reactivity Controlled Compression Ignition Engine

2. Gross Indicated Efficiency

3. Unburned Hydrocarbons
4. Carbon Monoxide
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5. Exhaust Gas Recirculation
6. Top Death Center

7. Combustion Duration

8. Ramp

1. Low Combustion Temperature

2. Homogeneous Charge Compression Ignition
3. Premixed Charge Compression Ignition

4. Pressure Rise Rate
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4. Eulerian-Lagrangian

1. Shuai
2. Spline
3. OpenFOAM
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Table 1. Models used in the simulation.

Description Model

Turbulence model RNG k-¢ [13] "

Kelvin-Helmholtz-Rayleigh-
Taylor [14]

Nordin [15]

Breakup phenomenon

Collision

Ranz-Marshall correlation

Heat transfer [16]

Schiller-Neumann correlation

Drag coefficient [17]

Turbulence-chemistry Partially-stirred reactor

interaction

combustion [18]
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Table 2. Engine and injector specifications [19].

Engine specification

Type of Engine Caterspcl:l(lja;émlE
Displacement (L) 2.44
Bore x stroke (mm) 137.2x165.1
Connecting rod length (mm) 261.6
Compression ratio 16.1:1
Swirl ratio 0.7
Engine speed (rpm) 1300
Direct-injected Mass fraction (-) 0.07
IVC (° ATDC) -143
EVO (° ATDC) 130
Injector Type Common rail
Number of holes 6
Hole diameter (um) 250
Included spray angle (°) 145
Injection pressure (bar) 954
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1. Gauss Linear Corrected
2. Gauss Upwind

3. Euler

4. PISO

5. Courant Number
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Figure 2. Grid independence test.
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Figure 3. Comparison of the heat release rate and in-cylinder
pressure for this study and Neiman et al.’s study [19].
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Table 3. Engine operating conditions [19].

Parameter Value

IMEP (bar) o
Intake pressure (bar) 1.75
Intake temperature (0C) 60
Total fuel mass (mg) 89
Methane mass percent (%) 85
Premixed fuel equivalence ratio 0.29
Diesel SOI 1 (° ATDC) -87.3
Diesel SOI 2 (° ATDC) -38.3
Fraction of diesel in first injection (%) 40
EGR (%) 0
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Figure 1. Engine geometry with 42,931 cells at the
top dead center.
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Figure 4. Triangular and square injection rate shapes.
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Figure 5. Effect of a on the heat release rate and
in-cylinder pressure.
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Table 4. Comparison of the results of the present study and
Neiman et al.’s study [19].

Neiman et al [19]

50.5

Objectives Present study

GIE (%)

50.4

NOX (g/kW.h) 0.02 0.0193

CO (g/kW.h) 1.8 1.38

UHC (g/kW.h) 25 6.9
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Figure 7. Effect of a on the formaldehyde formation.
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Figure 6. Effect of a on the amount of evaporated diesel.
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Figure 10. Variation of the mass fraction of carbon monoxide for
triangular and square injection rate shapes.
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Figure 11. Variation of the mass fraction of nitrogen oxides for
triangular and square injection rate shapes.
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Figure 8. Variation of the gross indicated efficiency for
triangular and square injection rate shapes.
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Figure 9. Variation of the mass fraction of unburned
hydrocarbons for triangular and square injection rate shapes.
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