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Simulation and comparison of diesel mixture
formation at different fuel injection advance
angles

Xiaolu Li, Jianguo Xing, Tao Hong

Abstract—This paper simulates the density and temperature fields
in the process of mixture formation with two combustion modes in a
Diesel engine by adjusting its fuel injection advance angle. The
computational simulations and experiments show that in the normal
combustion mode, the density and temperature of mixtures change
greatly during the injection so that there are premixed combustion and
diffusion combustion simultaneously, which results in high nitrogen
oxide and smoke emissions, but low carbon monoxide and
hydrocarbon emissions. Homogeneous charge compression ignition
combustion takes place by early-injection to form the stratified
homogeneous mixture, which results in very low nitrogen oxide and
smoke emissions, but high carbon monoxide and unburned fuel
emissions.
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I. INTRODUCTION

HE global environment protection and energy conservation

provide strong encouragement to develop more advanced
technologies for high efficiency of engine combustion. For
recent ten years, the homogeneous charge compression ignition
(HCCI) combustion is becoming the research hotspot in the
internal-combustion engine field [1]-[5]. Its features are
multispot  ignition  without flame propagation, and
low-temperature combustion without distributed heat release
[6]. However, the main combustion mode of normal Diesel
engine is the diffusion combustion, which can’t resolve the
contradiction between smoke and nitrogen oxide (NO,)
formation conditions, and this usually results in producing a lot
of poisonous NO, and smoke to environments and human
beings [7]. HCCI combustion can reduce NO, and smoke
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emissions simultaneously, but produce high carbon monoxide
(CO) and hydrocarbon (HC) emissions.

There are a lot of studies about HCCI combustion, including
its experiments and numerical computations [8]-[12] This
paper obtains a two-stroke Diesel engine emissions and thermal
efficiency in two combustion modes (normal combustion and
HCCI combustion) by adjusting its fuel injection angle, and
simulates and compares the process of its mixture formation by
adjusting advanced computational models for the first time. All
these are helpful to disclose the normal combustion producing
high smoke and NO, emissions simultaneously, and illuminate
HCCI combustion having low smoke and NO, emissions.

Il. EXPERIMENTAL BENCH AND PARAMETERS

A. Experimental bench

The computational simulation and experiment are completed
on a 1E150C Diesel engine. The engine test bench is shown as
Fig.1.
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Fig.1 Schematic of engine test bench

1-Compressor, 2-Stable pressure box, 3-Injector, 4-Combustion
chamber, 5-Piston, 6-Inlet air pressure sensor, 7-Inlet port,
8-Engine,  9-Crankshaft  position  sensor,  10-Hydraulic
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dynamometer, 11-Coupling shaft coupling, 12-Fly wheel,
13-Connecting rod, 14-Crankshaft, 15-Fuel mass flow meter,
16-Lubricating oil, 17-Joints for adjustable fuel delivery advance
angle, 18-Connecting bolt, 19-Fuel pipe, 20-Fuel pump, 21-Smoke
meter, 22-Probe for smoker, 23-Exhaust port, 24-Probe for five gas
analyzer, 25-Five gas analyzer, 26-Exhaust pressure sensor,
27-Data acquisition system, 28&29-Charge amplifier, 30-High
pressure fuel pipe, 31-Motor

In its normal combustion mode, the specification of the
nozzle is 6x®0.25x150°, and the fuel injection advance angle is
35 °CA BTDC (crank angle before top dead center). In HCCI
combustion mode, the fuel injection advance angle of
early-injection is 82 °CA BTDC, and the spray-angle is small as
possible in order to avoid fuel impinging wall. Simultaneously,
for better spray and more lean mixture, more nozzles should be
manufactured at the tip of injector, so its specification is 6 x
®0.25 x 90° + 4 x ®0.18 x 45°. The injection durations of these
two combustion modes are 25 °CA.

B. Experimental Parameters

Engine parameters, operating parameters and calculating
parameters are shown in Table 1.

Table 1 Engine Conditions

Parameter Value Parameter Value
Cylinder diameter 150 Scavenging port Circular
/ mm shape
Stroke/mm 225 S.C avenging port 30
diameter / mm

Connecting rod 450 Scavenge port | +121.8
length / mm open /°CA ATDC

. . Scavenge port | -121.8
Compression ratio 15 close / °CA ATDC
Combustion Shallow Fuel injection 350
chamber 0 temperature / K
Exhaust port 3 Fuel  quantity 0117
number percycle /g

Injection
Exhaust port shape Rectangle pressure / MPa 20
Exhaust port wide 30 Injection 25
/ mm duration / °CA
Exhaust port high 63 Fuel molecular Cohys
/ mm formula
Exhaust port open +109
/°CA ATDCE Rate / rpm 450
Exhaust port close -109 Scavenging 1117
/°CA ATDC pressure / kPa :
Scavenging port Scavenging
6 310

number temperature / K

8ATDC: after top dead center.

The emissions of NO,, HC and CO are tested by AVL
Company’s five gas analyzer Di Gas4000Light, and the smoke
densities are measured by a full-automated FBY-200 smoke
meter. The output power of the engine is calculated based on
the data of engine torque and speed measured directly by the
D650 hydraulic dynamometer and magneto-electrical speed
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sensor, respectively, while the brake thermal efficiency by
using the data of engine output power and data of fuel
consumption calibrated by the FCM-04 mass flow meter.

The accuracies of measurements and uncertainties in the
calculated results are shown in Table 2.

Table 2 Accuracies of measurements and uncertainties in the
calculated results

Measurements Accuracy | Calculated results | Uncertainty
+05%
Torque FSR Smoke +0.10 FSN
0,
Speed £05% Fuel consumption | +0.2% FSR
FSR
i 0,
Cylinder +0.8% Power +1.25%
pressure FSR
Brake mean o
NO, +1ppm effective pressure *18%
Brake thermal 0
HC +1ppm efficiency *15%
co +0.01 %

I1l. COMPUTATIONAL MODELS AND CONDITIONS
A. Computational Models

Three-dimensional model of in-cylinder flow is based on
classic fluid dynamics, namely the continuity, momentum and
energy equations. Simulation of in-cylinder turbulence is
completed by two equation models below as the turbulent
kinetic energy equation (1) and the turbulent kinetic energy
dissipation rate equation (2).
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where £ is the total mass density, K the turbulent kinetic
energy, t the time, U the velocity, © the viscous stress
tensor, # the first coefficient of viscosity, € the turbulent
kinetic energy dissipation rate, W - the source term arise due to
interaction with the spray, Pr' the Prandtl number of k , and
Pr. the Prandtl number of €, €=, €« €« C. Pruand Pr,
are constant, which are 1.44, 1.92, -1.0, 1.5, 1.0 and 1.3
respectively. The dispersion droplet model (DDM) is used to
simulate the process of fuel spray, which is consisted of
disperse particles. The spray liquid model includes the flow,
breakup, collision and evaporation sub-models [13], while the
combustion model is the turbulence/chemistry interaction
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