Effect of orifice diameter on combustion and emission

of biodiesel supercharged engine

Abstract:

In with the increasing number of automobile ownership and the increasingly
stringent emission regulations, the development of clean energy has-become an
important issue in the field of energy and environment at present. In this.thesis,
combustion and emission experiments of biodiesel supercharged engine were
conducted to investigate the effects of orifice diameter (6x0.24mm, 6x0.35mm),
engine speed (800r/min, 1400r/min), and engine load (25%, 50%, 75%, and
100%) on combustion and emission characteristics: The results showed that for
emission characteristics, at a certain rotational speed and load, the use of orifice
diameter 6x0.35 mm resulted in larger carbon monoxide emission, hydrocarbon
emission and carbon smoke emission and smallerNOx emission from the engine.
In terms of combustion characteristics; the cylinder pressure, heat release rate,
and pressure rise rate peaks are higher with orifice diameter 6x0.24mm than
with orifice diameter 6x0.35mm:The pressure rise rates of both orifices have two
peaks, with the first peak basically overlapping, and the orifice diameter mainly
affects the second peak, and the second peak is higher with orifice diameter
6x0.24mm, and the difference.is not obvious after the second peak. The cylinder
pressure peak at 1400r/min is higher than the peak at 800r/min, and the peak
phase is delayed. The pressure rise rate at both speeds showed a double peak,
the second,peak'of the pressure rise rate at speed 800r/min was high and the
first peak at speed 1400r/min was high.
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Introductory

Energy, as an important material basis for the survival as well as development of
human society, is the basic guarantee for the development of today's society, as well as
the basic driving force for socio-economic growth 2, At present, fossil energy is still
the main energy source in the world. As a great gift of nature, fossil fuels take hundreds
of millions of years to form naturally #. However, nowadays, with the continuous
development of science and technology, the continuous growth of energy demand has
led to the overconsumption of fossil energy, and the difference between fossil energy
reserves and fossil energy demand is increasing year by year. Therefore, the growth of
energy consumption and energy crisis is an urgent problem that needs ‘to be solved
nowadays. Nowadays, environmental problems are attracting more and more attention,
which is due to the fact that economic development was strongly:supported at the
expense of the ecological environment before, resulting in the‘current environmental
problems becoming more and more serious ®). Many pollutants-are caused by the
combustion of fossil fuels, and the combustion of large amounts of fossil fuels will not
only lead to increasing energy consumption, but also cause a large amount of
greenhouse gases and pollutant emissions. Therefore; it is urgent to solve the
environmental pollution problem ¢,

In order to alleviate the global energy crisis and environmental pollution
problems, vigorously developing renewable green resources is a topic that is being
promoted all over the world. Biodiesel as a kind of green and renewable energy is also
getting more and more attention 3. Biodiésel is a biodegradable energy produced from
vegetable oils or animal fats through transesterification reaction >*3]. Its sources are
very rich, and according to the 2012 report of the European Academy of Sciences
Scientific Advisory Committee (EASAC), biodiesel is usually categorized into first-,
second-, third-, and fourth-generation biodiesel™**). Among them, the first-generation
biodiesel is mainly prepared from edible oils by transesterification reaction, while the
second-generation-biodiesel is prepared from non-edible oils by transesterification
reaction, and the third-generation biodiesel is prepared from waste edible oils by
isolation;purification, and finally by transesterification reaction under acidic or
alkaline conditions. The fourth generation biodiesel, on the other hand, is extracted
from materials:such as man-made biomass energy and is still in the basic research stage
[16-201 ‘Bjodiesel has been defined as an "environmentally friendly fuel” due to its unique
advantages of being degradable, low-emission, carbon-neutral, and non-toxic, and is
currently the most likely alternative to fossil diesel “?2. Many researchers 2% have
also shown that the physicochemical properties of biodiesel are very close to those of
diesel. The advantages of biodiesel applied to diesel engines are very obvious, which
can be shown as follows: (1) Biodiesel can be directly applied to diesel engines without
modifications to the fuel supply and fuel injection system "% (2) Compared with
diesel fuel, biodiesel has a higher cetane number and is free of aromatics, with an
oxygen content of about 10-11%. These properties of biodiesel can promote adequate
fuel combustion while significantly reducing the emission of toxic pollutants in the
engine exhaust ?°!, (3) Biodiesel has good lubricating properties. Since the kinematic
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viscosity of biodiesel is greater than that of traditional fossil diesel, it has better
lubrication properties, which results in reduced friction losses during engine operation,
smoother engine operation, and increased engine service life B%. (4) Biodiesel
possesses a higher flash point and freezing point than diesel, indicating that biodiesel is
less likely to explode, so biodiesel is safer than ordinary diesel in transportation, storage
and application .

In this paper, combustion and emission experiments of biodiesel supercharged
engine were carried out to investigate the effects of orifice diameter, speed and load on
combustion and emission characteristics.

1 Experimental setup

1.1 The fuel used in the experiments of this thesis is ‘biodiesel. Its
physical and chemical properties are shown in Table 1 below:.

Table 1 Physical and chemical properties of biodiesel

Fuel type biodiesel
Physical and chemical properties
Density (g/cm3;20(1) 0.875
Kinematic viscosity(mm2/s;40(1) 4.185
Surface Tension(kg/s2;40(1) 0.028
Cetane number 56

1.2 The test setup and related parameters of the engine are as follows:
Tablei2 Technical parameters of biodiesel supercharged engines

Name Type and main parameters

Type Six-cylinder, four-stroke, supercharged,
intercooled

Bore/Stroke/mm 114/135

Compression ratio 18: 1

Total Displacement/L 8.27

Speed/r-min™ 800 1400

Rated power/KW 184

Oil supply advance angle/0CA BTDC 6

Nozzle diameter/mm 6x0.24 6x0.35

Starting pressure/MPa 19

Table 3 Main instrumentation used in the test

Instrumentation Manufacturer and Model

Extinction Smoke Meter AVL Corporation, 439 Opacimeter Matte Smoke




Meter

Gas Emission Analyzer AVL Corporation, AVLCEB serials

Measuring and Control Instruments Eico Electro-Mechanical Corporation, EIM301D

Dynamometers Eico Electro-Mechanical Corporation,
PECD9400

Cylinder Pressure Sensor Kistler Corporation, 6125B

Charge Amplifier Kistler Corporation, 5015

Data Acquisition Instruments Yokogama Corporation, DL750

Electronic balances Shenyang Tenglong Electronics Co,ES1000k><1

Figure 1. Picture of engine test setup
2 Effects of different.orifice diameters on biodiesel supercharged engine

emissions
In this paper, we study the emission pattern of CO emission, HC emission, NOx emission and

carbon smoke emission of the supercharged engine under four loads, two speeds and two orifice
diameters. In.the experiment, the size of the orifice diameter was taken as 6x0.24mm and 6x0.35mm
respectively, and:the size of the load was taken as 25%, 50%, 75% and 100% respectively, and Excel
software was used.to make the relevant experimental data into line graphs, compare and analyze the
differences, .and draw relevant conclusions.
2.1 Effect of supercharged engine orifice diameter on CO emission

Figure'2 shows the speed of 1400r/min, two different orifice diameter (6 x 0.24mm, 6 x 0.35mm)
in four different loads (25%, 50%, 75%, 100%) under the working conditions, the change rule of CO
emissions. First of all, analyze the folding line of the orifice diameter of 6x0.24mm: CO emission
decreases with the increase of load first and then tends to stabilize, in the load of 25%-75%, CO
emission decreases with the increase of load, and reaches the minimum emission of 33.21 ppm when
the load is 75%; when the load is 75%-100%, CO emission remains basically unchanged. At 75%-100%
load, the CO emission remained basically unchanged. Analyzing the folded line with the orifice
diameter of 6x0.35mm: the CO emission increases with the increase of load, and keeps the same
increase between 25% and 75% of the load, and increases more after 75% of the load, and reaches
the maximum emission of 627.2ppm at 100% of the load. comparing the analysis of the two folded




lines, no matter how the load is changed, the CO emission of the orifice diameter of 6x0.35mm is the
lowest, and the CO emission of the orifice diameter of 6x0.35mm is the lowest, and the CO emission is
the highest. x 0.35 mm is always larger than that of 6 x 0.24 mm, and the difference between the CO
emissions of the two orifice diameters increases gradually with the increase of load.
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Figure 2. CO emissions for different arifice:diameters

2.2 Effect of supercharged engineorifice diameter on HC emissions

Figure 3 shows the change rule of HC emission under four loads (25%, 50%, 75%, 100%) with
the speed of 1400r/min and two different orifice diameters (6><0.24mm, 6><0.35mm). First of all,
analyze the folding line of the orifice diameter of 6><0.24mm: HC emission does not change
significantly with the increase of load, and.remains stable, and the overall emission is around
14ppm. Analyze the line with orifice-diameter of 6>0.35mm: HC emission increases with the
increase of load, and it ‘grows slowly when the load is 25%-75%, but HC emission increases
rapidly after 75% load, and it'reaches the maximum value of 155.88ppm when the load is 100%.
two line graphs have no'intersection, and the HC emission of the line with orifice diameter of 6><
0.35mm is always larger.than that of the line with orifice diameter of 6><0.35mm. The two line
graphs always have no intersection point, and the HC emission of the orifice diameter of 6>
0.35mm is always larger than the HC emission of the orifice diameter of 6><0.24mm, and the
difference‘gradually increases.
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Figure 3. HC emissions under different loads

2.3 Effect of supercharged engine orifice diameter on NOx emission

Figure 4 shows the rotational speed of 800r/min, two different orifice diameters (6>
0.24mm, 6><0.35mm) in four kinds of load (25%, 50%, 75%, 100%) under the working condition,
NOx emission rule of change. Firstly, analyze the folding line with orifice diameter of 6><0.24mm:
NOx emission increases with the increase of load, the minimum emission is 461.34ppm, and the
maximum emission is 1415.21ppm. Analyze the folding line with orifice diameter of 6><0.35mm:
NOx emission increases with the increase of-load and then tends to stabilize, and NOx emission
changes with the increase of load at the loads of 25%-75%. At 75%, the NOx emission increases
with the increase of load, and the maximum emission is 816.9ppm. At 75%-100%, the NOx
emission is almost unchanged. Comparison of the two folding lines: the two folding lines have no
intersection point, the folding line of the orifice diameter of 6><0.24mm is always above the
folding line of the orifice diameterof 6><0.35mm, i.e., under the same load, the NOx emission of
the orifice diameter of'6><0.24mm is always greater than that of the orifice diameter of 6>
0.35mm, and the difference of the NOx emission of the two orifice diameters is gradually
increasing.
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Figure 4. NOx Emissions from Different Orifice Diameters

Figure 5. shows the change rule of NOx emission under four loads (25%, 50%,
75%, 100%) at a speed of 1400r/min with two different orifice diameters (6 ><0.24mm,
6><0.35mm). The NOx emissions of both orifice diameters increase with the increase
of load, and the maximum NOXx emissions of the orifice.diameter of 6><0.24mm is
1266.3 ppm, and the maximum NOx emissions of the orifice diameter of 6><0.35mm
is 949.4 ppm. comparing the two’ folding lines, we analyze that: there is no
intersection between the two folding lines, and the folding line of the orifice diameter
of 6><0.24mm always lies in.the middle of the orifice diameter of 6>0.35mm, and
the folding line of the orifice diameter of 6><0.24mm always lies in the middle of the
orifice diameter of 6>0:35mm. The line with a diameter of 6><0.35mm is always
above the line with.a diameter of 6><0.35mm, i.e., under the same load, the NOx
emission of 6><0.24mm is always greater than the NOx emission of 6><0.35mm.
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Figure 5. NOx Emissions from Different Orifice Diameters

2.4 Effect of supercharged engine orifice diameter on carbon smoke
emission

Figure 6. shows the rotational speed of 800r/min, two different orifice diameters
(6%0.24mm, 6x0.35mm) in four kinds of load (25%, 50%, 75%, 100%) under the
working condition, the change rule of carbon smoke emissions. Firstly, analyze the
line graph of the orifice diameter of 6x0.24mm: the carbon smoke emission does not
change obviously with the increase of load, the carbon smoke emission is low, the
change range is between 0.01m-1-0.04m-1, most of the carbon smoke emission under
load is around 0.01m-1, the maximum value is only 0.039m-1. Analyze the line graph
of the orifice diameter of 6x0.35mm. 0.35mm: the carbon smoke emission increases
with the increase of load, and the increase of carbon smoke emission increases
gradually with the increase of load, and reaches the maximum.emission of.carbon
smoke when the load is 100%, with the value of 2.063m-1. Compare the analysis of
two folding lines: there is no intersection between two folding. lines, and the folding
line of the diameter of the orifice of 6x0.35mm is always above the folding line of the
diameter of the orifice of 6x0.24mm, i.e., under the same load, the emission of carbon
smoke is only about 0.01m-1, with the maximum.value0f 0.039m-1. That is to say,
under the same load, the emission of carbon smoke from the 6x0.35mm diameter
orifice is always greater than that from the 6x0.24mm diameter orifice.
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Figure 6. Carbon Smoke Emission from Different Orifice Diameters

Figure 7 shows the rotational speed of 1400r/min, two different orifice diameters
(6 x 0.24mm, 6 x 0.35mm) in the four load (25%, 50%, 75%, 100%) under the
working conditions, the change rule of carbon smoke emissions. Two kinds of orifice
diameter carbon smoke emissions are increased with the increase of load, orifice
diameter of 6 x 0.24mm carbon smoke emissions of the minimum value of 0.02m-1,
the maximum value of 0.064m-1, the increase is small. The minimum value of carbon
smoke emission of 6x0.35mm diameter is 0.309m-1, and the maximum value is
0.643m-1, which is a relatively large increase. The minimum carbon smoke emission
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of 0.309m-1 for 6x0.35mm is still larger than the maximum emission of 0.064m-1 for
6x0.24mm, with a significant difference, indicating that no matter how the load is
changed, the carbon smoke emission of 6x0.35mm is always larger than the carbon

smoke emission of 6x0.24mm.
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Figure 7. Nozzle Diameter.Carbon Smoke Emissions

3 Effect of different speeds and orifice diameters on combustion in
supercharged engines
In the nozzle diameter of a certain, different crankshaft angle conditions,

comparative analysis of the engine speed on the cylinder pressure, pressure rise rate of
the impact. The nozzle diameter is 6><0.24mm, the crankshaft angle is selected in the
range of -30 < CA-40 < CA to study the effect of rotational speed on cylinder pressure

and the crankshaft angle. is selected in the range of -73<= CA-120 < CA to study the
effect of rotational speed on the rate of pressure rise.

Under a certain rotational speed and a variety of crankshaft angle conditions, the

effects of different orifice diameters on cylinder pressure, heat release rate and
pressure rise rate were comparatively analyzed. The rotational speed is 1400r/min, the

diameter of the:nozzle is 6><0.24mm, 6><0.35mm, the crankshaft angle is selected in

the range of -30 < CA-40 = CA to study the effect of different nozzle diameters on the
cylinder pressure, and the crankshaft angle is selected in the range of -30=CA-60<
CA to study the effect of different nozzle diameters on the rate of exothermic heat.
-The crankshaft angle was selected in the range of -73<CA-120 < CA to study the
effect of orifice diameter on the rate of pressure rise.
3.1 Effect of supercharged engine speed on cylinder pressure

Figure 8 shows the cylinder pressure graph for 100% load, the diameter of the
spray hole is 6><0.24mm, and the crankshaft turning angle is between -30 < CA-40<

CA. First of all, analyze the curve of 800r/min: from the starting point, the cylinder

pressure increases and then decreases with the increase of the crankshaft angle, and
the cylinder pressure reaches the peak when the crankshaft angle is 8 < CA, and the
maximum cylinder pressure is 9.18784Mpa. analyze the curve of 1400r/min: from the
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starting point, the cylinder pressure increases and then decreases with the increase of
the crankshaft angle, and the cylinder pressure reaches the peak when the crankshaft
angle is 14.5<= CA, and the cylinder pressure increases and then decreases with the
increase of the crankshaft angle. Analyze the curve of 1400r/min: from the starting
point, the cylinder pressure increases and then decreases with the increase of
crankshaft angle, and the cylinder pressure reaches a peak at the crankshaft angle of
1400r/min, and the maximum cylinder pressure is 12.50967Mpa. Compare the
analysis of the two curves: the cylinder pressure reaches a peak at the speed of
800r/min and the peak at the speed of 1400r/min earlier than the peak at the speed of
1400r/min, and the peak value of the speed of 1400r/min is large, and there is no
intersection of the two curves. At the same crankshaft angle, the cylinder pressure at
1400r/min is always greater than that at 800r/min.
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Figure 8: Cylinder pressure at different speeds

3.2 Effect of supercharged engine speed on the rate of pressure rise
Figure 9 represents the cylinder pressure graph for a 100% load, a spray hole
diameter of 6:x 0.24'mm, and a crankshaft turn angle between -30°CA and 40°CA.
Firstly, analyze the curve for a speed of 800 r/min: at crankshaft rotation angles of
-40°CA --13.5°CA, -3.5°CA-1°CA, 0.5°CA-3°CA, 19.5°CA-40°CA, the The rate of
pressure-rise increases with increasing crankshaft angle; the rate of pressure rise
decreases with increasing crankshaft angle for crankshaft angles of -13.5°CA -
3.5°CA, -1°CA - 0.5°CA, 3°CA - 19.5°CA. The maximum pressure increase rate is
0.61906Mpa/°CA at -1°CA, and the minimum pressure increase rate Iis
-0.32424Mpa/°CA at 19.5°CA. Analyzing the curves at 1400r/min: the crankshaft
angle decreases at -40°CA --10°CA, 2°CA --9.5°CA, 3°CA -19.5°CA, and 3°CA
-19.5°CA, respectively. -9.5°CA, 24.5°CA-40°CA, the rate of pressure rise increases
with the increase of crankshaft angle; crankshaft angle at -10°CA-2°CA,
9.5°CA-24.5°CA, the rate of pressure rise increases with the increase of crankshaft
angle. crankshaft rotation angle increases. The maximum pressure increase rate is
0.32Mpa/°CA when the crankshaft angle is -10°CA, and the minimum pressure
increase rate is -0.37624Mpa/°CA when the crankshaft angle is 24.5°CA. Comparing
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the two curves, the maximum pressure increase rate is large at 800r/min, and the
minimum pressure increase rate is small at 1400r/min, and there are three intersection
points between the two curves. There are three intersection points between the two
curves. When the crankshaft angle is -2 ° CA-7 ° CA, 20.5 ° CA-40 ° CA, the
pressure increase rate of the speed of 800r/min is large; when the crankshaft angle is
-40 ° CA-2 ° CA, 7 ° CA-20.5 ° CA, the pressure increase rate of the speed of
1400r/min is large. The rate of pressure rise is large for a speed of 1400r/min.

o
oo

= 800r/min
== 1400r/min

o
(2]
T

o
~

, Rate of pressure rise/MPa/ ( =CA)
o
N

0 L L L 1 L ]
-40 -30 -20 -10 0 0 20 30 0
0.2
04 -
Crankangle/ < CA

Figure 9. Pressure Rise Rates at Different Rotation Speeds

3.3 Effect of different orifice diameters on cylinder pressure in
supercharged engines

Figure 10 represents the cylinder pressure graph for 100% load, speed of
1400r/min, and crankshaft turning angle between -30°CA and 40°CA. First of all,
analyze the nozzle diameter of 6 x 0.24mm curve: from the starting point, the cylinder
pressure with the increase in crankshaft angle increases first and then decreases, in the
crankshaft angle is 14.5 ° CA when the cylinder pressure reaches the peak, at this time,
the maximum cylinder pressure is 12.50967Mpa. analyze the curve of the diameter of
the nozzle hole of 6 x 0.35mm: from the starting point, the cylinder pressure with the
increase in.the crankshaft angle first and then decreases, at the crankshaft angle is -30 °
CA - 40 ° CA between the cylinder pressure graphs. Analyze the curve of 6x0.35mm:
from the starting point, the cylinder pressure increases with the increase of crankshaft
angle, then decreases, and the cylinder pressure reaches the peak when the crankshaft
angle is 14.5°CA, and the maximum cylinder pressure is 12.30029Mpa. Compare and
analyze the two curves: the diameter of the nozzle hole is 6x0.24mm and the diameter
of the nozzle hole is 6x0.35mm reach the peak at the same time, and the maximum
cylinder pressure is close to each other. Before the peak, the crankshaft angle of 4 °©
CA before the nozzle diameter of 6 x 0.35mm cylinder pressure is higher than the
nozzle diameter of 6 x 0.24mm cylinder pressure, crankshaft angle of 4 ° CA after the
two kinds of nozzle diameter of the cylinder pressure trend remains the same, in the
vicinity of the peak cylinder pressure there is a slight difference.
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Figure 10. Cylinder Pressure for Different Orifice Diameters

3.4 Effect of different orifice diameters. on. exothermic rate of
supercharged engine

Figure 11 shows the scatter plot of the exothermic rate for 100% load, speed of
1400r/min, and crankshaft angle between -30°CA-60°CA. First of all, analyze the
curve of the nozzle diameter of 6x0.24mm: from the starting point, the exothermic rate
increases and then decreases with the increase of the crankshaft angle, the exothermic
rate reaches the peak when the crankshaft angleiis 11.5°CA, at this time, the maximum
pressure of the cylinder, the value of 241.92Mpa. analyze the curve of the nozzle
diameter of 6x0.35mm: from the starting point, the exothermic rate increases and then
decreases with the increase of crankshaft:angle, at the crankshaft angle of 12°CA, the
exothermic rate reaches the peak when the crankshaft angle is 12°CA. In the crankshaft
angle is 12.5 ° CA when the cylinder pressure peaks, this time the cylinder pressure is
maximum, the value of 231.504Mpa. Comparison of the two curves: nozzle diameter of
6 x 0.24mm to reach the peak than the diameter of the nozzle hole of 6 x 0.35mm to
reach the peak earlier thanthe 1 ° CA, the maximum exothermic rate of the diameter of
the nozzle hole:of 6 % 0.24mm is high, the value of the difference is 10.416 At
crankshaft angles of -30°CA-1.5°CA and -14°CA-25.5°CA, the exothermic rates of the
two orifice diameters are almost the same, and the exothermic rate of the orifice
diameter.of 6x0.24mm is high at the crankshaft angles of -1.5°CA-14°CA, with a
difference of 10.416 MPa. The exothermic rate of 6x0.35mm in diameter of the spray
hole is high when the crankshaft angle is 25.5°CA-60°CA, and the exothermic rate is
high when the crankshaft angle is -1.5°CA-14°CA.
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Figure 11. Heat release rate for different hole diameters

3.5 Effect of different orifice diameters on the rate of pressure rise in
supercharged engines

Figures 12 represent the scatter plot of the exothermic rate for 100% load, speed of
1400 r/min, and crankshaft turning angle between -30°CA and 60°CA. The exothermic
rate at two different orifice diameters increases.and then decreases with the crank angle,
increases again and then decreases, and continues to increase after reaching the
minimum exothermic rate. The rate of pressure rise increases with the increase of crank
angle at -40°CA --10°CA, 2°CA - 95°CA, 24.5°CA-40°CA; crank angle at
-10°CA-2°CA, 9.5°CA-24.5°CA, the rate of pressure rise decreases with the increase
of crankshaft angle. The crankshaft angle of -10°CA is the peak of the nozzle diameter
of 6x0.35mm, and the pressure rise rate is the largest at this time, with a value of
0.32MPa/°CA, and the crankshaft angle of 24.5°CA is the other peak of the nozzle
diameter of 6x0.35mm, and the pressure rise rate is the smallest at this time, with a
value of -0.37624MPa/°CA: The crankshaft angle of 11.5°CA is the peak of the nozzle
diameter of 6x0.35mm, and the pressure rise rate is the smallest at this time, with a
value of -0.37624MPa/°CA. The crankshaft angle of 11.5°CA is the peak of the orifice
diameter.of 6x0.24mm, and the pressure rise rate is maximum at this time, with a value
of 0.32592MPa/°CA, and the crankshaft angle of 24°CA is the peak of the orifice
diameter-of 6x0.24mm, and the pressure rise rate is minimum at this time, with a value
0f -0.39654MPa/°CA. The pressure rise rate of the two curves in the crankshaft angle of
-1°CA The difference between the two curves in the crankshaft angle of -1°CA and
-11.5°CA is the most obvious, the fluctuation of the pressure rise rate of the orifice
diameter of 6x0.24mm is more drastic, and the fluctuation of the pressure rise rate of
the orifice diameter of 6x0.35mm is more balanced.
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Fig. 12. Pressure rise rate for different orifice diameters at 1400 r/min rotation speed

4. Conclusion

The main content of this thesis is to study the effect of different orifice diameters
on the combustion and emission of biodiesel supercharged engine.

(1) At a certain rotational speed, CO, HC, carbon smoke emissions are small and
NOx emissions are large for_ orifice diameter 6x0.24mm. The CO, HC, and carbon
smoke emissions are large and. NOx emissions are small for the orifice diameter of
6x0.35mm.

(2) When the rotational speed is certain, the nozzle diameter 6 x 0.24mm of the
cylinder pressure, heat release rate, pressure rise rate peak are higher than the nozzle
diameter 6 x 0.35mm, the phase of the two types of nozzles is very close. Before the
emergence ‘of the peak, the cylinder pressure of the orifice diameter 6 x 0.35 mm is
large and the heat release rate is small, and after the peak, the difference between the
cylinder pressure and heat release rate is not obvious. The pressure increase rate of the
two:types of nozzles have two peaks, the first peak value is basically overlap, the
different diameter of the nozzle mainly affects the second peak, the peak of the nozzle
diameter 6 x 0.24mm is high, and the difference is not obvious after the second peak.
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