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Abstract: In this research, the residual gas, peak firing pressure increase, and effective release energy
were completely investigated. To obtain this target, the experimental system is installed with a
dynamo system and a simulation model was setup. Through combined experimental and simulation
methods, the drawbacks of the hardware optimization method were eliminated. The results of the
research show that the valve port diameter-bore ratio (VPD/B) has a significant effect on the residual
gas, peak firing pressure increase, and effective release energy of a four-stroke spark ignition engine.
In this research, the engine was performed at 3000 rpm and full load condition. Following increased
IPD/B ratio of 0.3-0.5. The intake port and exhaust port diameter has a contrary effect on engine
volumetric efficiency, the residual gas ratio increase 27.3% with larger intake port and decrease 18.6%
with larger exhaust port. The engine will perform optimal thermal efficiency when the trapped
residual gas fraction ratio is from 13% to 14%. The maximum effective release energy was 0.45 k] at
0.4 intake port-bore ratio, and 0.451 kJ at 0.35 exhaust port-bore ratio. The NOy emission increases
until achieved a maximum value after that decrease even VPD/B was still increasing. With a VPD/B
ratio of 0.35 to 0.4, the engine works without the misfiring.

Keywords: VPD/B; residual gas; effective energy; peak temperature; pressure increase

1. Introduction

There are a large number of motorcycles in operation today, with that number constantly increasing,
the goal of improving motorcycle engine power, while satisfying Euro-5 emission standards, is worth
investigating. Two essential factors in the study of engines are engine efficiency and the reduction of
pollutant emissions. The residual gas fraction is known as effective factors, which influence energy
efficiency and pollution engine exhaust gas. The trapped residual gases in the combustion chamber
will premix with the fresh air-fuel and take part in the next combustion stroke. This trapped exhaust
residual gases also effect on the NOy emission of the engine. The peak pressure increase shows the
increasing pressure value per crankshaft angle, this peak pressure increase is expected higher value
to reduce heat loss and improve engine efficiency. An effective method for determining the residual
gases, effective energy, and peak pressure is necessary.

As stated earlier, the estimation of the effect of hardware factors and software factors on engine
power and reduce pollution emission were presented such as: changing cam profiles [1], re-designing
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the intake pipe [2], recovering heat lost from the cooling system [3], using optimal ignition timing at
each engine speed [4], and effect of intake port diameter [5,6].

Can et al. [1] have studied the effects of valve lift on the engine performance and emissions
of a homogeneous charge compression ignition (HCCI) engine. The conditions of the experiment
were 800 rpm to 1900 rpm engine speed, 0.5 to 2 air-fuel ratio, and 20 °C to 120 °C air temperature.
In this research, the intake valve lift and exhaust valve lift were reduced from 9.5 mm to 2 mm.
The results of the experiments show that the intake and exhaust valve lifts have a substantial effect on
the performance and emission of an HCCI gasoline engine. The mixture of air and fuel into the cylinder
increases when the intake valve lift increases. The maximum indicated mean effective pressure (IMEP)
of the engine was 11.007 bars, the intake valve lift was 5.5 mm, and the exhaust valve lift was 3.5 mm.
When using low cam lifts, the engine operation ranges are extended to include misfiring and knocking
conditions. Zhang et al. [7] presented a study on the effects of changing valve timing and cam lift in
controlled auto-ignition combustion. In their study, a single cylinder engine was used. The valve lift
was changed from 0.3 mm to 9.5 mm. The results showed that: the low cam lifts effected the heat
release rate and pressure in the cylinder. Ghazal et al. [8] presented the effect of various inlet valve
diameters at different inlet valve opening, inlet valve closing and valve overlap on a spark-ignition
engine performance. In their research, a spark-ignition engine was conducted with engine speed band
from 500 to 3500 rpm. The original inlet port diameter is 31 mm and exhaust port diameter is 26 mm.
The inlet diameters were 29, 30, 31, 32, and 33 mm was presented. The results showed that the decrease
of the inlet valve close angle of all inlet port diameters is due to decrease engine power and increase
NO and CO emissions. A reduction of valve overlap till 50 deg crank angle could improve engine
power. Raghu et al. [9] presented the effect of intake port parameters on the air motion characteristics
of a diesel engine. The intake port parameters were analyzed such as: intake valve diameter, valve seat
angle and width, intake port eccentricity, and orientation angle. In their research, the results showed
that the geometries of the combustion chamber and intake port had a significant effect on the flow
into the cylinder. They also found that, when the intake valve diameter increased from 43 to 55 mm,
the swirl ratio decreased 27.61% with directed port and decreased 17.65% with helical port. Yasar
et al. [10] also experimented with an internal combustion engine to study the effect of various intake
port shapes on the intake air flow motion in the cylinder. In order to analyze the air flow behavior and
to measure air flow velocity distribution, a particle image velocimetry technique (PIV) was employed
in their research. Their results showed that the intake port geometry had a sensitive effect on the air
flow structure into the cylinder. The valve lift was 7 mm and intake valve seat angle was 30 degrees,
the inlet flow into the cylinder was a jet flow. Most of the air flow direction followed the axial direction;
a reversed flow appeared due to the presence of the side wall of the cylinder. Qi et al. [11] used CFD
simulation model to study the effects of intake port geometry on the intake air flow characteristics in
the cylinder of an Sl-engine. They found that a small change of intake port has a significant effect on
in-cylinder flow. A suitable inlet port design helps to increase tumble and reduce recirculation of the
intake air flow. A strong tumble leads to increase the homogeneity of air-fuel and improve the stability
of combustion. Their final design improved by 20% of the fuel vaporization. Latheesh et al. [12] also
studied with a compression ignition engine to analyze the designed intake port and exhaust port by
using the CFD simulation model. In that research, the exhaust port was increased form two valves to
four valves. They found that by using the simulation software helps to save the number of times in
experiments and the swirl motion generated inside the cylinder was sensibly affected by the position
of tangential and helical intake port.

All previous studies lacked detail on the investigation the effect of exhaust port diameter-bore
ratio on effective release energy, residual gas fraction and engine emission characteristics. These studies
focus to present the inlet port configuration effect on intake air flow characteristics such as: swirl ratio,
air flow motion, flow velocity distribution, or air flow tumble. There are no articles present in detail
the residual gas, effective release energy with various intake and exhaust port. A comparison between
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the two cases is necessary. This is an existing gap in the open literature will be filled up through the
work presented in this paper.

Residual gas fraction and combustion duration has a large effect on NOy, HC, and CO emissions;
on the other hand, the peak firing pressure increase and effective release energy are the roots of engine
efficiency. Therefore, this paper also presents an accurate method to investigate the residual gas,
peak firing pressure increase, combustion duration, and effective release energy of a spark-ignition
engine at various VPD/B.

2. Experimental Setup, Material, and Methods

2.1. Experiment Setup

A four-stroke, spark-ignition engine with 137 cm? in displacement volume of each cylinder was
used. There are two intake valves and exhaust valves in each cylinder. The exhaust valves and
intake valve were controlled by two different camshafts. Figures 1 and 2 show the experimental setup
schematics [13] and experimental engine setup system [14]. The experiment was conducted with
engine speed band of 2000-8000 rpm, 11.8:1 is the compression ratio of the engine, and the air/fuel
ratio was kept at 13.6 and 29.5-30 °C of the temperature of intake air during experiments. Before doing
the experiments, all the tested devices were calibrated. The system resistant moment was controlled
by a dynamometer controller. During the engine performance the oil temperature was maintained at
80 °C and the engine was cooled by using air, and the oil temperature was determined and controlled
by thermal couple and temperature sensors. The injector controller was used to maintain the air-fuel
ratio at 13.6. The steady state of engine performed was present in the experiments. At each engine
speed the throttle angle was kept at 100% of opening. The pressure and temperature in the combustion
chamber are determined by using pressure sensor is located on the engine head. In this experimental
system, the VPD/B ratio (both intake and exhaust valve) of the original engine is 0.4.
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Figure 1. Schematic of the V-twin engine experimental setup.
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Figure 2. Experimental engine setup system.

The devices were used in the experiment system: a dynamo testing system controller (1), AVL's
hydraulic/water brake dynamometer with a serial number ZAG56907 (Horiba Korea Ltd, Ulsan, Korea)
(2), the connecting shaft (3) to connect the engine to the dynamometer. The experimental engine (4),
the encoder Autonics E4058-1800-3-T-24(Horiba Korea Ltd, Ulsan, Korea) (6) is located on the flywheel
(5). To prevent engine working in knocking condition a knocking sensor 30530-P2M-A01(Horiba Korea
Ltd, Ulsan, Korea) (7) was employed. The fuel tank (8), fuel pump (9), fuel filter (10) and injector
denso (16450-C12-235) (Horiba Korea Ltd, Ulsan, Korea) (11) were the fuel system’s parts. The sensors
(12) and (13) were used to determine the exhaust gas temperature and oxygen in the exhaust gas.
The cylinder pressure sensor Kistler 6056A (14) was located on the engine’s head. The air cleaner box
(15) and throttle (16), an air-heater (17) was used to remain temperature of air flow from 29.5-30 °C.
The air flowing meter (18) and ECU (20) are used to determine air flow and control injection timing
and ignition timing. The monitor (19), encoder’s signal convertor (21), and a computer (22) were used
to observe and analyze input data. The exhaust emissions (NOx, HC, and CO), were measured using
an emission analyzer (HoribaMEXA-7100DEGR) (Horiba Korea Ltd, Ulsan, Korea).

2.2. Applied Engine

The experiments are carried out on a spark-ignition engine. Table 1 shows the specifications of
experimental engine.

Table 1. Specifications of the researching engine

Parameter Unit Value
Model - Four stroke, Spark ignition
Number of cylinder - 2
Compression ratio - 11.8:1
Bore mm 57
Stroke mm 53.8
Connecting rod mm 107.9

Number: 2 valvesDiameter: 22 mm, valve lift: 6.5 mm;
opening: 40 deg BTDC, closing: 200 deg ATDC.
Number: 2 valves Diameter: 22 mm, valve lift: 6.5 mm;
opening time: 230 deg ATDC, closing: 30 deg ATDC.
Cooling system - Air cooled

Intake valve -

Exhaust valve -
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2.3. Simulation Model Setup

It was complicated to determine the effective energy, trapped residual gases, and pressure increase
in the combustion chamber through experiments with the various testing conditions. Simulation
method is powerful and effective tools to eliminate this problem, and AVL-Boost software was
employed to estimate the influence of the intake and exhaust port diameter to bore ratio of residual
gases, peak pressure increase, and effective energy. This AVL-Boost software is well-known in the field
of internal combustion engines. It helps researchers simulate various combustion engine types, such as
SI engines [13,14], compression ignition (CI) engines [15,16], diesel engines with turbocharger [17,18],
and engines using alternative fuel [19]. Figure 3 shows our simulated model of the spark-ignition
engine [14].

MNT1

TH1

SB1: model1 SB2

Figure 3. Simulation model.

Figure 3 presents the simulation model. The simulation model’s elements represent the
experimental engine parts. The engine parts’ characteristics were defined in simulation elements.
The steady state or transient state of the testing engine condition is selected in the element E1.
The monitor, MNT1, helps research observer interesting output data such as engine brake torque,
residual gas, and effective energy. The system boundary conditions of the exhaust and intake tube were
defined in elements SB1 and SB2. The air cleaner CL1 helps to filter air into the combustion chamber.
The TH1 element helps to control the throttle angle. In the experiments, the throttle angle was kept at
100%, and the restriction in the exhaust and intake tubes was defined by R1, R2, and R3. The junction
(J1,7J2,]3,]5, and J6) collects or distributes the air flow in the pipe. Measurements MP1 and MP2 on
the exhaust and intake pipes defines the airflow characteristics. I1 and 12 is injector provides fuel to
cylinders C1 and C2.

Combustion model:

The vibe function was used to determine heat release characteristics

dx _ @ m ,—a.y(m-+1)
= Dy M
Q.
dx - Qh 7
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The faction burned in mass ¢ can be calculated
dx —a.y(m+1)
e = d—da =1-e (2)
a
The combustion chamber’s heat transfer

Qr = A'qcoeff'(TC_Tw> 3)

The air mass flow rates were calculated

dm / 2
E —Aeff.Pl. m.c (4)

K . Py % P ©
c=\/m[<17j> -(3) ]

The residual gas fraction was calculated from the Equation (5)

o J px®.dv
Ysoc = T ®)
fVc p.dVv

where p is local cylinder density (kg/m®); V is local cylinder volume (m3); x% is local cylinder
combustion product mass fraction at SOC.
The concentration of N>O and the production rate of NO were determined by Equations (6) and (7)

Crnj0 = 1.1802.1076. 706125 ™7 - [po, 6)
_ a2 T4
'NO = Z.CP.CK.[l A ].1 T /\.Rl ‘1 T R2 (7)
The production rate of CO emission was calculated by Equation (8)
rco = Ceonst-(r1 +12).(1 - ¢)
_ CNO,acr (8)
(P o CNO,equ
The unburned HC mass was calculated by Equation (9)
_ PC~Vcrevice-M (9)

muc =
R. Tpiston

Air mass flow has a large impact on the performance of internal combustion engines. If the air
mass flow into the cylinder in the limited band is increased while keeping the air-fuel ratio constant,
the injected fuel into the cylinder increases. As a result, the maximum pressure in the cylinder would
increase and the engine would perform at a higher torque. To improve the power of small SI-engines,
several methods have been presented, such as reducing the restriction of the intake tube and reducing
the bending tube in the intake tube system.

The air mass flow into the cylinder was calculated by Equation (10)

dm 2
o = Aefrpor- RyTor” Y (10)
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where ‘fi—’? is mass flow rate; A.f is effective flow area; pp; is upstream stagnation pressure; Tp; is

upstram stagnation temperature; R, is gas constant.
For subsonic flow

K {(@)ﬁ

K+1
_ K _ (P02 K
V= k-1 ]

Po1 Po1

2 &1 [ K
V=) Vi

where K is ratio of specific heats; pp, is downstream static pressure.

For sonic flow

3. Results and Discussion

3.1. Model Validation

For validation of the model, experimental data were used. Comparisons between experimental
results and simulated results are shown in Figures 4-10. The black curves describe experimental results;
the red curves describe simulated results.

45 T T T T

—#— Experimment - ignition timing
—®— Simulation - Ignition timin

w w B
o o o
1 1 1
1 1 1

Ignition timing (Deg - BTDC)
&
1

20 T T T T
2000 4000 6000 8000

Engine Speed (rpm)

Figure 4. Ignition timing following engine speed.
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Figure 5. Air mass flow following engine speed.
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Figure 6. Peak temperature following engine speed.
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Figure 7. Peak pressure increase following engine speed.

21

=
©
1

—&— Experiment-Torque
—— Simulation-Torque

Engine Torque (Nm)
N &
1 1

T T T T
2000 4000 6000 8000
Engine Speed (rpm)

Figure 8. Brake torque following engine speed.



Energies 2020, 13, 1330 9of 18

10.5 T T T T
10.0
9.54

9.0 4

S 854 i
<
2 80 E
3
Z 7549 - E
—a— Experiment- NOx
7.0 —e— Simulation- NOx B
6.5 -
60 T T T T
2000 4000 6000 8000

Engine Speed (rpm)
Figure 9. NOy emission following engine speed.
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Figure 10. HC emission following engine speed.

The ignition timing for each engine speed in both cases is shown in Figure 4. Because the ignition
timing is an input data for the simulation model, it can be seen that the experimental values for ignition
timing were very close to the simulated values.

In the internal combustion engine with air-fuel ratio is constant, the air mass flow is a most
sensitive factor which affects the fuel mass. Figure 5 shows a comparison between experimental and
simulated results in an air mass flow. The air-mass flow is changed while the air-fuel ratio is constant.
The maximum difference between simulation and experimental result was 1.42% at 6000 rpm. It is
acceptable because the experimental value of air mass flow is the average value.

The peak firing temperature is known as an important factor which has a strong effect on NOx
emission. Figure 6 shows a comparison between experimental and simulated results for peak firing
temperature. The values for the two cases are not much different at each engine speed. The maximum
differential was 5.34% at 4000 rpm.

Figure 7 shows the validation peak firing pressure increase. It can be seen that the values of
peak firing pressure increase in the two cases are almost same at each engine speed. The maximum
difference was 4.5% at 5000 rpm. During the combustion stroke, a better homogeneous air-fuel mixture
leads to a full transient from chemical energy to the thermal energy and increase peak pressure in a
shorter time to reduce heat loss and improve energy efficiency.

Figure 8 shows a comparison between experimental and simulated results for engine torque.
The maximum difference is 0.9% at 8000 rpm. The engine toxic exhaust gases not only pollute
environment, it is also harmful to human health. In this research, the emission characteristics will be
estimated and discussed in detail. The validation of NOy and HC emission are presented through
Figures 9 and 10.
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When comparing the experiment and simulation results, the similar values of two cases are
determined. The maximum difference in NOy emission is 6.5% at 4000 rpm and the maximum
difference in HC is 4.3% at 5000 rpm.

From the comparison between experimental results and simulation results of the applied engine,
all of the results in two cases are same, so the simulation model made by AVL-Boot software has good
accuracy in prediction of engine performance.

3.2. Comparative Studies the Effect of Various Valve Port Diameter-Bore Ratios on Effective Release Energy and
Emission Characteristics

The results were studied of two VPD/B ratio cases.

Case 1: intake port diameter changes while the exhaust port diameter is 22 mm.
Case 2: exhaust port diameter changes while the intake port diameter is 22 mm.
The various of intake and exhaust port diameters were presented in Table 2:

Table 2. VPD/B ratio of two cases.

VPD/B ratio 0.3 0.35 0.4 0.45 0.5

Intake and exhaust port

diameter (mm) 171 20 22 25.7 28.5

Figure 11 depicts the volumetric efficiency as a function of VPD/B ratio. A contrary effect on
engine volumetric efficiency of two cases (intake port-bore ratio (case 1) and exhaust port-bore ratio
(case 2)) can be observed. When the VPD/B increased from 0.3 to 0.5:

0.70 : T T T T
—=—Exhaust port-bore ratio (Case 2)

0.69 —e— Intake port-bore ratio (Case 1)
n = 3000 rpm

Compression ratio = 11.8:1
0.68 4 AF =13.6 ]

0.67 -

0.66

Volumetric efficiency (-)

0.65 =

T T T T T
0.30 0.35 0.40 0.45 0.50
Valve port diameter - Bore ratio (-)

Figure 11. Volumetric efficiency versus VPD/B.

In case 1: the volumetric efficiency decreased from 0.695 to 0.653. The minimum volumetric
efficiency was 0.653 at a 0.5 VPD/B and the maximum value was 0.695 at a 0.3 VPD/B. This can be
explained by that at a constant engine speed, an increase of VPD/B led to decrease the swirl ratio and
acceleration of air flow into the cylinder [7]. This was cause to reduce amounts of air fill into the
cylinder as the subsequent effect of the intake stroke by decreasing fresh air fuel to sweep the exhausted
gas out of the cylinder. This accounts for the reason why the volumetric efficiency decreases and
the residual gas fraction ratio increases as the VPD/B increases (Figure 12). The residual gas fraction
increased from 11 to 14%. The minimum value was 0.107% at a 0.3 VPD/B and the maximum value
was 0.144% at a 0.5 VPD/B.
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Figure 12. Residual gas fraction versus VPD/B.

In case 2: the volumetric efficiency increase from 0.656 to 0.688 the minimum volumetric efficiency
was 0.656 at a 0.30 VPD/B and the maximum value was 0.688 at a 0.5 VPD/B. This can be explained by
that an increase of VPD/B led to decrease the reverse of exhaust gas back to the combustion chamber.
This was cause to charge fresh air-fuel mixture more into the cylinder and reduce trapped residual.
This accounts for the reason why the volumetric efficiency increases and the residual gas fraction ratio
decreases as the VPD/B increases (Figure 12). The residual gas fraction decreased from 13.82 to 11.25%.
The minimum value was 11.25% at a 0.5 VPD/B and the maximum value was 13.82% at a 0.3 VPD/B.

As shown in Figures 13 and 14, the peak temperature and pressure increase present a similar
trend in both cases. As the increase of IPD/B, the peak temperature and pressure increases after
achieving a maximum value and then decreases. This is because a higher IPD/B was due to the
increase or decrease in the residual gas fraction (Figure 12). A suitable an amount of high temperature
exhaust gases trapped in the cylinder to raise the evaporation and homogeneity in the air-fuel mixture.
The homogeneous air-fuel mixture helped the thermal energy can be released in a shorter time to
improve peak temperature and pressure increase. However, when too much exhaust gas gets trapped
in the combustion chamber it may restrict the fresh air-fuel mixture into the combustion chamber and
due to poor combustion. This is the reason why the pressure increase and peak temperature both
decreased after achieving a maximum value.

2100 : : :
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1700

3

@© 1900 g
2

[

Q

Q. \

£ 1800 | \ .
2 n = 3000 rpm \a

~ Compression ratio = 11.8:1

[ AIF =13.6

a

—=s—Exhaust port-bore ratio (Case 2)
—e— Intake port-bore ratio (Case 1)

1600

T T T T
0.30 0.35 0.40 0.45 0.50
Valve port diameter - Bore ratio (-)

Figure 13. Peak firing temperature versus VPD/B.
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Figure 14. Pressure increase versus VPD/B.

In this research:

In case 1: the maximum peak temperature and maximum peak pressure increase achieved
maximum values of 2047 K and 0.87 bar, respectively at 0.4 VPD/B.

In case 2: the maximum peak temperature and maximum peak pressure increase achieved
maximum values of 2056 K and 0.87 bar, respectively at 0.3 VPD/B.

In a typical spark-ignition engine, the burned reactions do not occur instantaneously. In order to
increase the engine efficiency, the combustion duration is expected to be shorter and the release of the
heat energy faster to decrease the heat loss. Therefore, a better homogeneous in air-fuel mixture is
required to reduce combustion duration and increase the heat energy rise. The chemical energy of fuel
trapped in the cylinder was released into heat energy. An amount of loss heat energy was from heat
transfer, pumping loss, and energy that are not effectively released in the cylinder, but is going into
the combustion products so the remaining amount energy is effective release energy. As discussed
above, the residual gas fraction in combustion chamber has a big effect on homogeneous of air-fuel
mixture. The influence of the residual gas fraction on the peak pressure increase, peak temperature,
and effective energy can be seen though Figures 13-15. As the increase of VPD/B, the effective release
energy increase until a maximum value after that decrease as shown in Figure 15. The maximum value
was 0.45 kJ at 0.4 VPD/B in case 1; and 0.451 kJ at 0.35 VPD/B in Case 2. From this result, we know that
the engine performs optimal efficiency when the trapped residual gas fraction ratio is from 13% to 14%.

046 T T T T T
0.44 4 —
0.42 -

0.40

0.38 4

Effective release energy (kJ)

n = 3000 rpm \i |

0.36 4 Compression ratio = 11.8:1 i
' A/F =13.6

0.34 —=—Exhaust port-bore ratio (Case 2) B

—e— Intake port-bore ratio (Case 1)

0.32 T T T T T
0.30 0.35 0.40 0.45 0.50

Valve port diameter - Bore ratio (-)

Figure 15. Effective release energy versus VPD/B.

Figures 16 and 17 shows the IMEP and BMEP at each VPD/B ratio. Because the cylinder pressure
of power stroke has a sensitive effect on IMEP from the Equation (11), and the effective release energy
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effect on BMEP. Therefore, the similar trend of IMEP and pressure increase, BMEP, and effective release
energy can be observed.

1
IMEP = — | P..dV (11)
Vb
70 T T T T T
e
6.5 - Ly g
6.0 4 1
]
=3
o 554 .
W
E n = 3000 rpm
5.0+ Compression ratio = 11.8:1 B
AF =136
a5 —=—Exhaust port-bore ratio (Case 2)
’ —e— Intake port-bore ratio (Case 1)
T T T T T
0.30 0.35 0.40 0.45 0.50
Valve port diameter - Bore ratio (-)
Figure 16. IMEP versus VPD/B.
T T T T T
4.5 E
-
4.0 E
5
=
o 351 E
w
=
m n = 3000 rpm
3.0 Compression ratio = 11.8:1 b
A/F =13.6
254 —m=—Exhaust port-bore ratio (Case 2) |
—e— Intake port-bore ratio (Case 1)

T T T T
0.30 0.35 0.40 0.45 0.50
Valve port diameter - Bore ratio (-)

Figure 17. BMEP versus VPD/B.

The IMEP and BMEP was achieved the maximum value of 6.63 bar and 4.5 bar at 0.4 VPD/B in
Case 1, and in Case 2 these values are 6.66 bar, 4.53 bar, at 0.35 VPD/B, respectively.

Figure 18 shows that the BSFC decrease when VPD/B ratio increase from 0.3 to 0.5. With a constant
the engine speed and constant air-fuel ratio, BMEEP had the greatest effect on BSFC. The influence of
BMEP and BSFC to each other is shown in Equation (12)

Mgir-1e.2.16.10°
AFR.BMEP.Vp.n

BSEC = (12)



Energies 2020, 13, 1330 14 of 18
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Figure 18. BSFC versus VPD/B.

The opposite trends of BMEP and BSFC are depicted in Figures 17 and 18. The minimum BSFC is
849.5 g/kWh in Case 1 and 842.8 g/kWh in Case 2.

It can be seen that, at the intake, the port-bore ratio is smaller than 0.35 or exhaust port-bore ratio
is bigger than 0.45. The missing firing may happen because of this band of VPD/B ratio, the BSFC value
and HC emission were very high and NO, emission was nearly zero. If the intake port-bore ratio is
smaller than 0.35 or the exhaust port-bore ratio is bigger than 0.45, it is not a good condition for the
engine to operate.

The similar trend between BMEP and engine effective torque can be observed through Figures 17
and 19. The effect of BMEP on engine effective torque is presented in Equation (13). Equation (13)
shows that a higher BMEP due to an enhanced engine torque.

BMEP.Vp

13
kcycle'n 13)

Ter =

E

£

© 8+ .
3

=3

o

= 74 g
[

< n = 3000 rpm

@ g Compression ratio = 11.8:1 i

A/F=13.6

—=—Exhaust port-bore ratio (Case 2)
—e— Intake port-bore ratio (Case 1)

T T T T T
0.30 0.35 0.40 0.45 0.50
Valve port diameter - Bore ratio (-)

Figure 19. Brake torque versus VPD/B.

Figure 19 shows the engine brake torque was achieved the maximum value of 9.85 Nm in Case 1
and 9.91 Nm in Case 2. This means the engine torque can be improved by adjusting the exhaust valve
port diameter.

The peak firing temperature is a factor which has a strong effect on NOy emission, in this research,
the peak firing temperature increases to a maximum value, after that decrease event VPD/B was still
increasing. As a result, with both cases: the NOy shows the similar trend with peak firing temperature.
Figure 20 shows the NOx emission increases until achieved a maximum value after that decrease even
VPD/B was still increasing. The maximum NOy emission was 6.6 g/kWh, at 0.4 VPD/B of Case 1, and
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this value was 7.07 g/kWh at 0.35 VPD/B of Case 2. This result shows that the exhaust valve port-bore

ratio has a more sensitive effect on NOy emission than the intake valve port-bore ratio.

NO, (g/kwh)

—=—Exhaust port-bore ratio (Case 2)

—e— Intake port-bore ratio (Case 1)

n =3000 rpm i
Compression ratio = 11.8:1
A/F=13.6
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0.30 0.35 0.40 0.45 0.50
Valve port diameter - Bore ratio (-)

Figure 20. NOy emission versus VPD/B.

Figures 21 and 22 shows that with intake port-bore ratio is smaller than 0.35 and exhaust valve
port-bore ratio is bigger than 0.45. The high HC emission and low CO emission was presented. This is
because the poor combustion and miss firing occurred. With a VPD/B ratio of 0.35 to 0.4 the engine has

stable performance.

10 T T T T T
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—e— Intake port-bore ratio (Case 1)
81 n = 3000 rpm 1
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Figure 21. HC emission versus VPD/B.
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Figure 22. CO emission versus VPD/B.
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4. Conclusions

This paper shows a study to determine the effective release energy, peak pressure increase,
and residual gas fraction of a spark-ignition engine with various VPD/B. Through our approach,
the disadvantages of experimental methods were solved, producing a confident method to determine
the effective energy, residual gas, peak temperature, and pressure increase.

In summation:

(1) Alager intake port diameter causes a decrease of volumetric efficiency, while volumetric efficiency
increases with a larger exhaust port diameter.

(2) The VPD/Bratio gets large influence on residual gas fraction, effective energy, and engine emission.
As the increase of VPD/B ratio of 0.3 to 0.5 the residual gas fraction increases 27.3% with larger
intake port and decrease 18.6% with larger exhaust port. The engine will perform optimal
efficiency when the trapped residual gas fraction is from 13 to 14%. The maximum effective
release energy was 0.45 k] at 0.4 intake port-bore ratio, and 0.451 k] at 0.35 exhaust port-bore ratio.

(3) The maximum peak firing temperature and peak pressure increase was 2047 K and 0.87 bar at 0.4
intake port-bore ratio. This value was 2056 K and 0.87 bar at 0.3 exhaust port-bore ratio.

(4) The optimal effective release energy and BSFC was achieved at the same VPD/B value. When the
VPD/B ranges from 0.35 to 0.4, the engine performs the maximum effective release energy and the
minimum BSFC. The engine does not operate well when the VPD/B ratio value is smaller than
0.35 or bigger than 0.45 because misfiring may happen.

(5) This result shows that the exhaust valve port-bore ratio has a more sensitive effect on NOy
emission than intake valve port-bore ratio.

(6) With the intake port-bore ratio is smaller than 0.35 and exhaust valve port-bore ratio is bigger
than 0.45. The high HC emission and low CO emission were presented.
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Nomenclature

BDC Bottom dead center

TDC Top dead center

BTDC Before top dead center

ATDC After top dead center

BSFC Brake specific fuel consumption (g/KWh)
BMEP Brake mean effective pressure (Bar)
IMEP Indicated mean effective pressure (Bar)
HC Hydrocarbon

CA Crank angle (deg)

VPD/B Valve port diameter-bore ratio (-)

Tefr Engine effective torque (Nm)

Keylce Simulation cycle parameter (cycles)

Qn The total fuel heat input (W)

a The crank angle (deg)

ag The start of combustion (deg)
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Ao The combustion duration (deg)

m The shape parameter (-)

a The Vibe parameter (-)

Qr The heat lost to the wall (W/m2)

A The total surface area of the cylinder head, piston

eoeff The heat transfer coefficient (W/m2 K)

T, The combustion gas temperature (K)

Tw The wall temperature of the cylinder (K)

”{;—’f The air mass flow rate

A The effective flow area (-)

Py The upstream stagnation pressure (Pa)

T, Upstream stagnation temperature (K)

R Gas constant (J/kg.K)

Py Downstream static pressure (Pa)

K Ratio of specific heat

Cp Denotes post processing multiplier

Ck Denotes kinetic multiplier

T Demotes reaction rates (mole/cm?3s)

MHC Mass of unburned charge in the crevices (kg)

P, Cylinder pressure (Pa)

V crevice Total crevice volume (m?)

M Unburned molecular weight (kg/kmol)

Tpiston Piston temperature (K)

0 Cam angle (deg)

Cy Coefficient of discharge

Q Measured volume flow rate (m3/sec)

Asent Inner seat area (m?2)

Ay Orifice are between valve head and seat (m?)

EGR Exhaust gas recirculation

Vb Displaced volume (m?3)

Cr Flow coefficient

Vo Velocity dead (m/s)

Daseat Intake valve seat diameter (m)

L Valve lift (m)

Q@ Valve seat angle (deg)

n Engine speed (rpm)
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