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Abstract: A one-dimensional (1D) simulation calculation model was created using GT-Power software
to investigate the effect of an exhaust gas recirculation (EGR) in concert with the Miller cycle on
engine fuel economy and using a 1.5 T gasoline direct injection (GDI) engine as the source engine.
The engine was tested under partial loading, full loading, and declared working conditions. The
results show that under partial load, the Miller cycle could improve engine fuel economy by reducing
pumping losses. In the low-speed 1000 r/min full load region, the Miller cycle had a significant effect
on increasing the engine fuel economy. When the Miller intensity was —29 °CA, the fuel consumption
decreased by a maximum of 10.5%. At medium speeds, 2000 r/min to 3600 r/min, the Miller cycle
did not improve fuel economy significantly. For the Miller cycle with late intake valve closure (LIVC),
when the EGR rate was about 7%, the fuel consumption was reduced by about 1.3% compared with
the original engine at the same EGR rate. When opposed to the original engine without EGR, the fuel
consumption was lowered by approximately 3.2 percent.

Keywords: GDI engine; Miller cycle; EGR; simulation; fuel economy

1. Introduction

Increasingly stringent energy conservation and emission regulations are driving con-
tinuous innovation in the field of engine technology and innovations. In order to improve
engine fuel economy, researchers mainly start from the combustion process and the me-
chanical part. Hunicz et al. [1] studied the combustion stability of SACL (spark-assisted
compression ignition) in an attempt to improve thermal efficiency and reduce NOx emis-
sions by studying the SACL/HCCL (homogeneous charge compression ignition) transition.
By analyzing the shape of the piston ring, Wréblewski et al. [2,3] tried to improve the
mechanical efficiency and achieve the purpose of increasing the thermal efficiency. In recent
years, the Miller cycle and EGR technology also have become research hotspots due to their
inhibitory effect on knocking and improved economics [4-7]. Engine fuel consumption can
be decreased using both the Miller cycle and EGR technology. The Miller cycle reduces the
effective compression ratio of a piston through early or late intake valve closure (EIVC or
LIVC) to achieve an over-expanded cycle, thereby reducing fuel consumption. EGR tech-
nology introduces exhaust gas into a cylinder to participate in combustion again, reducing
throttle loss and heat transfer loss, thereby improving engine fuel economy.

Most work done on this subject [8-17] has adopted different control strategies. Mazda
created the first mass-produced Miller cycle engine, which became an automotive unit
in 1993 [18], with up to a 15% decrease in brake-specific fuel consumption. Li et al. [19]
investigated the impacts of the Miller cycle, which were applied to a GDI engine with a
geometric compression ratio (CR) of 12.0 in an experimental setting. The results revealed
that using a high load operation with LIVC increased fuel economy by 4.7 percent. The LIVC
and EIVC both reduced fuel consumption by 6.8% and 7.4%, respectively, when operating
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at low loads. Cleary et al. [20] explored the potential for partial load fuel consumption
using EIVC variable valve actuated single-cylinder engines that operated without throttling.
They showed that by optimizing the intake lift for duration and timing while keeping
traditional exhaust valve events, they could reduce fuel consumption by approximately 7%.
Wan et al. [21] analyzed the potential benefits of the Miller cycle for a high CR SI engine,
concluding that EIVC with a low valve lift should be used for a partial load to increase
thermal efficiency. Miklanek et al. [10] studied the Miller and Otto cycles, two common
thermodynamic cycles. The results indicated that, compared with the Otto cycle, fuel
economy was significantly improved, especially because of the application of the Miller
cycle. It was very effective to improve the fuel economy by introducing an EGR system
that increases the external cooling function [22,23]. Fontana et al. [24] studied a naturally
aspirated spark-ignition gasoline engine and found that under a high load, the EGR could
improve the advance of the ignition advance angle without knocking and optimize the
combustion phase to increase the fuel economy of the engine. Under a low load, the thermal
efficiency could be improved by reducing the pumping loss. Zhang et al. [25] combined
tumble flow, and Liu et al. [26] and Song et al. [27] combined changes in the compression
ratios to obtain the reduced fuel consumption results. Wang et al. [28] found that under low
speed and heavy load operations, the use of the Miller cycle worsened soot emissions, while
EGR technology reduced engine fuel consumption by 8.6% and alleviated soot emissions.

There are now a few studies on the effects of the Miller cycle and EGR on a GDI engine
using the WoschniGT heat transfer model and the EngCylCombSIWiebe combustion model.
Because GT-Power software can provide effective solutions for the selection and matching
of various engine components, it can also calculate an engine’s power, torque, fuel con-
sumption, and emissions performance, providing engine development and transformation
reference [29,30].

In this study, the Miller cycle effects of EIVC and LIVC on the fuel economy of a
GDI engine are simulated with the GT-Power model and compared at low, medium, and
high speeds. The effects of different intensity Miller cycles combined with EGR on engine
performance are discussed.

2. Methodology
2.1. Computational Fluid Dynamics Model

The object of this paper was a 1.5 T gasoline engine, which was a four-stroke tur-
bocharged GDI engine. Table 1 lists the engine’s main parameters. In this study, a 1D
simulation model of the engine was created using GT-Power software based on the struc-
tural parameters and technical specifications of each component of the gasoline engine, as
shown in Figure 1. The software could simulate the intake, compression, power, exhaust,
heat transfer, and gas flow in the pipeline of an internal combustion engine, and analyze
and optimize of the key parameters. The model was mainly composed of the intake pipe,
throttle, intake valve and intake manifold, injector, cylinder, crankcase, exhaust valve,
exhaust manifold, turbocharger, and exhaust tail pipe.

Table 1. The main parameters of the engine.

Project Value
Layout form In-line four-cylinder
Engine type Turbocharger + GDI + air intake cooling
Bore diameter/mm x stroke/mm 74 x 86.6
Connecting rod length/mm 126.8
Compression ratio 10.5
Nozzle hole number 6
Intake manifold volume/L 0.9
Maximum in-cylinder pressure/MPa 10
Maximum power/speed kW /(r/min) 122 /5450

Maximum torque/speed N-m/(r/min) 256/2250
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Figure 1. Simulation model of the engine.

Since the gasoline engine used quantity regulation to manage the engine load, the
intake volume of the intake pipe was adjusted by throttle, thereby achieving the regulation
of the engine load. The air intake volume of the first section of the pipe behind the throttle
was within the error range of 2% with that of the original engine by setting the opening of
the throttle valve. In GT-Power software, the intake and exhaust pipes were set as straight
pipes with a circular cross-section, and the initial values such as friction coefficient, heat
transfer coefficient, and pressure loss coefficient were set according to the actual conditions
of the engine’s intake and exhaust pipes. In addition, the engine had turbocharging and
intercooling, so the second section of pipeline after the compressor, InPipe-03, was set as
the intercooler, and the wall temperature was set to the temperature after intercooling.

The GT-Power software provided two turbocharger models. Considering the actual
conditions of the research content in this study, a simple turbocharger model was selected
in order to transfer the work that is actually generated by the turbine to the compressor.
The efficiency that was set by the compressor was the efficiency estimated using the
experimental value. The nozzle diameter of the turbine was variable, and the pressure was
controlled by adjusting the nozzle diameter.

The intake and exhaust valves were key components for controlling the gas exchange
between the cylinder and the outside, and they were important components for realizing
the Miller cycle. The valve opening time and valve lift curve were set in the valve train
in order to achieve the automatic adjustment of the valve movement law, which was of
great significance for the subsequent realization of the Miller cycle through variable valves,
which could greatly reduce the calculation cycle and data analysis workload.

The injector module automatically calculated the injection quantity based on the air
intake volume and air-fuel ratio. For the injection component, the relevant fluid setting
template was called in the injector model and the relevant parameters in the template
were filled in according to the gasoline-related indicators. The injection substance used for
simulation was gasoline.
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The cylinder was the core component of the entire model. The most complicated
combustion and heat transfer part of the entire model was also the cylinder module.
Therefore, the setting of the cylinder module was very important. The initial state and
wall temperature, as the starting state and combustion boundary of the entire combustion
process, had a certain influence on the convergence speed and accuracy of the simulation.
In addition, the selection of the heat transfer model and combustion model had great
influence on the entire simulation calculation. Based on the actual simulation requirements,
the WoschniGT heat transfer model and the Wiebe combustion model were selected to
simplify the in-cylinder motion and combustion processes of the engine. Finally, the
engine speed, main geometric structure size, ignition sequence, and other aspects were
placed in the corresponding position of the engine module, and the entire one-dimensional
thermodynamic model was completed.

2.2. Validation of Computational Fluid Dynamics Model

In order to achieve accurate simulation of the working process of the engine, the seven
common operating conditions shown in Table 2 were selected to calibrate the relevant
parameters of the combustion and turbocharger.

Table 2. The main parameters of the selected operating conditions.

Operating Speed Load Torque Power Fuel Consumption
Conditions /(x-min—1) /(N-m) [(kW) /(g-(kW-h)-1)

1 1000 50% 71.3 7.47 258.99

2 1000 100% 151.9 15.91 291.31

3 2000 50% 118.3 24.78 235.01

4 2000 100% 246 51.51 289.41

5 3600 50% 130.2 49.09 243.32

6 3600 100% 249.6 94.11 317.92

7 5600 100% 202.9 118.98 37143

In order to eliminate the interaction between the turbocharger and the cylinder, the
combustion parameters were calibrated using a model without a turbocharger. Figure 2
depicts the comparison of numerically and experimentally determined air intake volume
and in-cylinder pressure values. The simulation values were in good agreement with the
experimental values, and the calibrated combustion model has a particular responsiveness
to the original engine’s real combustion process, as shown in the figure.
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Figure 2. Comparison of the experimental and simulation values under different operating conditions:
(a) determined air intake volume, (b) in-cylinder pressure values.
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3. Results and Discussion

After the calibration of the combustion model was completed, the model with the
turbocharger was calibrated. As Figure 3 shows, for the seven common operating conditions
of the GDI engine, the main performance parameters of the engine at the test point coincided
well with those of the original engine. The difference between the experimental and
simulated values was less than 5%. As a consequence, the calculation models met the

calculation criteria, the engineering study had some value, and the calculation result
was reliable.
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Figure 3. Comparison of the experimental and simulation values under different operating conditions:
(a) power, (b)torque, (c) temperature after compressor, (d) Fuel consumption.

The duration of the intake valve opening and the maximum intake valve lift are
changed to realize the Miller cycle [31]. By increasing the valve closing angle and matching
the opening time and duration of the intake valve of the original engine, the adjustment
coefficient of the opening duration of the intake valve was calculated from Equation (1).
Meanwhile, to meet the requirements of the dynamics, corresponding adjustments should
also be made for the intake valve lift; when the adjustment coefficient of the valve lift is the
square of the adjustment coefficient of the valve opening duration, the dynamic demand
can be met (Equation (2)):

X=(a—b)/d )
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Y = X? (2)

where g is the valve closing angle, b is the opening time of the intake valve, d is the duration
of the intake valve, X is the adjustment coefficient of the opening duration of the intake
valve, and Y is the adjustment coefficient of the valve lift.

In this study, the difference between the actual IVC and the original IVC moment
was defined as the Miller intensity. When the Miller intensity was 0 °CA, it represented
the original engine. Table 3 shows the nine Miller cycle schemes that were designed in
this study. A negative Miller intensity represented EIVC, while a positive Miller intensity
represented LIVC. As shown in Figure 4, ten groups of the curve of the valve lift were
designed, including the original engine. The design curve of valve lift was used as the
input value, and the throttle opening was adjusted to ensure that the air intake volume
was the same, that is, that the load remained the same. The change of the engine economy
under different Miller strengths was studied.

Table 3. Miller cycle schemes.

Miller intensity (°C\A) 58 44 —29 _15 0 14 29 43 58 72
Closing time of the intake 5, 5 529 544 558 573 587 602 616 631 645
valve (°CA)
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Figure 4. The curves of the valve lift.

There were two main forms of influence of Miller cycle on engine performance for the
gasoline engine that control engine load by quantity regulation. On the one hand, under
partial load conditions, the use of Miller cycle will reduce the engine charging efficiency
and affect the engine’s power performance. In order to ensure that the power performance
remained unchanged, the method of increasing the throttle opening was adopted to keep
the air intake volume constant. The benefit was that it reduces air intake throttling losses,
thereby reducing pumping losses and further improving fuel economy. On the other hand,
for full load conditions, because the valve was fully open at this time, if the Miller cycle
was adopted, it inevitably brings about a drop in the charging efficiency and the mass of
air intake, which reduces the engine power and torque. In order to ensure constant power
performance, it was necessary to adjust the turbocharger to improve the intake pressure,
ensure the intake volume, achieve high density and low temperature combustion, improve
thermal efficiency, and reduce the emission of pollutants and the risk of knocking.

The fuel consumption chart for the universal characteristic of the engine studied is
shown in Figure 5. Based on the analysis above and the common operating conditions of
the engine, two sets of operating conditions were finally selected as the research objects.
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The first group was a 50% load condition with common speed from 1000 to 3600 r/min,
implemented to study the improvement of pumping loss and fuel economy optimization
by the Miller cycle. The second group was the common to full load operating conditions
and the engine calibration operating conditions from 1000 to 5600 r/min. It was used to
study the improvement of thermal efficiency of the Miller cycle and the demand of the
turbocharger under full load operating conditions.
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Figure 5. Engine fuel consumption chart for the universal characteristic.

3.1. Effect of the Miller Cycle on the Fuel Economy at Partial-Loading Operating Conditions

Figure 6 depicts the influence of the intake valve closing time on fuel consumption at
various speeds when operating at 50% load. With the time of the intake valve closing, the
fuel consumption showed a tendency to be low for the two ends and high for the middle.
As the Miller intensity increased, the fuel consumption decreased, because as the throttle
opening became larger, the pumping loss was reduced. When the Miller intensity was
43 °CA, the fuel consumption of the engine was reduced by 0.4%, 0.5%, and 1.2% compared
to the original engine at 50% load conditions at 1000, 2000, and 3600 r/min. When the
Miller strength was —44 °CA, the fuel consumption of the engine was reduced by 1.2%,
1.3%, and 2.4%, respectively. When the Miller intensity reached a maximum of 72 °CA, the
fuel consumption was lowered by 2.1%, 1.8%, and 2.4%.
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Figure 6. Effect of the intake valve closing timing on the fuel consumption at different speeds under
50% load.
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In order to further analyze the reasons for the improved fuel economy compared to
the original engine after adopting the Miller cycle, Figures 7 and 8, respectively, show the
influence of the intake valve closing time on the throttle opening and pumping loss under
different speeds and 50% load conditions.
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Figure 7. Effect of intake valve close timing on throttle opening at different speeds under 50% load.

0
—&— 1000 r/min
001 F 2000 t/min
;«S\_Ooz | --k-'3600 r/min
=
» -0.03 F
2
en -0.04
g
g-o.os s
& AN &
-0.06 | Aveor-
_007 1 1 1 1 1 1

520 540 560 580 600 620 640 660
Intake valve close timing ("CA)

Figure 8. Effect of intake valve close timing on pumping loss at different speeds under 50% load.

Figure 7 shows that, as compared to the original engine, the throttle opening rose
as Miller strength increased. Figures 7 and 8 demonstrate this point that the greater the
Miller strength, the greater the throttle opening, and the smaller the pumping loss. This
result is because the increased throttle opening reduced the intake throttle loss, which was
beneficial to reduce the pumping loss. When the Miller strength reached 72 °CA, at 1000,
2000, and 3600 r/min, the pumping loss of the engine under 50% load was reduced by
51.1%, 77.6%, and 50.3% compared with the original engine, respectively. This part of the
reduced pumping loss was one of the main reasons why the Miller cycle improved the
engine fuel consumption under partial load operating conditions.

3.2. Influence of the Miller Cycle on the Cycle Efficiency under Partial Load Operating Conditions

In view of the change in pumping loss, 2000 r/min and 50% load were selected as the
research conditions, and three schemes of Miller intensity, —44 °CA, 0 °CA, and 72 °CA,
were selected to analyze the changes in the low pressure P-V diagram.

The comparison of low pressure P-V diagrams for three Miller cycle schemes under
50% load condition are shown in Figure 9. Because the throttle was not fully open, a certain
vacuum degree was generated during the intake process of the piston downward, and
a large loss of power was generated at that time. As a result of the increased throttle
opening in the EIVC Miller cycle, the intake pressure was higher at that time than it was
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in the original engine until the valve closed. With the downward movement of the piston
producing a larger volume in-cylinder, the P-V diagram went through the process of
pressure drop and rise. If the loss caused by heat transfer was not considered, this part
of the pumping work changed was not significant. For the LIVC Miller cycle, also as a
result of the increased throttle opening, the intake pressure at the early stage of intake was
equivalent to EIVC, and both were higher than the original engine. However, as the piston
moved down, the intake valve lift of the EIVC Miller cycle reached the maximum and the
valve started to seat, while the intake valve of the LIVC Miller cycle still had a larger lift at
that time. However, in the late intake valve closing scheme, after the valve was closed, the
in-cylinder pressure curve in the compression process basically overlapped with the curve
in the EIVC scheme. Considering that the three exhaust pressure curves basically overlap,
the pumping loss was also mainly reflected in the change of the intake loss work.

03
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0 043 Volumg '%Jercentagie75 !

Figure 9. Comparison of low pressure P-V diagrams for three schemes.

The temperature and pressure in the combustion chamber were lower than in the
original engine throughout the combustion process because the in-cylinder pressure and
temperature were low at the initial moment of compression. The highest in-cylinder
temperature was reduced by more than 10 K for both the EIVC and LIVC Miller cycles, as
shown in Figure 10, for a comparison of the highest in-cylinder temperature at different
intake valve closing times. Because of the decreased heat transfer, as illustrated in Figure 11,
the Miller cycle was used after the cylinder heat transfer was reduced, resulting in an
increase in useful work.

2495

[N}

NN

O

(e
T

2485

2480

2475

Max in-cylinder temperature (K)
.ll\;)
~
(e

2465 ' : :
500 540 580 620 660
Intake valve close timing ("“CA)

Figure 10. Effect of different intake valve close timing on maximum in-cylinder temperature.
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Figure 11. Effect of different intake valve close timing on in-cylinder heat transfer.

Therefore, it can be seen that the application of the Miller cycle under partial load
operating conditions, due to the reduction of air intake volume, the throttle opening was
increased compared with the original engine, so as to effectively reduce the pumping
loss. At the same time, by decreasing the combustion temperature and maximum pressure
in-cylinder while enhancing the cycle’s thermal efficiency, cylinder heat transfer, knock,
and NOx emissions may be minimized.

3.3. Effect of the Miller Cycle on the Fuel Economy under Full Load Operating Conditions

For the full load condition, simply using the approach of the early or late closing of
the intake valve led to the decrease of the charging efficiency of the engine, which led to
the reduction of the torque and could not meet the requirements of the engine dynamic
performance. In order to maintain the same dynamic performance as the original engine,
the intake pressure was changed by adjusting the nozzle diameter of the turbine in the
turbocharger to ensure the same air intake volume, in order to study the influence of the
Miller cycle on the engine performance under full load conditions.

Figure 12 shows the changes of the fuel consumption for the Miller cycle at different
speeds under full load conditions. In general, for the EIVC of the Miller cycle, when
the Miller intensity was greater than —29 °CA, the fuel consumption increased, because
the intake valve closing time was too early and the intake valve lift and intake duration
were too small. This was not conducive to the formation of the mixture in the cylinder,
resulting in an increase in the fuel consumption. For the LIVC of the Miller cycle, the fuel
consumption also first decreased and then increased. Because the intake valve closing
time had too much delay, the effective compression ratio dropped significantly. This made
the engine fuel consumption increase. For medium speeds, the application of the Miller
cycle did not improve the engine fuel economy significantly, while for high speeds, the
application of the Miller cycle with ELVC resulted in an increase in fuel consumption.

In this study, the turbocharger was used to improve the air intake volume; the efficiency
of the turbocharger remained unchanged and the intake pressure was increased by reducing
the nozzle diameter. Meanwhile, the improvement of the intake pressure inevitably is
accompanied by an increase of exhaust pressure and exhaust resistance, which increases
the pumping loss to a certain extent, especially the high-speed load, the pumping loss is
more obvious. Figure 13 shows the influence of the closing time of the intake valve on the
pumping loss under full load conditions at different speeds. It can be seen from the figure
that as Miller intensity increases, the demand for intake pressure keeps increasing, and the
pumping loss gradually increases. This part of the increased pumping loss offsets a part of
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the effect brought by the Miller cycle. Therefore, to produce a more effective Miller cycle,
the need for a high-efficiency turbocharger becomes particularly important.
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Figure 12. Effect of the intake valve close timing on the fuel consumption at different speeds of under
full load.
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Figure 13. Effect of intake valve close time on pumping loss under different speeds of full
load conditions.

3.4. Effect of EGR on the Engine with the Miller Cycle

Although EGR could reduce the in-cylinder combustion temperature, reduce nitrogen
oxide emissions, and effectively suppress knocking, lower combustion temperatures would
also reduce the combustion speed and maximum pressure in the cylinder, which is not
conducive to improving the thermal efficiency of the engine. This section describes the
study of the combination of the EGR system and the Miller cycle system to further improve
engine fuel economy.

The 1D simulation model of EGR was built, an intake pipe and exhaust pipe based on
the original model were added, and the abandoned EGR channel was added in the middle.
One section was set as the forced cooling circuit, the EGR cooler was simulated, the whole
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module was set, and the EGR valve opening was simulated through the flow coefficient of
the regulator. The initial and boundary conditions of the simulation are shown in Table 4.

Table 4. Initial and boundary conditions of the simulation.

Project Value

Initial intake temperature /K 336.2
Initial intake pressure/MPa 1.12
Initial temperature in-cylinder/K 820
Initial pressure in-cylinder/MPa 1.16
Cylinder head wall surface temperature/K 550
Cylinder wall surface temperature/K 450
Piston top temperature /K 450

Figure 14 shows the change of the EGR rate with the EGR valve flow coefficient
(from 0.01 to 1) of the original machine, as well as the EIVC (515 °CA) and the LIVC
(631 °CA) of the Miller cycle at a speed of 2000 r/min and 50% load. The EGR rate of the
original machine was up to 21%, while the EIVC and LIVC were 12% and 13%, respectively.
Because of partial loading of the original engine, the throttle opening was small and a
certain negative pressure formed at the EGR outlet. After the Miller cycle was adopted, the
throttle opening increased and the pressure at the EGR outlet increased, which caused the
EGR flow resistance to increase. As a result, the EGR rate in the Miller cycle’s LIVC was
reduced, and the EGR rate in the Miller cycle’s EIVC was the lowest. This was due to the
fact that the EIVC of the Miller cycle had a lower charging efficiency than the LIVC of the
Miller cycle under specific Miller intensities. As a result, the throttle opening of the Miller
cycle’s EIVC rose, the intake pressure increased, and the exhaust gas recirculation capacity
reduced for the same intake flow rate.
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Figure 14. EGR rates for different flow coefficients of the EGR valve for the three schemes.

Figure 15 shows the influence of the EGR rate on fuel consumption rate for the original
machine and the Miller cycle schemes of the EIVC and LIVC. The figure shows that the EGR
rate was within 17%. The engine’s fuel consumption could be continuously improved as the
EGR rate increased. Furthermore, fuel consumption dropped by about 4.5 percent. When
the EGR rate rose above 17%, as the EGR rate increased, the fuel economy deteriorated.
This change was reflected in the EIVC and LIVC Miller cycles. For the LIVC Miller cycle,
when the EGR rate was about 7%, the fuel consumption rate was the lowest, which was
about 1.3% lower than the original engine at the same EGR rate, and about 3.2% lower than
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that of the original engine without EGR. When the EGR rate was higher than 3%; however,
the EIVC Miller cycle’s fuel consumption deteriorated significantly.
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Figure 15. Effects of the EGR rate on the fuel consumption for the three schemes.

When the EGR system was applied to the engine, exhaust gas occupied part of the fresh
air. To maintain the same dynamic characteristics as the original engine, it was necessary to
increase the throttle opening and reduce the pumping loss. As shown in Figures 16 and 17,
the EIVC and LIVC Miller cycle both increased with the EGR rate, gradually increasing
the throttle opening, and gradually reducing the pumping loss, especially for the original
engine. When the throttle opening was small, this improvement was more significant for
the Miller cycle. When the throttle opening was large, the pumping loss was lower than
that of the original engine.
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Figure 16. Effect of the EGR rate on the throttle opening for the three schemes.
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Figure 17. Effect of the EGR rate on the pumping loss for the three schemes.

Figure 18 shows that the maximum combustion temperature of in-cylinder gradually
reduced as the EGR rate rose. The heat transported by the cylinder gradually reduced with
the same heat transfer coefficient. This decrease in energy loss also resulted in a decrease in
fuel usage.
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Figure 18. Effect of the EGR for the three schemes: (a) on the in-cylinder maximum temperature,

(b) on the heat transfer power.

4. Conclusions

Based on a 1.5 T GDI engine, the influence of the Miller cycle and EGR on engine
performance under partial load and full load situations were investigated using a calibrated
1D model in this study. The analysis led to the following conclusions:

(1) At 50% load operating conditions, the Miller cycle could reduce fuel consumption
by decreasing the pumping loss, increasing the intake density, and reducing the
combustion temperature. Additionally, as the Miller intensity increased, the fuel
consumption decreased. When the Miller intensity reached a maximum of 72 °CA, the
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fuel consumption was lowered by 2.1%, 1.8%, and 2.4% at 1000, 2000, and 3600 r/min,
respectively.

(2) At 1000 r/min and full load operating conditions, the Miller cycle had a significant
effect on increasing the engine’s fuel efficiency. In the LIVC Miller cycle, the decrease
in fuel consumption reached a maximum of 9.7% when the Miller intensity was
58 °CA, and the fuel consumption decreased by 10.5% when the EIVC Miller intensity
was —29 °CA.

(3) At2000 r/min and 50% load operating conditions, EGR was combined with the Miller
cycle. When the EGR rate rose on the original engine, the fuel consumption first
dropped and then improved, and the fuel consumption decreased by at least 4.5%.
The best fuel consumption rate was in the LIVC Miller cycle, when the EGR rate was
around 7%. Furthermore, the fuel consumption was reduced by about 1.3% compared
with the original engine at the same EGR rate, and the fuel consumption was about
3.2% lower than that of the original engine without EGR.

The potential of the Miller cycle paired with EGR technology in boosting engine fuel
efficiency has been demonstrated through numerical simulation analyses in this paper.
Future research will combine this technology with the combustion process and durability
of the engine to achieve fuel economy improvement.
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