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Abstract

Constrained by the micro-space structure, it is proposed to use platinum wire incandescent ignition
combustion mode to achieve the operation of internal combustion engine. However, the combustion test of
the platinum wire incandescent ignition in miniature piston internal combustion engine shows: the
combustion mode of micro-space platinum wire incandescent ignition has a poor combustion characteristic,
low heat release rate, long combustion duration, and low combustion pressure. Therefore, a homogenous
charge compression ignition mode is proposed to realize the operation of miniature internal combustion
engine. However, it is found that the compression combustion cannot be come true in the cold start-up state of
the micro engine. And the compression combustion in the first cycle was realized by the way of increasing the
temperature of the cylinder block and platinum wire appropriately. The results show that: The maximum heat
release rate is obviously improved and the combustion duration shortened by 28.6 °CA, and pmi increased by

76%.

So, a novel hybrid combustion mode of in-cylinder compression combustion supported by the platinum
wire incandescent ignition is put forward, through the way of adjusting the temperature of platinum wire, and
this combustion mode is regarded as the ideal combustion mode of micro reciprocating piston internal

combustion engine.
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INTRODUCTION

Micro-energy power systems can achieve ultra-high
energy density power output at micro / intermediate scale
[1]. Its representative research includes micro-turbine
engines, micro-triangular rotor Wankel engines, miniature
free piston engines, micro-steam turbines and micro
Stirling engines as well as micro fuel cell systems,
micro-thermoelectric ~ systems and  micro-thermal
photovoltaic systems [2-5].

From the perspectives of energy density and
conversion efficiency, the gas power cycle micro heat
engine of the liquid hydrocarbon fuel has the potential to
compete with the LiSO2 battery system [6-9] (the lower
calorific value of hydrocarbon fuel can reach 105,kJ/kg
level, while the LiSO2 battery's energy density was only
102kJ/kg magnitude). Among them, the
micro-reciprocating piston internal combustion engine
may become a practical micro-energy power system
because of its advantages such as simple structure [10-11].

However, the study on micro space combustion shows
that the micro size effects such as high surface-volume
ratio and short residence time lead to the difficulty of
combustion in micro space and deteriorate the incomplete
combustion, miss-fire and other abnormal combustion
phenomena [12-13]. Constrained by the micro-space
structure, the traditional spark ignition cannot be used in
micro reciprocating piston type internal combustion
engine. It is found that the fuel utilization rate is very low
in the thermal wire ignition mode because of the limitation

of the size of micro-combustion engine. In order to realize
the homogenous charge compression ignition in
micro-combustion engines, it is necessary to afford
conditions which are difficult to control, such as
sufficiently temperatures and active elements’ catalytic
action. Therefore, further analysis on different combustion
modes of micro-combustion engines to develop new
efficient and fast micro-space transient combustion modes
is meaningful in the development of micro reciprocating
piston internal combustion engine [14].

In view of this, a combustion test platform is
established for the miniature reciprocating piston internal
combustion engine to test the basic combustion
characteristics of micro combustion engine. Furthermore,
a novel combustion mode that is suitable for rapid and
efficient combustion in micro-space is explored. This
study contributes to the development of the ultra-high
energy density power system of the miniature piston
internal combustion engine.

1. DIAGNOSIS OF PLATINUM WIRE
INCANDESCENT IGNITION
COMBUSTION MODE

A combustion test platform for a miniature
reciprocating piston internal combustion engine was
constructed, as shown in figure 1. The test system was
driven by the motor, and the speed of the motor was
adjusted by the transducer. The hysteresis brake was used
as an adjustable load device to absorb the output torque of
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the engine and the motor. Kistler6052B quartz pressure
sensor was adopted to collect the combustion pressure
signal in the micro-piston internal combustion engine. The
charge signal output by the piezoelectric sensor was
converted into voltage signal by 5011B charge amplifier.
The data was analyzed by DEWE2010 combustion
analyzer. At the same time, the AVL365X angle instrument
collects the crank angle signal, the sampling resolution
was set to be 0.2°CA. The test condition was full load at
6000r/min.

The basic parameters of the micro-piston internal
combustion engine are as follows: the cylinder bore was
11.25mm, the stroke was10mm, the compression ratio was
8. The fuels are mixture of methanol, nitromethane (with

15% volume fraction) and castor oil. Restrained by the
micro-space structure, traditional spark ignition mode
cannot be applied.

In order to evaluate the combustion characteristic of
the platinum wire incandescent ignition combustion mode
in a miniature piston internal combustion engine, it is
compared with the combustion characteristics of a variety
of  conventional-size  engines.  Three  different
conventional-size engines are selected for the combustion
diagnosis, which are labeled as 154FMI, 157FMI and
165FMI respectively. At the same time, the micro piston
type internal combustion engine is labeled as ME. The
basic parameters of the engine are shown in Table 1. The
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Fig.1 Experimental platform of the micro internal combustion engine

Tab.1 Engine parameters

154FMI  157FMI  165FMI

parameter/units ME
Cylinder bore/mm  11.25
stroke/mm 10
Compression ratio 8

displacement/L 0.001

54 58.5 65.5
54 55.5 66.2
10 9.6 9.2

0.125 0.15 0.225
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The combustion diagnosis of the conventional size
engine adopts the Kistler 6052B pressure sensor to collect
the pressure signal in the cylinder and convert the charge
signal output by the piezoelectric sensor into a voltage
signal through the 5011B charge amplifier. The
DEWE-2010 combustion analyzer performs data
processing. At the same time, the crank angle signal is
collected by the Kistler 2613B crankshaft angle signal
generator, sampling resolution is set to be 0.2 °CA.

Figure 2 shows the comparison of the cylinder pressure
and the instantaneous heat release rate between the micro
piston internal combustion engine and the conventional size
engine. Table 2 is the combustion characteristic parameters
of different engines. It can be seen from the figure 2 that
the in-cylinder combustion characteristics of the micro
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piston internal combustion engine are poor, the combustion
pressure and the heat release rate are very low. The
maximum combustion pressure is only 1.17 MPa, as shown
in Table 2, which is much lower than the pressure (6 to 7
MPa) of the conventional size engine. The crank angle
corresponding to the maximum pressure is 17.4°CA after
the top dead center, which is 5~9°CA later than the
conventional engines. The lower combustion pressure and
the delay of the crank angle corresponding to the maximum
pressure reduce the expansion ratio of the engine and the
thermal efficiency of the cycle. It is tested that the mean
indicated pressure pmi is much lower than that of the
conventional engines, with only 0.27 MPa, about 20% of
the latter.
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Fig. 2 comparison of cylinder pressure and rate of heat release

Table 2 Combustion characteristic of different engines

model Pmax Apmax Pmi CAO05 CAl10 CA50 CA9
/MPa °CA  /MPa /°CA /°CA /°CA /°CA

ME 117 174 0.27 -3.3 0.7 20.6 49.8
154FMI  6.24 12.8 1.22 -8.9 -5.8 5.5 215
157FMI  6.93 11.8 1.30 -6.8 -3.9 5.5 22.1
165FMI  6.60 8.2 116 -114 -8.9 0.2 18.7

According to the test, the comparison of crank angles
corresponding to the cumulative combustion heat release
5%, 10%, 50%, 90% (CAO05, CA10, CA50, CA90) is
shown in Table 2. It can be seen that the starting point of
combustion (CA05) of the micro internal combustion
engine is relatively late, 5~8°CA later than the conventional
size models. Due to the lower combustion heat release rate,
the combustion duration was obviously prolonged, the
rapid burning period (CA10 to CA90) extends about 20
°CA compared with the conventional models. Among them,
the early stage of rapid combustion (CA10 to CA50)
extends by 8~10 °CA; the late stage of rapid combustion
(CA50 to CA90) extends by 10~13 °CA.

The main reason for the low rate of combustion heat
release of the micro internal combustion engine is that the
combustion is not enough. Because of the small scale of the
micro internal combustion engine, its fuel residence time is
short. The fuel is exhausted without complete combustion
at high speed. In addition, the large surface-volume ratio
makes it large ratio of heat dissipation loss relative to
combustion heat release, and it is also not conducive to fuel
combustion in the cylinder.

Usually, compared with the platinum wire incandescent
ignition combustion mode, the homogeneous charge
compression ignition mode has the characteristics of longer

ignition delay period, faster combustion rate in the main
combustion period, shorter combustion duration and higher
pressure rise rate [14-15]. Therefore, if we can shorten the
ignition delay period to achieve the homogeneous charge
compression ignition mode in the micro piston internal
combustion engine, the above problems of the platinum
wire incandescent ignition combustion mode can be solved.

2. TEST ON COMBUSTION
CHARACTERISTICS OF THE
HOMOGENEOUS CHARGE
COMPRESSION IGNITION MODE

2.1 Realization of the Homogeneous Charge
Compression Ignition Mode

For the reason of it is difficult to achieve compression
combustion in the cold start-up state of the
micro-combustion engine, we first put forward the idea: to
achieve the homogenous compression combustion of the
micro-piston internal combustion engine by increasing the
compression ratio [16]. Four cylinders heads with different
compression ratios are designed. And the compression ratio
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is 8, 12, 16 and 20 respectively, as shown in figure 3. The
compression ratio of the micro piston type internal
combustion engine is changed by adjusting the depth of the
electric plug. All the combustion chamber is a flat-top
structure. However, it is found that under normal
temperature, even if the cylinder head with a compression
ratio of 20 is used, the compression ignition cannot be
realized.

An important reason why it is difficult to achieve
combustion under cold start state is that the fuel has a high
ignition temperature, and the compression of the
micro-combustion engine does not provide sufficient
temperature conditions. In view of this, we put forward the
idea: make the homogenous compression combustion come
true by raising the temperature of the cylinder and the
platinum wire appropriately.
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Fig.3 Cylinder heads with different
compression ratio
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Fig.5 Experiment of platinum wire glow
ignition combustion

The test is designed as follows: the micro piston
internal combustion engine runs in the platinum wire
incandescent ignition combustion mode for a period of time
firstly, with a speed of 6000 r/min. When the cylinder body
reaches a certain temperature, shut off the throttle and make

the engine flameout. During this process, the motor speed
is kept at 6000 r/min, that is, the micro piston internal
combustion engine is under motored condition. After the
temperature of platinum wire is reduced, the throttle is
reopened, and the cylinder pressure is collected
synchronously to test whether it can achieve the
homogeneous charge compression ignition.

Figure 4 is the change curve of the mean indicated
pressure (pmi) of the micro piston internal combustion
engine. It can be seen that in the thirty-fifth cycle, that is,
when the throttle is opened, its pmi value is changed from 0
of the previous cycle to 0.48 MPa, indicating that the
engine realized combustion in this cycle.

In order to judge the combustion mode of the first
combustion cycle in figure 4, the combustion pressure of a
single cycle is diagnosed and compared with that of the
ignition mode. Figure 5 is the in-cylinder pressure of the
ignition process after the platinum wire is electrified. It is
shown in the figure that from the fifty-fourth cycle, the pmi
value increases gradually from 0, that is, the mixed gas in
cylinder is ignited by the hot platinum wire.
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Fig.6 combustion mode diagnosis

Figure 6 is a comparison of the combustion modes.
Figure 6a is a comparison of the combustion pressure of the
first combustion cycle (thirty-fifth cycle) and the previous
cycle (thirty-fourth cycle). Figure 6b is a combustion
pressure comparison of 3 consecutive ignition cycles under
the platinum wire incandescent ignition combustion mode,
in which, the combustion pressure of the fifty-eighth,
fifty-ninth, sixtieth cycle is selected for comparison. It can
be seen from the figure that the maximum combustion
pressure pmax is significantly higher than that of the
platinum wire ignition mode in the first combustion cycle.
It can be seen that the combustion of the cycle conforms to
the homogenous compression combustion characteristics.
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Therefore, this cycle is considered to be the homogeneous
charge compression ignition.

In figure 4, the first combustion cycle (thirty-fifth cycle)
has the highest pmi value in the 300 test cycles. It is
considered that the subsequent cycle is the platinum wire
ignition mode, which does not belong to the homogeneous
charge compression ignition mode. This is because under
the high temperature of the platinum wire, the mixed gas
will be directly ignited by the hot platinum wire.

The reason why the homogeneous charge compression
ignition mode of the first cycle can be achieved is that the
higher temperature of the cylinder block helps to
combustion. In addition, although the temperature of the
platinum wire is lower, it is not enough to ignite the mixed
gas, it still has a certain temperature, which has a
combustion-supporting effect.

2.2 The Combustion Characteristics of the
Homogeneous Charge Compression Ignition
Mode

In order to research the combustion characteristic of
homogeneous charge compression ignition mode in micro
piston type internal combustion engine, the combustion
parameters of homogeneous charge compression ignition
mode are tested under different temperatures. The selected
temperatures are 90°C. 140°C and 150°C, and the test speed
is 6000 r/min.

Figure 7 shows the mean indicated pressure pmi change
curve of the micro piston internal combustion engine under
different temperature. As can be seen from the figure 7, the
pmi value of the first combustion cycle is the maximum in
the 300 cycles measured. It is suggested that the first
combustion cycle in figure 7 is the homogeneous charge
compression ignition.
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Fig.7 Experiment of compression ignition
combustion at different temperatures

Figure 8 shows the comparison of the combustion
pressure and the instantaneous heat release rate between the
homogeneous charge compression ignition mode and the
platinum wire ignition mode. In the figure, 1-90 represents
the platinum wire ignition under the temperature of 90 °C,
H-90 represents the homogeneous charge compression
ignition under the temperature of 90 °C.

It can be seen from the figure that compared with the
platinum wire incandescent ignition mode, when the mean
compression ignition mode is adopted, the combustion heat
release rate is greatly increased, the maximum combustion
heat release rate is significantly increased, and the
corresponding combustion duration is significantly
shortened. The maximum heat release rate in the ignition
mode is only about 2 %/°CA, while in the homogeneous
charge compression ignition mode, the maximum
combustion heat release rate reaches 4.4 %/°CA at 90 °C,
and the improvement is more than doubled. So, the
homogeneous charge compression ignition is an ideal
combustion mode for micro piston type internal
combustion engine, which contributes to improve its
combustion characteristics. In addition, the heat release
time of the homogeneous charge compression ignition
cycle is relatively late, but as the temperature rises, there is
an advance trend in the heat release time of the
homogeneous charge compression ignition.
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Fig.8 Comparison of cylinder pressure and rate
of heat release at different combustion modes

Figure 9 shows the comparison of combustion
parameters such as the starting point of combustion and
combustion duration between the homogeneous charge
compression ignition and platinum wire incandescent
ignition under different temperature. It can be seen from the
figure that the CAO5 of the homogeneous charge
compression ignition cycle lags behind the corresponding
ignition mode, and they are all located after top dead center
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and gradually advance as the temperature increases. After
the homogeneous charge compression ignition mode is
adopted, the combustion duration is substantially shortened,
which facilitates the improvement of thermal efficiency.

For example, when the test temperature is 90°C, the
combustion duration is shortened from 53.1°C to 24.5°C
and shortened by 28.6°C.

It can also be seen from the figure that the pmi is greatly
increased when the homogeneous charge compression
ignition mode is adopted and the dynamic performance is
significantly improved. When the test temperature is 90°C,
the pmi in homogeneous charge compression ignition mode
reaches 0.48 MPa, which is a 76% increase compared to
0.27 MPa in the platinum wire ignition mode. When the
test temperatures are 140 °C and 150 °C, there are also
such obvious results, the increase rate is more than 80%.

With the above analysis, it can be found that the
micro-combustion engine can achieve homogenous
compression combustion under a certain condition, and the
combustion  characteristics of the  micro-internal
combustion engine in compressed combustion mode is
greatly improved.

So, a novel hybrid combustion mode, in-cylinder
compression combustion supported by the platinum wire
incandescent ignition, is put forward through the way of
adjusting the temperature of platinum wire, and this novel
combustion mode is considered as an ideal combustion
mode of a miniature reciprocating piston internal
combustion engine. In addition, it is also a potential
approach to explore a fuel with the low ignition point and
fast combustion flame speed to realize the homogeneous
charge compression ignition mode in micro space.

CONCLUSION

1) The combustion characteristics of the platinum wire
incandescent ignition combustion mod in the micro
piston internal combustion engine are poor, the heat
release rate is low, the combustion duration is long, and
the combustion pressure is very low. The combustion
duration is prolonged by about 20 °CA compared with
conventional-size engines, the mean indicated pressure
pmi is about 20% compared with the conventional-size
engines.

2) The compression combustion cannot be achieved in the
cold start-up state of the micro-combustion engine, and
the compression combustion in the first cycle was
realized by the way of increasing the temperature of the
cylinder block and platinum wire appropriately

3) The combustion characteristics of the homogeneous
charge compression ignition mode of the micro piston
internal combustion engine are obviously better than
the platinum wire incandescent ignition mode. The
maximum heat release rate is obviously improved and
the combustion duration is shortened by 28.6°CA, and
pmi is increased by 76%. So, a novel hybrid
combustion mode, in-cylinder compression combustion
supported by the platinum wire incandescent ignition,
is proposed and regarded as an ideal combustion mode
of a miniature reciprocating piston internal combustion
engine.
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