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a b s t r a c t

Auto-ignition of lubricating oil working in a compressor for an air conditioner is studied experimentally.
The adopted lubricating oil is an unknown mixture with multi-components and known to have flash point
temperature of 170 ◦C. First, its auto-ignition temperature is measured 365 ◦C at atmospheric pressure.
The lubricating oil works under high-pressure condition up to 30 atm and it is heated and cooled down
repeatedly. Accordingly, auto-ignition temperatures or flammable limits of lubricating oil are required at
vailable online 22 September 2010
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high pressures with respect to fire safety. Because there is not a standard test method for the purpose, a
new ignition-test method is proposed in this study and thereby, auto-ignition temperatures are measured
over the pressure range below 30 atm. The measured temperatures range from 215 ◦C to 255 ◦C and they
strongly depend on pressure of gas mixture consisting of oil vapor, nitrogen, and oxygen. They are close
to flash point temperature and the lubricating oil can be hazardous when it works for high-pressure

bund
lammable limit
gnition test

operating condition and a

. Introduction

Lubricating oil working in machinery consists of major com-
osition of petroleum hydrocarbon and a little additive less than
.1%. Its main functions are to guide smooth motion or rotation of
moving part and to reduce mechanical erosion [1]. Sometimes, it

ontributes to cooling down the mechanical components. Accord-
ngly, it has suitable fluid viscosity and is quite fire-resistant. A
ompressor used in an air conditioner compresses refrigerant to
specific pressure using a compressor fan rotating with high rota-

ional speed of 3000–4000 RPM. During this compression process,
ubricating oil as well as refrigerant in a compressor are working at
igh pressures up to 30 atm and are exposed to high-temperature
nvironment. In a compressor, there are winding wires generat-
ng a magnetic field for rotation of a compressor fan. While the fan
otates with high speed for compression of refrigerant, winding
ires is heated by internal heat generation. These heat sources can

aporize lubricating oil into oil vapor and make it heated up. Then,
t could be hazardous gas leading to burning or explosion.

Although lubricating oil is heated, it should resist fire or igni-

ion for safety. The fire resistance of lubricating oil is offered by
dditives. With the aid of the additive, lubricating oil is neither
asily ignited nor fired although its major constituent is petroleum
ydrocarbon. A manufacturer of lubricating oil provides a user with

∗ Corresponding author. Tel.: +82 2 3408 3788; fax: +82 2 3408 4333.
E-mail address: chsohn@sejong.ac.kr (C.H. Sohn).
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ant air flows into a compressor.
© 2010 Elsevier B.V. All rights reserved.

MSDS (Material Safety Data Sheet) of specific oil, where information
on fire fighting measures is specified. Three critical parameters are
flash point temperature, auto-ignition temperature, and flammable
limits in air. Based on the data, machines where lubricating oil is
working can be designed with suitable specifications and the oper-
ating condition can be selected with respect to safety.

The flash point and auto-ignition temperatures (FPT and AIT) are
defined as the lowest temperatures at which a fuel in air begins to
ignite with and without an external ignition source such as flame
or spark, respectively [2,3]. From the definition, flash point tem-
perature is usually much lower than auto-ignition temperature.
They are fundamental characteristic parameters on combustion
and there can be found lots of previous works on FPT and AIT [4–8].

Ignition or explosion of lubricating oil working at high pressures
in a compressor is closer to auto-ignition phenomenon of vapor-
ized oil than to ignition induced by flame or spark. Accordingly,
information on AIT of lubricating oil at high pressure is required
in designing safety control devices adopted in a compressor and
should be obtained before usage of oil. Although there can be
found AIT data for various fuels from the previous experimental
works [2–8], most of data are for gaseous fuel at atmospheric pres-
sure. Recently, auto-ignition of gaseous fuel at elevated pressures
[5–8] and auto-ignition of liquid fuel [9–12] have been studied. But,

the previous works are limited to several well-known single fuels
and ignition process of isolated droplets. Although there can be
found several previous works on auto-ignition of liquid-fuel mix-
tures [13,14], they were fundamentally dedicated to auto-ignition
of gaseous-fuel mixtures produced after complete vaporization.

dx.doi.org/10.1016/j.jhazmat.2010.09.049
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:chsohn@sejong.ac.kr
dx.doi.org/10.1016/j.jhazmat.2010.09.049
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Table 1
Major physico-chemical properties of naphthenic base oil adopted.

Molecular weight (g/mol) 325–345 Composition (wt.%) Petroleum hydrocarbon (more than 99.9%)
3 position (wt.%) Additive (less than 0.1%)

or pressure (Pa) <0.03 (at 25 ◦C)
or density >10 (air = 1)
h point temperature (◦C) 170 (minimum)
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most of components are vaporized at the AIT of 365 ◦C. Accord-
ingly, it is predicted that the third and the fourth components would
contribute to auto-ignition of the oil at atmospheric pressure.
Density (g/cm ) 0.909–0.928 Com
Viscosity (mm2/s) 53.5–56.9 Vap
Pour point (◦C) −35 Vap
Specific gravity 0.91 Flas

he measurement of AIT of liquid fuel is more difficult than that
f gaseous fuel because vaporization process is involved. A reliable
est apparatus is a rapid compression machine (RCM), by which
gnition delay and AIT can be measured over a wide range of pres-
ures and temperatures [15,16]. But, the RCM apparatus cannot
imulate the environment made up by a compressor for an air
onditioner. The apparatus cannot be easily adopted for heavy liq-
id fuel with multi-components vaporizing over a wide range of
emperature because vaporized fuel is condensed and separated in
art from the fuel-air pre-mixture in a pre-mixture feeding line.
nd, it is not effective in application to an unknown fuel. That is, a
tandard method to measure AIT of heavy liquid fuel with multi-
omponents has not been established yet and information on its
IT is not offered experimentally.

In this regard, auto-ignition of lubricating oil is investigated
xperimentally in this study. A useful experimental approach is
roposed to observe oil oxidation and to measure AIT of heavy

ubricating oil at high pressures and thereby, its flammable regions
re provided with respect to temperature and pressure, which will
e more realistic data applicable to the environment in a compres-
or.

. Basic analysis of oil properties

There are several brands of lubricating oil for an air conditioner.
ach manufacturer has its own knowhow of blending hydrocar-
onaceous components with additives. Lubricating oil to be studied

n this work is naphthenic base oil called mineral oil. It has been
idely used as a lubricant in a compressor for an air conditioner.
ajor physico-chemical properties described in its MSDS are listed

n Table 1. The notable point is that its molecular weight is much
arger than that of air of 28.9 g/mol and its FPT is known to be 170 ◦C.
he MSDS says that AIT and flammable limits in air are not known
nd boiling or vaporization temperature has a wide range. Heavy
uel raises difficulties in making homogeneous pre-mixture prior to
he entrance to a test chamber due to gravity. A wide range of vapor-
zation temperature indicates that the lubricating oil is a mixture

ith various components.
Before ignition test, first of all, oil properties are analyzed based

n known analysis methods. To evaluate composition of the oil,
GA (thermo-gravimetric analysis) and DSCA (differential scanning
alorimetry analysis) are conducted [17,18]. In these analyses, the
ample oil is heated and oil-weight change, oil temperature, and
eat flow are measured as a function of time. The results are shown

n Figs. 1 and 2. From Fig. 1, it is found that oil weight begins
o decrease at 200 ◦C and appreciable decrease in the weight is
etected in the range from 240 to 300 ◦C. Heat flow in Fig. 2 shows
–6 peaks and the variable heat flow is caused by vaporization of a
pecific component of oil. Accordingly, the temperature, at which
ach heat-flow peak is observed, corresponds to vaporization tem-
erature of each component. That is, the sample oil consists of
–6 components and their vaporization temperatures are approxi-
ately 90 ◦C, 240 ◦C, 300 ◦C and so on in ascending order. All of the
omponents are complex species and information on their AITs is
ot available. From Figs. 1 and 2, it is noteworthy that the second
nd third components vaporizing at 240–300 ◦C are dominant in
eight and they vaporize abruptly and massively. DSCA provides

he additional chemical parameter of E/R, which indicates activa-
Fig. 1. Oil weight as a function of temperature during heating process of oil as a
result of thermo-gravimetric analysis.

tion energy divided by a universal gas constant. With the sample
oil, the value of E/R is evaluated to be 6128 K. The value is much less
than typical value of 15,000 K applicable for most of heavy hydro-
carbon fuels [19]. This indicates that a little amount of an additive
added to the sample oil works an appreciable change in chemical
characteristics of the oil.

Auto-ignition temperature at atmospheric pressure is useful in
characterizing the sample oil with respect to ignitibility although
the AIT is not a suitable parameter for the situation in a compres-
sor, where lubricating oil is compressed to high pressure. The AIT is
measured by a standard test method. The measurement procedures
of AIT are specified in detail by ASTM and can be found in the liter-
ature [20]. As a result of the measurement, the AIT of the sample oil
is found to be 365 ◦C or so. It is much higher than the FPT of 170 ◦C
described in Table 1 and the oil would be rarely ignited without
an external ignition source at atmospheric pressure. From Fig. 2,
Fig. 2. Heat flow and oil temperature as a function of time as a result of differential
scanning calorimetry analysis.
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ig. 3. Cross-sectional view of the ignition chamber devised with inner volume of
15 cm3.

. Experimental methods

.1. Ignition chamber

If the AIT of 365 ◦C is still valid at high pressures, the oil would
ot be hazardous and ignition or explosion of the oil in a compres-
or is actually impossible because the temperature is far outside
he operating condition approachable in a compression process.
o simulate auto-ignition under the situation in a compressor, an
gnition chamber is devised and shown in Fig. 3. The chamber con-
ists of inner and outer cylinders and the upper plate is equipped
ith the measurement sensors of two thermocouples and a pres-

ure transducer. One thermocouple is for the measurement of gas
emperature and the other is for liquid-oil temperature. Inlet and
utlet ports are made on the plate for air supply and gas drain,

espectively. The inner diameter and the effective volume of the
hamber are 14 cm and 915 cm3, respectively. The two cylinders
nd the upper plate are made of stainless steel. The lower plate is
ade of transparent quartz to observe flames in the chamber and it

unctions as a quartz window. The chamber is designed to be pres-

Fig. 4. Experimental apparatus for ignition test of the mix
aterials 185 (2011) 416–422

surized up to 100 atm. The outer cylinder is surrounded by a band
heater with maximum electric power of 1000 kW.

3.2. Ignition-test apparatus and experimental procedures

As mentioned in the preceding section, vapor of heavy oil is eas-
ily separated from the vapor-air pre-mixture although oil vapor
and air are well mixed artificially. The direct supply of the pre-
mixture to the ignition chamber is not guaranteed and it does not
correspond to the actual situation which the oil encounters in a
compressor. Accordingly, two test apparatuses are devised to sim-
ulate oxidation or ignition of lubricating oil more realistically. They
are shown in Figs. 4 and 5, which are called experimental appara-
tuses 1 and 2, respectively.

The experimental procedures with the apparatus 1 are as fol-
lows. First, liquid oil of 290 ml is charged in the bottom space of
the ignition chamber as shown in Fig. 3. The initial pressure in the
chamber, pin is adjusted to a specific value by high-pressure air sup-
plied through the inlet port from the air chamber. Then, at room
temperature, the chamber begins to be heated by the band heater
and liquid oil vaporizes slowly. Temperature of the mixture of oil
vapor and air continues to increase as time goes on. Whether igni-
tion is induced or not is decided from the recorded temperature
and pressure signals as well as observation of flame through the
quartz window. In this experiment, the upper limit of the mixture
temperature is set to be 365 ◦C, which corresponds to AIT at 1 atm
and is sufficiently high for the oil to be considered not hazardous.
That is, the band heater stops heating the mixture at 365 ◦C. If igni-
tion is not observed up to 365 ◦C at a specific pressure, all of gases
in the chamber are drained and the test moves to the next round,
where the initial pressure in the chamber is increased further and
the same procedures are repeated at the increased pressure.

The apparatus 2 is shown in Fig. 5, where a gaseous nitrogen
(N2) cylinder and a mass flow controller (MFC) are added to the
apparatus 1. The experimental procedures with the apparatus 2
are a little different from those with the apparatus 1 in adjusting
the initial chamber pressure. The first step of oil charge is the same
as with the apparatus 1. Next, gaseous nitrogen is supplied to the
chamber instead of air. This N2 supply exhausts any residual gases
and deposits in the chamber and it is called purge by an inert gas.

The chamber is kept clean by N2-purge although carbon deposits do
not affect auto-ignition of the oil due to their high ignition temper-
ature over 365 ◦C [21]. At the same time, a specified initial pressure,
pin is attained by N2 supply. Then, the chamber begins to be heated
by the band heater. When the mixture of oil vapor and N2 reaches

ture of oil vapor and air (experimental apparatus 1).
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of oil vapor by air supply (experimental apparatus 2).

a
a
s
t
c
u
s
t
t
m
t
m
t
i
p
i
r
T
s
l

4

4

w
b
v
w
t
o
w
l

w
t
i
e
c
p
s
t
p
t
t
t
s

Fig. 5. Experimental apparatus for ignition test

specified temperature, Tig, air is supplied into the chamber for
n instant. Air flow rate is controlled by an MFC. Ignition failure or
uccess is decided at the moment of air supply from the recorded
emperature and pressure signals. If ignition fails, gas mixture in the
hamber is drained by N2-purge and oil vapor is pressurized again
p to the original pressure, pin by gaseous nitrogen. And then, air is
upplied at higher Tig and ignition failure or success is decided. With
he specified initial pressure, pin, the experiment is repeated until
he minimum ignition temperature, Tig is found. And then, the test

oves to the next round and the next steps are the same as with
he apparatus 1. In this experimental method, pressure of gaseous

ixture at the instant when it reacts with air is higher than pin due
o additional air supply and the pressure is denoted by pig. Accord-
ngly, flammable regions are expressed by the two parameters of
ig and Tig. With the apparatus 2, the situation of unexpected air
nflow into a compressor is realistically simulated and flammable
egions are measured where auto-ignition is induced by air inflow.
hese two experimental methods are devised and proposed in this
tudy to investigate oxidation or ignition characteristics of heavy
ubricating oil with various components.

. Results and discussions

.1. Ignition test of the mixture of oil vapor and air

First, the experiments with the apparatus 1 are conducted over a
ide range of initial pressure, pin. With a specified pin, the chamber

egins to be heated. During the heating process, the oil begins to
aporize, leading to generation of oil vapor. The oil vapor is mixed
ith the air in the chamber, resulting in gaseous mixture. Because

he molecular weight of the oil is nearly 11 times larger than that
f air, spatially non-homogeneous mixture is produced and there
ill be formed a mixing layer between the upper air side and the

ower oil-vapor side.
Temperatures of liquid oil and gaseous mixture are measured

ith pin of 12.8 atm and shown in Fig. 6. In Fig. 6a, the tempera-
ures in a full range of heating time are shown and both of them
ncrease slowly and smoothly with time, showing a little differ-
nce between them. They indicate that there is no ignition in the
hamber at any moment during heating process. To examine tem-
erature variation on a short time scale, two time-ranges with the
pan of 100 s are magnified and shown in Fig. 6b and c, respec-
ively. The latter figure shows the data measured for a later heating

eriod. The liquid-oil temperature increases linearly with time and
he temperature fluctuation is rarely observed in Fig. 6b and c. On
he other hand, the gaseous temperature shows appreciable fluc-
uation and the fluctuation level increases further for a later period
hown in Fig. 6c. That is, there are observed the liquid-oil temper-

Fig. 6. Temperatures of liquid oil and gaseous mixture as a function of heating time
with pin of 12.8 atm.
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ig. 7. Temperatures of liquid oil and gaseous mixture as a function of time at air
ow rate of 1 lpm for atmospheric condition.

ture with little fluctuation and at the same time, the appreciable
emperature variation in the gaseous mixture of oil vapor and air.
his indicates that slow or gradual oxidation of oil vapor proceeds in
he thick mixing layer, but fast chemical reaction leading to instan-
aneous ignition does not occur. To verify this gradual oxidation,
xygen concentration of gaseous mixture in the chamber is mea-
ured by a gas analyzer (Testo 330-2) after heating time reaches the
nal instant. The oxygen concentration is only 2.2% in volume frac-
ion. From these results, the lubricating oil vaporizes continuously
y heating and the oil vapor continues to be oxidized gradually by
he surrounding air in a mixing layer. Finally, the oxygen is almost
onsumed out and auto-ignition fails under this environment.

For the lack of oxygen concentration, rapid chemical reaction
nd abrupt temperature rise are not induced even at high temper-
ture in the chamber. As an attempt to enhance chemical reaction
f the oil vapor with air, additional air is supplied into the chamber
t the instant when the liquid-oil temperature reaches an arbitrary
alue of 267 ◦C. At the same time, the heating is stopped and air is
upplied continuously at the flow rate of 1 lpm (liter per minute).
t the chamber pressure of 1 atm, the temperatures of liquid oil
nd gaseous mixture are measured and shown in Fig. 7. The oil
emperature continues to decrease with time. But, the gas tem-
erature oscillates with small amplitude of about 5–10 ◦C while

ts mean temperature decreases by slow degrees. The oscillating
as temperature indicates that chemical reaction occurs intermit-
ently without flame propagation through the chamber. Judging
rom the peak temperature of each oscillation, oil vapor is mixed
ith the in-flowing air and mild combustion is induced. Auto-

gnition or explosion still fails for this condition. But, it is found
hat the attempt of additional air supply can be one of the methods
or successful ignition and based on this trial, air supply is adopted
n the experiments with the apparatus 2.

.2. Ignition test of oil vapor by air supply

As the second method, the experiments with the apparatus 2
hown in Fig. 5 are conducted. As aforementioned, the oil vapor is
ressurized by nitrogen gas and air is supplied into the chamber
hen a specific chamber pressure and an oil-vapor temperature

re attained. When air is supplied at an initial chamber pressure,
in, the chamber pressure is increased by the supplied air, leading
o pig. And, the gas-mixture temperature at the instant is denoted

y Tig. For one condition, the experiments are conducted for vari-
ble Tig at pin = 2.7 atm and pig = 24.9 atm. From the instant of air
upply, the temperature history is measured and shown in Fig. 8.
ir is supplied three times and each air supply is made at Tig of 205,
15, and 220 ◦C, respectively. Whenever air is supplied, gas tem-
Fig. 8. Gaseous temperature as a function of time at pin = 2.7 atm and pig = 24.9 atm
for variable Tig of 205, 215, and 220 ◦C, respectively.

perature rises immediately due to the instantaneous reaction, but
shortly, it decreases due to heat diffusion or loss. With delay time of
50–100 s, the temperature rises again. In cases of the 1st and 2nd air
supply, the increments of the second rise in temperature are only
30 ◦C and 40 ◦C, respectively. The temperature rise is induced by
heat release resulting from chemical reaction, but heat release rate
from chemical reaction is not sufficiently high to overcome heat
loss and eventually, gas temperature falls down in both cases. The
increase rate of the gas temperature during the 2nd chemical reac-
tion period is a little higher in the case of Tig of 215 ◦C than in the
case of 205 ◦C because the chemical reaction rates increase appre-
ciably with temperature of the mixture. On the other hand, the 3rd
air supply at Tig of 220 ◦C results in abrupt temperature rise with
short delay time as shown in Fig. 8. The temperature rise and the
peak temperature are quite different from those in the two preced-
ing cases. That is, successful ignition occurs in the chamber and this
ignition test is effective to measure auto-ignition temperature. As
a result, it is found that AIT of the oil vapor at the mixture pressure,
pig = 24.9 atm is between 215 ◦C and 220 ◦C.

Flame evolution or propagation throughout the chamber
accompanies successful ignition. For the condition of pin = 1.3 atm,
pig = 5.9 atm, and Tig = 250 ◦C, where mass of supplied air is 2.02 g,
successful ignition is observed and the photographs of flame evo-
lution for the condition are taken through the quartz window. They
are shown in Fig. 9a–h in time series. First, flame kernel is gener-
ated near the air-inlet port as shown in Fig. 9a and flame propagates
throughout the chamber. Finally, it fades out and the supplied air
is almost consumed. It is observed that there is much soot or car-
bon attached to the inner surfaces of the chamber after each test.
This indicates that oil vapor is abundant species rather than oxygen.
Accordingly, the quantity of air supply is a critical variable affecting
the auto-ignition phenomenon. The effect of the quantity of air is
investigated in this work although the quantity is not adjusted over
a wide range.

All data of ignition tests by air supply are assembled and
flammable regions, where successful ignition is observed, are
demonstrated on the coordinate of Tig and pig in Fig. 10. The solid
and dotted lines indicate minimum AIT or lower flammable limit
with respect to temperature in cases of a small and a large quan-
tity of air supply, respectively. Approximately, the latter is twice
larger than the former and the mass of air, mair supplied in each
test is described in the figure. For comparative work with each

other, the quantity of air is adjusted with pig maintained. For exam-
ple, the first data of the solid line is from the test conducted at
pin = 2 atm, mair = 0.73 g, and pig = 3.7 atm and the first of the dot-
ted line at pin = 1.3 atm, mair = 1.19 g, and pig = 3.7 atm. Accordingly,
the solid line shows flammable temperature-limit for the condition
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ig. 9. Time-series photographs of flame evolution or propagation for the condition

f relatively higher initial pressure, pin. In this case, auto-ignition
emperature, Tig decreases slightly as the pressure, pig increases. It
eaches the minimum at a specific pig and finally, it increases again.
uto-ignition temperatures are within the range of 250–255 ◦C.
rom Fig. 2, it has been found that the second component of the
ubricating oil vaporizes in this temperature range. Accordingly,
he vaporization and chemical reaction of the component affects
IT in this regime. It is well known that the vaporization or boiling

emperature of any liquids usually rises with the ambient pressure
nd the gaseous chemical reaction rate increases with the mixture
ressure. In this experiment, the ambient pressure and the mix-
ure pressure correspond to pin and pig, respectively. In the case of
small quantity of air supply, pin increases appreciably with pig. As
oth pin and pig increases, chemical reaction process is enhanced,
ut vaporization process suppressed. These two processes are com-
etitive in determining auto-ignition temperature, Tig. Accordingly,

IT is not sensitive to pressure change. When pin increases over
2 atm, AIT begins to increase with pressure. This indicates that
IT in this regime is controlled by vaporization process of liquid oil
ather than gaseous chemical reaction rate.

ig. 10. Flammable temperature-limits demonstrated on the coordinate of Tig and
ig (flammable in the regions above the lines).
= 1.3 atm, pig = 5.9 atm, and Tig = 250 ◦C, where successful ignition is observed.

On the other hand, AIT expressed by the dotted line continues
to decrease with pressure, pig as shown in Fig. 10. In the case of a
large quantity of air supply, pin increases slightly with pig and thus,
vaporization rate of liquid oil maintains nearly constant value irre-
spective of pig. Accordingly, AIT in this regime is controlled mainly
by gaseous chemical reaction rate, resulting in lower AIT at higher
pressure.

Auto-ignition is accompanied by high pressure rise and it can do
considerable mechanical damage to the chamber or closed vessel.
The maximum or peak pressures, which gas products from com-
bustion reach, are measured and shown in Fig. 11. As the pressure,
pig increases, the peak pressure of combustion gas increases appre-
ciably.

The measured auto-ignition temperatures, AITs in Fig. 10 are
illustrated again by three parameters of Tig, pig, and oxygen con-
centration in Fig. 12. In this experiment, mass of oil vapor cannot
be measured and the oxygen concentration is defined as pO2 /(pO2 +

pN2 ). The aforementioned dependences of AIT on the three param-
eters are clearly shown in the figure. In the usual operating range
or window, AIT of this lubricating oil decrease as pressure of the
mixture and oxygen concentration increase. But, when vaporiza-

Fig. 11. Maximum or peak pressures of combustion gases as a function of pig (the
solid and dotted lines correspond to those, respectively, in Fig. 10).
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[19] S.R. Turns, An Introduction to Combustion, 2nd ed., McGraw-Hill, New York,
ig. 12. Auto-ignition temperatures as a function of three parameters of Tig , pig , and
xygen concentration.

ion of liquid oil is suppressed and oxygen concentration is low,
IT depends little on pressure of the mixture.

. Conclusion

Auto-ignition temperature of lubrication oil adopted in a com-
ressor for an air conditioner is investigated experimentally for
re safety in this study. Although lubricating oil is manufactured
o include fire-resistant additives for safety, it can be hazardous
or high-pressure and high-temperature condition. Because major
omponents of lubricating oil are fundamentally hydrocarbon
pecies.

Usually, lubricating oil is an unknown mixture with multi-
omponents and has large molecular weight. Furthermore, it is
orking at high pressure in a compressor. At present, there is not
standard experimental apparatus to measure auto-ignition tem-
erature of lubricating oil because there are several difficulties in
aking homogeneous pre-mixture of oil vapor and air at high pres-

ure. Accordingly, in this study, an effective ignition-test method
s devised to simulate auto-ignition under the situation in a com-
ressor and auto-ignition phenomenon is studied experimentally.

Inflow of oxygen is indispensable for oxidation of lubricating oil
orking in a compressor. From the ignition experiments, it is found

hat auto-ignition of lubricating strongly depends on vaporization
ate, pressure of the mixture, and oxygen contents. Auto-ignition
emperatures are measured over a range of pressure below 30 atm
nd the measured ignition temperatures ranging from 215 to 255 ◦C
re quite lower than AIT of 365 ◦C measured at atmospheric pres-
ure in the open environment. The measured AITs are rather close to
ash point temperature of 170 ◦C. Accordingly, the present exper-

ments show that oil vapor from lubricating oil reacts chemically

ith oxygen and the chemical reaction can lead to explosive auto-

gnition. That is, lubricating oil can be hazardous for an operating
ondition, which is not extreme.

Auto-ignition temperature of lubricating oil is required in
esigning safety control devices adopted in a compressor and

[

[

aterials 185 (2011) 416–422

selecting operating conditions with respect to fire safety. The
present study provides useful quantitative data on flammable
regions for the purpose and a useful ignition-test method appli-
cable to heavy liquid fuel at high pressure. In the present study,
mixture ratio of oil vapor to oxygen is not considered. To get a
complete dependence of lubricating-oil ignition on the physico-
chemical parameters, it should be considered additionally. It will
be a subject of future works.
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