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Abstract

The characteristics of auto-ignition and micro-explosion behaviors of a single fuel droplet have been investigated
experimentally with varying droplet sizes, ambient temperature, and water content. The fuel used for this experiment
was pure n-decane, which was emulsified with several water content varied from 10% to 30% to compare the effects of
water content in the emulsified fuel. Imaging with a high-speed digital camera was adopted to measure the ignition
delay and flame life-time, as well as to observe micro-explosion behavior. The increase of droplet size and furnace
temperature causes a decrease of the ignition delay time. The flame life-time is augmented as the droplet size increases,
however it doesn’t seem to be affected by the ambient temperature relatively. As the water content increases, the
ignition delay increases and the micro-explosion behavior is strengthened. The start timings of micro-explosion and

fuel puffing are compared for different droplet sizes and the amount of water content.
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1. Introduction

The liquid fuels used currently are forming an ever-
greater part of energy resources.
crisis is thought to be more serious than the oil shocks
of the 1970s and getting worse due to the growing
demands on oil without new and sufficient basins to
have a global impact. The unstable oil market is likely
to lead to a radical and tremendous increase in the
price of oil, before physical shortages begin to appear
in the 21st century.

Environmental pollution due to fossil fuels is also
another important issue for the future of the earth and
human existence. Even though there are many ideas
and researches for improving and alleviating these
problems, still there is no powerful way to improve
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this situation directly. Many researches have been
made in an effort to develop more efficient use in oil
and improve the fuel economy in combustion systems.
One of those researches is how to apply low volatile
fuels, which was not welcomed due to its high boiling
point, difficulties in vaporization and ignition, and
serious exhaust emissions, especially high soot con-
centrations. It is necessary to improve the fuel atomi-
zation and evaporation to ignite a low volatile fuel
properly to expand the use of these fuels. One of the
efficient methods to stimulate the evaporation of low
volatile fuel is to mix some water with these liquid
fuels, which can emulsify the fuel with water and
result in a micro-explosion [1]. The micro-explosion
is known to accelerate the evaporation of a liquid fuel
droplet, mixing of fuel with air, and consequently
combustion of the droplet. It is also well known that
emulsified fuels can reduce the emission of soot and
NOx from diesel engines without any deterioration of
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specific fuel consumption [2-4].

The aim of this research is intended to investigate
the auto-ignition characteristics and combustion be-
havior of a single droplet of low volatile fuels with
some emulsification experimentally. The ignition
delay and life-time of single droplets with various
water contents and droplet sizes are compared with
various ambient temperatures(T,). The micro-explo-
sion phenomena are also observed and analyzed for
different operating conditions.

2. Experimental apparatus and method

The experimental apparatus used in this work is il-
lustrated in Fig. 1. An electric furnace with tempera-
ture controller was used as a combustion chamber to
keep a constant temperature from 920K to 1070K for
the auto-ignition of a single droplet. A fuel supply
system with a micro-liter syringe whose volume is
50ul and operated by 4-axis stepping motors can gen-
erate a single droplet. It can adjust the droplet size
and transfer the droplet into the combustion cham
ber. It also detects the location of the suspender in

Table 1. Properties of tested fuel.

Fuel n-decane
Symbol for element CH;(CH;)sCH;
Manufacture Junsei Chemical co
Assay(GC) Min 95.0%
Lot No 2C2101
Melting point(C ) 30T
Boiling point(C ) 174C
Density 0.73cm’/g
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Fig. 1. Schematic diagram of experimental apparatus.

the beginning and feeds the exact amount of fuel. The
supplied fuel was suspended at the end of silica fiber
suspender. All these movements by stepping motors
were controlled with PC and stepping motor control-
ler.

The base fuel used for these experiments is n-
decane(n-CyH,;). The addition of water into the fuel
is not easy due to its difficulties in mixing and separa-
tion. With some surfactant and stirrer, emulsified fuel
can be obtained instead of the ultrasonic wave, which
can increase the temperature of the emulsified fuel.
The actual shape of the suspended droplet was ellipti-
cal and an equivalent diameter of droplet D is ex-
pressed as the cubic root of the product of the droplet
width squared and droplet length, i.e.,

D=(D/xDy)",

where D; and D, indicate the droplet width and
droplet length [5, 6].

The hydraulic driving system is applied to move up
and down the electric furnace to the location of single
fuel droplet. The size of the hydraulic cylinder is ¢50
mm X 700 mm and its stroke is 380 mm. The mov-
ing velocity of that plunger can be adjusted from 1 to
18 cm/s. If the electric furnace moves down over the
speed of 18 cmy/s, the droplet on the silica fiber sus-
pender can fall due to the air stream, which makes it
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Fig. 2. Illustration of time count.
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impossible to take pictures. In this experiment it was
fixed as 16 cm/s. It is designed that the high speed
camera starts to operate when the bottom of the elec-
tric furnace meets the location of droplet, as shown in
Fig. 2. If the drop speed of the electric furnace is be-
low 16 cm/s, the ignition can start while the electric
furnace moves down due to the heat transfer from the
furnace before the camera start to capture the image,
which makes it difficult to determine the ignition
delay and life-time of the droplet. The diameter of
the silica fiber suspender is approximately 150+10
um and its end is fabricated with about 300+10 um to
attach the droplet easily.

A high speed video camera (PASTCAM,
X1280PCI) is applied to measure the ignition delay
and flame life-time. The frame speed of camera is set
as 250-500 f/s to observe the proper behavior of
flame stretching and micro-explosion behaviors. The
personal computer is used to control the stepping
motors and capture the video image. Fig. 2 shows an
illustration of time count to measure the ignition de-
lay, life time, and start timing of micro-explosion.
The time count and video camera start to operate
automatically by a sensor as the bottom of the electric
furnace aligns to the center of the droplet. All the
measurements were performed under atmospheric
conditions.

3. Results and discussions

The size and volatility of a fuel droplet can seri-
ously affect its ignition time and the ignition time of a
single droplet can be expressed as an evaporation
time and chemical reaction time [6]. For a large drop-
let or low volatile fuel, most of the fuel cannot be
evaporated until the surface temperature of the fuel
reaches the boiling point. The mixing and chemical
reaction time is negligible since the evaporation be-
comes vigorous once this evaporation starts.

Typical images of combustion behavior for fuel
droplets by a high speed video camera are shown in
Fig. 3 for 970 K of ambient temperature and 1.25 mm
of droplet diameter. The first figures through (a)-(d)
show the starting time of main combustion, that is the
ignition delay(I/D). Although the ignition delay
seems to be slightly delayed as the water content in-
creases, the differences in ignition delay for each case
are not thought to be significant. In the case of pure n-
decane as shown in (a), the micro-explosion cannot

be seen, but puffing of fuel only. The second figures
of (a), (b), and (c) show the droplet puffing due to the
boiling of fuel. However, as shown in (b)-(d) the mi-
cro-explosion behavior was observed with a little
faster combustion consequently as the water content
increased. In the case of (b), whose water content is
10%, a weak micro-explosion started to occur at 1.07
sec approximately after the droplet was exposed to
the high ambient temperature. A relatively stronger
micro-explosion with vigorous flame spread can be
observed for the case of (d) whose water content is
30%. From these figures it is seen that the micro-
explosion started at around 0.94-1.1 sec after the
emulsified n-decane droplet with 1.25 mm of diame-
ter was exposed to the 970K of ambient temperature.
It is also found that the intensity of micro-explosion
gets stronger as the water content increases.

3.1 Effect of ambient temperature and water content
on ignition delay

The air temperature in the combustion chamber in-
creased from 920 K to 1070 K by 50 K intervals and
the water content also varied from 10% to 30% by
10% to investigate the effect of ambient temperatures
and water content on ignition delay. Figs. 4(a) to (c)
show that the water content of emulsified fuels can
affect ignition delay with ambient temperature and
droplet size. The ignition delay appears to range from
1.1 sec to 1.2 sec in the case of d=0.75 mm, and from
1.0 sec to 1.1 sec for d=1.0 &1.25 mm by approxi-
mately 0.1sec as shown in Fig. 4(a), which is thought
to show the apparent effect of water concentration
on ignition delay at lower ambient temperature. For
1020 K, as shown in Fig. 4(b), the trend in ignition
delay is almost the same as for 920K with a reduced
ignition delay relatively. As the ambient temperature
increases, the ignition delay decreases distinctly re-
gardless of droplet size and water content. There also
don’t appear serious differences in the ignition delay
with the water content at higher temperature as shown
in Fig. 4(c); it is thought that the fuel and water
evaporated almost simultaneously without any sig-
nificant differences in the ignition delay at high ambi-
ent temperature conditions.

It is also found that a droplet smaller than 0.75 mm
under an ambient temperature of 920 K is difficult to
ignite; it is thought that the vaporized fuel is dissi-
pated due to the long ignition delay and cannot form
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/D(0.724) 0.824
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1.024 1.124(sec)

(a) n-decane 100%

/D(0.824) 0.924

1.024

1.068 1.124(sec)

(b) n-decane 90% + water 10%

1/D(0.82) 0.924

1.024

1.124 1.20(sec)

(¢) n-decane 80% + water 20%

1/D(0.824)

0.924

0.940

1.024 1.124(sec)

(d) n-decane 70% + water 30%

Fig. 3. Direct photographs of combustion behavior for emulsified n-decane droplets(D=1.25 mm, Ta=970 K).

an ignitable mixture. The case of 0.75 mm in droplet
diameter shows a little longer ignition delay than
other droplet sizes regardless of water content and
ambient temperature, which is thought to be due to
the extended chemical reaction time as the mass flux
of vapor increases rapidly. The ignition delay of pure
n-decane seems to be apparently shorter than that of

emulsified n-decane at the ambient temperature lower
than 1070 K. However, the ignition delay of pure n-
decane at an ambient temperature of 1070 K doesn’t
show any significant differences with the emulsified
n-decane regardless of water content, as shown in Fig.
4(c).

The dependency of ambient temperature on igni-
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Fig. 4. Effect of droplet size and water contents on ignition
delay for the ambient temperatures.

tion delay was also investigated. For 920 K the igni-
tion delay for all droplet sizes and water content
ranged from 1.0-1.2 sec, while 0.7-0.9 sec for 970 K,
0.5-0.7 sec for 1020 K, and 0.4-0.5 sec for 1070 K,
respectively. That is, the ignition delay of water-in-

fuel droplet decreases almost linearly with an increase
in ambient temperature, which is consistent with the
general trend.

For smaller droplet sizes, as the mass flux of vapor
increases rapidly, the chemical reaction time is ex-
tended. It is found that a droplet smaller than 0.75
mm under an ambient temperature of 920 K cannot
ignite; the thinking here is that the vaporized fuel is
dissipated due to the long ignition delay which makes
it difficult to ignite because it cannot form an ignit-
able mixture due to the too-lean mixture ratios.
Consequently, in the case of a relatively high volatile
fuel with smaller diameter of droplet, the ignition
timing can be rather delayed with the excess evapora-
tion, which is consistent with the previous research

[6].

3.2 Effect of ambient temperatures and water con-
tents on life-time and full combustion time.

The life-time of an emulsion droplet, which is de-
fined as the time interval between the ignition delay
and the completion of combustion, was compared to
understand the effect of ambient temperature and
water content on the combustion of an emulsified fuel
droplet. As seen in Fig. 5(a), at lower ambient tem-
perature(920 K) the life-time doesn’t change so much
with an increase in water content regardless of droplet
size. However, with higher ambient temperatures, as
shown in Fig. 5(b) & (c) the life-time of emulsion
droplets decreases with the increase in water content,
which is thought due to a micro-explosion. When
the droplet size is small(D=0.75 mm), the life-time of
the emulsion droplet is not seen affected signifi-
cantly by water content, possibly because the micro-
explosion is not strong enough to affect the main
combustion duration with smaller droplet. However,
with the bigger droplet size the life-timeis decreased
slightly as the water content in emulsified droplet
increases. This result indicates that a stronger micro-
explosion with an increase in water content can
shorten the duration of combustion for the emulsion
droplet. As the droplet size increases, it indicates that
the life-time of a droplet is affected by the water con-
tent at higher ambient temperature, as shown in Fig.
5(b) and (c). For the same droplet size, as the water
content increases the life-time of the droplet gets
shorter, which is thought to be due to the micro-
explosion of emulsified fuel droplet, but the effect of
ambient temperature is not so significant.
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Fig. 5. Effect of droplet size and water contents on lifetime
for the ambient temperatures.

The full combustion time defined as the total of ig-
nition delay and life-time was also examined to com-
pare the effect of water content and ambient tempera-
ture for different droplet sizes, as shown in Fig. 6.
From this figure it is found that the trend of changes
in full combustion time for the emulsified fuels with
the variation in ambient temperatures gets longer
generally as the droplet size increases regardless of
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Fig. 6. Effect of droplet size and ambient temperature on full
combustion time.

ambient temperature. It is clear that the full combus-
tion time increases as the droplet size increases due to
the increase in mass to be burnt regardless of ambient
temperature and water content as generally known [7].
It is also confirmed that the full combustion time is
strongly dependent on the ambient temperature. The
full combustion time increases regardless of water
content due to the longer ignition delay and less
change in the life-time of the droplet as the ambient
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temperature gets lower. At relatively lower ambient
temperature the trend in full combustion time shows a
little increase as the water content increases; however,
at a higher temperature such as 1070 K the full com-
bustion time decreases a little as the water content
increases. It is thought that the life-time decreases due
to the strong micro-explosion with the higher water
content even though there is not much change in igni-
tion delay, which causes a reduction in full combus-
tion time.

3.3 Micro-explosion starting time

In an emulsified fuel droplet with water, the water

droplets encased within a fuel droplet can instantane-
ously vaporize as the temperature of the droplet in-
creases. As the temperature exceeds the homogeneous
nucleation temperature of a fuel component, this leads
to the formation and growth of a vapor bubble in the
droplet. This rapidly growing vapor bubble ultimately
shatters the surrounding liquid fuel envelope into
smaller fragments that burn more efficiently because
of their increased surface area [8].

A typical image of micro-explosion behavior for
water-in-fuel droplets by a high speed video camera is
shown in Fig. 7 for different water content with 1.0
mm in droplet diameter and 1070 K of ambient tem-
perature. In the case of n-decane, a micro-

I/D(0.46) 0.56 0.66

0.76 0.86(sec)

(a) n-decane 100%

1/D(0.394) 0.492

0.564

0.592 0.804(sec)

(b) n-decane 90%+Water 10%

1/D(0.41) 0516

0.564

0.624 0.824(sec)

(¢) n-decane 80%+Water 20%

1/D(0.4) 0.54 0.64
(d) n-decane 70%+Water 30%

0.74 0.8(sec)

Fig. 7. Direct photographs of micro-explosion behavior for emulsified n-decane droplets(D=1.0mm, Ta=1070K).
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Fig. 8. Micro-explosion starting time with respect to droplet
size and water contents.

explosion cannot be seen, but puffing of fuel only.
However, as the water content increases stronger
micro-explosion, vigorous flame, and consequently
faster combustion can be seen.

As shown in Fig. 8, when the droplet size is 0.75
mm and T, is 920 K, the case of 30% water content
doesn’t show any micro-explosion phenomena. In the
case of higher temperature with the same droplet size,
the micro-explosion occurs at the case of 10% and
30% of water content. From this result it is conjectured
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Fig. 9. Micro-explosion starting time with respect to ambient
temperature and water contents(D=1.25mm).

that for a smaller droplet it is sometimes difficult to
have a micro-explosion due to its extended chemical
reaction time as the mass flux of vapor increases rap-
idly. The effect of water content on the start of a mi-
cro-explosion doesn’t show any typical trend when it
is compared with the same droplet size. It was also
found that as the ambient temperature increases, gen-
erally the micro-explosion occurs earlier regardless of
droplet size and water content, as shown in Fig. 9.
That is, the starting time of the micro-explosion
seems to be linearly dependent on the ambient tem-
perature. With the increase in water contents the in-
tensity of the micro-explosion seems to be stronger
and combust more vigorously, especially at higher
temperature.

4. Conclusion

The ignition delay and life-time of a single droplet
of low volatile fuel with various water content and
droplet size were experimentally compared with some
ambient temperatures. The flame behavior in a micro-
explosion was also observed and analyzed for micro-
explosion starting time for the different operating
conditions. Even though there are some limitations on
the experimental conditions of droplet sizes and am-
bient temperatures, these results show the some trends
in the combustion behavior of an emulsified fuel
droplet. However, the case of smaller droplet sizes or
higher ambient pressures and droplet array needs to
be compared in order to apply the obtained results to
a more realistic combustion system, that is, the inter-
nal combustion engine, in the future. From this inves-
tigation the following conclusions are made:

(1) The ignition delay of an emulsified fuel droplet is
related to the ambient temperature and droplet
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size significantly. When the droplet size is too
small, a rapid increase in mass flux causes a delay
of auto-ignition timing.

(2) Ignition appears to be delayed apparently at lower

ambient temperatures by the effect of water con-
centration. However, higher temperatures don’t
show serious differences in ignition delay due to
water content; it is thought that the fuel and water
evaporate almost simultaneously.

(3) The droplet life-time is affected by the water con-

tent as the droplet size increases. For the same
droplet, the life-time of the droplet was affected
more by the increase of water content rather than
the ambient temperature, which is thought to be
due to the micro-explosion.

(4) The full combustion time increases regardless of

water content due to the longer ignition delay and
less changes in life-time of droplet as the ambient
temperature gets lower.

(5) As the ambient temperature increases, generally

the micro-explosion occurrs earlier and pro-
ceeded more vigorously regardless of droplet size
and water content.

References

[1] C.K. Law, C. H. Lee, and N. Spinivasan, Combus-

tion characteristics of water-in-oil Emulsion drop
lets, Combustion and Flame, 37 (1980) 125-143.

(2]

F. R. Dryer, Water addition to practical combustion
system concepts and applications, Sixteenth Sympo-
sium(Int.) on Combustion, The Combustion Insti-
tute (1977) 279-295.

D. H. Cook, and C. K. Law, A preliminary study on
the utilization of water-in-oil emulsion in diesel en-
gines, Combustion Science and Technology, 18(5)
(1978) 217-221.

N. Samec, B. Kegl, and R. W. Dibble., Numerical
and experimental study of water/oil emulsified
fuel combustion in a diesel engine, Fuel, 81(16)
(2002) 2035-2044.

H. Kobayashi, J. Park, T. Iwahashi, T. Niioka, Mi-
crogravity experiments on flame speed of an n-
decane droplet array in a high-pressure environ-
ment, Proceedings of the Combustion Institute, 29
(2002) 2603-2610.

R. Nakanishi, H. Kobayashi, S. Kato, and T. Niioka,
Ignition experimentof a fuel droplet in high-
pressure high temperature ambient, Twenty-fifih
Symposium(Int.) on Combustion, The Combustion
Institute (1994) 447-453.

S. R. Turns, An Introduction to Combustion: Con-
cepts and Applications, McGraw-Hill, New York,
USA, (1999) 337-396

R. Ocampo-Barrera et.al., An experimental study of
the effect of water contents on combustion of heavy
fuel oil/water emulsion droplets, Combustion and
Flame, 126(4) (2001) 1845-1855.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


