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New diffusion combustion that is induced by high-voltage spark is proposed.  In this method, 
the electrical discharge is given to the liquid fuel in cavity of igniter.  The purpose of study is to 
elucidate the influence of igniter configuration and the charged fuel volume on the diffusion 
flame, and the combustion is observed in the open atmosphere.  The diffusion flame 
development process is divided into two parts: those are the periods affected by the fuel injection 
and the buoyancy.  When the air is included in the cavity, the diffusion flame exists for a long 
period because the combustion is similar to the partially premixed combustion. 
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1. INTRODUCTION 
In the premixed combustion of a spark ignition 

engine, an operation with a very lean mixture is effective 
in reducing exhaust gas emission of pollutants and 
enhancing thermal efficiency.  However, it is necessary 
to ensure a certain ignition and to increase the burning 
velocity.  For the diffusion combustion of a compression 
ignition engine, the diesel knock will occur when the 
ignitability of fuel is inferior. (1)  Then, many 
investigations of new concept combustion for the internal 
combustion engines have been studied, such as HCCI 
combustion (2) and AR combustion (3).  In this study, a 
new concept of combustion which is using the 
characteristic of plasma jet ignition is proposed.  This 
new combustion method has features of both premixed 
and diffusion combustion and improves the disadvantage 
of both combustion processes. 

In the procedure of plasma jet ignition (4), a 
high-voltage electrical discharge is generated from the tip 
of the center electrode to the edge of circular orifice and 
then the gas in the cavity is transformed to a plasma state.  
This high-temperature plasma jet spreads into the 
combustion chamber and can ignite a lean mixture better 
than a regular spark plug ignition.  When the cavity of 
the plasma jet igniter is filled with a liquid fuel, the liquid 
fuel is evaporated by the high-temperature plasma 
immediately after the electrical discharge, and then the 
plasma jet made from the fuel vapor spreads into the 
combustion chamber.  The plasma jet of fuel vapor is 

mixed with the surrounding air in the combustion chamber, 
and diffusion combustion occurs.  This new concept of 
diffusion combustion, that is the diffusion combustion 
induced by high-voltage spark is proposed in this study 
and fig. 1 shows the igniter which is used in this study. 

When this new concept diffusion combustion is 
applied to the internal combustion engine, following 
points will be expected: 
1) Rapid combustion: the plasma jet made from the fuel 

vapor includes a lot of radicals and is very high 
-temperature, therefore the diffusion combustion will 
immediately occur without ignition delay.  The 
plasma jet made from fuel issues into combustion 
chamber very rapidly, so that the combustion will be 
completed within very short duration. 

2) High compression ratio and lean combustion: the high 
compression ratio and lean combustion will be 
available because of diffusion combustion. 
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Fig. 1  Igniter. 
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3) Diversification of fuel: various liquid fuels such as 
gasoline, diesel fuel, methanol and ethanol can be 
burned by this diffusion combustion. 

Therefore, the high thermal efficiency internal 
combustion engine can be realized by this new 
combustion method. 

The purpose of this study is to elucidate the 
possibility of realizing the diffusion combustion induced 
by high-voltage spark and to clarify the characteristic of 
this new combustion method.  Combustion experiments 
are carried out in the open atmosphere and the combustion 
feature is analyzed from the visualization of the diffusion 
flame development processes.  Methanol that is one of 
alternative fuels is charged in the cavity of igniter and the 
fuel is spread into the air at room temperature and 
atmospheric pressure. 

 
2. EXPERIMENTAL APPARATUS AND TEST 
PROCEDURE 

Fig. 2 shows the details of igniter and dimensions.  
The igniter is consisted of three parts: cavity that is a 
cylindrically shaped hole, a circular orifice and a center 
electrode.  Therefore, the igniter has the same component 
parts with the ordinary plasma jet igniter.  The tip of 
center electrode is pointed and its angle is 90 [deg.].  The 
tip of electrode is the bottom of the cavity, so that the 
cavity volume is the space above the center electrode.  
The electrical discharge occurs between the tip of center 
electrode and the edge of circular orifice, and the 
thickness of orifice plate is 0.5 [mm]. 

Cavity diameter is always 3.3 [mm].  Four 
different cavity depths, L are used, these are 1, 2, 4 and 6 
[mm] and three circular orifice diameters, d: 1, 2, and 3 
[mm] are used.  Therefore, twelve different combinations 

of igniter are examined in the tests. 
The methanol is used as the liquid test fuel in this 

study because the methanol has a simple molecular 
structure.  Methanol volume is measured by a micro 
syringe and is provided to the cavity through the orifice.  
The minimum methanol volume provided is 9 [µl] and the 
maximum methanol volume provided is each cavity 
volume.  The provided methanol volumes are 
corresponding to 25-40, 50-65, 75 and 100 [%] of each 
cavity volume, because the ratio of fuel volume to cavity 
volume influences on the ignition probability and 
diffusion flame development. (5) 

Fig. 3 shows a schematic diagram of experimental 
apparatus. The experimental apparatus consists of the 
igniter, the capacitance high voltage discharge circuit and 
the schlieren system with a high-speed camera.  The 
igniter is set toward the vertically upward direction and 
the fuel is ejected into the open atmosphere.  The 
surrounding air is at room temperature and atmospheric 
pressure, and the experiments are carried out in the 
stationary surrounding air condition. 

The diffusion combustion process is visualized by 
the conventional Z shape schlieren system in order to 
make clear the fuel spray condition and combustion.  The 
maximum height which can be observed by this schlieren 
system is about 220 [mm].  To take the schlieren images, 
the high-speed camera is used and images are taken by 
2000 [frame/s] and the shattering speed is set by 1/40000 
[s].  The schlieren images taken are analyzed by using 
the image processing system and the binary image 
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Fig. 3  Schematic diagram of experimental apparatus.Fig. 2  Details of igniter. 
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analyzing method is applied.  The top position of 
diffusion flame and flame projection area are measured at 
an arbitrary time from the electrical discharge. 

The capacitance high-voltage discharge circuit is 
used and the negative high voltage is stored in the 
capacitance in order to discharge easily.  The supplied 
electrical energy of 5 [J] is stored in capacitance of 0.1 
[µF] at the charging voltage of -10 [kV] and this electrical 
discharge energy is almost equal to the ordinary plasma jet 
ignition (4).  The high-voltage electrical discharge is 
completed within about 40 [µs]. 
 
3. RESULTS AND DISCUSSION 

Table 1 indicates experimental results of the 
occurrence of diffusion combustion for various igniter 
combinations and fuel volumes.  The occurrence of 
diffusion combustion is judged by the visual observation.  
In fig. 4, the ignition processes and initial stage of 
combustion are conceptually illustrated. 

In cases at which small cavity volume (cavity depth 
of 1 [mm]) is used and the cavity is fully filled with the 
fuel, the diffusion combustion is certainly observed.  
However, for small cavity volume, when a small amount 
of fuel is charged in the cavity, the diffusion combustion is 
not observed.  It can be assumed, as illustrated in the 
case of the small cavity volume of fig. 4, the plasma jet 
issued from the igniter ignites the fuel droplets and 
mixture which is ejected from the igniter.  Therefore, 
when the small amount of fuel is only charged in the 
cavity, the fuel-air mixture will be generated in cavity and 
issues from the orifice by the electrical discharge, 
however the mixture is too lean to initiate the diffusion 
combustion.  When the cavity is fully filled with the fuel, 

the mixture is rich enough to burn and the diffusion 
combustion can occur, so that the mixture is immediately 
ignited at the outside of igniter and the diffusion 
combustion can continue by the ejected fuel droplets. 

In cases at which large cavity volume is used and the 
fuel corresponding to the half of cavity volume is 
provided, the diffusion combustion is certainly observed.  
However, if the cavity is almost filled with the fuel, the 
diffusion combustion is not occurred and the fuel droplets 
are ejected from the igniter in similar to the fuel injector 
of diesel engine.  It can be thought, as illustrated in fig. 4, 
the diffusion combustion begins inside the cavity, 
therefore the mixture preparation and ignition is 
simultaneously occurred by the electrical discharge in the 
cavity.  The fuel droplets which are ejected by the 
high-pressure in the cavity are successively burned and 

Plasma
jet

Center electrode
Cavity

Orifice
Flame

Small amount
of fuel

Large amount
of fuel

Large amount
of fuel

Small amount
of fuel

Small cavity volume Large cavity volume

Fuel mistFlameGas jet

Liquid fuel

Fig. 4  The conceptual figures of the initial stage of
combustion after the discharge. 

Table 1 Experimental results. 
Fuel volume / Cavity volume Cavity 

depth 
Orifice 

diameter 25 – 40 [%] 50 – 65 [%] 75 [%] 100 [%] 
1 [mm] - Extinguishment - Combustion 
2 [mm] - Extinguishment - Combustion 

1 
[mm] 

3 [mm] 
- 

- 

9 
[µl]

Extinguishment
- 

- 

18 
[µl] 

Combustion 
1 [mm] Combustion Combustion Extinguishment Extinguishment
2 [mm] Combustion Combustion Combustion Combustion 

2 
[mm] 

3 [mm] 

9  
[µl] 

Combustion 

18
[µl]

Combustion 

20
[µl]

Combustion 

27 
[µl] 

Combustion 
1 [mm] Combustion Extinguishment Extinguishment Extinguishment
2 [mm] Combustion Combustion Extinguishment Extinguishment

4 
[mm] 

3 [mm] 

18 
[µl] 

Combustion 

27
[µl]

Combustion 

33
[µl]

Extinguishment 

44 
[µl] 

Extinguishment
1 [mm] Combustion Extinguishment Extinguishment Extinguishment
2 [mm] Combustion Extinguishment Extinguishment Extinguishment

6 
[mm] 

3 [mm] 

15 
[µl] 

Combustion 

30
[µl]

Extinguishment

46
[µl]

Extinguishment 

61 
[µl] 

Extinguishment
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the diffusion combustion continues.  When a lot of fuel is 
provided and few air remains in the cavity, the fuel is not 
ignited and the fuel droplets are only ejected from the 
igniter by the high-pressure. 

Fig. 5 shows the examples of diffusion combustion 
processes and the case of fuel injection for two orifice 
diameters of 1 and 2 [mm].  The cavity depth of 2 [mm] 
is selected because the diffusion combustion occurs with 
few exceptions. 

The diffusion combustion is apparently occurred by 
this combustion method, and the diffusion flame is spread 
and is developed as the provided fuel volume increases at 
an arbitrary time from the injection.  In the case of fuel 
volume 9 [µl], the diffusion flame does not fully grow and 
the combustion is completed within about 30 [ms].  This 
is because the enough fuel droplets to maintain the 
diffusion combustion is not included in the flame. 

Until about 10 [ms] after the electrical discharge, the 
diffusion flame grows keeping the spherical shape, and 
then the flame shape is changed and the flame is enlarged 
toward the upward direction.  Therefore, the diffusion 
flame development process can be divided into two parts.  
In the first period that is the fuel injection affected period, 
fuel droplets and fuel-air mixture which are ejected by the 
electrical discharge strongly influences on the diffusion 
combustion, so that the diffusion flame keeps the spherical 
shape and the whole flame rapidly moves upward by the 
fuel injection velocity.  In the second period that is the 

buoyancy affected period, the fuel injection has been 
already completed and the buoyancy of flame influences 
on the flame itself, so that the flame can not hold the 
spherical shape and is stretched toward upward.  The 
flame gradually rises by the buoyancy. 

In the case of orifice diameter of 1 [mm], the 
diffusion combustion can not be generated although an 
enough fuel is supplied for a small cavity volume.  It can 
be considered that the plasma jet can not be ejected from 
the orifice, because the electrical discharge energy is 
absorbed by the cooling loss of the very narrow orifice 
area and the evaporation of large amount of fuel.  Until 
about 10 [ms] after the electrical discharge, the fuel 
injection development process is almost similar to that of 
the diffusion flame. 

Fig. 6 shows the top position of diffusion flame and 
flame projection area as a function of time after electrical 
discharge.  The top position of flame is measured from 
the end of igniter to the highest position of diffusion flame 
at an arbitrary time from the electrical discharge until the 

Cavity depth 2 [mm] 
Orifice Φ 2.0 [mm] Φ 1.0 [mm] 

Fuel 9 [µl] 18 [µl] 20 [µl] 27 [µl] 20 [µl] 27 [µl]
Time 

2 [ms] 

4 [ms] 

6 [ms] 

10 [ms] 

20 [ms] 

30 [ms] 

Fig. 5  Time series images of diffusion combustion and 
fuel injection. 
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Fig. 6  Top position of diffusion flame and flame 
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diffusion flame disappears.  The flame projection area is 
also measured at an arbitrary time from the electrical 
discharge and the diffusion flame extension can be 
evaluated from the flame projection area. 

The top position of flame is increasing as the time 
elapses and is gradually decreasing after the peak value is 
shown.  The flame projection area is also increasing and 
decreases rapidly after the maximum value is shown, 
because the ejected fuel is burned.  Both top position of 
flame and flame projection area increase and the diffusion 
combustion continues for a long period as the ratio of fuel 
volume to cavity volume increases because the provided 
fuel increases.  Both top position of flame and flame 
projection area increase as the orifice diameter decreases 
due to the orifice effect. 

The top position of flame rapidly increases until 
about 10 [ms] after the electrical discharge and then the 
increasing tendency becomes less steep because the flame 
raises by the buoyancy.  In the case at which the ratio of 
fuel volume to cavity volume is about 50 [%], the 
diffusion flame is existing relatively long period compared 
with other cases.  It is assumed that the combustion 

process is similar to the partially premixed combustion 
because the appropriate air volume to make fuel-air 
mixture is included in the cavity. 

Fig. 7 shows the time at which the maximum flame 
projection area is indicated and the maximum flame 
projection area as a function of characteristic length of 
igniter L+.  Here, the characteristic length of igniter L+ is 
used for the plasma jet igniter and is defined in equation 
(1).  The characteristic length is related to the 
entrainment of ambient gas into the plasma jet and is the 
representative parameter of plasma jet igniter.  The 
plasma jet igniter which enhances the combustion 
effectively has a large characteristic length L+. (4) 

Characteristic length L+ = 
Cavity volume / Orifice area (1) 

The time at which the maximum flame projection 
area is indicated shifts to early stage and the maximum 
flame projection area decreases as the provided fuel 
volume decreases because the diffusion combustion is 
early completed.  The time at which the maximum flame 
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Fig. 8  Time and top position of flame when the 
influence on diffusion flame is changed from the fuel 
injection to the buoyancy as a function of characteristic 
length of igniter. 
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as a function of characteristic length of igniter. 
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projection area is indicated shifts to early stage as the 
characteristic length becomes large even though the same 
fuel volume is supplied.  It is seemed that, for the igniter 
of large characteristic length, the entrainment of 
surrounding air into the diffusion flame is enhanced in 
similar way to the plasma jet ignition. 

Fig. 8 shows the time and top position of flame when 
the influence on diffusion flame is changed from the fuel 
injection to the buoyancy, as discussed in fig. 5, as a 
function of characteristic length of igniter.  The time is 
determined by the increasing tendency of top position of 
flame indicated in fig. 6. 

The time when the influence on diffusion flame is 
changed from the fuel injection to the buoyancy becomes 
early and the flame top position at that time becomes high 
as the characteristic length increases regardless of the ratio 
of fuel volume to cavity volume.  It is seemed that the 
development process of ejected fuel mist and fuel-air 
mixture is very similar to that of the plasma jet.  This 
suggests that the initial stage of diffusion combustion 
which is affected by the fuel injection is promoted by the 
igniter of large characteristic length.  Therefore, it can be 
concluded, from figs. 7 and 8, the igniter which has a 
large characteristic length is suitable for the diffusion 
combustion induced by high-voltage spark. 

Fig. 9 shows the mean velocities of flame top of 
both fuel injection affected period and buoyancy affected 
period as a function of characteristic length of igniter.  
The mean velocity of flame top is defined as the 
inclination of liner approximation equation which is 
obtained from the relationship between top position of 

flame and elapsed time shown in fig. 6.  The fuel 
injection affected period and a buoyancy affected period 
are divided at the time indicated in fig. 8. 

In any cases, the mean velocity of flame top of the 
fuel injection affected period is faster than that of 
buoyancy affected period, therefore the diffusion 
combustion induced by high-voltage spark is enhanced in 
the initial stage of combustion.  Both mean velocities of 
flame top of fuel injection affected period and buoyancy 
affected period are increasing as the characteristic length 
increases.  Therefore, the igniter of large characteristic 
length makes the diffusion flame velocity fast. 
 
4. CONCLUSIONS 
(1) In cases of small cavity volume, the plasma jet can 
ignite the fuel outside of the igniter.  In cases of large 
cavity volume, the diffusion combustion is initiated inside 
the cavity, and when the cavity is almost filled with the 
fuel, the fuel droplets are only ejected. 
(2) The diffusion flame development can be divided into 
two parts: the first period is affected by the fuel injection 
and the second period is influenced by the buoyancy. 
(3) When the air is included in the cavity, the diffusion 
flame exists for a long period because the combustion 
process is similar to the partially premixed combustion. 
(4) The igniter which has a large characteristic length is 
suitable for this diffusion combustion because the 
entrainment of surrounding air into the diffusion flame is 
enhanced.  The diffusion combustion is especially 
enhanced in the initial stage of combustion. 
 
REFERENCES 
(1) Heywood, John. B., “Internal Combustion Engine 

Fundamentals”, McGraw-Hill, New York, 1989 
(2) Takuya Muto, Hideo Shoji and Kazunori Yoshida, “A 

Study of Ignition Timing Control in an HCCI Engine 
Effects of Compression Ratio Changes and Methane 
Additive,” The 13th International Pacific Conference 
on Automotive Engineering, pp.641-652, 2005 

(3) Yoichi Ishibashi, “Basic Understanding of Activated 
Radical Combustion and its Two-Stroke Engine 
Application and Benefits”, SAE Paper 2000-01-1836, 
pp.1-11, 2000 

(4) Cetegen, B., Teichman, K. Y., Weinberg, F. J. and 
Oppenheim, A. K., “Performance of a Plasma Jet 
Igniter”, SAE Paper 800042, pp.1-14, 1980 

(5) Masaya Ogawa, Hisatoshi Sasaki, Koji Yoshida, 
Hideo Shoji and Hidenori Tanaka, “Study on the 
Plasma Jet Diffusive Combustion”, SETC 2001, 
pp.185-194, 2001 

0 10 20 30 40 50 60 700

5

10

15

20

Fuel volume/Cavity volume [%]   25-40  50-65     75      100
Fuel injection affected period         
Bouyancy affected period               

M
ea

n 
ve

lo
ci

ty
 o

f f
la

m
e 

to
p 

[m
/s]

Characteristic length L+ [mm]
Fig. 9  Mean velocities of flame top of the fuel injection
affected period and a buoyancy affected period as a 
function of characteristic length of igniter. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


