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Abstract : Low temperature combustion is one of the advanced combustion technology in an internal combustion

engine to reduce soot and nitrogen oxides simultaneously. In present experiment three kinds of injector were used to

investigate the influence of injection angle and number of nozzle holes on the low temperature combustion in a heavy

duty diesel engine. Low temperature diesel combustion is realized from the exhaust gas recirculation rate of 60%.

Indicated mean effective pressure of low temperature combustion corresponds to the 70% level of conventional diesel

engine combustion. Reduction of hydrocarbon and carbon monoxide, which are produced in low temperature

combustion because of the low combustion temperature and a deficit of oxygen, was achieved by using various injector

configuration. The result of experiment with 100° injection angle and 8 holes showed that reductions in hydrocarbon

and carbon monoxide could be achieved 58% and 27% respectively maintaining the 7% increased indicated mean

effective pressure in low temperature diesel combustion compared with conventional injector.
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Table 1 Injector geometries

No. of Nozzles
(Nozzle diameter)

Injection angle

8 (0.146 mm) 146°
8 (0.147 mm) 100°
14 (0.107 mm) 100°
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Fig. 2 Schematic diagram of test engine bench

Table 2 Specification of the test engine

Engine type Single cylinder direct injection
Bore x Stroke 100 x 125 mm

Compression ratio 17.4:1

Displacement 980 cc
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Table 3 Engine operating conditions

Injection pressure 160 MPa

Intake air temperature 25°C (without EGR)
Injection quantity 30 mg

Coolant temperature 80°C

Diesel temperature 30°C

Engine speed 1200 rpm

Injection timing 20, 25,30 CABTDC
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Fig. 3 Variation of the CO, and O, at intake and exhaust
(together with HC and CO at exhaust) according to the
EGR rate.



Reduction of Exhaust Emissions Using Various Injector Configurations in Low Temperature Diesel Combustion

N7

2

R

o &
r_‘z rir
B>

oN = M ool
Ir
olN
N
%

N
N
il
N
)
2
ro
r S

o
i
k1
AN
o, -
ro
2o o1 Z ood

o

b %
o
rr It

=
9,

EGR &) Zo]== A&
oA gstga el Yakstekae] S
ok 4= Atk FEGR&°] 5
FEeF R QI A
o AP ER b9t
a1, 12 e A e
EFa7h Al kg o) whef uhel
Fig. 4% EGR &l & 57|
ATt EGR&-©] S571gtell wheh
ub 7] & Frhsk b
W T o] o w37 (intercooler) R1¢]
AL 7] A2 s
Ao =™, EGR
o] wj7] 2=7} F7tee AL

Fo] <1 A2 (combustion phase)

-

N

;gj

2

k=)

o
LN

S
B B oo N

o
K
o
o
B>
o|\ o)

7

e

ne
r>«
[N o
qn 2
ox 2 b
[o ol o rr
o2

e 10 g e
oy Mt L o
oo e
EOR

- — =
o L

N
B>
ol
rr
o)
ftlo

K orjo il 1
e ki

ook L

N

it
-

ool
N
rfo

Ir

L

go rlr Xk

°CE A &

(el
il
X

Y
>

o

r2
Lo

¥
oNr
10 to

> O ot 19 ¥2 rlr
ofN &
N
N

4 0% g
o du

F iy
[
off

o

B>
lo,
4

L Injection timing

—=—20 CABTDC o«

| - = 25CABTDC -

30 CABTDC o
()

e

“n

1200 rpm
Pini : 1600 bar
Q"!. :30mg

Intake tenp. ['C]

Injection timing

—s—20CABTDC 7T

. - e- 25CABTDC

30 CABTDC )

0 0 10 20 30 40 50 60 70
EGR rate [%c]

Exhaust temp. [°C]

B B B 8 % By w8 w5 & &

Fig. 4 Temperature of intake and exhaust according to the

EGR rate

b Azpso] o Re] Aol AALA Htel A
2

3.2 EGR20] TIE 7| & M= EAM

Fig. 5% Th& EAFA 716l o3 EGR &9l wh& v
A7} ArikstEe] Weks vepdth AL A7)
2F31o] EGRE-°] 50%71A] S-71gtol] whe} mj<d o]
S7betal AAAkstEo] FhAshe ANk (trade-
off) & B eIt} 8149 EGR &S o] 1t} U] Z7}31%
S A5 vidde] 7Fash, EGRE 60%l 4 H At

ah 3t o) 18 S Aol Az 5 QA HEY o]
3 991 thake] EGRol o8l wolrl 2l 2o
7191%keka & 4= gk

EGR2] &3 tisri= 24 84 & ¥Kdilution
effect), €2 & (thermal effect) 28] 1L 3}8+4 & 3}
(chemical effect) = 1hd & &= 2tk 8]4] gat= &

LS
7] o] abae] AL ] Tk oA o] Ak
o sk vrolA] ik Bus] Yofubd] R3S
oushul, A2 Eabs A g o] T olababeli,
Z7] S0l Ak Fol WA= IS FFT 5 A

Speed : 1200 rpm

- P, 1600 bar "\

_anj:son‘g

Injection timing

3 —=—20CABTDC

-eo- 25CABTDC ® / @

- scaemc [/ !
/

L / } 4 .\
/ \.\

[ P— .

L Speed : 1200 rpm

P, : 1600 bar

L Qini 130 mg

Injection timing

—=—20 CABTDC

- e- 25CABTDC
30 CABTDC

wn

»

N

Smoke [FSN]

L

0 10 20 30 40 50 6 70

NOx [ppm]
By EEE..

EGR rate [%]
Fig. 5 Smoke, NOx emissions according to the EGR rate
with respect to the injection timing for conventional
injector

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 4, 2011 19



N
fes)
)
=
1o,
>
oo
rlo
114
olo 0y
o,

il
rlo
e
i)
X

v
S
N,

=

&2 9 11]5] 01 A & = :
] A 1 kA erzq & A4 A (formation) 2} /\}ﬂ-
(oxidation) 2] 74 A #A 2R WA S Th= ALA R
€] o] a1 & 5= ATk EGR& 30~50% 1l 4] Yo}zl 4
L= ujd o] A LR T =Xk S 4k
sta7) 710l v 2otk webA EGRE 30~
50%°l A= mdo] 718, EGR&©] 50% Xt} =
A FH Ad SEE U golA A H&=]|, o] wf
Srolxl A4 &%=+ vl 9] AJA(inception) %=1
1600 K'? Bt} Sro}A] )¢l AAdo) o} Ao has)
= Aeolth whebA EGRE 60% o] ol Al wrolxl <
o £ EE 53} Fig. 1oA Bodd mjdds} A4
S0l A Y95 A3 A= v dLE FE

m?L' >

‘l‘ )\}\)\)\le—

A A7) & A S-S WA HH, FAF A7)
30 CA BTDCR! 7497} ¥4} A1 717} 20 CA BTDC?I
o‘l"/] AaskshE o] S7kel v wiEe] 3

E HRAT} o]+ X7t FAF A7) 7F A4 dlell

*H Az} *&ﬁhﬂﬂ 3ol F7tEo] deg A
Aol F7FE Q18] AAAkstE o] FrbekaL, gk =
FA 02 555 o] Folgo] vdo] Hadhe=
Ao 2 gerech

Fig. 6= EGR&9l w}2 HC2} CO9| &S
+o} AL f\l 71 °ﬂ “dakglol %A}ﬂ AFs EOlU%,
EG

rl

=
m:[o
_04
olN
_H

= # STk o= EGRE 53fo] wropxl 4t
TETFESA Ane] TS St

, HAE HC9F CO9) AbakE o)A 817

Flg. 72 A Al7lel
(IMEP; Indicated Mean Effective Pressure)¥} ¢4~ <F
473< HERH= IMEPS] W& A5(COV; Coeffi-
cient Of Variation) S UERATH A2t)d A 471 +&
%= EGRE 60%°1 4 IMEP+= 420 kPa®= 7] “dAL

SR

20 sizAIsAIR S =2E Mi19E M45, 2011

A - S - ASA

25000  Speed : 1200 rpm
Pi,'. : 1600 bar »
[ Qir'- :30mg -:/
T 150001 Injection timing
& —=—20 CABTDC
= 10000L - o- 25CABTDC d
¥ 30 CABTDC 4
5000 J
o Or====== v pprs3e
12t 11200 .
P : 1600 bar .
10 ini ) /'/.
s qnj :30mg ”/
— | Injection timing 2
S [ —s—20CABTDC )
o) - o~ 25CABTDC ¥
8 4 30 CABTDC
2+ /
o— e o] ’ =)
0 10 20 30 40 50 6 70
EGR rate [%0]

Fig. 6 HC and CO emissions according to the EGR rate with
respect to the injection timing for conventional
injector

Speed:1200rpm
+ P :1600 bar

inj *

Q :30mg

inj .

— T

IMEP [KkPa]

PEEEREE

Injection timing™ «,

—=—20 CABTDC

- e~ 25CABTDC
,30CABTDC

Injection timing

—s—20 CABTDC

-e- 25CABTDC /°
30 CABTDC ¢

]
R N ,,f
*Speed 1200rpn§\\
| P, 1600 bar o3l
Qﬂj 30ng

0 10 20 30 40 50 6 70
EGR rate [%0]
Fig. 7 IMEP and COV according to the EGR rate with

respect to the injection timing

QOV [%0]

© K N W » U0 o N
T T T T
[
h

H H- Aol A o] IMEPS] <F 70% 7 Tl
t}. o] We] COVE2.5%E B uE QHg A ¢l A
= S EGRES o|HT} U F7HA71H A3
sto] COVE B243] st dae &

:%
oft
ot

N
N

)
oé
—|—‘O
EA <



BAP| @Y pde S8 A2 O 29| vi7| HiEE N

3.3 2AP| g4 wZof wE Hf7| JHM 25000| Speed: 1200 rpm
A7) @ Al Iﬂr% dde A9 n] 9lst 20000 at:;go:gbar /.
o] 7]Ee] BAM]E B85 8 7N, A 100020 U /-'
AF7) 9} Bwas 14 AN, BAFZE 100°9] F-A}7] 2 mA| 3 o000 74 P
3kl eI Fig. 8. 5 22Eo0] 4ALA o] 7 =L ¥ - I«
Az17} 2500 A3 S W, BAo W ) = A
125 E(bow 3 2 Sl(bow lip)°] 0o s 3 S
< yEhdith 710 BAY (9 E 197t © ﬁ_us:oouggrm /
-‘7]3:5 EHS o v {2 2Al Y] B 10/ Q,:30mg i 7
= gl v e B o 2 Pt Ut e e
Fig. 9% #417] @48 WA S Wl HC, CO, £ e f#
vl 2 A aAkEE W7) e R ] WEkE YEh !
o} ol &% 523K homogeneous charge compres- : . izf L
sion ignition) A4 SOA FL EAZES] FAVE . :
AREsheE A2 AHY ¥ dte] FE(impingement) Speed : 1200 rpm
2 213t A5 9] F2Kadsorption)S "ol A% (quen- I ;,\,:::lgoombar

ching) 2.2 IgHHC F= CO2 wl&S &0l &= 2
7h Qe Aoz deA gk B AgelA = o)
g B A8 9s Ao w stk N 7]

o] #AF7](Fig. 8] 915 1)) S AREste] AdARA
o] A@AZ; 25°00 4 A e I AE |
(piston lip) S &Falar Qo 1wl AP S+ A~ A] F
&(squish flow) A7} I A8 B ol o7 {9
o)

HeE AL B Fong vaEyo e ¢l

2O U2 WA & Atk ER EAME 10005

7HA AR 9] (Fig. 89 S B T1H) = v A

=S e 3 Feta flon, Bt e] i

7 ol3tell A el e, o £ £

o] vaE B wwE 2o 28 A <(ignition
]

ol
(¢}

I~y
<
I
[
o
>
9
S

ot
ftlo

217 (start of combustion)®l|
Zth" Fig. 9ol Vebd EALzE 10002 AL

% oog
i

~
-

-y

Fig. 8 Cross-sectional in-cylinder images of each injection
angle configuration at the position of 25 CA BTDC;
146°(left), 100°(right)

4t :25CABTDC

3 —n— 8H146 ‘
[ —e— 8H100 .

14H100

Smoke [FSN]
N

0 10 20 30 40 50 60 70
EGR rate [%]
Fig. 9 HC, CO, Smoke and NOx emissions according to the
EGR rate with respect to the injector configuration

A o)A FEAE
targeting) 2} 3¢ 8}
A-Y ] =Y (swirl) 2
AR YY) BE 5 sl A0 B

wrafof of g}, Y

2
wa, M
-
fo
o
I
ri
_Y:l,
o
o, 4
foi
2
o

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 4, 2011 21



Yongjin Jung - Jinyoung Jang - Jungseo Park - Choongsik Bae * Duksang Kim

N

o

=
=
>~
=
N
rr

S

Fol 100°%2 #Za, B3
T 87 EAL71 € vl alsko] 2
o] u]Yslel| F-2]3HA
=, w77k Ao
o) HH A vrepter ©

§]_.E_ )\]—}\] Z] ./]:

=

oo

b
»
2 o o

ﬂllO o F{E

PAUNReNE
o b
o
b

N

b

oo ©

ol

-
M fo & 3ol o ju

Q9 Ao
r—ﬂf HE OH
4

Ju
A
ofd

I ofy
N
2
k=)
k0
T
a

e
rio
W

Q

A
ol

N

_,d
A =
oy

>._4
X
(=

2 ofy L2

o EE

N,

E P
o 1o o

4

Hﬂ
e o |

[o
H

A 72] (periphery) {1+

E F‘{E
ﬂLl-: N

(Coagulation) & - &
Sl OH go] PN

o K
B

=<l

2o

S 1 CO i B ™

Ach
1o
N
N

o,?.Hu

o

2

AMEE} = E IMEP% HolFa glon) AL
OAA L7 Y= EGRE 60%0l A= FrALSH
IMEPE Hoj=r) 31| Rk o] [ 3] AR ol A
EAFSFS vf o] IMEP XU} BH ¢k 70% =50 o
Ei o, g T o] &3 F9 A de] o
wolw!) g &o] EALy] 9 Ak gl thih F
A st gk A7 B Ao w Yzt

Fig. 11> A2A47t 785 = w717k Ale3k
91 62~63%°l A 2] HC, CO2] vi&% L IMEPS
HolFrh 7] AR 870, A 146°)
o] B]a} &&= 87H, A 100°]) EAL ] E o] &%
A 2A 20| A HC S} COE ZH2} 58%, 27% 43k

1470, BAFZE1000¢] 49 HC9k co= 7+
7} 35%, 26% ZFASETE e 870, AR 100°
Ql A7]2] IMEP7} 71<E9] A7 1o0] HlEl] 7% %
3t 71 = A Uik

800
Speed: 1200 rpm  —a— gH146
700 P, : 1600 bar ~eo— 8H100
Q,,:30mg 14H100
600 t :25CABTDC
—_ " [
§' Soor /":o o’ I‘\\'
a [ g .o
£ 4ol - NN
]
300}
200

0 10 20 30 40 50 60 70
EGR rate [%]
Fig. 10 IMEP according to the EGR rate with respect to the
injector configuration

22 s=xExEstE =2 M19A 45, 2011

12

[ HC
= —Jco

HC and CO [%]
o

§ 8 8.
|
|

IMEP [kPa]
N
5

8H146 (62%) 8H100 (63%)  14H100 (62%)
Injector configuration (EGR rate)

Fig. 11 Reduction of HC and CO emissions(upper) and
IMEP(lower) according to the injector configuration
in low temperature combustion

.4 =

x1£ r,]z%l A FHS =
o up F 7)o} wj7]o] A e
w7l XA 544 3
H 7] 7§ of ol whsho] A 1okt

1) w77k XH%%%M S7rEEE F719k w7

E _,
K
M
>
N
o
o
rE
ox
2
&
il

o] o] iksteba Hadhe AEs

et =), o= =2 w77k Alegkgol A

EddAxol ot eslgael diksiera]
FEIF A 0® Frher] we]th

2) HiZ1 7k AT 60% 5 v A 2} A 4aAkEE

o] E/\]oﬂ X}ﬂ-E]‘:‘ AL oA AAE 35

2 121 9] 70% ol 3

%
L
o
2
r&
o X
e r
F
O

Rele|
3) #4783 @%%3‘%ﬁ4ﬂ+4T4
EAFZE 10009] #4177}
FHEE 7% S A wsleast
S 77} 58% 91 27% 221 AT



Reduction of Exhaust Emissions Using Various Injector Configurations in Low Temperature Diesel Combustion

7|

o

FI
2

T A 4G AR A9 ol A7 AS
A 28] o] A A G

A 71 gke) ZAte] 22 ETh

o 2
A orlo ¢
2
B

r_ti_lz

References

1) T. Kamimoto and M. Bae, “High Combustion
Temperature for the Reduction of Particulate in
Diesel Engines,” SAE 880423, 1998.

2) S. Kook, Reducing Soot and NOx Emissions
using Low-temperature Combustion in Direct-
injection Diesel Engines, Ph. D. Dissetation,
KAIST, 2006.

3) S. Kook, P. C. Miles, M. Bergin and C. Bae,
“The Influence of Swirl Ratio on CO Emission
and Fuel Conversion Efficiency in Low-
temperature Diesel Combustion,” Proceedings
of Annual Conference and Exhibition, KSAE,
Vol.1, pp.318-323, 2005.

4) T. Kitamura, T. Ito, J. Senda and H. Fujimoto,
“Mechanism of Smokeless Diesel Combustion
with Oxygenated Fuels Based on the Depen-
dence of the Equivalence Ratio and Tempera-
ture on Soot Particle Formation,” International
Journal of Engine Research, Vol3, No.4,
pp.223-248, 2002.

5) B. Walter and B. Gatellier, “Development of
the High Power NADITM Concept Using Dual
Mode Diesel Combustion to Achieve Zero
NOx and Particulate Emissions,” SAE 2002-
01-1744,2002.

6) M. Sasaki, Y. Kishi, T. Hyuga, K. Okazaki, M.
Tanaka and 1. Kurihara, “The Effect of EGR on
Diesel Engine Oil, and Its Coutermeasures,”
SAE 971695, 1997.

7) A.Kreso, J. Johnson, L. Gratz, S. Bagley and D.

Leddy, “A Study of the Effects of Exhaust Gas
Recirculation on Heavy-duty Diesel Engine
Emissions,” SAE 981422, 1998.

8) N. Ladommatos, S. Abdelhalim, H. Zhao and
Z. Hu, “The Dilution, Chemical, and Thermal
Effects of Exhaust Gas Recirculation on Diesel
Engine Emissions - Part 1: Effect of Reducing
Inlet Charge Oxygen,” SAE 961165, 1996.

9) K. Akihama, Y. Takatori, K. Inagaki, S. Sasaki
and A. Dean, “Mechanism of the Smokeless
Rich Diesel Combustion by Reducing Temp-
erature,” SAE 2001-01-0655, 2001.

10) S. Kimura, O. Aoki, Y. Kitahara and E. Aiyoshi-
zawa, “Ultra-clean Combustion Technology
Combining a Low-temperature and Premixed
Combustion Concept for Meeting Future Emis-
sion Standards,” SAE 2001-01-0200, 2001.

I1) E. Shim, S. Han, J. Jang, J. Park and C. Bae,
“Expansion of Operating Range and Reduction
of Engine out Emission in Low Temperature
Diesel Combustion with Boosting,” Transactions
of KSAE, Vol.17, No.5, pp.31-38, 2009.

12) R. Dobbins, “Soot Inception Temperature and
the Carbonization Rate of Precursor Particles,”
Combsution and Flame, Vol.130, pp.204-214,
2002.

13) N. Ladommatos, Z. Xiao and H. Zhao, “The
Effect of Piston Bowl Temperature on Diesel
Exhaust Emissions,” Proc. IMechE Part D: J.
Automobile Engineering, Vol.219, No.3, pp.
371-388, 2005.

14) S. Lee and R. Reitz, “Spray Targeting to
Minimize Soot and CO Formation in Premixed
Charge Compression Ignition (PCCI) Combu-
stion with a HSDI Diesel Engine,” SAE 2006-
01-0918, 2006.

Transactions of the Korean Society of Automotive Engineers, Vol. 19, No. 4, 2011 23




<<
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


