Vol.30 No.4 T P | 2
Apr. 2013 ENGINEERING MECHANICS 385

30 55 4 1
20134F 4 H

XEHS: 1000-4750(2013)04-0385-07

FiZ B AR B 3R Rayleigh-Taylor
AEEMFEREESUR
M B ERNN, RigEs, sRRIE

e A S A =S, dEa 100094)

B OE: RV N AN B s AR B L4 R Rayleigh-Taylor ANEEGE P & (O TS5 14 i)
WAL REREAT TUFEL, #7510 G5 5 s B A S 2 A g B 0 R AN R PR R R A, DA RO AR T AL [
ANKEFR M B %5 2 LU R 084 DR T 8 5 R o 38 5 S 2 R LU A, B0 R T 2SO P B S e . D7 R e
G2 L) R VR AR BRSO BTG IR o X 645 B ¥ BH ) RS20 1 e B BAR DG i TR e, HURILA &
IO AIRE T ELS KR, KK T SRR e M RIB A LG TR K e .

KHIA: VFMLMEAL; Rayleigh-Taylor AR E M RIS NS Iy %L

FEISES: 03512  XEtiFEEE: A doi: 10.6052/j.issn.1000-4750.2011.11.0808

STUDY ON MIXING INDUCED BY RAYLEIGH-TAYLOR INSTABILITY
USING BUOYANCY-DRAG MODEL

YANG Min , WANG Li-li , ZHOU Hai-bing , ZHANG Shu-dao

(Institute of Applied Physics and Computational Mathematics, Beijing 100094, China)

Abstract:
calculated under various acceleration histories and density ratios using a buoyancy-drag model, which reveals that

The evolution of material interpenetration boundary induced by Rayleigh-Taylor instability is

the mixing development under a constant acceleration is very different from that under a variable acceleration,
and that the asymmetry between a bubble and a spike enhances with the increase of the density ratio. The
calculation results are compared with detailed experiment data to prove the validation of the choice of model
constants, the addition of phenomenal ratio factors and model assumption used. These results provide theory
guides for applying a buoyancy-drag model to related engineering designs directly and for replacing existing
empirical expressions, which greatly promote the development of engineering fields related to mixing
phenomenon induced by instabilities.
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0.00 001

HOMEE o X TAF R UL, R ) R B C,
ﬁ@%%@%%ﬁ%ﬁ@ﬁ%%%%i%ﬁ%m

o HE, BUHSERRIN: 1EREZHIEIT by 045
%a&m&¢%cm%m

B 2 g5t T I VYo ad B 3K s A RI 2R T
E%m%z%ﬁ%,ﬁimxzzﬂgmu,Mﬁ
RN Z =g /2. I 2 AT, DU
0L VL AR TO 5 i b s AR &, (H
mﬁﬁ%m@EW%%xﬁhzm@tmmm&o
N 2 PR A B FESINEEE G 3 R
G AU AR M 55 B FFHAE AT 250, TG
WIRART A, XEMT G404 X sk
B, S 5g~10%, 10 G 3 MR HIERE 5g ~
20%, 5G_4MkEE—AER, KA. 1A,
VRN 4R T B B W I T A R dg /de
dg /de> 0B, k2, BEMIS, X5 1

IR T R IORE RA AR 45 R 20, KR W B 1 1) ok P
f%ﬁﬁﬁkjj%éqjﬁizﬁﬁgiEEﬁbﬂﬂﬁﬂinUEﬂ XX ICF

RERL T, T DURR TR A s R L
@ Py pr =1.57) /N, ARG MR P AR AIRT

0.037 © G _1(Inc) Expt 5
o G _2(Dec) Expt nd e
¢ G_3(0Osc)_Expt E :
® G_4(Con)_Expt s :
G_1(Inc)_Calc o
1 -+ G_2(Dec) Calc  ©
----- G_3(Osc)_Calc (.
- ---G_4(Con)_Calcl” o8 >
6 o

AL /m
=)
< o
s

(=)
e
‘s
e

0.00 T T T T |
0.0 0.2 04 0.6 0.8 1.0

i #%Z/m
(@)

G _1(Inc) Expt

G_2(Dec)_Expt o
G _3(0sc) Expt B

G _4(Con)_ Expt .
G_I(Inc)_Calc o
g s G_2(Dec)_Calc 0 ‘
W |7 G_3(Osc)_Calc [
{Z@ ----G_4(Con)_Calc A &r"
=

0.03 4

e ¢ 0 O

0.00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

fi ¥ z/m
(b)
B2 AEFIRIGE BRI Z AR (o pr=1.57)
Fig.2 The width of bubble and spike with Z (py/0;=1.57)



388 T 1%

I

A FREEA T2, R AR R 05 i 1) 22
AR

Xof B I A AR Ak (0 033 ¥ g (£) » Dimonte 25!
SR SRS iy, / dr oc \Jg A TR A A
%M (Aoch) 148 h=a,24S , P KE S=
Qngﬂzoﬁ?ﬁﬁg,S=z=gH2;@%

Tnas BRI AR AL S = Z o Z AR N T
Bk TR e G, B34l TR
MIRTI e FERE R S 1284k . K 3 il EH:
W TH T 5 At iR A 3. X MBS 4 e
HYE I A L AU Y dg / de << (g / h)dh / de B
ARV BRI . TR R A
T 2EMANR, % XA 7 FR B 2 1) 1) 22 5]
A LU SRR dg / de Skl

0041 ®  G_I(Inc)_Expt
©  G_2(Dec)_Expt
¢ G_3(0Osc) Expt |
0.031 e G 4(Con) Expt i
g G_1(Inc) Calc . |
= —eeme G_2(Dec) Calc i R
R 0.024 - - G_3(Osc) Calc ool D;-”'/'
=l ----G 4(Con) Calc , 82857
\W} ° ) 2 :
00,2
0.01 ’
o
0.00 T T T T |
0.0 0.2 0.4 0.6 0.8 1.0
KJES/m
(a)
0.05
= G_I(Inc)_Expt
°  G_2(Dec)_Expt
0049 o G 3(0sc) Expt ;
e G _4(Con) Expt i
£ 0,034 G_1(Inc) Calc .
i -+-=--G_2(Dec)_Calc i ¢
’E:S ----- G_3(0Osc) Calc :i . 05 I
= 0.024 ----G_4(Con) Calc A7 V%
& © *
o
0.01- s 3%
0.00 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
K S/m
(b)

B3 AR B L S AR (oo p1=1.57)
Fig.3 The width of bubble and spike with S (p,/,0,=1.57)
2.2 fRiER-EGER- B ANER E R T B AR
7 R B S N b s B AR R 2R, AL
e 5T R A - T - £ g 15 0 T 3
e, K 4 451 T Dimonte 25PILEM S (1) N5
JEED R i o SR 3 BH AR 2% Tk J82 15 4L

AR GE BT T oM, iR T 5 .
HE 5 L, R 5 B S ) & DL R i S
(LES)& F et b—35: 7Rl ) RT ANEE s fE
RS 2 FARRLRAS; RT A2 i b i
R, BEAIRRIR TR AL A RS, e
80
60
40+

201

=204

N3 JRE /) A

40

-60 T T T T T ]
0.00 002 004 0.06 0.08 010 0.12

1) /s

B4 ns- gaai- N D0 RN fih 2k
Fig.4 Acceleration history under the

acceleration-deceleration-reacceleration condition

0.04 -
o Expt ©
Calc by LES

0.034 ~ - Calc_by_Model
E
e
2 0.024
=
r

0.01 ~

00 01 02 03 04 05 06 07

{8 Z/m
(a)
0.06- o Expt .
' Calc by LES -7
- - --Calc_by Model e
£
e 0.04 1
i
ﬁ
K

0.02+

0.00 T T T T T T 1
00 01 02 03 04 05 06 07
i #z/m
(b)

5 oo - gk - £ B 1 8 R R A T 5 B 7 1) AR
1k 128 (py/ 1 =2.83)
Fig.5 The width of bubble and spike under the
acceleration-deceleration-reacceleration condition (p0,/0;=2.83)



T ™

i 2 389

BN SGERITRE, PRI AR5 —ANAEE
MR, AR, BEmn n B AR .
fEE, R 1 A7 03 5 3ol R AR 2R 2 IR 5 sz 50
LES &5 3L e 5 b 1 22 5 b o] L, JCHOR S v B
1K 9 M AL 289 7 7 s A e 1) 87 s g sk R R REAE
5635 o MK H 2 2 07 10 0 R e B2 2 (<,
58 PR T S SRR A R AE A A 1Y, X4 T AR
IEERH T . S5, BMER LES vHA, Y%K %
WARIRPL B I A BEA3 B 5 S A IF V) A (Wl S
FT7R)e T AWIARTEANA 5 F I LES 45 3551
M RE ARG ). REwt, EhsEEie s
JRTIE FE ) LES VAR -5 I BB 22 K
23 AEZEELIFERTBIER

TR U 2R A B Y R IR R L AN R
KBGO, T HT T A5 8 B LU AR LA DN, 55
PRl ol N o DRIERAT TR 25 52 T A [R) % B P O
TR PERE . SR HZBIADN NI L (B 6 Pt
o, BT iZe47 2k Dimonte Z5USILEM S fry 512 ]
k) 1.3 < R<50 Ju [l MMM B AT T
i

80+

03 FE /Ty I g
B

0+ T T T T T ———
0.00 001 0.02 0.03 0.04 005 0.06 0.07
N T/
K6 AN 2 EGE I R J LA 3 ok i ¢
Fig.6 Several kinds of constant accelerations corresponded to

different density ratios

K7 25t T 8 s U AR AR T 58 52 B A7
B HIAZAG (& 7(e) b JE i 5 B2 I AR 2t T U
PR AN W S A < e T e 88), &1 7
S [ ORI 0 B8] 20 31 DA I AT O T 58 5 1)
SA, SEERIRE R 73 0 s AN AR T 5 P F) o B
B AR, AN O I A T 56
(TSRS SE IR ) A B o AR S0 BB 2
by, =y Agt® ST, ory YU UL A B 4%
PR b s 2V 2 e I AR AL, JEEY
0.02 <, <0.07, o (MU 5B, A

I 50 b 7 B0 B B T U 2 MO I A
B =1x10° B by =1x107* . 3.3<Cy<4.0, HA

0.03 -
® Bubbles_Expt
E o Spikes Expt
e 0.024 Bubbles_Calc
{g - - - - Spikes_Calc o - 8---
= -
® -
= 0.01 -
r 5=
- 2 =
0.00 T T T T |
0.0 0.2 0.4 0.6 0.8 1.0
f#% zim
(a) R=1.51,F 23,G 4
0.03 4
S
e Bubbles Expt o ,,’O’
s o Spikes Expt e °
= 0.02 Bubbles_Calc o ° b
= - - - - Spikes_Calc o ozg’é
= S
« 87
U 0.%
= 0014 o ok®
L 5
O 2,
Q
0.00 T T T T ]
0.0 0.2 0.4 0.6 0.8 1.0
f# zim
(b) R=1.57,F 7,G_4
0.05
0.04+ ® Bubbles_Expt
g o Spikes Expt g- el
1‘::»( 0.03 Bubbles_Calc -7
2 P ----Spikes Calc o g :
= o7 g
K 0.021 0.3 %
@ ) Ly
r 'S
0.014 8-
0.00 T T T T |
0.0 0.2 0.4 0.6 0.8 1.0
{2 ¥ zim
(c) R=1.96,F 22,G 4
0.06 -
0.05 e Bubbles Expt - -7
o Spikes Expt 53 ;
£ 0.04 Bubbles_Calc .7 o
oy : - - --Spikes Calc 6 Go <
4R © o
E\' 0.03 . & 8
< o
2 0.02- SQS? :
r g 8!
0.01 4 o,
8.,
o Z
0.00 T T T |
0.0 0.2 0.4 0.6 0.8
% Zim

(d) R=2.83,F 31,G_19



390 ™ B %

0107 ) etk 2, HEMPZERHELTEE AR
008 . s pum BEAN, MR T, 6K B LB

’}]\i{ Bubbles_Calc /9’/ T HL S0 R 2 THUYSE A 149 AN o)k 12k I 2 5 L 1) 3§ K

g 0.064 - Spikes_Calc ) /g/,o ﬁﬁi?ﬁ, E}E,Veﬁ*ﬁ%%[u]gﬁ[o

Sl o 3 i

r O,’Q ST O e Al > >
0029 . - AR SR R BEL g A 2R 0] 6 o ke JS RS T i 82
0.00 Sz 1#5L F Rayleigh-Taylor ANFSUE P15 & ) BB g5 1

e e 0o SR RRMAT T 5T, VL6 S A7
\A& m

(¢) R=6.5,F 50, G 21

Bl i HUBERE AR SR )RR BV R R
5o X RUIAWIITH A SH R, TR IS
LA A7 IS AR AR Bt S 1 . SRVE BT
Hh R DUASE R 0 TR T - el - A L B AR (1
GO SR RIRAAE ERIAL, ARrsgd, (Hi,
AR SCAB RIS LT 4 i S B I Y B SR 1) 22 56
e IREEWFFU R B B ] A G ) TR

0.08 -
® Bubbles Expt o. o
0.06 o Spikes Expt -
S\c‘ Bubbles_Calc °© /o/ -
‘{%( - - - - Spikes_Calc 5 0.7
5’ 0.04- o 0"
J o .7
= ©,7 .
o - P )
r 0.02 o, ” - . °
Qr ]
o ’ L]
0.00+Z ; ; : .
0.0 0.1 0.2 0.3 0.4
Fi# zim
() R=12.1, F_65,G 20
0.08 - s
' /0/
® Bubbles_Expt q- 2
g 0.064 o Spikes_Expt o ¢
\P( Bubbles Calc o’
{% - - - - Spikes_Calc o
= 0.04 .6
>~ Pt °
0,021 o ot
20
)
L b
0.00 T T T
0.0 0.1 0.2 0.3
fr#8Z/m
(g) R=23.4,F 68,G 20
0.10
| e Bubbles Expt L7
E 0.08 o Spikes Expt R
4 Bubbles_Calc o -7
#2 0.064 - ---Spikes Calc o, ©
= o
z o~
X 0.044 P
'»,Eij yed ® * . o *
T on -¢ o *
.02 PR
e © °
0.00+= : : :
0.0 0.1 0.2 0.3
Rit8zm

(h) R=30.2, F_69,G 8

K7 AR B LA AR AR 058 2 B A 4% (b il 2
Fig.7 Widths of bubble and spike under different density
ratios

BOUHPR AL TR, i S 5 AR

HEIR B DG AT R IR R U ) o

P

S K

(1]

(8]

Rayleigh L. Investigation of the character of the
equilibrium of an incompressible heavy fluid of variable
density [C]. Proceedings of the London Mathematical
Society, 1883, 14: 170—177.

Taylor G. The instability of liquid surfaces when
accelerated in a direction perpendicular to their planes I
[C]. Proceedings of the Royal Society of London, 1950,
A201: 192—196.

Hansom J C V, Rosen P A, Goldack T J, Oades K,
D L,
Mawhinney N, Baxter A J. Radiation driven planar foil
instability and mix experiments at the AWE HELEN
laser [J]. Laser and Particle Beams, 1990, 8(1): 51—71.
Sharp D H. An overview of Rayleigh-Taylor instability
[J]. Physica D, 1984, 12: 3—18.

Young Y N, Tufo H, Dubey A, Rosner R. On the
miscible Rayleigh-Taylor instability: two and three
dimensions [J]. Journal of Fluid Mechanics, 2001, 447:
377—408.

Dalziel S B, Linden P F, Youngs D L. Self-similarity and
internal

Fieldhouse P, Cowperthwaite N, Youngs

turbulence
Rayleigh-Taylor instability [J].
Mechanics, 1999, 399: 1 —48.

Youngs D L. Three-dimensional numerical simulation of

structure  of induced by

Journal of Fluid

turbulent mixing by Rayleigh-Taylor instability [J].
Physics of Fluids A, 1991, 3(5): 1312—1320.

Hecht J, Alon U and Shvarts D. Potential flow models of
Rayleigh-Taylor and Richtmyer-Meshkov bubble fronts
[J]. Physics of Fluids, 1994, 6(12): 4019—4030.



T ™

2 391

(9]

[10]

[11]

[12]

[13]

[14]

Alon U, Hecht J, Ofer D, Shvarts D. Power laws and
similarity of Rayleigh-Taylor and Richtmyer-Meshkov
mixing fronts at all density ratios [J]. Physical Review
Letters, 1995, 74(4): 534—537.

Shvarts D, Alon U, Ofer D, McCrory R J, Verdon C P.
Nonlinear evolution of multimode Rayleigh-Taylor
instability in two and three dimensions [J]. Physics of
Plasmas, 1995, 2(6): 2465—2472.

Dimonte G. Nonlinear evolution of the Rayleigh-Taylor
and Richtmyer-Meshkov instabilities [J]. Physics of
Plasmas, 1999, 6(5): 2009—2015.

Oron D, Arazi L, Kartoon D, Rikanati A, Alon U,
Shvarts
Rayleigh-Taylor

D. Dimensionality dependence of the

and Richtmyer-Meshkov instability

late-time scaling laws [J]. Physics of Plasmas, 2001, 8(6):

2883 —2889.
Zhou Y, Robey H F, Buckingham A C. Onset of

turbulence in accelerated high-Reynolds-number flow [J].

Physical Review E, 2003, 67: 056305.

I, EWEN, 5k#E. Rayleigh-Taylor ANE M5 S
TR A EELT]. TR 1%, 2011, 28(6): 236—
241.

Yang Min, Wang Lili, Zhang Shudao. Numerical
simulation of turbulent mixing induced by
Rayleigh-Taylor instability [J]. Engineering Mechanics,
2011, 28(6): 236—241. (in Chinese)

W, NI, KMIE, KT, UGk s

[20]

[21]

5 Richtmyer-Meshkov ANF 8 P4 15 5 13 VR A [J].
S B I 2AR, 2010, 28(1): 119—123.

Yang Min, Wang Lili, Zhang Shudao, He Changjiang,
Hang Yihong. The study of turbulent mixing induced by
Richtmyer-Meshkov instability using turbulence model
[J]. Acta Aerodynamica Sinica, 2010, 28(1): 119—123.
(in Chinese)

Chen B. Modeling chaotic mixing [J]. Nuclear Weapons
Journal, 2010, 1: 8—17.

Layzer D. On the gravitational instability of two
superposed fluids in a gravitational field [J].
Astrophysics Journal, 1955, 122: 1—12.

Dimonte G, Schneider M. Density ratio dependence of
Rayleigh-Taylor mixing for sustained and impulsive
acceleration histories [J]. Physics of Fluids, 2000, 12(2):
304—321.

Dimonte G, Schneider M. Turbulent Rayleigh-Taylor
instability experiments with variable acceleration [J].
Physical Review E, 1996, 54(4): 3740—3743.

Andrews M.
Rayleigh-Taylor instability with complex acceleration
history [J]. Physical Review E, 2007, 76: 046313.
Dimonte G, Youngs D L, Dimits A, et al. A comparative

Dimonte G, Ramaprabhu P,

study of the turbulent Rayleigh- Taylor instability using
high-resolution three- dimensional numerical simulations:
the Alpha- Group collaboration [J]. Physics of Fluids,
2004, 16(5): 1668 —1693.

(L8258 379 )

Barshinger J, Avioli Jr M J. Guided wave resonance
tuning for pipe inspection [J]. Journal of Pressure Vessel
Technology, 2002, 124: 303 —310.

MbAG 22, FRt, IR, SF. S A R
ISR L BT [I]. T AR, 2005, 27(2):
83 —86.

Ta Dean, Wang Weiqi, Wang Yuanyuan, et al. Excitation
in the
inspection of pipe with ultrasonic guided waves [J].
Nondestructive Testing, 2005, 27(2): 83 — 86. (in
Chinese)

Silk M, Bainton K. The propagation in metal tubing of

frequency choice and sensitivity analysis

ultrasonic wave modes equivalent to Lamb waves [J].
Ultrasonics, 1979, 17(1): 11—19.

Lowe M J S. Matrix techniques for modeling ultrasonic
waves in mutilayered media [J]. IEEE Transactions on
Ultrasonics, 1995, 42(4): 525—542.

Tang L, Liu S. Guided elastic waves in infinite
free-clamped hollow cylinders [J]. Progress in Natural

[10]

Science, 2009, 19(3): 313—320.

A2z, XIEH. M SRR S M AR R
FLISCART]. B HAR(AARREERR), 2003, 42(1): 7—
13.

Ta Dean, Liu Zhenqing. Relationship between dispersive
guided waves
inner-radius-thickness ratio of pipes [J]. Journal of Fudan
University (Natural Science), 2003, 42(1): 7—13. (in
Chinese)

HFEH, KR, SR, 2T 2 ).
JEARAN, 2003, 25(2): 66— 68.

Zhao Yuzhen, Shi
Calculation for lamb wave dispersion curves [J].
Nondestructive Testing, 2003, 25(2): 66 — 68. (in
Chinese)

Dem Enko A, Ma Eika L. Calculation of Lamb waves
dispersion curves in multi-layered planar structures [J].
Ultragarsas, 2002, 44(3): 15—17.

characteristics of ultrasonic and

Zheng Xiangming, Yaowu.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [612.000 792.000]
>> setpagedevice


