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EULER (1757)

HISTOIRE
L’ACADEMIE ROYALE  FAINGIPEE GENSRATS

PU MOUVEMENT DES FLUIDES.

DES
. SCIENCES rar M. EULER,
L
ET i Am. dushli dans mon Mémoire précedent les principes de I'éq11:1fl;
bre des fluides le pl néralement, 4 Iégard de la d
B Er L L E S L E T T R E S. lﬁh:lldd,qmpdi?ulb;‘ quiy;u:”i.l'tfenrn:ir;j:mp::po-
delnherl'urinm!mgpwdl.emouvemenrde:ﬁulds & de recher

cher les principes géneraux, fur lesquels route la Feieoce dn mouve-

4 s CCLY
B ment des fluides :(%‘ fondée. On comprend aifément que cetre matie-
) - re elt I:ewcwp plus difficile, dl. que’l[e renl’erme des recherches in-

plus Jlelpire d'en venir sulfli
heureufement i bour, de forte que sl y refte des difficultés, ce ne fera
pes du cbeé du m:E:lmuque mais uniquement du céié de l'nalytiques
cette feience n'érant pas encore portée i ce degré de perfedtion, qui
feroit nécellai ¢ déveloper les formules analytiques, qui renfer-
ment les principes du mouvement des fluides.

M. 1 gagit donc de découvrir les principes, par lesquels on
puille déterminer le mouvement d'un fuide, en quelque dear qu'il fe
trouve, & par quelques forces qu'il foit follicité. ~ Pour cer effer exa-
minons en détail lma les arn:ls, qui conflituent le ru,q de nos re-

herches, & qui ités tant connues qu'inconnues.
Et d'abord Ia narure du ﬂulde eft }Llppuf& connue , dont il faut conli-
dérer Jes diverfes efpeces : le fuide eft donc, ou mmmp{dl‘bl;, ou

cHgz HavpEeE ET SPENER, compreffible.  S'il n'eft pas fusceprible de compreflion, il faur diftin-
Libraires d¢ la Cour & de I'Académic Royale. guer deux cas, Pun o toure la malle eft compofée de partics homo-
MDCCLVIE genes, done la denfité eft partout & demeuse toujours la méme, I'au-

e

dp
E + V. (pu) =0

+ V.(u®(pu)) +Vp =0

d(pu)
ot

0E
E-l_ V.u(E+p) =0
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NAVIER (1822)

MEMOIRE

SUR LES LDIS DU MOUVEMENT DES FLUIDES;

| Pin M. NAVIER.
Lo i PacadGimbo soyale dos Sebmoos  lo o8 mirs sBas,
—
I. Notions proliminacres.

Lis géombtres représentent, au moyen d'dquations nux
différences particlles, les conditions géndrales de Véquilibre
ot du mouvement des fluides. Ces équations ont déte deéduites
de divers prineipes , qui supposent tous gue les moléenls du
{luide sout susceptibles de prondre les unes pae rapport aux
matres des mouvements quelcongques, sans opposer aucune
résistance , et de glisser sans effort sur les parois des vases
dans lesquels le fluide est contenu, Mais les différenees con-
sidérables, ou totales, que présentent dans certains cas les
effets naturels avee les vésultats des théories connues , indi=
quent la nécessitd de recouriv & des notions nouvelles | et
d'avoir dgard & eertaines actions moléeulaires qui s¢ mani-
festent principalement dans les phénoménes du mouvement.
Onsait, parexemple, que, dans le cas o l'ean s'écoule hors
d'un yase par un long tuyan d'un petit diamétee, le cal-

EE——— e

0%u

A+2)V(V.u) — uV x (Vxu) =P5
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OKES (1845)

FECT OF THE INTERMAL FRICTION OF FLLIDS O THE SBOTION OF FEMDULLMS

ON THE EFFECT OF THE INTERNAL FRICTION OF FLUIDS
ON THE MOTION OF PENDULUMS

Sir George Gabriel Stokes
[Read Dvcrmber 8, 1830,

[P e T of e b Phidsscgudvnd Sy, Vil 1 . 6]
Rt i bkt s P o S e o] S s | L, Y, 18690

THE gt amperiance of ihe rorslis obiained by meam of the posdshem has indscod philosopiicn o dovoic s
muck aticren ke the subject, and to perform the cxperiments with sech 2 srepulows regand o scoerscy s cvery
particular, that peadelern ohsenations mory sty be msked among foss most detizguished by medem svactness.
It = urnccossry hee b cnemerie the défernl mothods whach bave been anployed, and the sveral comerions
whach sk be made, morder e deduce rom ibe sciual cheorvabions the ol whick woeld corespond o the
ideal cznc af & simple perddelim perfanmang indefinitchy srmoll nocillatiors in vacsum. There is only onc of these
comechions which bors o ke sbgerl of the presanl paper, ramicly, thie comection sxsally lermed the rvdeman 0
wecasm. On accoenl of e incosveicecr and caxpmac sficnding copormeanis in 3 Taceum appamiu, tho
abscrvation arc usally mads m ai, md it then becomo nooamery Io apply 2 small coradizon, o oder Io paduce
the obecrvod poulk e whai would have bom obecrvad had e poduben bocs swung @ 2 acem. The mast
obvamn cffect of fhe air comisis @ 3 dimissism of the movieg forcr, and conecqeent inccme i e e of
vibration. ariing from e beoyascy of the fleid The concrtion for bucyancy i caiby cakulaid Bom the fioe
prisciples of kydrostatics, asd formed for 5 comidemsble Sme the mby corection which it wa thought necoman i
ke for roduction 1o 3 vacmumn. Bet i the pear 1338 Bewel, i 3 very importast memoir in which be determined
by 3 new method the kngth of the seconds’ pendelemn, poizted ot from theoeeticsl conssdertions the necossty of
kg sccownt of the merts of the o as well as of its buoyancy. The sumerical caleslation of the effect of the
merts Forms & problem af yeredyramics which Beossd did nat attack: bt e sonchuded from general principles
thot 3 Buid, o al sy evic o Buid of sl dessity, hos o ofber cffecd on dhe lime of very emall vibeatioss of 2
pendulem thon that # dmnishes ds gravaiy snd increases it momsesd of meriia. b ke cass of o body of which e
dimcmsiams arc small compand with the legh of e sespending wae. Bosel reprosceicd the icrcme of ot
by i of 2 mas eqeal ok tmes ihe mas of the fuid Ssplaced, which mest be suppmed o be added o the it
of the bedy seclf. Tha facier & br dolormined cxpenimerially for a sphere a lithe mor fias bre ischo s damics.
wwreny in air and m waicr. The eesuli for air. obiamod in a rather indmoct way, was & = L8459, which vabee Boocd

i in 2 mibacgueni paper incocmcd o (1956, & s sphoe of ihe sbove sisx havieg been swing @ waicr with e
different gk of wir: in sscocion gave fwo valucs of & differng s Bsle fom cack sfba nd oguld o osly
ahout two-thards of the valer chisined for air.

| The atenian of the scimtific workd havieg been callod 1o the subject by the publction of Bescfs memer,
i foesh rescarches both theoretical and cxperimentall soon sppearcd. e onder 10 exarmmne the effioct of the wr by 3
| meare: dirert method than that empleyed by Bewsd, 3 birge vacusm sppartes was crected 2 the expenee of the
Bsard of Losgitude, and by moaes of this apparstes Capn (sow Celonel) Sabine determned the efffect of e air
on the Eme of vibation of 3 peticlar nvassble pesdulem. The reults of the caperiments are conined o
¥ memeir resd befors the Royal Secicty in Marck 1329, and pravied in e Phabropiical Tronracivem for ikl ye
The mean of cight wery comsiient cxperimerés pave 655 au the faclor by which for that poadulem the ol
eorection for bupancy st be mslliphcd noonde o gree the whok comrection on sccousd of ihe . A very
remarkablc fact was doecevercd in dbe course of thes openimenis. Whike the cifedis of air al the stmosphors
premurs and ender @ prosurs of shost hall an simosphone wone fousd o be as scarly @ posshilc propodaosal e
the dousta, il wan [ound that the cifed: of bydregen ai the smosphere proarsn: was much gooaics, comparcd with
the cffosi of air, thas comasponded with i danity. In i, il sppearcd that the atio of the oifecs of Inadepo =md
air o the fimen of vibeation was sbout | o § 14, whilc fhe mtio of $he domitics anky sho | 0 11 In sposking
of ikis roweli Colond Sabmc romades, “The &ifcccs of ikis mabio fom thai shown by cxporiment in grostcr fhan
can well be aseribed to scridental crror in the cxperiment, particulary  repetisos preduced e T —
identical. May & not indicatc an inherent property in the chustic Suids, snalogous to dat of vecidity in Byeids, of
mllmblh:n‘dmufhunwww independentby of their densry ¥ a property, n ek case,

—— = —Up+V.
P o p+V.t+pg
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Siméon Denis Poisson (1781-1840)

Jean Léonard Marie Poiseuille (1797-1869) Joseph-Louis Lagrange (1736-1813)
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WEATHER PREDICTION

I BY
NUMERICAL PROCESS

LEWIS F. RICHAR DSON, B.A., F.J

L t=12,2¢4
Ap = ISomb !/

m"""’"ﬂ% unstelb !

L.F. Richardson (1922)
Weather Prediction by Numerical Process,
Cambridge University Press

CAMBRIDGE
AT THE UNIVERSITY PRESS
1912

ds Lewis Fry Richardson (1881 — 1953)
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Shuhas V. Patankar (1941-) Dudley Brian Spalding (1923 — 2016)
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and thermal sciences
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“Essentially, all models are wrong, but some are useful,”

“Remember that all models are wrong; the practical question is how wrong
do they have to be to not be useful.”
George Box (1987)

Box, George E. P.; Norman R. Draper (1987).
Empirical Model-Building and Response
Surfaces, p. 424, Wiley. ISBN 0471810339.

IBM PS/2 Machine (1987)
Source: https://www.computerhistory.org/
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“Colorful Fluid Dynamics”, an old pun on the Computational Fluid
Dynamics acronym, CFD, can be divisive. Doug McLean, Boeing Technical
Fellow (retired), offered the following perspective from his exceptional book

entitled Understanding Aerodynamics [1]: “These days it is common to
see a complicated flow field, predicted with all the right general
features and displayed in glorious detail that looks like the real thing.
Results viewed in this way take on an air of authority out of
proportion to their accuracy. In this regard, modern CFD is a very
seductive thing”.

Professor Phil Roe, Univ. of Michigan, makes a provocative comment in his
recorded lecture entitled “Colorful Fluid Dynamics: Behind the Scenes” [2].
He states that “Even inaccurate CFD can be useful”. He further notes
that “The power of detailed visualization makes CFD more rich in
information than experiment”. Few would disagree that CFD simulation
results innately contain a wealth of opportunity for insight and
communication.

[1] McLean, D., “Understanding Aerodynamics” (2013), p.492, John Wiley & Sons, Ltd.

[2] Roe, P., “Colorful Fluid Dynamics: Behind the Scenes”, retrieved from https://bit.ly/21gE4gX
I
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Fluid

Magnetic Structure

Acoustic Explosives

‘)ﬂy

Thermal
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H Khawaja, | Raouf, K Parvez, A Scherer. Optimization of elastomeric micro-fluidic valve dimensions using nonlinear finite element

methods. The International Journal of Multiphysics, 2009, 3(2): pp. 187 - 200. http://dx.doi.org/10.1260/175095409788837847
I
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H Khawaja, M Moatamedi. Multiphysics Modelling of Fluid-Particulate Systems. Academic Press, 2020, ISBN 978-0-1281-8345-8.
https://doi.org/10.1016/C2018-0-02737-1
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H Khawaja. Study of Sound Waves in Fluidized Bed using CFD-DEM Simulations. Particuology, 2017, 38: pp.126 - 133.

https://doi.org/j.partic.2017.07.002
I
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SHOCK-TUBE (VIDEO)

H Khawaja et al. Experimental and Numerical Study of Pressure in a Shock Tube. J Press Vess-T ASME, 2016, 138(4): 041301.
http://dx.doi.org/10.1115/1.4031591
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SHOCK-TUBE

H Khawaja et al. Experimental and Numerical Study of Pressure in a Shock Tube. J Press Vess-T ASME, 2016, 138(4): 041301.
http://dx.doi.org/10.1115/1.4031591
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LS-DYNA keyword deck by LS-PreP LS-DYNA keyword deck by LS-PrePost
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H Khawaja, T Bertelsen, R Andreassen, M Moatamedi. Study of CRFP Shell Structures under Dynamic Loading in Shock Tube

Setup. Journal of Structures, 2014. http://dx.doi.org/10.1155/2014/487809
e
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Z Andleeb, S Malik, H Khawaja, A Nordli, S Antonsen, G Hussain, M Moatamedi. Thermoelastic Investigation of Carbon-Fiber-
Reinforced Composites using Drop Weight Impact Test. Applied Sciences, 2021, 11(1): 207. https://doi.org/10.3390/appl11010207
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Z Andleeb, S Malik, H Khawaja, A Nordli, S Antonsen, G Hussain, M Moatamedi. Thermoelastic Investigation of Carbon-Fiber-
Reinforced Composites using Drop Weight Impact Test. Applied Sciences, 2021, 11(1): 207. https://doi.org/10.3390/app11010207
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Even Stange, Zahra Andleeb, Hassan Khawaja, Mojtaba Moatamedi. Multiphysics Study of Tensile Testing using Infrared
thermography. The International Journal of Multiphysics, 2019, 13(2): p. 191 - 202. http://dx.doi.org/10.21152/1750-9548.13.2.191
I
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Daniel Brunner, Joe Goodbeard, Klaus Hausler, Sunil Kumar, Gernot Boiger, Hassan Khawaja. Analysis of a Tubular Torsionally
Resonating Viscosity—Density Sensor. Sensors, 2020, 20(11). http://dx.doi.org/10.3390/s20113036
e
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U Mughal, H Khawaja, M Moatamedi. Finite element analysis of human femur bone. The International Journal of Multiphysics 2015,
.101 - 108. hitp://dx.doi.org/10.1260/1750-9548.9.2.101
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A Tanveer, T Rashid, H Khawaja, M Moatamedi. Study of Wind Chill Factor using Infrared Imaging. Int J Multiphys, 2016, 10(3): pp.
325 - 341. http://dx.doi.org/10.21152/1750-9548.10.3.325
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H Khawaja, T Rashid, O Eiksund, E Brodal, K Edvardsen. Multiphysics Simulation of Infrared Signature of an Ice Cube. The
International Journal of Multiphysics 2016, 10(3), pp. 291 - 302. http://dx.doi.org/10.21152/1750-9548.10.3.291
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O Myrli, H Khawaja. Fluid-Structure Interaction (FSI) Modelling of Aquaculture Net Cage. Int J Multiphys, 2019, 13(1): pp. 97 - 111.
http://dx.doi.org/10.21152/1750-9548.13.1.97
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S Ludvigsen, Z Andleeb, H Khawaja, M Moatamedi, B Alzahabi. Multiphysics Analysis of Contact Pressure Profile of Airless tires as
compared to Conventional Tires. The International Journal of Multiphysics, 2020, 14(4): pp. 399-425.

http://dx.doi.org/10.21152/1750-9548.14.4.399
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H Khawaja, D Swart, S Antonsen via Windtech AS. Measuring Environmental Exposure. United Kingdom Patent Application Number:
1914757.8. Submitted: 11th October 2019. https://www.windtech.no/

H KHAWAJA (KEYNOTE), 16™ MULTIPHYSICS, 9-10 DEC 2021 37


https://www.windtech.no/

POSSIBLE FUTURE WORK?

0 PLASMA (EXAMPLE: FUSION REACTION)
CFD Modelling of Plasma

Magnetohydrodynamics

Two Fluids

Gyrokinetics I

Kinetics

Assign particles a speed and

Everything

Description

The plasma is one continuous fluid

- ions have all the mass, but
electron carry all the current.

Break the ions & electrons into

two continuous, mingling fluids.

Only track superparticles’
straight motion - and
ignore the corkscrewing.

location based on a distribution.
Track super particles through
space.

Track every
particle, at all
times.

Strengthens

Easily solved.

Simple bulk effects like drift
waves & reconnection can be
understood.

Captures most of kinetic

model, but much easier to

solve - can model an
entire Tokamak.

Many things captured, can get
powerful results like the linear
velocity-space instabilities.

Most accurate

model possible.

Weakness

Most things not captured: most
plasma waves, leakage, kinetic
instabilities, structures etc.

Many things not captured:
plasma instabilities, large
effects & non-equilibrium

effects. Assumes bell curves.

Non-physical behavior
over long times:
resonances & adiabatic
invariants can be lost.

Tough to solve: hard to apply to full
size reactors. Loses some effects:
like plasma microdensity and
collective thomson scattering.

Typically
impossible to
solve.

Mathematics

Navier-stokes, Lorentz force,
Maxwells' equations.

Navier-stokes, Lorentz force,
Maxwells' equations.

Vlasov-Maxwell Expansion
Equation

Vlasov-Maxwell Equation

Klimontovich
Model

L __Plasma as a fluid

Source: Wikipedia: Plasma Modeling

e
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(Chalkboard) m———

L——Plasma as a gas (Computer Required) I
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Multiphysics Simulations
in Automotive and
Aerusyace Applicatiuns

39



TRIBUTE TO THE FOUNDING FATHERS

MULTIPHYSICS®

www.multiphysics.org

H KHAWAJA (KEYNOTE), 16™ MULTIPHYSICS, 9-10 DEC 2021

40



ONTACT

BBAS KHAWAJA

s.org / hassan.a.khawaja@uit.no



	Computational Fluid Dynamics - A Steppingstone �of MULTIPHYSICS
	Slide Number 2
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /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 /Warning

  /CompatibilityLevel 1.5

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions false

  /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 false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

    /Arial-Black

    /Arial-BlackItalic

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Impact

    /LucidaConsole

    /Tahoma

    /Tahoma-Bold

    /TimesNewRomanMT-ExtraBold

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /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 true

  /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



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



