Cheng, X., et al.: The Diffusion Model of Fractal Heat and Mass Transfer in ...
THERMAL SCIENCE, Year 2015, Vol. 19, Suppl. 1, pp. S109-S115 S109

THE DIFFUSION MODEL OF FRACTAL
HEAT AND MASS TRANSFER IN FLUIDIZED BED
A Local Fractional Arbitrary Euler-Lagrange Formula

by
Xu CHENG" and Xiao-Xun MA

School of Chemical Engineering, Northwest University, Xi'an, Shaanxi, China

Original scientific paper
DOI: 10.2298/TSCI15S1S09C

In this manuscript, the local fractional arbitrary Euler-Lagrange formula are uti-
lized to address the diffusion model of fractal heat and mass transfer in a fluid-
ized bed based on the Fick's law with local fractional vector calculus.
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Introduction

A great interest in the theoretical study of heat transfer in fluidized beds has been
shown during the past ten years. For example, the thermodynamics in fluidized bed with
moist particles was proposed in [1-6]. The heat transfers of fluidized bed with geldart type-
D particles, oxy-fuel fluidized bed boilers [7] and gas-solid fluidized beds [8] were pre-
sented. As one of models of fluidized beds [9, 10], the diffusion model was investigated by
many authors, such as Tardos et al. [11], Hoebink et al. [12], Bukur et al. [13], Van
Ballegooijen et al. [14], and Wang and Chen [15]. In [16], the hybrid Euler-Lagrange ap-
proach was considered to discuss the particle transport process of circulating fluidized bed.
The Euler-Lagrange formula was applied to address the heat transfer of carrot cubes in a
spout-fluidized-bed drier with moving boundaries [17].

In fact, the roughness surface of fractal materials can be designed [18, 19] to de-
scribe gas-solids flow in a circulating fluidized bed [20]. Fractal analysis of three-phase
fluidized bed was suggested by Fan ef al. [21] and Kikuchi et al. [22]. Recently, the local
fractional vector calculus structured in [23] was utilized to describe fractal problems in var-
ious areas, such as quantum mechanics [24] and fluid mechanics [25-27]. The diffusion on
solid [28] and its non-differentiable solution [29] were discussed.

The physical parameters of the classical diffusion model in [11-17] describing the
heat and mass transfer in a fluidized bed is differentiable. However, the non-differentiable
version of the diffusion model for the fractal heat and mass transfer in a fluidized bed is not
considered. The present work develops the local fractional diffusion model of fractal heat
and mass transfer in a fluidized bed and the local fractional arbitrary Euler-Lagrange for-
mula.
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The diffusion model of fluidized bed
via local fractional derivative

Fractal mass transfer in fluidized bed

Let the quantities J(,7) and 6(r,t) be the flux of solute and the potential related to
the concentration in fluidized bed, respectively. Due to the local fractional vector surface in-
tegral A (from Appendix), the integral form of the local fractional Fick’s law in fluidized bed
becomes:

§p 3¢, a8 = D@O)YV*0(r, 1)dS” (1)
which leads to:
gﬁj} [J(r, £) + DOV O(r, 1)]dSP =0 )

where D(0) is a fractal diffusion coefficient in fluidized bed.
For any dS in (2) the differential form of the local fractional Fick’s law in fluid-
ized bed can be written as [28]:

I(r, 1) = D(O)V*O(r, 1) (3)
If D(8)= D, (4) changes [28]:
J(r,t)=—-DV*0(r, 1) 4)

where D is a fractal diffusion coefficient in fluidized bed.
Using the local fractional volume integral B (from Appendix), the local fractional
conservation of fractional mass in fluidized bed results in:

d“ - ~

— ([ 6, HdV? = ~4P T, £)dS¥P 5

e pic 0 ()
From (5) and C (from Appendix), we get:

(If {—djt( D+ veicr, 1)} v =0 (6)

For any dr” in (6) the differential form of local fractional conservation of frac-
tional mass in fluidized bed is expressed as:

% +VJ(r,£)=0 (7)
t

Submitting (4) into (7) gives the diffusion model for mass transfer in fluidized bed:

_d“z(:, D Vel DVo(r, 1] =0 (8)
t
or

da‘g—(a“) - DV**0(r,1)=0 9)

dt
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subject to the initial-boundary conditions:

O(r, 0) = 6y(r) (10)
—DV®O(r, 1) | g =110, (r, )= 0,(r, 0], 1>0 (11)

where 6,(r,t) is the equilibrium moisture content in fluidized bed and V** =V*V“ _ If the
fractal dimension « is equal to 1, the diffusion model for fractal mass transfer in fluidized bed
(9) becomes classical one [15, 17]. We notice that, using the fractal complex transform [30],
the classical diffusion model for mass transfer in fluidized bed is transferred into (9).

Fractal heat transfer in fluidized bed

The local fractional Fourier law in fluidized bed can be written as [23]:

¢, ) =—VeT(r, 1) (12)

where 4 is a constant and T(r, 7) is a non-differentiable temperature at the point € V7, time
teT.
The first law of thermodynamics in fractal media states [23]:

(] e =G ar”= [ s 0

where p, and ¢, are the density and the specific heat of the fractal material, respectively.
Due to C (from Appendix) and (12), (13) can be rewritten as:

JIf Paca % v =|[[ w**1(r, )ar? (14)
v )
which yields:
] {WZ“T (1) pucy S HED t)}dV(” =0 (15)
yo) or*

For any 4V in (6) fractal heat transfer in fluidized bed is suggested as:

a
T
WNT(r 1) — pacaa—(:”):o (16)
t
subject to the initial-boundary conditions:
T(r,0)=Ty(r) (17
VT (r, ) =¢[T,(r, ) = T,(r, O] = DV [pO(r, )]},  1>0 (18)

where 4 is a medium property in fluidized bed. If the fractal dimension « is equal to 1, the
diffusion model for heat transfer in fluidized bed (16) becomes classical one [15, 17]. In an-
other way, the classical diffusion model for mass transfer in fluidized bed is transferred into
(16) using the fractal complex transform [30].
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The local fractional arbitrary Euler-Lagrange formula

The fractal mass transfer in fluidized bed is written in the weak form:
i {%—szae(n t)} 0" (r, )dv?") =0 (19)
t
which leads to:

[jf £or.0 Zt(’ 6" (r, 0V == 3(r, 06" (r, 8P (20)

where 9*(r, f) is an arbitrary non-differentiable test function.
Using (4), we obtain the fractal mass transfer in fluidized bed:

(If d* i(r D o (r. v = §h Dve0(r. 06" (r, )a5#) @1

Following D (from Appendix), the right side of (21) can be written as:
g[gS DVO(r, 0" (r, 1)dS¥P = H j [DO (r, O)V*O(r, 1)+ DV O(r, V4O (r, 1AV (22)
V(Y)

which results in:
me*(r,t)dlf(” =—qbDV*O(r,00" (r,1)dSP + [[[ DVEO(r,)V*O" (r,0)dV " (23)
d a
t (7)
V

such that, using (11), we have the local fractional arbitrary Euler-Lagrange formula of fractal
mass transfer in fluidized bed:

[If 4°00.1) e (r, AV =P 16, (r, )= 6,(r, 010" (r, )dSY +
dr”

+H j DV4O(r, V4O (r, )dV? (24)

4%

The weak form of the heat transfer in fluidized bed reads as:

o%T(r, 1)

~ T (r,t)dV? =0 (25)
t

JI| #9210 poc,

where T *(r, f) is an arbitrary non-differentiable test function.
From (25) we have:

0% T(r f)

[[[7" ¢ 0wV 1@, 0dr? =[] pye,T"(r, ) =222 v (26)

From D, the left side of (26) can be written as:

m " (r, O UV T (r, H)dV"?) = @S " (r, OV T(r, t)dSP —

ﬂ)
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—m WVOT (r, OVET" (r, £)dV P 27)
(7)

which, applying (18), yields:

[[[7" .0V T 0dr? =~4H 7" (r,0) {g[TS (r,0) =T, (r,)] - A{DV® [ pO(r, t)]}} ds —
5

~[[[aveT @ oveT (r)dV (28)
y)

Submitting (28) into (26), we obtain:

[ .0 D gy
=~fp 7", 0 { <[, (r, )= T, 0] = LDV [pO(r, )]} } ISP -
(8)
~[[[ aveT @, OV T (r, H)dV (29)
(7)

which is the local fractional arbitrary Euler-Lagrange formula of fractal heat transfer in fluid-
ized bed.

Concluding remarks

From pure mathematical view point, the local fractional diffusion model of fractal
heat and mass transfer in fluidized bed is investigated in the framework of the local fractional
vector calculus. Using the local fractional Gauss and Green theorems of the fractal vector
field and considering an arbitrary non-differentiable test function, the local fractional arbitrary
Euler-Lagrange formula of fractal heat and mass transfer in fluidized bed are also discussed.
This result is an extended version of the arbitrary Euler-Lagrange formula using the non-
differentiable characteristics of the functions in the field.

Appendix

The local fractional vector surface integral of $(r) on fractal surface S is defined
as [23, 25, 27):

N
QB _ 15 = AQ(B)
jj I(rp)dSP) = lim le (rp)ii pASY (A)

with N elements of area with a unit normal local fractional vector fip, ASY) —0 as N — o
for f=2a.

The local fractional volume integral of 9(r) on fractal volume V" is defined as
[23, 25, 27]:

[[[ $(rp)dv” = lim ZN: Hrp)AVS) (B)
=
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with N elements of volume AVY) —0 as N — oo for y =3/3/2=3a.
For y =34/2=3a, 1>a >0, the local fractional Gauss theorem of the fractal vec-
tor field reads as [23, 25, 27]:

j j Vegdy = q’gﬁ 9dsS» (©)
P 5

For y =34/2=3a, 1> a >0, the local fractional Green theorem of the fractal vec-
tor field states [23, 25]:

fpove9ds? = [[[v** 9+ v gveo)dr? (D)
R o)
Nomenclature
Cq — specific heat Greek symbols
D — a fractal diffusion coefficient . . .
. o — time fractal dimensional order, [—]
r — space co-ordinates, [m] 8(r, 1) concentration, []
T(r, t)— temperature, [K] T densit ’
t  —time, [s] Pa y
References

[1] Syahrul, S., ef al., Thermodynamic Modeling of Fluidized Bed Drying of Moist Particles, International
Journal of Thermal Sciences, 42 (2003), 7, pp. 691-701

[2] Dincer, I, Sahin, A. Z., A New Model for Thermodynamic Analysis of a Drying Process, International
Journal of Heat and Mass Transfer, 474 (2004), 4, pp. 645-652

[3] Mohideen, M. F., et al., Heat Transfer in a Swirling Fluidized Bed with Geldart Type-D Particles, Kore-
an Journal of Chemical Engineering, 29 (2012), 7, pp. 862-867

[4] Hristov, J. Y., Scaling of Permeabilities and Friction Factors of Homogeneously Expanding Gas-Solids
Fluidized Beds: Geldart’s A Powders and Magnetically Stabilized Beds, Thermal Science, 10 (2006), 1,
pp- 19-44

[5] Hristov, J., Magnetic Field Assisted Fluidization — A Unified Approach Part 7, Mass Transfer: Chemical
Reactors, Basic Studies and Practical Implementations Thereof, Reviews in Chemical Engineering, 25
(2009), 1-2-3, pp. 1-254

[6] Hristov, J., Magnetic Field Assisted Fluidization — A Unified Approach. Part 8. Mass Transfer: Magneti-
cally Assisted Bioprocesses, Reviews in Chemical Engineering, 26 (2010), 3-4, pp. 55-128

[7]1 Bolea, L, et al., Heat Transfer in the External Heat Exchanger of Oxy-Fuel Fluidized Bed Boilers, Ap-
plied Thermal Engineering, 66 (2014), 1, pp. 75-83

[8] Patil, A. V., et al., A Study of Heat Transfer in Fluidized Beds Using an Integrated DIA/PIV/IR Tech-
nique, Chemical Engineering Journal, 259 (2015), Jan., pp. 90-106

[91 Molerus, O., Wirth, K. E., Heat Transfer in Fluidized Beds, Springer, 2015

[10] Kim, S. D., Kang, Y., Heat and Mass Transfer in Three-Phase Fluidized-Bed Reactors — an Overview,
Chemical Engineering Science, 52 (1997), 21, pp. 3639-3660

[11] Tardos, G., et al., Diffusional Filtration of Dust in a Fluidized Bed, Atmospheric Environment, 10
(1976), 5, pp. 389-394

[12] Hoebink, J. H. B. J., Rietema, K., Drying Granular Solids in Fluidized Bed-I: Description on Basis of
Mass and Heat Transfer Coefficients, Chemical Engineering Science, 35 (1980), 10, pp. 2135-2139

[13] Bukur, D. B., Amundson, N. R., Fluidized Bed Char Combustion Diffusion Limited Models, Chemical
Engineering Science, 36 (1981), 7, pp. 1239-1256

[14] Van Ballegooijen, W. G. E., ef al., Modeling Diffusion-Limited Drying Behaviour in a Batch Fluidized
Bed Dryer, Drying Technology, 15 (1997), 3-4, pp. 837-85

[15] Wang, H. Z., Chen, G., Heat and Mass Transfer in Batch Fluidized-Bed Drying of Porous Particles,
Chemical Engineering Science, 55 (2000), 10, pp. 1857-1869

[16] Adamczyk, W. P., et al., Modeling Oxy-Fuel Combustion in a 3D Circulating Fluidized Bed Using the
Hybrid Euler-Lagrange Approach, Applied Thermal Engineering, 71 (2014), 1, pp. 266-275



Cheng, X., et al.: The Diffusion Model of Fractal Heat and Mass Transfer in ...
THERMAL SCIENCE, Year 2015, Vol. 19, Suppl. 1, pp. S109-S115 S115

[17] Biatobrzewski, 1., et al., Heat and Mass Transfer during Drying of a Bed of Shrinking Particles —
Simulation for Carrot Cubes Dried in a Spout-Fluidized-Bed Drier, International Journal of Heat and
Mass Transfer, 51 (2008), 19, pp. 4704-4716

[18] Pfeifer, P., Fractal Dimension as Working Tool for Surface-Roughness Problems, Applications of Sur-
face Science, 18 (1984), 1, pp. 146-164

[19] Gagnepain, J. J., Roques-Carmes, C., Fractal Approach to Two-Dimensional and Three-Dimensional
Surface Roughness, Wear, 109 (1986), 1, pp. 119-126

[20] Bai, D., et al., Fractal Characteristics of Gas-Solids Flow in a Circulating Fluidized Bed, Powder tech-
nology, 90 (1997), 3, pp. 205-212

[21] Fan, L. T., et al., Stochastic Analysis of a Three-Phase Fluidized Bed: Fractal Approach, AIChE Journal,
36 (1990), 10, pp. 1529-1535

[22] Kikuchi, R., et al., Fractal Aspect of Hydrodynamics in a Three-Phase Fluidized Bed, Chemical Engi-
neering Science, 51 (1996), 11, pp. 2865-2870

[23] Yang, X. J., Advanced Local Fractional Calculus and its Applications, World Science, New York, USA,
2012

[24] Yang, X. J., et al., Mathematical Aspects of the Heisenberg Uncertainty Principle within Local Fraction-
al Fourier Analysis, Boundary Value Problems, (2013), May, pp. 1-16

[25] Yang, X. J., et al., Systems of Navier-Stokes Equations on Cantor Sets, Mathematical Problems in Engi-
neering, 2013 (2013), ID 769724

[26] Yang, X. J., et al., Modeling Fractal Waves on Shallow Water Surfaces via Local Fractional Korteweg-
de Vries Equation, Abstract and Applied Analysis, 2014 (2014), ID 278672

[27] Zhang, Y., et al., On a Local Fractional Wave Equation under Fixed Entropy Arising in Fractal Hydro-
dynamics, Entropy, 16 (2014), 12, pp. 6254-6262

[28] Hao, Y. J., et al., Helmholtz and Diffusion Equations Associated with Local Fractional Derivative Oper-
ators Involving the Cantorian and Cantor-Type Cylindrical Coordinates, Advances in Mathematical
Physics, 2013 (2013), ID 754248

[29] Cao, Y., et al., Local Fractional Functional Method for Solving Diffusion Equations on Cantor Sets, 4b-
stract and Applied Analysis, 2014 (2014), ID 803693

[30] Yang, X. J., et al., Transport Equations in Fractal Porous Media within Fractional Complex Transform
Method, Proceedings of the Romanian Academy, Series A, 14, (2013), 4 pp. 287-292

Paper submitted: October 10, 2014
Paper revised: January 21, 2015
Paper accepted: February 12, 2015




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /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 false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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

  /CropGrayImages false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



