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Abstract−Computational fluid dynamics (CFD) simulation for bubbling fluidized bed of fine particles was carried

out. The reliability and accuracy of CFD simulation was investigated by comparison with experimental data. The experi-

mental facility of the fluidized bed was 6 cm in diameter and 70 cm in height and an agitator of pitched-blade turbine

type was installed to prevent severe agglomeration of fine particles. Phosphor particles were employed as the bed ma-

terial. Particle size was 22 µm and particle density was 3,938 kg/m3. CFD simulation was carried by two-fluid module

which was composed of viscosity input model and fan model. CFD simulation and experiment were carried out by

changing the fluidizing gas velocity and agitation velocity. The results showed that CFD simulation results in this study

showed good agreement with experimental data. From results of CFD simulation, it was observed that the agitation

prevents agglomeration of fine particles in a fluidized bed.
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INTRODUCTION

Flow processes and performance of industrial chemical multiphase

reactors very often depend on the geometrical design. To ensure

and predict optimum behavior of reactors, a simulation tool should

be capable of coupling a mathematical reactor model to the geo-

metrical layout [1].

In the late 1970s, the development and availability of new high

speed computers and new computational techniques made it possible

to solve the basic Navier-Stokes equation numerically [1,2]. Aras-

toopour and Gidaspow [3] analyzed solid flow in a circulating fluid-

ized bed by 1-dimension. Tsuo and Gidaspow [4] also modeled the

fluidized bed with solid viscosity and two-phase flow at the riser.

Gidaspow [5] studied modeling of conservative equations for gas-

solid flow. And applications of CFD to fluidized beds were made:

erosion [6,7], chemical reaction and heat transfer [8-10] and so on.

Recently, CFD in multiphase flow has become an accepted and

useful tool in modeling of gas-solid flow systems [2]. It has also

emerged as a new tool for modeling of fluidization, as seen from

recent conferences (NICHE, 2000; FLUIDIZATION, 1998; CFD

in Reaction Engineering, 2000) [11]. In general, experiments can

be costly and time-consuming, especially if a variety of flow con-

ditions and geometric variations are to be considered. With the con-

venience of increasingly faster digital computers and the efficient

implementation of accurate numerical algorithms, CFD is a valu-

able tool for quickly extracting accurate information about laminar

flow and mixing in industrially relevant devices whose complex

geometries would have prevented modeling just a few years ago

[12]. Recently, in the chemical engineering, CFD has been applied

to various study divisions as chemical reactors, packed beds [13],

mixers [12], crystallizing equipment, biological systems and so on.

CFD simulation of fluidization was classified by three types. The

first type is viscosity input model. Anderson et al. [14] used it for a

bubbling bed. Tsuo and Gidaspow [4], Sun and Gidaspow [15] and,

Benyahia et al. [16] simulated the riser of a circulating fluidized

bed by viscosity input model. The second type is kinetic-theory-

based model. Gidaspow [17], who first proposed this model, as-

sumed the particle as gas and applied various equations of gas to

particle. These equations are shown in Table 1. Sinclair and Jack-

son [18] estimated core-annular regime in a circulating fluidized

bed by a kinetic-theory-based model. The third type is the K-Epsilon

model. Commercial CFD code used this model which is composed

of K of the granular temperature equation and epsilon of the con-

servation law. The K-Epsilon model is applied to analyze for turbu-

lence in single-phase flow [19,20]. However, the K-Epsilon model

is not proper for fluidized bed modeling because particle interac-

tion is neglected in this model [2].

In this study, we used the CFD-ACE program (CFDRC Com-

pany) as CFD simulation. The simulated CFD results were com-

pared with experimental data and the reliability and the accuracy

of CFD simulation was discussed.

EXPERIMENTAL

A schematic diagram of the experimental facility is shown in Fig.

1. The fluidized bed column of a 6 cm I.D.×70 cm long was made

of acrylic pipe, and four pressure taps were mounted along its axial

height. The pressure tap at the bottom of the bed was located 2 cm

above the distributor and the interval of pressure taps in bottom and

top regions was 5 cm, and the interval of pressure taps in middle

was 8 cm, respectively. Three pressure transducers were connected

to pressure taps and output voltage signals were stored by a per-

sonal computer through the data acquisition unit. The number of

each sampling per channel was 6000. In analyzing the pressure fluc-

tuation, the number of used data was 1000. Agitator had four blades

and its shape was pitched-blade turbine, as shown in Fig. 2, and

the agitation velocity was controlled by digital controller. Gener-
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ally, agglomeration of fine particles was prominent at the bottom

bed [21]; the agitator was located at 4 cm above the gas distributor.

Phosphor particles were employed as the bed material. Average

particle size was 22µm and particle density was 3,938 kg/m3 and

this particle was classified as Geldart C group. In this experiment,

initial bed height was 20 cm from the gas distributor. The average

particle size was determined by the size distributor (HIAC Royco,

Model 9703), and the cumulative mass fraction with particle size is

shown in Fig. 3. Air was used as fluidizing gas. The minimum flui-

Table 1. Ideal gas law for gases, powders and conservations

Molecular Granular Powder

Definition of thermal temperature T: Definition of granular temperature Θ:

(4)

where the Boltzmann constant kB converts kinetic 

energy into temperature:

Where the 3 is due to motion in three directions.

kB=1.3805×10−23 J/K To convert from T to Θ, set kB/m=1 in standard kinetic 

theory formulas.

Definition of hydrostatic pressure P: Definition of particulate pressure P:

(5)

where ρ=nm where ρ, the bulk density, is ρ=εsρs and the 1/3 is due to 

isotropy and Pxx+Pyy+Pzz=ρ<C2>

Ideal gas law Particulate ideal state equation

p=nkBT p=εsρsΘ (6)

The internal energy per unit molecule of

the gas

Powder Internal Energy

(7)
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3
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Fig. 1. Schematic diagram of experimental facility for fluidized bed
with agitator.
1. Flow meter 07. Pressur tap & filter
2. Gas distributer 08. Pressure transducer
3. Impeller 09. Data acquisition
4. Fluidized bed reactor 10. Computer
5. Digital stirrer 11. Compressor
6. Cyclone

Fig. 2. Shape and size of agitator.
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dizing velocity was calculated as 0.24 cm/sec by Ergun’s equation

as shown in Eq. (1). In calculation of Eq. (1), the value of εmf was

0.55, which was obtained by experiment, and sphericity was as-

sumed as 1.0.

(1)

The experiment was carried at room temperature and atmospheric

pressure. A sampling rate of 100 Hz was determined in this study

to obtain the pressure drop fluctuation signals.

During the CFD simulation with the Unix system, a cylinder grid

was made with 6 cm inside diameter and 70 cm height, the same

dimension as the experimental facility. Grid volume was separated

by loaded particle height to equal experimental condition. In the

loaded particle region, particle distribution was greater than other

region during fluidization. Therefore, grid section for loaded parti-

cle was composed of 2401 cells to get accurate simulation. The other

grid section was composed of 931 cells. The grid was made cylin-

der type because the height of the fluidized bed reactor was suf-

ficiently much higher than a fluidized bed. Therefore, a cyclone

did not affect the fluidizing gas velocity. As in this study, Gidaspow

[17] excluded the effect of a cyclone in numerical analysis for a

bubbling fluidized bed. Input values, which were physical proper-

ties of the employed particles, were 22µm mean particle diameter

and 3,938 kg/m3 particle density in CFD simulation. The viscosity

input model was employed in this study and the particle viscosity,

which is an important variable in fluidized bed simulation, was used

0.1091 kg/m·s by equation of Gidaspow [17]. Lyczkowski et al.

[22] and Anderson et al. [14] stated that the viscosity input model

was favorably applied to simulate for bubble and flow patterns in a

bubbling fluidized bed.

In this simulation, a two-fluid module was used, which is within

the CFD-ACE program because fluidization was solid-gas flow.

Two-fluid module uses the viscosity input model. CFD simulation

was carried by transient mode because particles always move in a

fluidized bed. For the fully developed state of fluidization, the result

of simulation was obtained at 10 sec when the time step was 0.01

sec. Therefore, the result at 10 sec was the 10,000th simulated result.

At this time, convergence was 0.001 and minimum residual was

1×10−18. In fact, nearly constant values of pressure drop, particle

velocity, fluidizing gas velocity and void fraction were observed

after 5 second sof start of fluidization. Ding and Gidaspow [23] used

the result at 2.0 sec, Xu and Yu [24] used the result at 7.44 sec and

Pain et al. [25] used the result at 3.82 sec for bubbling bed simula-

tion. Therefore, the result at 10 sec in this study was enough for fully

developed state of fluidization.

Simulation for fluidizing flow behavior and void fraction was

carried out with fluidizing gas velocity from 2.46 Ug/Umf to 8.59 Ug/

Umf. Simulation for effect of agitation was also carried out by fan

model. Input values for the fan model were the same dimension of

size and angle of blade in the experimental facility.

To compare the result of simulation with experimental data, solid

fractions were obtained at 35 points with bed height and bed radius

from simulation. The calculated solid fractions were compared with

experimental data, and the agreement of simulation results with ex-

perimental data was discussed.

RESULTS AND DISCUSSION

The minimum fluidizing velocity was experimentally determined

and Fig. 4 shows that minimum fluidizing velocity (Umf) was about

0.5 cm/sec. However, minimum fluidizing gas velocity calculated

based on Ergun equation was 0.24 cm/sec, which means that the

difference of minimum fluidizing velocity is due to the change of

effective particle diameter. Because of particle-particle interaction

(electrostatic, van der Waals force), fine particles are easily agglom-

erated and the effective particle size for fluidization becomes big-

150
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Fig. 3. Cumulative mass fraction with particle size for employed
particle.

Fig. 4. Experimental measurement of minimum fluidizing veloc-
ity.
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ger. Therefore, it can be said that the employed phosphor particle

has strong cohesive force. This strong agglomeration characteristic

appears for Geldart’s group C particles.

In this study, two-fluid modules were used. To use two-fluid mod-

ules, simulation was carried by viscosity input model which has

constant value of fluidizing gas viscosity and particle viscosity. Dur-

ing the CFD simulation of a fluidized bed, particle viscosity was an

important variable [1,4] and to determine the particle viscosity, the

kinetic theory of multiphase flow which was proposed by Gidaspow

[17] was employed. This theory was composed with Eqs. (2) and

(3).

(2)

(3)

The coefficient of restitution, e, in Eq. (2) was assumed as 0.8,

as proposed by Savage [26]. Gidaspow [17] used 0.8 as coefficient

of restitution for simulation of a bubbling bed. Granular tempera-

ture was obtained by Eqs. (4)-(6) in Table 1. Maximum solid vol-

ume fraction was 0.7405 (=π/3 ) because particles were supposed

to be perfect spheres and Gidaspow [17] used this supposition.

The dependence of bed height and solid fraction on the different

fluidizing gas velocity in this CFD simulation is shown in Fig. 5.

In Fig. 5, approximately 60 percent of alpha is solid volume frac-

tion because in CFD simulation alpha is assumed as 1.0 in packed

beds. As shown in Fig. 5, bed height is increased with fluidizing

gas velocity and this flow behavior is general in a fluidized bed.

Therefore, the general flow behavior of fluidization is confirmed

simply by CFD simulation.

Particle velocity and flow field are shown in Fig. 6 and the W2

is denoted as the particle velocity along bed height. Plus (+) and

minus (−) values of W2 in Fig. 6 mean the direction of particle flow

in the fluidized bed. If W2 takes a minus value, particle flow is to-

ward the gas distributor. As shown in Fig. 6, particle flow becomes

turbulent, which is uneven movement at planes of symmetry, above

Ug/Umf =6.14. In general, particle flow become turbulent as the flui-

dizing gas velocity is increased in a fluidized bed. In Fig. 6, this

general flow pattern of particles in a fluidized bed was confirmed

by CFD simulation. However, the expected flow pattern of chan-

neling and agglomeration, which generally occurs in a fine particle

µs = 
5 π
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Fig. 5. Solid volume fraction and bed height for different fluidiz-
ing gas velocity as a CFD result ((a) Ug/Umf =2.46, (b) Ug/
Umf =3.68, (c) Ug/Umf =4.91, (d) Ug/Umf =6.14, (e) Ug/Umf =7.37,
(f) Ug/Umf =8.59).

Fig. 6. Solid velocity and flow profile for different fluidizing gas
velocity as a CFD result ((a) Ug/Umf =2.46, (b) Ug/Umf =3.68,
(c) Ug/Umf =4.91, (d) Ug/Umf =6.14, (e) Ug/Umf =7.37, (f) Ug/Umf

=8.59).
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fluidized bed, was not confirmed by CFD simulation in this study.

In order to determine the accuracy of CFD simulation, the cal-

culated void fraction by CFD simulation was compared with exper-

imental data and Fig. 7 shows the comparison of the data. As shown

in Fig. 7, the result of CFD simulation was similar to experimental

data. However, the calculated values of CFD simulation were a little

bit higher than experimental data when fluidizing gas velocity was

at a relatively low range (Ug/Umf =2-6). It is believed that at a low

gas velocity the agglomeration of fine particles is more severe than

at the higher gas velocity and the agglomeration of fine particles

caused an increase of effective particle size. Therefore, the calcu-

lated void fraction was higher at the low gas velocity ranges and

the difference became closer at the higher gas velocity.

In order to simulate the effect of agitation velocity, a fan model

was used. Generally, a fan model was used to simulate flow pat-

terns in a batch reactor. In this fluidized bed system, the effect of

agitation velocity was simulated with agitation velocity at Ug/Umf =

3.68. During the fan model simulation, solid velocity, gas velocity

and solid volume fraction were the same values with different agita-

tion velocity. To check the reliability of this fan model, simulation

was carried without particles and the result is shown in Fig. 8. As

shown there, the flow pattern and the gas velocity were changed

with fan model. Therefore, it was concluded from this model that

the agitation velocity does not change particle flow but prevents

increasing of effective particle size and agglomeration. Mawatari et

al. [27] predicted agglomeration of fine particles by Ergun’s equa-

tion at minimum fluidizing gas velocity with 6µm and 10µm par-

ticles. They found that effective particle size was decreased with

the action of vibration. Therefore, it was concluded that the pre-

venting agglomeration by vibration or agitation caused the decrease

in the effective particle size and increased the bed height and void

fraction, thus increasing smooth fluidization. Malhotra et al. [28]

and Park et al. [29] also reported similar results.

CONCLUSION

CFD simulation in a bubbling fluidized bed of fine particles was

carried out. The reliability and accuracy of CFD simulation results

was investigated by comparing with experimental data. The exper-

imental facility of fluidized bed was 6 cm in diameter and 70 cm

in height and an agitator of pitched-blade turbine type was installed

to find out the effect of agitation on the flow behavior of fine par-

ticles in a bubbling fluidized bed. CFD simulation was carried by

two-fluid module which was composed of a viscosity input model

and fan model. CFD simulation and experiment were carried out

by changing the fluidizing gas velocity and agitation velocity. From

the results of CFD simulation, it was observed that mechanical agi-

tation prevents agglomeration of fine particles in a fluidized bed

and thus decreases the effective particle diameter and increases the

void fraction. This study also provided the possibility of applica-

tion of CFD simulation to the fluidized bed of fine particles.

ACKNOWLEDGMENT

This work was supported by grant No. R01-2004-000-10028-0

from the Basic Research Program of the Korea Science and Engi-

neering Foundation.

NOMENCLATURES

C : particle concentration [Pa·m3/kg]

dp : particle size [µm]

e : coefficient of restitution [-]

g : gravity force [m/sec2]

g0 : radial distribution function

Ug : superficial fluidizing gas velocity [m/sec]

Umf : minimum fluidizing velocity [m/sec]

Greek Letters

ρp : particle density [kg/m3]

ρg : gas density [kg/m3]

εmf : void fraction in minimum fluidizing conditions [-]

εs : solid volume fraction [-]

εs.max : maximum solid volume fraction [-]

µg : viscosity of gas [kg/m·s]

µs : solid phase shear viscosity [cP]

Fig. 7. Comparison of CFD simulation results with experimental
results for different fluidizing gas velocity.

Fig. 8. Gas velocity and flow profile as CFD result (a) without fan
model and (b) with fan model.
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Θ : granular temperature [kg/m3]

φ : sphericity of particle [-]

REFERENCES

1. A. Samuelsberg and B. H. Hjertager, AIChE J., 42, 1536 (1996).

2. V. Mathiesen, T. Solberg, H. Arastoopour and B. Hjertager, AIChE

J., 45, 2503 (1998).

3. H. Arastoopour and D. Gidaspow, Powder Technology, 22, 77

(1979).

4. Y. P. Tsuo and D. Gidaspow, AIChE J., 36, 885 (1990).

5. D. Gidaspow, Appl. Mech. Rev., 39(1), 1 (1986).

6. R. W. Lyczkowsky, S. Folga, S. L. Chang, J. X. Bouillard, C. S.

Wang, G. F. Berry and D. Gidaspow, Can. Chem. Eng., 67, 465

(1989).

7. J. Ding and R. W. Lyczkowski, Powder Technology, 73, 127 (1992).

8. P. Kostamis, C. W. Richards and N. C. Markatos, PhysicoChem.

Hydrody., 9, 219 (1987).

9. K. N. Theologos and N. C. Markatos, Trans. IchemE., 70, Part A,

239 (1992).

10. K. N. Theologos and N. C. Markatos, AIChE J., 39(6), 1007 (1993).

11. D. Mantonis, D. Gidaspow and M. Bahary, AIChE J., 48(7), 1413

(2002).

12. J. M. Zalc, E. S. Szalai, M. M. Alvarez and F. J. Muzzio, AIChE J.,

48(10), 2124 (2002).

13. A. Ortiz-Arroyo, F. Larachi, B. P. A. Grandjean and S. Roy, AIChE

J., 48(8), 1596 (2002).

14. K. Anderson, S. Sundaresan and R. Jackson, J. Fluid Mech., 303,

327 (1995).

15. B. Sun and D. Gidaspow, Ind. Eng. Chem. Res., 38, 787 (1999).

16. S. Benyahia, H. Arastoopour and T. Knowlton, Fluidization X, Proc.

Engineering Foundation Conf. on Fluidization, L.-S. Fan and T.

Knowlton, Eds., New York (1998).

17. D. Gidaspow, Multiphase flow and fluidization: Continuum and

kinetic theory descriptions, Academic Press (1994).

18. J. L. Sinclair and R. Jackson, AIChE J., 35, 1473 (1989).

19. S. E. Elghobashi and T. W. Abou-Arab, Phys. Fluids, 26, 931

(1983).

20. C. P. Chen, Can. J. Chem. Eng., 63, 349 (1985).

21. Z. Wang, M. Kwauk and H. Li, Chem. Eng. Sci., 53(3), 377 (1998).

22. R. W. Lyczkowsky, I. K. Gamwo, F. Dobran, H. Ali, B. T. Chao,

M. M. Chen and D. Gidaspow, Powder Technology, 76, 65 (1993).

23. J. Ding and D. Gidaspow, AIChE J., 36(4), 523 (1990).

24. B. H. Xu and A. B. Yu, Chem. Eng. Sci., 52(16), 2785 (1997).

25. C. C. Pain, S. Mansoorzadeh, J. L. M. Gomes and C. R. E. de

Oliveira, Powder Technology, 128, 56 (2002).

26. S. B. Savaqe, Theory of dispersed multiphase flow, R. E. Meyer,

Eds., Academic Press, New York (1983).

27. Y. Mawatari, Y. Tatemoto and K. Noda, Powder Technology, 131,

66 (2003).

28. K. Malhotra, L. Law-Kwet-Cheong and A. S. Mujumdar, Powder

Technology, 39, 101 (1984).

29. J. Park, J. Kim, S.-H. Cho, K.-H. Han, C.-K. Yi and G.-T. Jin, Korean

J. Chem. Eng., 16, 659 (1999).



<<
  /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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


