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Abstract:  This study aims at the experimental determination of 
pressure drop and friction factor at gas flow through fixed beds of granular 
silica gel, alumina and activated carbon, and establishment of an equation 
containing a modified friction factor Fm to calculate pressure drop. In order 
to calculate the modified friction factor, an equation was suggested. 
The experimental values for pressure drop and friction factor were 
determined using spherical grains of silica gel, cylindrical grains of alumina 
and silica gel, alumina and activated carbon impregnated with calcium 
chloride. By means of the suggested equation, the values of pressure drop in 
fixed bed were calculated and compared with the experimental values. A 
good agreement between the predicted and experimental data is noticed. 
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INTRODUCTION 
 
An important hydrodynamic factor of the fluid flow through a fixed bed is represented 
by the pressure drop that is a measure of the required energy consumption. 
Literature comprises a large number of papers [1 – 15] that refer to the pressure drop 
and friction factor respectively of fluid flow through a granular fixed bed. The equations 
established theoretically for determining pressure drop and friction factor, presented in 
references [1 – 5, 9 – 12] are available for non-porous grains with exterior surface 
without roughness. In case of fixed bed of porous or rough external surface grains, the 
pressure drop values calculated with these equations are smaller then those determined 
experimentally. 
This study describes the experimental determination of pressure drop and friction factor 
at gas (air) flow through granular beds of silica gel-calcium chloride, alumina-calcium 
chloride and activated carbon-calcium chloride composite materials. It is established a 
relation to calculate the pressure drop. 
 
 
ESTABLISHMENT OF AN EQUATION FOR PRESSURE DROP 
 
In order to establish a relationship for pressure drop at gas flow through a granular fixed 
bed, it can be used the equation: 
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where: F - friction factor; H - fixed bed height; vf - gas flow rate; ε - fixed bed porosity; 
de - equivalent diameter of the fixed bed. 
Equivalent diameter de can be expressed by the relationship: 
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where: d - equivalent diameter grain; ψ - shape factor. 
Based on expressions (1) and (2) it can be written: 
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Introducing the notation 4/3 FFm ⋅= , equation (3) becomes: 
 

ρ
ε
ε

ψ
⋅⋅

−
⋅

⋅
⋅=Δ 2

3
1

fm v
d

HFp       (4) 
 

where: Fm - modified friction factor. 
Relationship (4) allows one to calculate the pressure drop for gas phase flow through 
granular fixed bed. 
To calculate the modified friction factor, Fm, the following relationship is proposed: 
 

n
m aF −⋅= Re         (5) 
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where: Re - Reynolds number ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ⋅⋅⋅
=

η
ψρ dv fRe ; a, n - parameters that depend on the 

material nature and shape of grains, and gas flow regime; η - dynamic viscosity of gas 
phase. 
Parameters a and n can be experimentally determined. When the flow regime is laminar, 
n = 1, and when it is turbulent, n = 0. 
 
 
EXPERIMENTAL 
 
In order to determine experimentally the pressure drop, the laboratory experimental 
set-up shown in Figure 1 was used. 
 

 
Figure 1. Experimental set-up:1 - column; 2 - air dryer; 3 - fan; 4, 6 - valves;         

5 - flowmeter; 7 - Pitot-Prandtl tube; 8, 9 - thermometers; 10 - manometer.  
 
The installation consists in two vertical cylindrical columns (1) and (2), a fan (3) and 
measurement devices for temperature and air flow rate. Column (1) is made of stainless 
steel and at the column bottom is fixed a metallic sieve (1a) to support the vessel with 
granular fixed bed (1b). A rubber fitting (1c) was used to seal the space between vessel 
(1b) and column (1) wall. Column (2) is the air drying chamber and it is made of two 
cylindrical stainless steel sections fitted by flanges. Between the two sections is fixed a 
sieve made by stainless steel (2a) to support the adsorbent composite material bed (2b) 
meant for air drying. 
The air flow rate is controlled at low values by means of valve (4) and flowmeter (5), 
and at high values by means of valve (6) and Pitot-Prandtl tube (7) that is connected to 
an inclined differential manometer. In the superior section of column (2) is fixed an 
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electrical resistance needed for air heating. Air temperature is controlled by means of an 
autotransformer and thermometers (8) and (9) fixed at the top and bottom of the fixed 
bed. The manometer (10) is used to measure the pressure drop of gas flow through the 
fixed bed. 
The experiments were carried out at atmospheric pressure, 303 K temperature and 
several values of air flow rate ranged between 5.3 and 27.3 m3·h-1. In the experimental 
investigations, grains of composite materials (silica gel impregnated with CaCl2 – 
MCSS1; alumina impregnated with CaCl2 – MCA1; activated carbon impregnated with 
CaCl2 – MCC1) and the proper basic matrices (silica gel, alumina, activated carbon) 
were used. The specified materials present spherical shape of 3.57 mm in diameter 
(silica gel and MCSS1), cylindrical shape having the dimensions d = 3.2 mm, l = 3.2 
mm (alumina and MCA1), cylindrical shape having the dimensions d = 3.5 mm, l = 3.5 
mm (activated carbon and MCC1). Geometrical parameters of the fixed bed are D = 
0.086 m, H = 0.07 m. 
 
 
RESULTS AND DISCUSSION 
 
Using the laboratory experimental set-up shown in Figure 1, the pressure drop was 
experimentally determined when the air cross a granular fixed bed of adsorbent material 
(silica gel, alumina, activated carbon, MCSS1, MCA1, MCC1) for several values of air 
flow rate ranged between 5.3 and 27.3 m3⋅h-1. The results obtained are presented in 
Table 1. 

 
Table 1. Pressure drop variation as a function of air superficial velocity 

Δp [mm H2O] Mv 
[m3⋅h-1] Alumina MCA1 Activated 

carbon MCC1 Silica gel MCSS1 

5.3 4 4.5 2.5 2.5 3.5 4.0 
7.2 7 8 4.5 4 6 7.5 
9.1 10 11 7.0 7.5 9 12 

10.9 13 15.5 9.5 10 12 15 
12.8 18.5 20 12 13 16 18 
14.5 24 26 16 17 20 25 
16.4 30 31,5 20 21 25 32 
18.2 35 39 24 26 31 39 
20.0 42 46 29 30 35 46 
21.8 50 53 33 35 41 54 
23.6 56 61 40 41 48 63 
25.5 66 69 47 48 54 70 
27.3 73 77 53 55 63 78 

 
As can be seen from Table 1, at the flow of air through a fixed bed of adsorbent 
material, the pressure drop increases for each type of material with the gas flow rate. 
The lowest values of pressure drop occurs in the case of activated carbon and MCC1 
due mainly to bed porosity that is greater then the porosity of other materials, the grains 
having higher dimensions. Between the composite material and the basic matrices is no 
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significant difference as it concerns the pressure drop, Δp being slightly higher in case 
of composite materials in comparison with basic matrices. This aspect may be due to the 
increase of the external surface roughness of grains as a result of basic matrix 
impregnation with calcium chloride. 
Using relation (4) and data in Table 1, the experimental values of the modified friction 
factor were determined and plotted in Fm – Re type diagrams, Figures 2 – 4. Diagrams in 
Figures 2 – 4 pinpoint the existence of three areas where the modified friction factor 
varies as a function of Reynolds number: laminar, intermediate and turbulent. Critical 
values of Reynolds number that separates these three areas of factor Fm are different as 
a function of the material nature of grains, and grains shape. 
Diagrams in Figures 2 – 4 highlight the Fm factor variation with Reynolds number for 
each composite material (MCA1, MCC1 and MCSS1). 
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Figure 2. Variation of modified friction 
factor as a function of Reynolds number 

for alumina and MCA1 

Figure 3. Variation of modified friction 
factor as a function of Reynolds number 

for activated carbon and MCC1 
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Figure 4. Variation of modified friction factor as a function of Reynolds number for 

spherical silica gel and MCSS1 
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Further, using relation (5), values of a and n parameters were calculated as presented in 
Table 2. As can be noted, the critical values for Reynolds number are higher in case of 
composite materials MCC1 and activated carbon grains (Re: 33, 300). For silica gel 
grains and MCSS1 material, critical values of Reynolds number are equal to 20 and 
215, while in case of alumina and MCA1 grains, the critical values of Reynolds number 
are equal to 30 and 270. 
 

Table 2. Values of a and n parameters 
Re < 30 30 – 270 > 270 
a 49.7 20.23 1.22 Alumina 
n 1 0.59 0 

Re < 30 30 – 270 > 270 
a 51.9 7.31 1.28 MCA1 
n 1 0,33 0 

Re < 33 33 – 300 > 300 
a 139 6.66 4.05 Activated carbon 
n 1 0.07 0 

Re < 33 33 – 300 > 300 
a 143.9 10.25 4.14 MCC1 
n 1 0.23 0 

Re < 20 20 – 215 > 215 
a 89.9 8.44 2.25 Silica gel 
n 1 0.23 0 

Re < 20 20 – 215 > 215 
a 100 10.1 2.80 MCSS1 
n 1 0.22 0 

 
Based on data in Table 2, Fm factor was calculated using relation (5) and then the 
pressure drop for a granular fixed layer crossed by a gaseous phase (air) was calculated 
by means of equation (4) at the same values of operating parameters specified in the 
experimental part. Values calculated for pressure drop are presented in Table 3. 

 
Table 3. Calculated and experimental values of pressure drop [Pa] 

Alumina MCA1 Activated carbon MCC1 Silica gel MCSS1 Mv 
[m3⋅h-1] 

vf 
[m⋅s-1] Δp 

exp. 
Δp 

(eq. 5) 
Δp 

exp. 
Δp 

(eq. 5)
Δp 

exp. 
Δp 

(eq. 5) 
Δp 

exp. 
Δp 

(eq. 5)
Δp 

exp. 
Δp 

(eq. 5) 
Δp 

exp. 
Δp 

(eq. 5)
5.3 0.2533 39.2 44.4 44.1 45.1 24.5 24.2 24.5 25.4 34.3 34.2 39.2 42.5 
7.2 0.3441 68.6 69.2 78.4 75.1 44.1 43.7 39.2 44.6 58.8 58.7 73.5 73.4 
9.1 0.4349 98 96.3 107.8 111.1 63.7 68.8 73.5 68.7 88.2 88.9 117.6 111.5 

10.9 0.5210 127.4 124.2 151.9 150.2 93.1 97.4 98 95.7 117.6 122.4 147 153.6 
12.8 0.6108 181.3 155.9 196 196.5 117.6 133.1 127.4 128.9 156.8 163.0 176.4 204.9 
14.5 0.6931 235.2 205.5 254.8 242.0 156.8 169.3 166.6 162.1 196 202.9 245 255.3 
16.4 0.7839 294 262.9 308.7 297.3 196 216.3 205.8 194.4 245 252.4 313.6 318.0 
18.2 0.8699 343 323.8 382.2 353.7 235.2 234.2 254.8 239.4 303.8 303.2 382.2 382.5 
20.0 0.9560 411.6 391.1 450.8 410.3 284.2 282.8 294 289.1 343 328.1 450.8 452.5 
21.8 1.042 490 464.7 519.4 487.6 323.4 336.0 343 343.5 401.8 389.8 529.2 527.5 
23.8 1.128 548.8 544.6 597.8 571.4 392 393.9 401.8 402.7 470.4 456.8 617.4 568.5 
25.5 1.218 646.8 635.0 676.2 666.3 460.6 459.2 470.4 469.3 529.2 532.6 686 662.8 
27.3 1.304 715.4 727.9 754.6 763.7 519.4 526.2 539 537.9 617.4 610.5 764.4 759.8 

 



STUDY OF HYDRODYNAMICS IN FIXED BED OF COMPOSITE GRANULAR MATERIALS 

St. Cerc. St. CICBIA  2010 11 (4)                                                                                                                             409 

In order to verify the equation suggested to calculate the pressure drop, in Table 3 are 
also shown the experimental data. As can be seen, there is a good agreement between 
values calculated with relation (4) and experimental ones. 
 
 
CONCLUSIONS 
 
In this paper, the hydrodynamics of fixed granular beds of composite materials crossed 
by a gaseous phase is studied. 
It was established an equation containing a modified friction factor Fm in order to 
calculate the pressure drop at gaseous phase flow through a fixed granular bed. For 
calculating factor Fm, an equation (Fm = a·Re-n) with two parameters, a and n, was 
proposed. 
The experimental values for pressure drop were determined using spherical grains of 
silica gel, cylindrical grains of alumina and silica gel, alumina and activated carbon 
impregnated with calcium chloride. 
Based on experimental data related to pressure drop, the modified friction factor was 
determined and, based on this, the a and n parameters values, from the calculation 
expression of Fm factor. 
Further, using the proposed equation, the values of pressure drop in fixed bed were 
calculated and compared with the experimental values. It results a good agreement 
between the predicted and experimental data. 
 
 
AKNOWLEDGEMENTS 
 
Financial support for this work was provided by CNCSIS-UEFISCSU, in the 
framework of PN-II/IDEI PROGRAM (PN-II-ID-PCE-2007-1, Grant No. 
63/01.10.2007, Cod 608). Ioan Solomon wants to thank for the financial support 
provided by EURODOC “Doctoral Scholarships for research performance at European 
level” project, financed by the European Social Found and Romanian Government. 
 
 
REFERENCES 
 
1. Darby, R.: Chemical Engineering Fluid Mechanics, M. Dekker, Inc., New York, 2001; 
2. Bird, R.B., Stewart, W.E., Lighfort, E.N.: Transport Phenomena, John Wiley Inc., New York, 

2002; 
3. Bratu, E.: Unit Operations in Chemical Engineering, Vol. 1, Editura Tehnică, Bucharest, 1983; 
4. Jinescu, G., Lavric, V., Iordache, C.: Dynamics of real fluids in process plants, Editura SemnE, 

Bucharest, 2001; 
5. Tudose, R.Z.: Engineering of physical processes in chemical industry, Vol. 1, Transfer 

phenomena, Editura Academiei, Bucharest, 2000; 
6. Perry, R.H., Green, D.W.: Perry’s Chemical Engineers’ Handbook, McGraw-Hill, New York, 

1985; 
7. Kohl, A., Nielsen, R.: Gas Purification, Gulf Publishing Company, Houston, 1997; 
8. Richardson, J.F., Peacock, D.G.: Chemical Engineering, Vol.1., Pergamon Press, Oxford, 1994; 
9. Chahbani, M.H., Tondeur, D.: Pressure drop in fixed-bed adsorbers, Chemical Engineering 

Journal, 2001, 81 (1-3), 23-34; 



SOLOMON, SECULA and PETRESCU 
 

 
410                                                                                                                             St. Cerc. St. CICBIA  2010 11 (4) 

10. Eisfeld, B., Schnitzlein, K.: The influence of confining walls on the pressure drop in packed beds, 
Chemical Engineering Science, 2001, 56 (14) 4321-4329; 

11. Rix, A., Olujic, Z.: Pressure drop of internals for packed columns, Chemical Engineering and 
Processing: Process Intensification, 2008, 47 (9-10), 1520-1529; 

12. Foumeny, E.A., Kulkarni, A., Roshani, S., Vatani, A.: Elucidation of pressure drop in packed-bed 
systems, Applied Thermal Engineering, 1996, 16 (3) 195-202; 

13. Taranto, J., Frochot, D., Pichat, P.: Photocatalytic air purification: Comparative efficacy and 
pressure drop of a TiO2-coated thin mesh and a honeycomb monolith at high air velocities using a 
0.4 m3 close-loop reactor, Separation and Purification Technology, 2009, 67 (2), 187-193; 

14. Kikkinides, E.S.; Yang R.T.: Effects of bed pressure drop on isothermal and adiabatic adsorber 
dynamics, Chemical Engineering Journal, 1993, 48 (9), 1545-1555; 

15. Gandhidasan, P.: Prediction of pressure drop in a packed bed dehumidifier operating with liquid 
desiccant, Applied Thermal Engineering, 2002, 22 (10), 1117-1127. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 -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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 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 <<
    /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


