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A numerical investigation into specific surface effects in flame propagation of lean and rich laminar hydrogen flames at different
wall boundary conditions and fuel/air ratios has been performed by means of two-dimensional simulations.

The use of hydrogen as fuel in engines and other power devices
is promising for a decrease of pollution because the product
of the combustion of hydrogen is water. However, the wide
application of the fuel is above all retarded with large consump-
tion of energy as well as with high flammability of hydrogen–
air mixtures (HAMs). The combustion of the mixtures often
transforms to detonation regime over a wide range of hydrogen
concentrations. Information on the influence of wall properties
on flame propagation in HAMs is of importance to provide safe
conditions of transport and ‘mobile’ storage of hydrogen.

Note that contemporary data on wall effects in hydrogen
combustion at 1 atm refer to conditions of a burner.1,2 Under
these conditions, calculations showed that, for atmospheric
pressure of HAM and a wall temperature of 600 K, the catalytic
wall retards homogeneous combustion of hydrogen more than
the recombination wall.

The aim of this work was to study surface effects on the
velocities of flame front at atmospheric pressure and wall tem-
perature (300 K) at different wall boundary conditions, reactor
diameters, and fuel-to-air ratios. A surface reaction of chain
initiation was also taken into account, as well as specific features
of the branched-chain mechanism of hydrogen oxidation.

The reduced kinetic mechanism of hydrogen oxidation at
atmospheric pressure can be represented as follows:3

H2 + O2 ® 2OH (0) k0 = 1.92×1014e–21890/T cm3 mol s (ref. 4)
OH + H2 ® H2O + H (1) k1 = 4.63×1012e–2100/T cm3 mol–1 s–1 (ref. 5)
H + O2 ® OH + O (2) k2 = 1.99×1014e–8460/T cm3 mol–1 s–1 (ref. 6)
O + H2 ® OH + H (3) k3 = 1.88×1014e–6897/T cm3 mol–1 s–1 (ref. 7)
H + O2 + M ® HO2 + M (4) k4 = 6.47×1015(T/298)–0.8 cm6 mol–2 s–1 (ref. 8)
H + HO2 ® 2OH (5) k5 = 1.69×1014e–440/T cm3 mol–1 s–1 (ref. 6)
H2 + HO2 ® H2O2 + H (6) k6 = 3.00×1013e–14400/T cm3 mol–1 s–1 (ref. 6)
OH + O ® H + O2 (7) k7 = 9.29×1012 cm3 mol–1 s–1 (ref. 9)
O + HO2 ® OH + O2 (8) k8 = 3.25×1013 cm3 mol–1 s–1 (ref. 6)
OH + HO2 ® H2O + O2 (9) k9 = 2.89×1013e250/T cm3 mol–1 s–1 (ref. 8)
2HO2 ® H2O2 + O2 (10) k10 = 2.00×1012 cm3 mol s (ref. 10)
H2O2 + M ® 2OH + M (11) k11 = 1.3×1017 e–22750/T cm6 mol–2 s–1 (ref. 10)
H + H + M ® H2 + M (12) k12 = 2.2×1015 cm6 mol–2 s–1 (ref. 8)

As is known, the stationary propagation of a reaction wave
should be considered with no regard for a chain origination
reaction11. A two-dimensional planar problem was examined.
Characteristic scales of the process were chosen as follows:
t0 = 1/(k1

0[H2]0), x0 = (D3/k1
0[H2]0)1/2, U0 = x0/t0 = (D3k1

0[H2]0)1/2

(the scales of time, length and velocity, respectively; D3 is the
diffusivity of H2). We determine the dimensionless variables
and parameters t = t/t0, x = x0, h = y/y0, v = U/U0, Yi = [concentra-
tion of the ith component]/[H2]0, di = Di/D3 (Di is the diffusivity

of the ith component). The velocity and coordinates of the
propagating flame front were designated in terms of the dif-
fusivity of H2 (D3): v = U/(D3k1

0[H2]0)1/2, x = x/(D3/ k1
0[H2]0)1/2,

h = y/(D3/k1
0[H2]0)1/2. Here, U, x and y are corresponding dimen-

sional values, k1
0 is the preexponential factor of reaction (1).

Diffusivities (Di /D3, i = 0–6) d0, d1, d2, d3 = 1, d4, d5, d6 in
H2 + air mixture refer to OH, O, H, H2, O2, HO2 and H2O2,
respectively. The set of reaction-diffusion equations for the
above reaction mechanism takes the form (m, n = 0–6: refer to
reacting particles OH, O, H, H2, O2, HO2, H2O2):

where m, n = 0–6, i = 0–12, Ki = ki/k1
0 for bimolecular reac-

tions, Ki = kiM/k1
0 for termolecular reactions, M = 760×1019/T.

The rate of heat release in reaction chain is given by the latter
equation of set (1). Here, Cp is the mass-weighted mean specific
heat capacity at constant pressure, cal g–1 K–1;12 d7 » d3  is thermal
diffusivity of the mixture, T is temperature (K), r is the density
of the mixture, g cm–3.12 Specific heats Qi and diffusivities were
taken from refs. 13, 14; f is the mole fraction of an initial
component.

The reaction-diffusion equation for O atoms as an example is
given below:

The solutions of set (1) fulfill the following boundary condi-
tions for flame propagation from the right to the left (l is the
distance between the reactor axis and the reactor wall; symmetry
conditions are specified along the axis):

When solving set (1), the initial fronts of starting components
Y3 [H2] and Y4 [O2] at the time origin over coordinate were defined
according to the composition of HAM. The shapes of the fronts
were approximated with 1/2 – 1/ [arctg(bix)] (i = 3, 4), the initial
fronts of H atoms and T were specified as Yi = aiexp[–bi(x + h)2],
where ai and bi (i = 2, 7) were scale coefficients.15 These initial
shapes correspond essentially to initiation of flame propagation
with an external source, as in a number of experiments.16,17 The

¶Yi /¶t = di(¶2Yi /¶x2 + ¶2Yi /¶h2) + KnYmYn – KnYmYn m ¹ i, n

¶T/¶t = d7(¶2T/¶x2 + ¶2T/¶h2) + 1/(Cp r) QiKiYmYn i

 m = i, n (1)i i

 m, n

¶Y1/¶t = d1(¶2Y1/¶x2 + ¶2Y1/¶h2) + K2Y2Y4 – K3Y1Y3 – K7Y0Y1 – K8Y1Y5.

Yi(x, h) ® 0 (i ¹ 3, 4), T(x, h) ® 300 K, x ® ±¥;

Y3(x, h) ® fH2
, Y4(x, h) ® fO2

, x ® –¥; 

Yi(x, l) = 0 (i ¹ 3, 4) or [¶Yi(x, h)/¶h]l = 0; 

[¶Yi(x, h)/¶h]l = 0 (i = 3, 4); T(x, l) = 300 K.

¶Y3(x, h)/¶h ® 0, ¶Y3(x, h)/¶h ® 0, x ® +¥; (2)
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chosen shapes of Yi had no influence on the steady state velocity
of flame propagation. The two-step implicit scheme provided
the second order of approximation of system (1) over both
spatial and time variables.18

The calculated profiles of chemical components and tem-
perature in a stationary flame front of 40% H2 in HAM for
boundary conditions of the types 1 and 2 are shown in Figure 1.
In Figure 1 the bloom of grey colour indicates spatial distribu-
tions of concentrations of Yi, the grey borders correspond to fixed
concentrations, and a darker grey colour corresponds to greater
values of concentrations. As is seen in Figure 1, the profile of
OH radicals exhibits two maxima, the result is somewhat similar
to one obtained numerically19 for rich HAMs, and it probably
has the similar explanation. The top of each frame is the wall of
the reactor; the bottom is the axis of the reactor. The use of two
types of boundary conditions allowed qualitative establishing
the role of surface termination of active centres for different
diameters of reactors, as well as for different compositions of
HAMs. A relation of the velocity for completely inert surface
([¶Yi(x, h)/¶h]l = 0, i ¹ 3, 4, type 2 of boundary conditions) to
the velocity for terminating surface [Yi(x, l) = 0, i ¹ 3, 4, type 1
of boundary conditions] was the measure of a wall effect
V(flux = 0)/V(conc = 0). The calculations showed [Figure 1(c)] that
the mechanism accepted is valid due to the fact that calculated
flame velocities for terminating surface are in good qualitative
agreement with published data.18,19

The calculated dependence of V(flux = 0)/V(conc = 0) on both
H2 concentration in HAMs and reactor diameter is shown in
Figure 2(a). The influence of wall chain termination at 1 atm
increases with decreasing both diameter and H2 concentration.
Figure 2(b) shows that the calculated lower concentration limit
makes up about 5% H2; it is in agreement with published data18,19

and also suggests the validity of the mechanism accepted.
It is seen in Figure 2(b) that the influence of surface is most
pronounced only in the immediate vicinity of the lower con-
centration limit; its dependence on the content of H2 is rather
sharp. Therefore, even a flame arrester composed of pipes 1 cm
in diameter treated with the substance that effectively terminates
reaction chains (e.g., a metal oxide20) will not be efficient if the
content of H2 in HAM exceeds 6%. The narrower tubes will
maintain stronger resistance to gas flow. It means that the use of
small active chemical additives (inhibitors) to prevent explosions
of HAMs is considerably more promising.21

The influence of the rate of surface chain initiation on the
velocity of flame propagation was also investigated. It was
expected that the surface evolves H atoms; their flux into
the reactor volume was assumed to make up ¶Y2(x, h)/¶h)l =
= k0Y1Y2/k1

0. The calculations showed that chain initiation for the

mixture of 40% H2 in HAM takes effect only if the rate constant
of surface initiation amounts to the value of homogeneous
initiation k0 taken at 1800 K; in other words, to accelerate flame
propagation, the surface should exhibit catalytic properties.

It was speculated22 that chain branching does not occur in H2
oxidation at 1 atm. It was of interest to verify whether fast chain
initiation could provide stationary flame propagation in the
absence of chain branching at given rate constants. For this
purpose, it was assumed that the number of free valences does
not change in branching step (2); i.e., the reactions of O atoms
formed in step (2) were not taken into consideration in further
calculations. Under this assumption, only a trivial solution to
set (1) was attained. It means that, for the chemical mechanism
accepted, the rate of heat release is insufficient to sustain a
combustion wave if chain branching does not occur. A wave
solution does not exist even at the value of the rate constant
of surface initiation k0, which influences the flame velocity if
chain branching is taken into account (see above). Therefore,
the calculations performed point to the importance of inclu-
sion of a chain branching step for the description of hydrogen
combustion at higher pressures.3

By this means it has been shown that the influence of surface
chain termination on the flame velocity becomes significant in
the vicinity of the lower concentration limit; the surface chain
initiation does not affect the flame velocity. Flame propagation
does not occur if a chain mechanism without branching even
with high rates of chain initiation is used.
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Figure 2 (a) Calculated dependence of the relation of the velocity for
completely inert surface V(flux = 0) to the velocity for terminating surface
V(conc = 0) both on H2 concentration in mixtures and reactor diameter [curves
are fitted, (1) 6% H2, (2) 8% H2, (3) 40% H2 in air]; (b) Calculated
dependence of the percent of the contribution of surface termination on the
concentration of H2 in air from a plot Figure 2(a) for three diameters of
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2.0

1.8

1.6

1.4

1.2

1.0

V
(f

lu
x 

=
 0

)/V
(c

on
c 

=
 0

)

0.0 0.2 0.4 0.6 0.8 1.0

d–1/cm–1

V
(f

lu
x 

=
 0

)/V
(c

on
c 

=
 0

) 
(%

) 120

100

80

60

40

20

0
0 10 20 30 40 50

% H2 in air

1
2

3

(a)

(b)

1

2

3



– 222 –

Mendeleev Commun., 2008, 18, 220–222

4 V. V. Azatyan, E. N. Alexandrov and A. F. Troshin, Kinet. Katal., 1975,
16, 306 [Kinet. Catal. (Engl. Transl.), 1975, 16, 346].

5 R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr,
M. J. Rossi and J. Troe, J. Phys. Chem. Ref. Data, 1997, 26, 1329.

6 D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just,
J. A. Kerr, M. J. Pilling, J. Troe, R. W. Walker and J. Warnatz, J. Phys.
Chem. Ref. Data, 1992, 21, 411.

7 S.-O. Ryu, S. M. Hwang and M. J. Rabinowitz, Chem. Phys. Lett.,
1995, 242, 279.

8 D. L. Baulch, C. T. Bowman, C. J. Cobos, R. A. Cox, Th. Just, J. A. Kerr,
M. J. Pilling, D. Stocker, J. Troe, W. Tsang, R. W. Walker and J. Warnatz,
J. Phys. Chem. Ref. Data, 2005, 34, 566.

9 H. Yang, W. C. Gardiner, K. S. Shin and N. Fujii, Chem. Phys. Lett.,
1994, 231, 449.

10 Y. K. Park and D. G. Vlachos, J. Chem. Soc., Faraday Trans., 1998,
94, 735.

11 Ya. B. Zel’dovich, G. I. Barenblatt, V. B. Librovich and G. M. Machviladze,
Matematicheskaya teoriya goreniya i vzryva (Mathematical Theory of
Combustion and Explosion), Nauka, Moscow, 1980 (in Russian).

12 Tablitsy fizicheskikh velichin (Tables of Physical Values), ed. I. K. Kikoin,
Atomizdat, Moscow, 1976, p. 1007 (in Russian).

13 B. D. Hitch and D. W. Senser, AIAA-1988-732, 26th Aerospace Sciences
Meeting, Reno, NV, 1988.

14 A. A. Konnov, Khim. Fiz., 2004, 23, 5 [Chem. Phys. Reports (Engl.
Transl.), 2004, 23, 10].

15 N. M. Rubtsov, V. D. Kotelkin and V. P. Karpov, Kinet. Katal., 2004,
45, 3 [Kinet. Catal. (Engl.Transl.), 2004, 45, 11].

16 B. Lewis and G. Von Elbe, Combustion, Explosions and Flame in
Gases, Academic Press, New York, London, 1987, p. 566.

17 D. Liu and R. MacFarlane, Combust. Flame, 1983, 49, 59.
18 G. I. Marchuk, Metody vychislitel’noi matematiki (Methods of Compu-

tational Mathematics), Nauka, Moscow, 1989 (in Russian).
19 V. A. Bunev and V. S. Babkin, Mendeleev Commun., 2006, 12.
20 V. V. Azatyan, Usp. Khim., 1985, 54, 33 (Russ. Chem. Rev., 1985, 54, 21).
21 V. V. Azatyan, Kinet. Katal., 1999, 40, 818 [Kinet. Catal. (Engl. Transl.),

1999, 40, 876].
22 E. N. Alexandrov, N. M. Kunetsov and S. N. Kozlov, Fiz. Goreniya

Vzryva, 2007, 43, 44 (in Russian).

Received: 8th February 2008; Com. 08/3080



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


