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Abstract: In order to explore the influence of bubble size on numerical simulation of gas-liquid two-phase flow in
aeration tanks, a mathematical model for two-phase flow in aeration tanks was established using large-eddy simulation
and Eulerian-Lagrangian approach. Based on the measured bubble size distribution produced by a commonly used
membrane diffuser in model experiments, three kinds of bubble size set schemes in numerical simulation were designed.
The effect of the different set schemes on the calculation of the flow velocity and gas holdup was studied. Bubble size had
a great influence on the flow field in aeration tanks, and had little effect on the gas holdup distribution in most regions
except the vicinity of the gas holdup peak; the input of bubble size using multiple size groups instead of a single group
improved the prediction of two-phase flow in aeration tanks; when single bubble size was used, it should be as close to the
average bubble diameter as possible.

Key words: aeration tank; gas-liquid flow; bubble size; numerical simulation

Wkt v K AR B 0 3t R R 3 S
VTR AL B T2 (A% oA U M it N B A
PSR B R It N T KA T L
Y ARV e = R AR 5 DL R AR
I 7K H [ A T 46, T 11 5 Wi 195 7K Ak R ASCR AN
IBATHRAL N T A HREA T b A BT S A,
ity ZE RN AN B0t A TR St OB A AL
)R PN B A VT SR AR () I SEUR R S
PR Z)) 77 % (CFD) R U i 5% J5E (14 2 A 2l 2k
N AT R UTEE R IF A A 2 2738 Y I CFD 7 v 0T
M it Ji TR AN ) BRASE TR P F) R s R A T R
(RIBFFE, IR T A DA 3 SRR 2L,

265 K 22 B0 0P AR It 25 (DR
T AT RER A —A P37 AU EAR
KA S Bt A SF o A AT B 4 T
S bR 2 P KR A T B &
)4 FH 0 R B SR BE S 0, ST 9 R W AN ) £
AR P BRI S A A i B S A5 TS
T S 35 (R i 22 S 1 0D A Aok, e B A 4 o
S I T R R A 5 A AR A ) A R
BAURH] T 2 000 RS S R 3,0 R0
TS HER: 2012-03-18
BEEWE: HEXARFAIEEEBIE(50978173)
* JHTAEE, PRI, zhfx@scu.edu.cn




11 3] R

ST g A RO A A SRR ) R

2007

AUE RO IR AN () S I S ik A 2
07 2 W S TRUORS R A9 3 T e L
VA S BT RS o0 A i AR AR IS DL T,
B vE 50T e 2% 18 A 2 410 RS ORI
AR B0 B A SR ST LA SR Affy 1) 7 S 45
I Fayolle 25U R FZK R BUHBLAS STt Py <
WA EAR AL 1 ~ 8mm Z[A], 43 A7 4
DAL LRI 50 R0 s A4 A it (B AL
AU AR - e NTRE N B N TG S i UK
T Ay I A 2 A B U SR T 9 R R Al R
DR AL FUL AT — s B ] 75 32 22 ST g <
AP AH R R R S R R o B S
Tt A PR S Bl 0 R .

1 HEFERE

YRR

SEIGAE — R IR AR PR T 1, AR 4 S B
T A g A ) B R T SR 1 T A A 2R R
SFRUKAK 2.4m. 85 1.3m. & 2.3m, 8 9 KIE
h2m R G KA BT e RS R S = A AL
WS AL AT MR E AR 20em, 7 T 7K 4
rHC AR S B TR rp SR R S 0 SR T
A B AR R R N 2m /S R L 4
5 A 9 A8 85 1 s R E e AR 8mm [H)
SR HE N IS /K IR ) A5 ] 7 2 2
FNEA(ADV) 58 i, R FH A A8 A0 B OO &
AR B AR E S R ARE . BORIRE
HAL B AT S LR B 2R G 20 i, A3 s LA N o i B
A 22 SCHR[15]).

T S AR E AR A, R
THARGHAN B A S ISR T AR5 R
P 2 AR 52 B RS DL RO B S 2 R Y)
FRVAFDOS RN TE A ) S B R /N A3 B R
(R AT R (P 1), 45 SR 3R B S0 ELAR I 20 A o [
) MR AT AEAE TIE &1, 2 5
WHEAAN 1.5~4mm, ) HARZ) N 3mm.
1.2 #HIHHE

K F Bk — g B H J7 3 v SRR B N
AP A A R B — B B H 59 YR AE RR
PIHESE NAEH N-S 7 R vh 5, i B — A lifg —

1.1

A T SR T A T R R R I s
LR

00.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0
A B AR (mm)
B RS
Fig.1 Histogram of bubble size distribution
X K UL R T B T R A B R AT 4 1)
PEBJE 15 B AR AU 1 e

Ou,
=0 1
o (1)
O, N, O __\__0p T
— ) +— u)=———+uvVu ———+M,
at<pul) axj (pulul) axi ﬂ ul ax, i
2

ety “=7 B R R a5 2 AR R
A TN RO T RERIE ), E X
i, =uu; —u,u, KM Smagorinsky—Lilly V[
R RO JLTH B, ARV ] 2 2% 30k [16],
Hrp Smgaorinsky HE R E AN 0.1.M A HA7ARR
P 1) K AR A 328 (R A TR A T ).

DRz — P B3 H 77 V5 I SR by EC AR bR R
RIS B T AR B RS A IRz )
L7IRTI R NI 0] 741N v e UK VA Wi R = A oy

dx, .
=y (3)

“4)

A, my AN TR, N DRSS ¢ A
) IN3d ) 9.8N/kg; pr H1 p 73 5l K AN A3,
(R BE. Finer JAHIRIE R J0,75 I& AR AR FH )
AFERH . ERUTTE JJ AT Saffman T 7, Bl

Emcr,i = FDJ +FVM,i +FL,i (5)



BB ¥ 32 4

2008 28] BN
3m, C,
Di = Z,D_zd_jpl |” _”b| (”i _ub,i) (6)
P aui dub,i
F,,.=05m —| —L4——> 7
VM.i m, pa[at ar ] (7
F, = O.Smb&[(u—ub)x(qu)]i 8)
Pc

For B R Co T S A E AR dy AR
KRR AL AR E AR o A R B A
3mm A A7, R A A 24 5Oy

CD:mm4%%@0+owR&“ﬁ,§Evﬁ} )

. d lu—u Apd? .
ﬁ*)&:ﬂiL_ﬂwmziﬁinﬂﬁm
(o2

Hu
[15h 1% R 8o KK 2502 MEFE G
A IER > A E AR 2.5mm A AT,
FHTRIE B AR B T 38 S AH K R 5 8 O <
T AR B A, 71 20(2) L B B AR AR
FIAR TRIE F o Mo (10) 5
M, =3 (1 Fr) (10)

2k s AT AR F T O Y 1 B S
WAL Fom— R I AR R
SPR AR RIS ER RN O
AT IR ) P 3 o R AR A N AR R A A
Bl i) n ST

(11)

1.3 BfEki

FEVHSIR N BEAT PSRl 20, 15 21 10.2 T3 AN
[LTR AR ST 2N e X 7 &2 a4 R B T N o
ARE BRI ZES TR R SIMPLEC §i%
SR S5 M SR AR P ok 2 Tl o5
S 1y b3 S HR BRI LK T T AR B AN R
H IS5 R (R /KR AL R T 8 2.

XPBAHIL Fr 2 e T OIS 210 5 411,
PRI _E B0 PRI I 2 AF e R R A AR
ERETHT 152 D A SO AR KT BERE 3 HY 1
FREAE, R BRI T Ft 26 1 Ex I Y
PRERTEEL.

N T R R 0l B AT A T R

SO BEVE T 3 RIS BoE T ST % AV
AR S sl )G EL AR A (B 1D IRE,
TR ELAR RN O 11 A AR 20 U R B
S AT B RS E 5 58 BT IS
W HEAR B 3mm, RIEE T 980 (1 HAR Y
{H; 7% C:Hr /I AR R 2mm.

2 HR5WE

A v SARL 5 S P Ll 4 o A 8 3 g
AR R AT B 3 NIRRT R
AT, 8 X AARR A Z, 98 B AR bRl XX 3 MK
VLN R R R “2=0.5,1,1.5m” R ok
MMM 2 PR A8 R KR a2 TG
BER B T P [ 2 B, R AR AR R
BRI G, PRI B8 PR T, 3K 28 it 78 I
G55 S WS W) £ (7).

05 r

X(m)
K2 KB imis

Fig.2 Predicted instantaneous flow field

ML 3 ] DU H A RST 38  E [ i
A3 AT W Ak 2 R AN ] () =0k AR 3
AT v S5 45 380 7K it 2 [ it I 43 A1 4 %) B i
55 55 VAR I A7 AR R 22 e, I HL B A B 0
ORI 22 S A f; S5l e R LU RIS 21,7 & A
vt g R S S W) & LA R 22 20 0
J7%E B 7% C 1 45%.

HPE 4 T3 BT A B E R ih e



11 4] PTG R OX i P9 OB A i AU ) R ) 2009

FERFB I DRI 2333, FURAER AR & SR B2 0 RS IO B AR Y R 55 T
IR AT RAFAE R ZE 5, LR R, 22 SEBn RK T AR
SRS W B 2R LU S 21, Bk BTy

e A7 N L N 3.5
A AR NI AT S0 E AR
Fil, HADNRZEL N T % B FIJT % C 1) 71%. 30T
2571
3 a) Z=0.5m
0.5 S 20T @
= s & st
0.4 - T A r
— 2 ---- JT&EB 1.0+
03 (a) Z=0.5m
E 05t
02 o AL N L
§ 0.1 02 03 04 05 06 07 08 09 1.0 1.1
N
ol 1.6
14}
0.1
1 1 1 1 1 1 1.2 |
0 02 04 06 08 10 12 14
S 10F
0.5 ;\;
- ¥ 0.8
04} " w SEME 41
’ 10 TEA  06F
_ 03 i 04l
E
E o2t L
& 0.2
*‘ﬁ 0.1 0 .
= 02 03 04 05 06 07 08 09 1.0 1.1
N 0k
12
-0.1 s
ol . s
0.2 . ’ FEA
0 02 04 06 08 10 12 14 08 e & B
04 S (c)Z=1.5m f e FHEC
,\ S S s - '
03t "y EDN v
----JTEB 0.4r
o N A e
E 02}
)
#H 0.1 0 L .
E 02 03 04 05 06 07 08 09 1.0 1.1
0f e > X(m)
0.1 Bl 4 SEHEMVEE S SE i

! ! ! ! ! ! Fig.4 Comparison of simulated and experimental
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
profiles of the gas holdup

K3 KU ) SEad i v AR SE DA PR

Fig.3 Comparison of simulated and experimental profiles

IR/ P AT 7K 5 v s S A
36 [0 X DR 32 AR 20 1 46 R0 B T 1 1 )
S OB ) L S A R RS Kua ()
HA TR C % B MR IR AR N
T SEBR LB AR M, 7 % B A8 K i &Wﬂfiig@ (12)
R A AT 5 7 A 5 ST £ 4 T A nd, d,

of the axial liquid velocity



2010 o @® O

BB ¥ 32 4

LDy AR K B 7059 R B I R
I DA RE AL Ve G S KR AR R, B R
MR BRI RS L POE a6 W TE RN
A A2) AT L, RS 5 AL AR B
Wi g 5 Wi P T AR K 0 5 P PRI BIE 00 6 v
SR A T A I TN ) R Af P R A B S

S s g DAy VR = AR, T 2% s
Py AN AL T DE KIAF AR BUK AR IR 5K 77
ZR Bl 90 ARG R 55 R A A AR, B 1T S /K R
SRR T R A AR S B 2 e 5 2,
& XS AR K D 5 R K 22 7 A — A B
o e 2t A L, A2 3 B0 h TR R AN R
A T PTARAL K IR PR AR A R Ak A 2.

3 4t

3.1 XPERAHT TSI AR 2m/h [ T O
TS I A B 1 K O T ) R A A R
RO, TH 4 L S0 S Ak W& R AT,
0 UE T N7 PR R VR A R B BB ) I
Tk

3.2 Wl T 3R R E TR TR A
B SE ) S ER A  11 45 %R
B:JIT A AR BRI A E AT 3mm; 7
Z CHraMSEARY BN 2mm. g5 JR I, £
AT TS5 S S E V) & B i S
A1) 7K I T [ T AR5 2 ) 48 0 15 22 4 il
BAAH IR ST 45% 0 71 %; 1 57 FH B2 <
JUSE R AR LI T3 A AR

3.3 ARSI XKR AT B BRI
M) 117 5o 0157 28 43 A (4 5 A LE R0 70 DX S AN B A,
AR BRI I A B 2%

EpON

[1] Cheng Wen, Liu Wenhong, Hu Baowei, et al. Experimental study on
gas-liquid two-phase flows in an aeration tank by using image treatment
method [J]. Journal of Hydrodynamics, 2008,20(5):650-655.

[2] Cockx A, Quang Z D, Audic J M, et al. Global and local mass
transfer coefficients in waste water treatment process by
computational fluid dynamics [J]. Chemical Engineering and
Processing, 2001,40:187-194.

[B1 M SCR SRR A R b OB AH R R B AR L s

IGWTIT [J]. KFI2EHR, 2001,32(12):32-35.

[4] Fayolle Y, Cockx A, Gillot S, et al. Oxygen transfer prediction in
aeration tanks using CFD [J]. Chemical Engineering Science,
2007,62:7163-7171.

[5] McGinnis D F, Little J C. Predicting diffused-bubble oxygen
transfer rate using the discrete-bubble model [J]. Water Research,
2002,36:4627-4635.

[6] #  BCJE AT JRAF9L, 45 T B RE AR S TS s R
WA - IR AR ) [0). B 2R 2E4R, 2001,193):
249-255.

[7] Dhotre M T, Niceno B, Smith B L. Large eddy simulation of a
bubble column using dynamic sub-grid scale model [J]. Chemical
Engineering Journal, 2008,136:337-348.

[8] Liu T J. Bubble size and entrance length effects on void
development in a vertical channel [J]. International Journal of
Multiphase Flow, 1993,19:99-113.

[9 Buwa V V, Ranade V V. Characterization of dynamics of
gas-liquid flows in rectangular bubble colums [J]. AIChE Journal,
2004,50:2394-2407.

[10] Krishna R, van Baten J] M, Urseanu M I. Three-phase Eulerian

simulations of bubble column reactors operating in the

churn-turbulent regime: a scale up strategy [J]. Chemical

Engineering Science, 2000,55:3275-3286.

[11] Chen P. Sanyal J, Dudukovic M P. CFD modeling of bubble

columns flows: implementation of population balance [J].
Chemical Engineering Science, 2004,59:5201-5207.

[12] Lu J, Tryggvason G. Effect of bubble size in turbulent bubbly

down flow in a vertical channel [J]. Chemical Engineering

Science, 2007,62:3008-3018.

[13] Buwa V V, Ranade V V. Dynamics of gas-liquid flow in a

rectangular bubble column: experiments and single/multi-group

CFD simulations [J]. Chemical Engineering Science, 2002,57:

4715-4736.

[14] Fayolle Y, Gillot S, Cockx A, et al. In situ characterization of

local hydrodynamic parameters in closed-loop aeration tanks [J].

Chemical Engineering Journal, 2010,158(2):207-212.

SRR AR VFMENR, S 2,55 IR A B UK AR T AN

o34 [9]. KSR AR, 2008,27(1):53-57.

M2 R B AE AR AR S AT T W R v s

PRUORIBUL [7]. KRR, 2011,42(3):309-314.

Zhang D, Deen N G, Kuipers J A M. Numerical simulation of

[15]
[16]

[17]
dynamic flow behavior in a bubble column: a study of closures
for turbulence and interface forces [J]. Chemical Engineering

Science, 2006,61(23):7593-7608.

TEERIN: B HITF(1980-), 5, W1 4 3= AL UH, 1k, 32 T8 M 5

BRI TG R AR 6 F.




<<
  /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


