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A Simulation of the Tubular Packed Bed Reactor for the
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Abstract >> A 2-dimensional heterogeneous reactor model was developed and simulated for a tube reactor
of packed bed where the steam-CO, combined reforming reaction of natural gas proceeded to produce
synthesis gas. Under the reactor feeding rate, 45 Nm’/h, of the reactant gas stream, the 2-dimensional
heterogeneous reactor model showed the similar results to those from the ASPEN simulator although there
were some discrepancies between the two in the temperature and the H,/CO ratio of the reformed gas at
the reactor exit. The calculated enthalpy difference between the reformed gas at the reactor exit and the
reactant gas fed to the reactor was closely correspondent to the total amount of heat transferred to the reactor
interior from the furnace. This supports that the 2-dimensional heterogeneous reactor model was reasonably
established and the numerical solution was properly obtained.
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Table 1 Parameter values used

Heated length of reformer tube, Z;[m] 5.09
Inside diameter of reformer tube, 2),,[m] 0.075
Outside diameter of reformer tube, D), [m] 0.095
Number of burners, V, 6
Inside diameter of furnace refractory, Dfn [m] 1.9
Diameter of catalyst pellet, [, [m] 0.00525
Length of catalyst pellet, Z [m] 0.0128
]l))l;cn:j:e[lrn ]of holes inside catalyst pellet, 0.0026
Catalyst pellet characteristics length, Z [m] 0.00721
Sphere equivalent diameter of catalyst pellet, 0011
d, .,[m]
Sphericity of catalyst pellet, 1, 0.3928
Pellet porosity, & 0.55
Pellet tortuosity, 7 4
Catalyst bed void fraction, &, 0.56
Catalyst density, p,[kg/m’] 2141
Catalyst bed density, p,[ke/m’] 1091
Thermal conductivity of catalyst pellet,
. [kWi/(m K)] 0.000208
Single flame diameter, Df[m] 0.1
Adiabatic flame temperature, T}[K] 2200
Furnace gas temperature, JE[K] 1323
Emissivity of flames, £f 0.1
Emissivity of furnace gases, fg 0.1
Emissivity of reformer tube, & 0.95
Number of finite grids along r-direction of
reformer tube, V,, 10
Number of finite grids along diffusional length
of catalyst, V, 10
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Table 2 Reactor inlet condition
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Reformer feed gas temperature, 7 873 K
Reformer feed gas pressure, P 21.02 bar
Volume feed rate of the reformer gas, V) 45 Nm'’/h
CH, 27.82
CO, 20.87
Composition of reformer feed H0 44.45
gas (pre-reformed), mol% CO 0.05
H, 6.80
N, 0.01
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Fig. 1 Conversions of gases along the tube length
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Fig. 2 Change of the gas composition along the tube length
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Fig. 3 Temperatures of the gas phase and the reactor wall
along the tube length
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Fig. 5 Comparison of the total amount of heat transferred to
the reforming gas from the furnace with the enthalpy change
of the reforming gas along the tube length
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Table 3 Comparison of the simulation results

2-dim. hetero. ASPEN
model
CH,4 77.3 81.2
Conversion % CO, 54.5 44.06
H,O 22.8
CH,4 441 3.61
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Molar composition H0 23.98 20.90
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Molar flow rate of CO + H»
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Outside wall T. at exit [C] 985.0
Gas enthalpy change [kW] 37.6 37.4
Total heat transferred [kW] 37.2
P at exit [bar] 20.7
AP [bar] 0.3
AR,

3.2 ZArZmle| nE

Table 1 X Table 20 A|AIE 27 slofA 2] Z4k
HAFAIE ASPEN HAL A1}9} H|usto] Table 39
e Qi) 7 d7kA0] dign) #3) jE7pA el AY
A oA & A5 2-2H BlgFY W3] Hdl
HAPAT= ASPEN WA} Aol Afes] RgksiA|vk
HR37] EtollAle] JHE7EA 25, Hy/CO ratio 50
A oo A7t QS & 4= Qltk o]} A A}
oo Tigh LEZQl Yo W2 HET) 9l
oL}, 94 furnaceo| 4] 9] EAFH]| o5t
Qo g ol ME LvF F JFS v ZolH
£ A5 s e A s 2% parameter

Zro] B3k Aotk HyCO ratior} 1.822 4 ZIEZ

Lo

A234E A1E 20124 24



82 Hel71e) 557] ol kst By

2055 Tk WA ehd 32 9hgT] EREelA <]
RHe2e7t gopf o= dosha oz Cogl A4
o] ATE Avlolrt o]HL =3 furnaceol| A2 &
Argzgel ek et 24o] Bage YeRfA|
gk A1 HREE ] W] R =S 71 600Co

A 560CE =11,

O olylo v =%

o O
+AESE F COo =&

= = =
208794 17.87%=2 FF+= th4l, H,09 BEEE&2

44759014 47.75%%= =44 AAF BARSE A3t Hy/CO

ratios E3Eghol S 2.0302 W& 4= 9tk

4. 4 B
HeAzk2e] $37)-olAlshed BIAY W3]
of Tg 279 I WHg] WL AT AR

AFE $353lth. ASPEN WAL Zilof g
2-2k Bl 9Rg7] B2 vhgT] Sl A< Ah
A7k 25, Hy/CO ratio 5oll4] &F7He] 2ol S 1}
Rl o, ARty og ksl AakE Blrh &
AT9] 2-2H HlTFY WH7] HEoA W] -4
748} S 7hA0) Qgu] Zpol= furnaces 53l
P WEE AdE I 7R gk Belem,
o3t AR §Hg7] mdo] AAs] MAEgl o,
E3H A7 B RS onlgith AR Aol w2
W, ¥R8719] FA4 Z0] 0.3~0.5 FL9] §Rg7] U
H oo g gl FHH SufollA filament
carbon®] A4 7hsAdo] wie- & e yehylth
Sl SO fAI9F Ful LY =
coking Aol Ate FufE o] Fo Al F2

@ Bt Uk

Lo
s
X
filo
=
:?L
X

Ir

=
-

7|

o] A= AAAARY PR f=8sk= oy
2] A4 7% 0 2 7(2006CCC1IPO11A)S] &
sho 2 )| gl T,

>> e 9 AeUA e =8

10.

% Trgurg7]e) AAkEA}

51

Mo

. J. A. Velasco, L. Lopez, M. Velasquez, M.
Boutonnet, S. Cabrera, and S. Jaras : “Gas to liquids:
A technology for natural gas industrialization in
Bolivia”, J. Natural Gas Sci. Eng., Vol. 2, No.
5, 2010, p. 222.

. F. Yagi, R. Kanai, S. Wakamatsu, R. Kajiyama,
Y. Suehiro, and M. Shimura :
synthesis gas production catalyst and process”,
Catal. Today, Vol. 104, 2005, p. 2.

- 2HY, o]5T, 2RV, Al WY ATt
& AZE SIRE COYF7100 ofet miEt i aRks
A, = e H AYAEE] =24, Vol
15, No. 4, 2004, pp. 301-308.

. J. Xu, and G. F. Froment : “Methane steam reforming,

“Development of

methanation and water-gas shift: 1. Intrinsic
kinetics”, AIChE J., Vol. 35, 1989, p. 88.

. A. M. De Groote, and G. F. Froment : “Reactor
modelling and simulations
production”, Rev. Chem. Eng., Vol. 11, No. 2,
1995, p. 145.

. G. G. Kuvshinov, Y. I. Moginykh, and D. G.
Kuvshinov :

in synthesis gas

“Kinetics of carbon formation from
CH,-H, mixtures over a nickel containing catalyst”,
Catal. Today, Vol. 42, 1998, p. 357.

. G. F. Froment, and P. K. Hofmann :
fixed-bed gas-solid
“Chemical Reaction and Reactor Engineering”, J.
J. Carberry, and A. Varma (Editors), Marcel
Dekker, N.Y., 1987.

. P. E. Peters, R. S. Schiffino, and P. Harriott :
“Heat transfer in packed tube reactors”, Ind. Eng.
Chem. Res., Vol. 27, 1988, p. 226.

. S. Ergun : “Fluid flow through packed columns”,

Chem. Eng. Progr., Vol. 48, 1952, p. 89.

J. K. Rajesh, S. K. Gupta, G. P. Rangaiah, and

A. K. Ray : “Muntiobjective optimization of steam

“Design of

catalytic reactor”, In:

reformer performance using genetic algorithm”,
Ind. Eng. Chem. Res., Vol. 39, 2000, p. 706.




<<
  /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


