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Abstract: Investigation of a furnace unit and a boiler for burning anthracitic coal
dust in the semi-boiling (thermally fluidized) bed have been suggested. On the basis of
experimental data the nondimensional equations for determination of minimum speed of
fluidization for polydispersed beds of anthracitic coal dust are presented.

Symbols
D P equivalent diameter of mixture particles, Vz_ kinematic viscosity of liquefying medium,
m-/s;
m;

x — fraction of components in mixture;

H,y, H— layer altitude in a fixed state,  ,_,yperof components in mixture;

operating altitude of a bed, m; Emf ~ minimum fluid voidage;
dy, d, — diameter of passing and nonpassing ’

screens, m: pg,p— density of solid particles and

. . . 3
Upp— initial (critical) speed of fluidization, liquefying medium, kg/m".

m/s;

A lot of screenings — anthracitic coal dust — coal particles which are less than
6 mm in size — are formed while enriching the anthracite. Anthracitic coal dust has high
calorie content and low cost. Drawing anthracitic coal dust in fuel balance of municipal
boiler-houses of small capacity (1...3 MWt) is an important problem for many regions
of CIS and in Russia — for Rostov region. An investigation has been made and a
construction of a furnace unit and a boiler for burning anthracitic coal dust in semi-
boiling (thermally fluidized) bed has been suggested [1]. Such boilers are used in
municipal boiler-houses in many towns of Rostov region, e.g., Gucovo, Donetsk,
Novoshakhtinsk and other.

Calculated relationships for determination of minimum speed of fluidization of
polydispersed bed of anthracitic coal dust are revealed. In monography on fuel burning
in the fluidized bed [2] and in number of projects e.g. in [3] while calculating boilers
which burn solid fuel in fluidized bed it is suggested to determine a minimum speed of
fluidization from known relationship offered by Todes O.M. and his colleagues [4,
p.142]:
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However, equation (1) is obtained for determination Re

where Re,,,r = ;and d, =®-D,; ® — form factor.

ems Of monodispersed bed
of spherical or round particles at fluid void age at the moment of it transition to
fluidized state ¢ mf = 0,4. Particles of anthracitic coal dust have complex, needle-like

form, porosity of anthracitic bed at the moment of it transition to fluidized state
€py = 0,55 [5], that’s why values Re,,,,, obtained due to relationship (1) can differ

from factual ones.

In quoted above paper [5] extensive investigations of fluidization of polydispersed
beds of anthracitic coal dust are carried out in the cylindrical unit diameter of which is
102 mm. A wire net is used as an air distributor.

Particles of coal dust have been obtained by grinding pieces of coal up to 6...7 mm
in size in a ball mill. The granulated particles have been dispersed with the help of
screens and mixtures characteristics of which are given in table 1 have been made up.

Each mixture has been characterized by equivalent diameter determined as

zZ=Z
Dp :Z(x~dp)~z,
z=1

where d , =\/d,-d, .
Besides, for mixture characterization the index of polydispersion ability has been
introduced C,,
deo
C, :d_ >
10

where dg and d;, — diameters of screen holes through which 60 and 10 % of mixture
particles pass.

In fig. 1 curves of fluidization of polydispersed mixtures of anthracitic coal dust
particles are given [5].

Table 1
Mixture notation Dy, MM H,™m C,
a 0,970 0,490 1,88
b 0,710 0,275 1,45
c 0,590 0,384 1,18
d 0,418 0,237 1,21
e 0,308 0,306 3,29
f 0,239 0,344 3,27
g1 0,214 0,263 2,50
h—1 0,167 0,338 3,53
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Fig. 1 Curves of fluidization of polydispered mixtures of anthracitic coal
dust particles (notation see table 1)

As we can see from fig. 1 for mixtures of particles with equivalent diameter
0,308...0,97 mm curves of fluidization have not peak in the region of transition of bed
to fluidized state which is characteristic for fluidization of polydispersed mixtures
[4, 6], when with increase of speed of liquefying medium larger particles convert to
fluidized state. Curves of fluidization of mixtures of particles with equivalent diameter
0,167...0,239 mm have peak in the region of transition of bed to fluidized state, which
is characteristic for fluidization of monodispersed beds. However, mixtures of particles
with equivalent diameter within the range of 0,167...0,239 mm are characterized by
higher values of polydispersion factor — 2,5...3,53 mm, than mixtures of particles with
equivalent diameter 0,308...0,97 mm, which have polydispersion factor — 1,18...
3,29 mm. That’s why pressure peak on curves of fluidization of mixtures of smaller
particles but with higher degree of polydispersion is connected with more complex
character of fluidization of such systems as e.g. with greater force of adhesion.

For generalization of experimental data given in paper [5] it is suggested to use
two criteria Re,,,, and &. by analogy with paper [6]. Here & — resistance factor in

known head loss equation
u? p H

2 D,

AP=E.

In fig. 2 a relationship is presented, all values 1g§ and IgRe being marked on the

plot for each experiment from the beginning of blowing air up to full fluidization —
going out on constant pressure differential (for curves a, b, ¢, d and e in fig. 1) or up to
crossing pressure differential peak (for curves f, g —1 and /-1 in fig. 1).
Fig. 2 displays all these points arranging near the straight line described by
equation
g€ =-1,265-1gRe+2,609 .

This means that relationship &= f (Re) has the form

£=406-Re 1263 . 2)

According to [6] for filtration regime and right up to full fluidization
e H e

D, 2

)
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Fig. 2 1g& - 1gRe experimental relationship
for full fluidization
Ame:Ho'g'(ps_p)'(l_smf): “)

where H, and ¢, — bed altitude and its voidage at the moment of it transition to
fluidized state.
Taking into account that at the moment of fluidization AP(3) :AP(4) and with

regard for (2) we obtain the following after some simple transformation:

0,735 _
Re(,7° =0,0049- Ar-(1=¢ )

or
1,36
R, =[0.0049-Ar-(1=2,r) | 5)
for anthracitic coal dust ¢, ~0,55 and it slightly depends on D, [5].

Values [5] measured and (1) and (5) relation calculated are given in table 2 Re, .

Table 2
Mixture D, mm g, MM Ar Re oy Repr Re ey
notation ? (D,®) from [5] | from (1) | from (5)
a 0,97 0,64 | 11161,7 | 30,0 5,72 77,97
b 0,71 0,47 | 442039 | 15,0 2,53 22,12
¢ 0,59 0,39 25253 10,0 1,52 10,32
d 0,418 0,27 843,7 4,5 0,54 2,33
e 0,308 0,2 340,7 0,6 0,23 0,68
f 0,239 0,16 170,34 0,2 0,12 0,26
g 0,214 0,14 115,0 0,15 0,08 0,16
h-1 0,167 0,11 55,36 0,04 0,04 0,06

* = 0,66 [4, p. 80]

ISSN 0136-5835. Bectuuk TT'TY. 2003. Tom 9. Ne 3. Transactions TSTU. 447



As we can see from table 2 on the average values Re,,,, estimated on (1) are to
values measured on [5] as 1:4 (relationship (1) decreases Re,,,s approximately 4 times
as much), and values Re,,,, measured on [5], are to values Re,,,, estimated on (5), as

1:1,48. L.e. estimation on formula (5) is 2,7 times as exact as on formula (1).
Tinned equation (5) was used for the calculation of device for the incineration
anthracite dust coal.
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YpaBHeHue 1151 onpeieieHUsI MUHHMAJIbHOM CKOPOCTH TCEBI00KNKEHN S
MOJIMIMCIIEPCHOTO CJIOSI AHTPAIMTOBOIO IITHIOA

C.H. KystnHI, E.B. Ey}IKOBa], P.JIL I/Ic},eMI/IHZ, H.Bb. KOH}JyKOB3

Kagheopa «l'uopasnuxa u mennomexuuxay, TI'TY (1)
Accoyuayus KAPTOK, 2. Mockea (2)
Mockosckas cocyoapcmeennas akademust MOHKOU Xumuueckou mexHonozuu, 2. Mocksa (3)

Kurouessble cj10Ba M Qpa3bl: aHTPaUUTOBBIH MITHIO; KOHCTPYKIHUS TOIOYHOTO
YCTPOWCTBA KOTJIa; MHUHHMAJbHAs CKOPOCTh IICEBIOOXKIKCHHS; IOJIM- U MOHOJMHUC-
NIEPCHBII CJIOU; NOIYKUIISIIIMN CIIOH; IICEBA00KUKEHUE; CKUTAHUE TOILIIMBA.

AHHoTanusi: [IpoBeZeHBI HCCIIENOBAHUSA TOMOYHOTO YCTPOMCTBA KOTIa st
C)KUTaHWsl aHTPAIMTOBOTO IITHIOA B MOJTYKHILAIIEM (TEPMOICEBIO0KKCHHOM) CIIOC.
Ha ocHOBe 3KCIepHMEHTANBHBIX NAHHBIX MPEICTABICHBI KPUTCPUAIBHBIC YpaBHCHHUS
JUIsL OTpEeeNIeHus] MUHUMAJIbHOM CKOPOCTH TCEBAOOKIKEHUS ISl MOJIMIUCIEPCHBIX
CJIOEB aHTPAIIUTOBOTO IITHIOA.
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Gleichung fiir die Bestimmung der Minimalgeschwindigkeit
der Pseudoverfliissigung der Polydispersschichte von Anthrazitstaubkohle

Zusammenfassung: Es sind die Untersuchungen der Feuerungsanlage des
Kessels fiir das Verbrennen der Anthrazitstaubkohle in der halbsiedenden
(thermopseudoverfliissigten) Schichte durchgefiihrt. Aufgrund der
Experimentalangaben sind die Kriterialgleichungen fiir die Bestimmung der
Minimalgeschwindigkeit der Pseudoverfliissigung fiir die Polydispersschichte von
Anthrazitstaubkohle vorgestellt.

Equation pour la définition de la vitesse minimale
de la pseudo-fluidification de la couche polydispersée
de la charbonnaille d’anthracite

Résumé: Sont effectuées les études du foyer pour I’échauffement de la
charbonnaille d’anthracite dans une couche thermopseudofluidifiée. A la base des
données expérimentales sont présentées les équations pour la définition de la vitesse
minimale de la pseudo-fluidification de la couche polydispersée de la charbonnaille
d’anthracite.

ISSN 0136-5835. Bectuuk TT'TY. 2003. Tom 9. Ne 3. Transactions TSTU. 449



450 ISSN 0136-5835. Bectuuk TT'TY. 2003. Tom 9. Ne 3. Transactions TSTU.




<<
  /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


