Power engineering

UDC536.2:621.1.016

ANALYSIS OF THERMOTECHNICAL CHARACTERISTICS
OF RIBBED ECONOMIZERS OF STEAM BOILERS

S.V. Goldaev, M.V. Kovalev

Tomsk Polytechnic University
E-mail: kmv.tpu@mail.ru

It is ascertained that the maximal values of total and unit mass heat-generation with the allocated developed surface of steam boiler eco-
nomizer are not provided, unlike heat interchange by free convection of ribbed pipes, in a range of really used quantity of ribs, their thic-

knesses and blow speeds by combustion gases.

Economizers, in which feed (steam boilers) or ex-
traction water (hot-water boilers) is heated, are used for
reducing heat loss with end gas of steam and hot-water
boilers. As the intensity of heat transfer from combu-
stion gases to water is not high then their pipes are pro-
vided with crosscut ribbing withoutside for increasing
heat-exchange surface. As a result, economizers beco-
me more compact than smooth-wall ones i.e. they have
larger heat-exchange surface in a unit of volume [1].

Increasing interest to ribbed pipes in heat-exchange
equipment of electric power installations at fossil fuel
combustion is conditioned also by a perspective of inc-
reasing reliability of heat-exchange device (ribbed pipe
length decreases in comparison with the smooth pipes,
a number of contact junctions operating under pressure
is reduced, a possibility of lowing gas rate appears that
results in reducing ash erosion of heat-exchange surfa-
ce) [2].

For example, water economizer of the system TsKTI
is made of round ribbed cast-iron pipes with outer dia-
meter ¢,=76 mm. Rib height is #,=62 mm, their thic-
kness is =5 mm. Length of heated part of a pipe is
L=3 m, 150 ribs were placed on it, i.e. rib spacing is
5,=15 mm [2]. Another economizer construction, deve-
loped in the same organization, was made of pipes with
diameter d,=28 mm. Band ribbing (rib height is
h,=10 mm, rib spacing is s,=10 mm, their thickness is
0,=1,0 mm, ribbing coefficient is ¢=3,8) was used. Ap-
plication of these rib geometries allowed reducing am-
ount of pipes in 2,4 times in comparison with smooth
variant. However, burning high-sulphur residual oil the
economizer became dirty and the value of thermal effi-
ciency factor decreased from 0,9 to 0,5. Aerodynamic
resistance increased approximately by 30 %. Tests carri-
ed out with economizer showed high working capacity
and efficiency at natural gas combustion [2].

Economizer of Podolsk engineering plant had the
same characteristics of ribbed surface. It was set on a
boiler PK-14, burning Ekibastuz coal, ash particles of
which possess abrasivity. As a result of exchanging plain-
tube economizer by a ribbed one the total length of pi-
pes was reduced from 9800 m to 6700 m; a number of
coils decreased respectively from 196 to 134. All depo-
sits formed on ribbed economizer had loose character
and were easily damaged from insignificant mechanical
action. Ribbed economizer operated more efficient
than the equivalent plain-tube economizer [2].

Designing such heat exchangers the questions of de-
termining their rational geometrics are urgent [3]. De-
pending on the purpose of heat exchanger a number of
additional demands are made to them. For example,
minimal overall sizes of heat exchanger or minimal
weight.

The correctly designed ribbing allows increasing in
several times the transferred amount of heat (at preset
temperature) in comparison with the smooth-wall sur-
face. Incorrectly designed ribbing may even impair wall
heat emission («insulating rib effect») [2].

The aim of thermal design of ribbed surface is to de-
termine the connection of transferred heat flow with he-
at carrier and wall temperatures, heat-transfer coeffici-
ents, rib geometries and thermal conductivity.

In monograph [3] the results of solving the problem
on optimization of radiator sizes — horizontal tube with
circular ribs at air free convection are given. Dependen-
ces E,, s,, 6, and outer rib radius on material specified
volume on tube length unit at which the transferred am-
ount of heat is maximum are numerically determined.
The designs were carried out for the ribbed copper, alu-

minum and stainless steel pipes.

As these data were obtained at heat exchange of rib-
bed surface with air in free convection mode then they
give high error for economizer operating conditions.

The aim of the article is to analyze the influence of
surface ribbed part geometries and combustion gas rate
on economizer thermal characteristics.

The method of thermal design which is based on the
equation system of heat flow balance transferred
through the ribbed wall became the most widespread in
engineering practice [3—5]. The following assumptions:
heat carrier temperature and temperature on internal
(smooth) side of bearing wall are homothermal, are us-
ed. Wall temperature from the ribbing side is the same
under ribs and in inter-rib gaps and equals ..

Parametric analysis was carried out on the fol-
lowing problem. Water economizer is made of round
ribbed cast-iron pipes with outer radius =38 mm. Rib
height is #,=62 mm, their thickness changes in the
range from 1 to 5 mm. The length of pipe heated part
is L=1 m. Quantity of ribs n, varies on pipe length in
the range from 40 to 160 so that 5,>5 mm [6]. Tempe-
rature on rib base is £=180 °C, gas temperature is
1=400 °C (Fig. 1).
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Fig. 1. Diagram of pipe circular ribbing

Amount of heat transferred from hot gases to exter-
nal surface of ribbed pipe was calculated by the formula

Qpc =Qp +Qc :anp]Jrzﬂr]ak (Z;g _Z; )(Lt_np 5]} )’,

where 0,, O, are the amount of heat transferred through
the ribbed surface and surface between ribs, respective-
ly, W; o is the heat-transfer coefficient from washing
medium to ribbed wall.

Dependence of heat-exchange intensity on rib spa-
cing was accepted according to [5]

o, =0,0413(4, /s,)(w,s, /v,)"7,

where w,, 4,, v, are the rate, heat conductivity and kine-
matic viscosity of combustion gases flowing around the
ribbed pipe; s, is the rib spacing, m, the magnitude of
which was determined in the following way

s, =(L —n,5,)/(n, —1).

Heat emission from rib end was approximately ac-
counted increasing r, by a half of rib thickness
r=rt0o,/2 (3, 4].

Amount of heat withdrawn form one rib is calcula-
ted by the formula [4]

0, =21r8,mi(t, ~t )y,

_ Il(Szf)K] (s))—1,(s)K, (52/)
IO(SI)KI(S;/’) +[1(52f)K0(51) ’

where m=2q,/A5, is the complex, 1/m; s=r-m,
8,~r,ym are the dimensionless coordinates; &, is the rib
thickness; A is its heat conductivity equal 52 W/(m'K);
1,(s,), Ky(s;), 1,(s)), K,(s;) are Bessel functions of the first
and the second types of zero and first order, respective-
ly, their values were determined by interpolation depen-
dences from reference books [7].

Thermal effectiveness of round rib and pipe ribbed
surface were calculated by the expressions [4]:

E, =2ny [[m(r;, 1)),
ET = Qpc /QgI = Qpc /27rrlat (l;v _l: )lf >

where Q, is the amount of heat transferred through the
pipe without ribs, W; ¢, is the heat-transfer coefficient
at crosscut washing of smooth pipe combustion gases
was calculated by the formulas [8]:
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* at Re=wd,/v<10° a,=0,44(d /A )Re,,
* at 10'<Re<2-10° o;=0,22(d,/ A )Re .
In paper [6] the efficiency of ribbed heat utilizers for

boilers was analyzed by heat productivity per rib mass
unit

Oy :QPC/MP, Mp prnpﬂ(l"zz—?‘lz)5p.

At «manual» calculations, nomograms for determi-
ning oy, £, [3—5] are used that slows down the procedu-
re of obtaining results and introduces error in them. In
order to automate such work the program of computing
characteristics of ribbed economizers at given a, writ-
ten in Turbo Pascal environment [9] was modified. The
dependence of combustion gas thermal properties on
temperature was accounted by Lagrange interpolation
polynomial [10].

It is ascertained that at decrease of rib thickness the
0, decreases, however, specific heat productivity of rib
increases (Fig. 2). Numbers above the diagrams denote:
variant 1 — §,= 5 mm, 2 — 5, = 1 mm. In this case, rib
spacing s, decreases in such range: variant 1 — from 22
to 5 mm; variant 2 — from 24 to 5 mm combustion gas
rate was taken equal 9 m/s. heat-transfer coefficient
grows in the following ranges: variant 1 — from 38,6 to
57,2 J/(m*K), variant 2 — from 36,7 to 56,5 J/(m*K),
and value a; = 43,3 J/(m*K).
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Fig. 2. Dependence of absolute and specific quantity of heat on
rib quantity at their different thickness

Use of more ribs results in increase of £ and slight
decrease of rib efficiency. For thinner ribs both E,, and
E;decrease (Fig. 3).
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Fig. 3. Dependence of efficiency of a single rib and ribbed pipe
on a quantity of ribs at their different thickness

Decrease of w, in three times at 5,=5 mm resulted in
reduction of ¢, o (Fig. 4) and E; to 6,4, however, va-
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lue E, increased to 0,82 (Fig. 3). These results corres-
pond qualitatively to literary data [3, 4].
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Puc. 4. Dependence of heat-transfer coefficients of ribbed and
smooth pipe on rib quantity

However, attaching a large number of ribs at short
spacing between them complicates the technology of
producing and maintenance of this economizer unit.

The results of calculation of thermotechnical cha-
racteristics of the above mentioned water economizer of
the system TsSKTI made of large ribbed cast-iron pipes
with outer diameter d,=28 mm, rib height #,=10 mm,

REFERENCES

1. Ribbed heating surfaces of steam boilers / G.1. Levchenko, I.D. Lis-
eikin, A.M. Kapeliovich et al. — Moscow: Energoatomizdat, 1986. —
168 p.

2. Yudin V.E Heat exchange of crosscut-ribbed pipes. — Leningrad:
Mashinostroenie, 1982. — 189 p.

3. Roizen L.I., Dulkin I.N. Thermal design of ribbed surfaces. — Mos-
cow: Energiya, 1977. — 256 p

4. Kern D., Kraus A. Extended heat exchange surfaces. — Moscow:
Energiya, 1977. — 464 p.

5. Kuznetsov N.V,, Mitor V.V., Dubrovskiy I.V., Karasina E.S. Thermal
design of boiler units (normative method). — St. Petersburg.: NPO
TsKNI Press, 1998. — 256 p.

6. Bukharkin E.N. Optimal constructive characteristics of ribbed heat
utilizers for boilers // Promyshlennaya Energetika. — 1991. — No 6.
- P 32-35.

rib spacing s,=10 mm, their thickness §,=1,0 mm are
generalized in the form of interpolation dependences:
0,75,021-0,0263n,+0,147-107n,, Q,=0,33+0,0267n,,
Ep=1,015—0,55-10‘2n,,.

At n,=90 pcs. 5,=10 mm, value Q,~3,87 kJ/kg,
0,=3,0kJ, £=0,979.

As it is seen, in this case maximal value of Q,, could
not be selected.

Thus, using the program written in Turbo Pascal
medium of thermal characteristics of economizer area
with crosscut ribbed pipe was analyzed. It is ascertained
that unlike heat exchange of free convection of such he-
at exchanger [3] in the range of really used quantity of
ribs, their thicknesses, rates of combustion gas blowing,
maximal values of total and specific mass heat produc-
tivity withdrawn by extended surface of steam boiler
economized are not provided.

The developed program of calculation may be used
in technique of diagnosing operating conditions of low-
temperature heating surfaces, ascertaining deviation of
selected diagnostic indicators from the magnitude cal-
culated by mathematical model for concrete working
conditions of heat exchangers.

7. Reference book on special functions with formulas, diagrams and
mathematical tables / Ed. by M. Abramovits and I. Stigan. — Mos-
cow: Nauka, 1979. — 832 p.

8. Zhakauskas A.A. Convective transport in heat exchangers. —
Moscow: Nauka, 1982. — 482 p.

9. Goldaev S.V., Kovalev M.V. Computing characteristics of ribbed
economizers / Modern technics and technologies: Proceedings of
XIII International theoretical and practical conference for students,
graduate students and young scientists. V. 3. — Tomsk: TPU Press,
2007. - P. 216-217.

10. Amosov A.A., Dubinskiy Yu.A., Kopchenova N.V. Computational
approaches for engineers / The 2¢ edition, add. — Moscow: MEI
Press, 2003. — 596 p.

Received on 27.12. 2006

59




<<
  /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 /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 false
  /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 false
  /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 (None)
  /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




