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ABSTRACT: Numerical simulation was performed on the
internal flow of header using the method of computational fluid
dynamics with geometry model builded the same as practical
field for the frequent rupture of roof superheater in a power
station. The results indicate that due to the abnormal static
pressure distribution in the area of Tee-junction of header, the
static pressure of the branch pipes around inlet tube is so low,
and the mass flow rate decreases relatively, then the heat
transferation of tubes deteriorates, finally the tubes rupture.
This paper proposes an improved geometric construction. By
changing the leading direction of specific branch pipes, the
uniformity of mass flow distribution in branch pipes promotes
significient. It will offer a great reference for further design and

optimization of distribution header in power station boilers.
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Fig.1 Flow chart of superheated steam header and
local structural geometry of top roof inlet branch
tubes in a drum-type boiler
AR TR P AR T TR S A R A
PRI LR PTE 6f, TH. SHFINFRIF 114,
124 13857 SO o AR T Bt 1 i AT
DRI, AR SRR 7T S AR SCHLE
MORUSURE S o 4 T T %2 BCIRAR N 25V 8h
oL, RS AR 22 7 BRI 73 5 W 58
SCERIRURNZ 7y BCHRAR IR 20 i O o oS A
ROGANAE D 4 155 mm RS2 =00, RAEKENR
10D . 73 BEHRAR N 51N 55 55 4 I A2 4
132 mm, Z}ECIBEAR 42N 155 mm, 43 SR N4
9 50.5mm, [AFER 115mm. AR IR HAT 45 5
R i, PR AR N T AR . Al 5
SODKEH, ARV BOR I E AT T/
P PR N
12 HFHRBRIDFAFH
AR Iy S IS A = YERa 2 sl
AT H AT R B 2 R IR HE -5 i TS 2
Fo i R ey oft ELRL M 3l BEAT i 3 REAE
HUOTRE SR AR, sl AT REN
APK) G oy = Vi(u+ H)WVh)+ Ph— pe (1)
ot o,
AL 1 - (pUe) = Vi + £Vl
; g @)
T (CaB —C,ap8)
XH: Ca=1.44; Co=192; 0=1.0; o=13, N
WAL
A Y B TR Y Ao A% NG o iV 3 Y BE
L FR 5, RIVIBE AR T [ A4 B I )~ 1) 2
TP MIVEAN 3 B8 O 225 RN R R 1
AFFAT B DR R ) DA %A, 58
FIFEA I AR T FEAE IO 1) =T BT, A% H
PV L RS SR DAH A5, MO8 & A AR



% 8 B A )T Al TN IR SR LA 9 1255

FE A 0o THECR AT RB RAFREA, BB TR
ZEAE Ny 107° USRI A HER 1 45
1.3 1RHUERMHIEIE
SCHR 210 73 Vi = T IBCAR N 1) i Hs 20 AT HEAT T
SIS — AT R, T IR UEAS SN H B A
RRIDLR AR RS 1 AT SEE, AR SO0 SCHR[2]H B 4 1K
BB S AR R 25T T TR, 193] TR Ee 5
g 2 et T BB A5 A B SCHR[2] ) S50 A
—YEH R AT TR TN EERRU S R
SCHR[2]SE AN —HE T S 45 AR R AT, Ui WK A
KPS 3 B A S In) 32 5 B
12 0w o5

o —Yiitst
;A HUERE

Lt

=)

Ui

0.9

._.
(S}
w
~
W

0
XD

2 HXEZBEHERLS KB
—HIT R E R LR
Fig. 2 Comparation of simulation, experiment and 1-D

calculation for Tee-junction withbranch pipes
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Fig. 3 Eu distribution of each generatrix and

model of bypass flow Tee-junction
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Fig. 4 Eu distribution of each generatrix and

model of conflux Tee-junction
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XZ cross section of with branch Tee-junction model
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with branch Tee-junction model
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Astp of before and after geometrical optimization

I 8# SCE ML T T 0.1 U B I
AR SHIF ST N VAL E AT DU IR /s AR 79 32
EH R, MR T AW ER A4S
i WA, S Asrp WL 03235
I/NA 01278, BASE AR SIS 2] TR
2T

4 it

D AR 5 NG R 230 9 =38 B = 38 A A
SRR = AR, (R DX PR 9 ] AGm B R . )T
SO B3I A, 5 I IR 23 SO R
BRI B A [ DX L PR JUAR 40 SR it
Wb, RS DR S R RRE R ATE Y SCE I N
JUEERETF X — [ X 35

2) BURGINEIERN I SCE A E, HH N
W BFZALE, AT LAWY SR TR AL T Wit X JE Fl A
WD LA S R . A)E, B
EHRREI AR m, Asto NIRRT 39.5%, fif
TR IS, O DUS 2 BCIBEAR 1) Bt A S A Ak
Rt T —EWSE.

B2 3k

(1] FRZAT, BAAE=, X, 5. Srh AR AR I 41
(R R 73 A1 B R 22 (1 7 RS0 8 A, 1980,
zn): 1.

Chen Zhihang, Zhao Zaisan, Wanghuan, et al. Research
and caculation of flow mass distribution and thermal
deviation for single phase fluid parallel tubes in a
boiler[J]. Boiler Technology, 1980(Z1): 1(in Chinese).

[2] ZUkih, withss, Tads. T 20O 5@ 4 i AEAR IR

ORI, ) TR, 1998, 18(3): 30-34,79,
88-89.
Luo Yonghao, Yang Shiming, Wang Menghao. The impact
of inlet Tee junction for flow mass distribution of dividing
header[J]. Power Engineer, 1998, 18(3): 30-34,79,
88-89(in Chinese).

[3] ZiEi, RIEML. A5 IR BE R SR KR B)
FEME[]. A K22 24R, 2000, 34(9): 1206-1210.
Miu Zhengqing, Xu Tongmo. Single phase fluid flow
characteristics in the headers and parallel tube platen
systems[J]. Journal of Power Engineering, 2000, 34(9):
1206-1210(in Chinese).

[4] Bajura R. A model for flow distribution in manifolds

[J]. Journal of Engineering for Power, 1971, 93(1): 7.



% 8 B A )T Al TN IR SR LA 9 1259

[5] Bajura R, Jones Jr E. Flow distribution manifolds
[J]. ASME Transactions Journal of Fluids Engineering,
1976(98): 654-665.

[6] Majumdar A.Mathematical modelling of flows in dividing
and combining flow manifold[J]. Applied Mathematical
Modelling, 1980, 4(6): 424-432.

[7] Pigford RL, Ashraf M, Miron Y D. Flow distribution in
piping manifolds[J]. Industrial & Engineering Chemistry
Fundamentals, 1983, 22(4): 463-471.

[8] Wang X, Wu L. Analysis and performance of flat-plate
solar collector arrays[J]. Solar Energy, 1990, 45(2):
71-78.

[9] FuH, Watkins A, Yianneskis M. The effects of flow split
ratio and flow rate in manifolds[J]. International Journal
for Numerical Methods in Fluids, 1994, 18(9): 871-886.

[10] Wang J. Pressure drop and flow distribution in parallel-
channel configurations of fuel cells: U-type arrangement
[J]. International Journal of Hydrogen Energy, 2008,
33(21): 6339-6350.

[11] Wang J. Pressure drop and flow distribution in parallel-
channel configurations of fuel cells: Z-type arrangement
[J]. International Journal of Hydrogen Energy, 2010,
35(11): 5498-5509.

[12] Lépez R, Lecuona A, Ventas R, et al. A numerical
procedure for flow distribution and pressure drops for U
and Z type configurations plate heat exchangers with
variable coefficients[C]/International Conference on
Computing in High Energy and Nuclear Physics, New
York, 2012.

[13] FiJs, i, ZEM, 55 KAR s A

PR — ARG U A RS P[], B TR,
1996, 16(3): 13-19,61.
Lu Fang, Wang Menghao, Li Daolin, et al. Flow
distribution studies of superheaters and reheaters of large
utility boiler with Tee-junction header[J] . Power
Engineering, 1996, 16(3): 13-19,61(in Chinese).

[14] FEughte, FEWIN], SEARME Babn o O AR AR L 231 0 it

HOTCREmI]. P E B TR, 1999, 19(5):
10-13,39.
Wang Junye, Zhang Mingchuan, Wu Dongdi. Effect of
velocity distribution on the flow uniformity in the boiler’s
dividing header[J]. Proceedings of the CSEE, 1999,
19(5): 10-13,39(in Chinese).

[15] xR, BIRGRE, BFER, 45 B0, BWIEZ A

SEE R REI]. PEBEPLTREZER, 2002, 22(9):
151-155.

Liu Fuguo, Wei Enzong, Yang Xiangliang, et al. A model
for designing variable pitches to balance flow along
multi-orifices distributing pipe[J]. Proceedings of the
CSEE, 2002, 22(9): 151-155(in Chinese).

P, IMRRS, E3k, 5. 4205 I U N AR Rk
Jr SCE R PR 2 IO T[] AR, 2009,
60(12): 3006-3011.

[16

—_

Pang Liping, Sun Baomin, Wang Bo, etal. Calculation
method for two-phase flow distribution of parallel
channels in manifold with radical inlet[J]. CIESC Journal,
2009, 60(12): 3006-3011(in Chinese).

(17] Bhigt, <77, L8, 5. W RgO0FE 4R

EAB SIS RAGTEFCR[T]. T E LT R,
2011, 31(32): 23-30.
Zhong Wei, Xie Jinfang, Wang Zhixin, et al. Relationship
between the heat load and the uneven distribution flow of
the manifold in header system of boiler[J]. Proceedings of
the CSEE, 2011, 31(32): 23-30(in Chinese).

(18] F =k, X, =3 ARAT I Bl s ) 70 A1 L5 i B 23 TS )
HUEBUL]. B0 TRESAAR, 2013, 33(1): 6-10.
Zhou Yunlong, Liu Xiu. Numerical simulation on pressure
and flow distribution in superheater with T-junction
header[J] .
Engineering, 2013, 33(1): 6-10(in Chinese).

(197 XU L 3l e e — 0 AR AT 2% 48 VAL B 40 I 1) 00 {40
[D]. Lifg: Lk EE&RER TR, 2008.

Numerical simulation research on flow

Journal of Chinese Society of Power

Liu Jin .
distribution of utility boiler Tee-junction header system
[D]. Shanghai: Shanghai Power Equipment Research
Institude, 2008(in Chinese).

[20] T it . RS R ot e e g P AR U R i 2 S PR
B SR, iR, 1992, 13(3): 1-11.
Wang Menghao. Reason and method of temperature
deviation for superheater and reheater in large utility
boiler[J]. Boiler Technology, 1992, 13(3): 1-11(in
Chinese).

[21] a6, BEAZZL, JRFTA. “ BN X T AR
P S S FE ). RS RS TR, 1999,
15(5): 26-28.

Tang Biguang, Xiong Bihong, Zhang Xinsheng. Impact
and improvement measure of Tee-junction effect for flow

mass distribution in high temperature superheater



1260 i Bl

T % 4k

34 4

[J]. Power System Engineering, 1999, 15(5): 26-28(in
Chinese).

[22] HLLAE. il #Ads T2 AN SRR 1], AL
A, 2011, 33(3): 24-28,80.
Dong Hongnian. Reasons analysis on of T92 steel pipe
bursting of high temperature superheater[J]. Huadian
Technology, 2011, 33(3): 24-28,80(in Chinese).

[23] FMALT*. ANSYS CFX A it A BB A 0L Atk S FH 0
M]. dbst: ER7 Tk RRAE, 2012 189.
Sun Jining. ANSYS CFX basic application tutorial of

numerical simulation for convective heat transferation

[M]. Beijing: National Defence Industry Press, 2012:

189(in Chinese).

[24] WK, RN, SORE, 5. A =l B A HUE
AN SLIGAFST[T]. B HiAR, 2010, 41(6): 19-23.
Wei Feifei, Miu Zhengqing, Huang Rongguo, et

al. Numeriacal simulation and experimental research of
flow problems of headers with T-type Three-way pipe and
parallel tube platen system of utility boiler[J]. Boiler

Technology, 2010, 41(6): 19-23(in Chinese).

[25] G:Aif. SRAGHH S0 5 W R 07 LT 5T [D]. s
RO, 2007,

Liang Qian. The simulation and research on static pressure
distribution and flow deviation of the header[D]. Wuhan:
Huazhong University of Science and Technology, 2007(in

Chinese).

= HHEA: 2013-08-15,
1’&%‘%%%
EB(1988), T, T, FEMN

. . %Eﬁiﬁfﬂw PERE LA L P I AH S A3 (1)
5T, yuxian0927@163.com;

EEN P r(1968), Y3, tid, #dZ, T
MRS At i WLk Ve 46 75 i i B
RV EL 3 £ T SR RIS, A SR A
liping pang@]163.com,

(RfERmE Fi&x




<<
  /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 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


