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A Numerical Study on the Heat Transfer Performance
of Single-Tube Annular Baffle System
'
Jeong-Ah Hong, Yong-Du Jun, Kumbae Lee
Dept. of Mechanical Engineering, Kongju National University, Cheonan 330-717, Korea
(Received May 2, 2012, revision received June 30, 2012)
ABSTRACT: A new baffle configuration, an annular baffles, are considered in the present study
as an alternative to reduce the excessive pressure drop associated with the conventional segmental
ones in typical operating conditions. The heat transfer and pressure drops are numerically simulated
for a single tube shell-and-tube model and compared against the conventional-baffle cases. Baffle
blockage ratio and number of baffles are considered as the major variables for the present study
specifying a fixed baffle spacing. It is found that the heat transfer increases 1.4~2.2 times without
significant pressure loss compared to the bare tube cases and the goodness factor increases 1.35
times compared to the conventional-baffle model.
Key words: Shell-tube heat exchanger(d-F32 < u37]) Annular baffle(33 1] Z), Blockage
ratio(?F-5-1])
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(b) Annular baffles
Fig. 1 Baffle configuration.
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Fig. 2 Shell-and-tube heat exchanger with
orifice baffle and circular fin.
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Table 1 Shell and tube specifications

contents size(mm)
Dro 15.88
Tube te 0.9
Lt 900
Ds,o 114.3
Ds,i 108.7
Shell
ts 2.8
Ls 900
Baffle Spacing 180(4 baffles)
Blockage 0~0.8

Table 2 Boundary conditions and figurations

Inlet temperature(C) 70.6
Hot Inlet flow rates(J/min) 11.75~1175
water
Outlet pressure(atm) 1
Inlet temperature(C) 9.8
Cold X
Flow rate(l/min) 5.24
water
Outlet pressure(atm) 1
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Fig. 4 Typical analysis results.
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Fig. 5 Shell-side heat transfer rate.
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o
X
2
rr

0

e

N

X

ot

ftlo

S

>0 rh’
1
Qo
u:)
dlo
R
(E
Lot

4y 1

)
30,
b

ol
Rl
£l
=)
dlo
I
N
=

=2 0% 3
23
ol
o
3R
o

rr o

rlr Jo Lo
ol

o =
=
—
g
ol
09)
9
Ul
<
8
2
=
9,
i)

&
o
=

i
)
Ho
o og
ol
(E
2
N
&0
1§
Ul
!
—_
—
N
o
)
g
o

L)
e
i

g
ot

2w o iz oo o
o

i

o

3L

)

-9,

=
i)
B
a2
fo

Mo
)
BN
o
o



oo FPuE A2ge

& Wo] A}-8% = Goodness Factor(Fe)el S X
oFm glov], Fabgl AT el wz
"]’E]"’HE} Fa(N = 0)2 HH;O] e o“?‘-q] Fe %t
Olﬂr Fo= 2hrl7b 0252704 = 7k, 1 o]

FE = FAsA st Aok 53 48 v'v‘k
011*1” P EIZE 02744 St el

o _llﬂ‘[

71

2] 3

old AEL W T7eF eEEA e %ﬂr ]Oﬂ
Al ol FEo] o ARl mE dFoE B
ek, A7IA ADdZde] Tkl wE oA Aok
G &Aool mE s, wjE A wE A&
=7t 5ol a7t Hojowk AA AR HA o B
28 =5 5 IS Folth

Fig. 8~Fig. 10& 2+&18] 06, ¥ 50 I/min& i

AE S W, v E ol WE Fo ¥ jugts 44 1
o511 9t} Fig. 8oﬂ A = 47} Z=7)3b) et
AL e F7ke), o £d%o] o wEA F7}

o= <l 0}04 Fe #& 7t9=2A HAska ok
Fig. 9 W& ol w2 T3 ALAS ghe] &

1.0

0.8 \
A
0.6 \
(O]

A
L 04 TR
A
0.2
0.0
0 2 4 6 8 10

Number of baffles
Fig. 8 Goodness factor with number of baffle.

0.014
/*
0.012 /*
*
0.010 /
*

0.008
T

0.006

0.004

0.002

0.000

0 2 4 6 8 10

Number of baffles
Fig. 9 Dimensionless heat transfer coefficient.

a5 ek x84 625
2.0
1.5
- "
D /
2 1.0 "
L
~
©
L
0.5
0.0
0 2 4 6 8 10

Number of baffles
Fig. 10 Goodness factor with number of

T7F F7HEe wep Jd
7bstaL, ol= Qlste] Hd4d
T = ZUMek Ut Fig.
& Fig. 1(a) 24 gk &
FAE vl 9 a1 FeE g

2do] Fg Zko] A9
H] 25} HH# 7% Skl 1.35817hA] o $-4=
s HoFa it

5.4 B

Q8)v 2 wlEy) gYylow FAE eu)Zo] 4
XH d-FH duwsty| e wone) ujE = W3
NA QA 2 e Zdste] v Gl thate] +
AL Fast A3t ols} B ARS A

(1) #FFES 483408 W 3ol wa} 1.4~
2200 S S 7IE = Qe Aoz

(2) Fo/Fa(N = 0)& 4
Fhetu, ol FHEE #
3 AL el A gt o
AL A ol Aae AIF Sk o H
Azte] BAGNA ol GEol o A it
dAdow Hozith

(3) 71E2Rd 3 Jenw A3 oZ £7 Je
5% ol o gol A9 Mo, WE 71 27}
Ftol whet 135w 744 o -3 ihoL 9t
4) gdFufE2> & Fad
3

s
Al ddad A, 98 ?z:t;ah% Ez}azi



626

BK21 AFY 2 FFoisha
TH (71 ZATIA) AP Aoz 2

1. Maeng, J. H, Koo, B. S., Jun, Y. D., and Lee,
K. B., 2011, Performance analysis of fin—tube
heat exchangers with various fin shapes for
waste gas heat recovery, Korean Journal of
Air-Conditioning and Refrigeration Engineer—
ing, Vol. 23, No. 9, pp. 627-632.

2. Kang, H. C. and Kang, M. C., 2004, Forced

convection correlation for single circular fin—
tube heat exchanger, Korean Journal of Air—
Conditioning and Refrigeration Engineering,
Vol. 16, No. 6, pp. 584-588.

. Oh, G. N,, Jun, Y. D, and Lee, K. B., 2010,

Research of heat transfer characteristics with
baffle parameters in shell and tube heat ex-
changer, Korean Journal of Air-Conditioning
and Refrigeration Engineering, Vol. 22, No. 9,
pp. 599-604.

. Hong, J. A, Lee, K. B., and Jun, Y. D., 2011,

Numerical experiments on the heat transfer
performance of annular baffles, Proceedings of
2011 Annual Winter Conference, Society of
Air-Conditioning and Refrigerating Engineers
of Korea, pp. 237-242.

. Kern, D. Q., 1950, Process heat transfer inter-

national student edition, McGraw-Hill Koga—
kusha, Ltd., pp. 129-131.

. ANSYS CFX-Solver Theory Guide, ANSYS.




<<
  /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


