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ABSTRACT

This paper reports a peculiar example of flow-induced vibration in a very large plant and the
whole procedure of reducing the vibration. During the operation of flue gas desurfurization unit of
the thermal power plant, serious vibration was detected at all around the plant. The worst
vibration was recorded on the heat exchanger surface, which weighed 180 tones, as 17.8 m/s? in
vibration amplitude at 34 Hz. To identify the vibration, frequency analysis on the response
vibration as well as on the expected excitation forces and the system resonance was executed.
This investigation revealed that the cause of the vibration was vortex shedding from the circular
pipes in the heat exchanger. Vortices from the pipes excited acoustic resonance in the heat
exchanger room, which, in turn, made the structure vibrate. Through inserting the baffles
between the pipes, which had an effect of cutting the acoustic wave at resonance frequency, the

vibration was eliminated dramatically.
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Fig. 1 Schematic diagram of the flue gas desurfu-
rization unit in the thermal power plant

Fig. 2 Flue gas circulation in the desurfurization unit
(top view)
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Fig. 3 Vibration level on the heat exchanger wall
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Fig. 5 Two kinds of vortex streets across the circular
cylinder

(b) Turbulent vortex street
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Fig. 6 Jump phenomena of vibration frequency in
the case of vortex-induced vibration
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Table 2 Frequencies of acoustic resonances in the
heat exchanger

Resonance frequency (Hz)
Mode number Temperature
p q r 20°C 80°C 140°C
1 0 0 18.1 19.9 214
0 1 0 16.8 184 200
0 0 1 144 15.8 171
1 1 0 24.7 271 29.3
1 0 1 23.1 254 275
0 1 1 22.1 243 26.3
1 1 1 286 314 34.0
2 0 0 36.2 39.7 43.0
0 2 0 33.6 36.9 39.9
0 0 2 28.9 317 34.3
2 1 1 424 46.6 50.4
1 2 1 408 448 434
1 1 2 38.0 417 451




ARBIANMY FERE

A A%

s——

S A" AR Y Foge 54E 4 B4
TEE FoF AEESE e I9d A
Fig. 99 Zoh o] 2¥82 A2" 7bF AIFRE A
A% el deus 55%9 ME F37tAe 72
AM TAHE Foay JEES UEhdT IHAA
%9 HSo] BAF Ao AN BFE JF

=2
el
Fugolll, $&5d EAT JEEL 7HA

Fnha o}

Al2g e 33 FogEolt
Fig. 9258 g34dvdA deld AF Fo$
(34 Hz) ¢} @do] & FEL mojx EHA 57
o] o]s] WA sl=(vortex shedding) F34¢ ¥
o duErlel A FTAM FAHE SFFTA F
F AEYS & F Utk 276 AF FA 44
o2 ye3Ad FHolZ A Y FA FapE A
Fago] QPR Y 4S5 A FA3A G gt

A QRB7IAAM veid 331 @3 A Ause
T Fig. 103 o] ZAE + 3ioh

frequency (Hz)
—1— 50
—1+— 45
pipe resonance
—1— 40 frequency

acoustic
resonance

> 34>
| /

Vortex shedding

response
frequency range

frequencies 25

acoustic
resonance

booster fan

rotation(135Hz)

agitator rotation

Fluctuation of
pressure field

Fig. 9 Frequency components of the input and the
output, and of the system properties in the
heat exchanger

Top View

GGH(coolorlheater)

Inlet Duct Outlet Duct

shedding

Expansion
joint

Expansion Joint

Heat Exchange Acoustic mode
unit

Vor tex shedding frequency
~ Acoustic resonance frequency

el NS
Tube 244 Roon #
gesonance || (2txz%1808)

ST — 34z, 1.3m(p-p)

Fig. 10 Vibration at the plant excited by acoustic
resonance induced by the vortex shedding
through the pipe array

Fig. 109 EEZ&71& oA Btg W) 5o
Z 99 F4E st ety wiEstavt
stolZ Ato] & 53’—}‘?-_} 9 Fig. 5% 7o -ﬂl°li
(wake) BEY {350 HAHE BHAFEY o] #
< FAY ZEWTH ol G FA —’FZ}E’} ‘
BHELE AFee & HEsH, o P9 Fuf
(shedding frequency)® 4 (1)ol o3& ZA AT
@34du o) wiE&fFol Add AS, /Y
Hd 42 12 m/s o ©l2X, oo AFsle
T 114 Hz¥ Zolth, watA o] Foi Hej7t A
29e MAE u IE&or & A Fog Ag
X7} |,

4. w72} MU

AsHz

SES ML

=

o

=
=]

1o

4.1 Mot £
HAEH N2 Fos 2HE Fol, gRA
AFS GRB/NS) SFTA st BA
e ¢ & AW AT o TF FAL o)
£¢ FISE WMEstae sfd 98 AAERQ
E @ & tth webd, ggdne) 25 AR
ANNE F7HA) FRN) ANS B2 o
g # dok AAE ANY 4Rl B@ Adoln
3

gRLSTUSSEHAXI/A 9 A Al 6

or & do |H 32 Lo
N

-1,

£, 1999d/1205



A - ASE -

oY - FHE

AA = %’-%‘l% B A FIE Al2E ZAA e BAEE
MNAdse Relth,

(1) &+ (vortex)’Q’%‘q] o A

9o g% TR AL AAN}E FHE, 4F
g4 AAE JAsE P SFo g A
= Zu4E N2d FA FAFERE A
ugo] gtk o] FolA FRAE WA FAHEW,
solx HAFH fA FAEEE 2IBPoEN &

A Z34(shedding frequency) & A2" 3 F

z:.-lﬂ

r1r

gezry gomge Yoe 42 B 5+ A

U A2 qEH AMA wAo] Fuslnz &
AHog Brissit 53], A2 AHLRZAd 8§
gate 49 £ WSt (g gAudAE
0~12 m/s) B o olgch I3dd 79 24
AAE A oF =, old IAME & 7HA
A7t g5 en ARFHA AAAE Yol EF
o] AGY ez B WAHAY FolZ
of ERYe o= RFAHE o]F WYL
o] Apole] Fzhe] 23 FEHojort HEY
& Qo a Y ggdule R E JIE, AR
9} =olyt Zz 10 m REHE FZHel 5000700
o2 mWeolmst £H0F wjdslo] YolA BT
£ 9 7ol Y B oy, FAGE QAN
ol AAE TAHE R T HF A Wtol}
83t
(2) SFTA FAgA R
gul 2z EM S HANAZ, 70 B o
L gio] AE BErsd A ALY F54
WA Ak Bt dRBINNA T EE AFL
g7 A e g% RolEE, 2¥ F
l %—:}TA WAL 148 7Y Fast Yok
58 33 2 959 B3RP FH4(shedding
frequency)«l A3l 114 HzolAoZ ¥ol¥d
AW 2749 Ao|ZE WE ZolWst AUE 4t
oz Basd Ui VAIE &3 BHFE F
AsE fh, A7A FREY AZE HAA
= owole HAHoz BisEw Fae Mol
HE¥o] gt} Fig. 1lolE 5A Zoluolx ¥4
9 #Le vy T BFAFOEN 13 RER
C o9 oobua 2, 3% REC AR A ERE B
ol WS AEFPeE EASFAT. E ATolA
= sxdom Awfrde st AWML ¥E
AARe HLsto] AFE sopsRon, HAwe

Hriel e FHEE Fol: UL

N 1R m‘o o

10

=Bt X/A 9 A A 6 &, 19999

]

Fe3 HYAES AAFRODE fFlE 2 A
e FA @tk ANE WolT Ry Atold] IR
718 9 wEos stzdd Axsdn P
1261= M AEARNS AY X AXE B

F31 Ed IEWAAA 1, 2, 322 BAIF FEo] 7

Z+ R AR, T dA, A wA AAEGE BAEn,

(1) 1z /R4t HE A+

Fig. 12214 ‘1’2 EA® A sy A<
A A Az ZAdE R WA T
184 Hzo AEL Atgbzich R HMA A2 3565
Axel HE e X M3 184 Hzol i3
e A AR FAL AAsSE AHE HATh 19
U 335 Hzoll M 9] Fle] Zo] wAsH o F3
e 271 4™ 34 Hzoe F79 Aol sy

Tube array

gas flow >

W W W W W W W

[

Fig. 12 Position of the baffle plates in the heat
exchanger (top view)



RN Lo Mo

Fig. 13 Acoustic mode shapes in the heat exchanger
before and after the application of single
baffle plate

43 fEel FAS GFozo AFL WA

I3y AFHE 27) Y] 1/5HEE ZFoEAUT

Ao AHE votst7] A3t SysNoiseE o] &
& S ANEFINE FASHAUT AU Ae)R7}

7] dEA FAFI el 3qQeze 33

EE7F gl oy Al2d Ao wAsE Fos

oMo REvhE Hly EM3900, o]& Fig. 139

EAERT o] 1¥9E& BY, 34 HzR2dM 9 AE

EE= (0,2 00 ZE6A (0, 2, 1) RERE 53

2 € 4 AW o 9, YoM G Mog

UYetues #Ee] B=9 HA(nodal line)ol )=

=H, A9 43X Fo o] BE Jdo] FrlsgS

S ¢ F Ak olE, Ul A FAHE 2o

FhHor FUHEE onisie, 929 74 9o

F718 AR 23 & A o) HY ARRRE

AY e A= T E‘:—°4 T3 FIAFE A5

F T4 s R 98S A9 § F Y5

o},

(2) 22 2 HF /Mt 3E A
Fig. 129] ‘2'¢} ‘328 HAI3 Yxjo) AYL zt
7t 3% 8% dAEA A2y AF AFS AS

AT A¥E AXsiA H8 A Aoy A

?49} BHE B AFses NEE B2 ¥4

2, o] REE AAE7] 98 HAZ Ao thA

A WA 422 AYe £& 5H

3%e A e A 4o AT T4 4L @

23 5'.“" li} MM a7tz 2 R AW
< YEA Sy, F A 33 F
F44 34 HzE AbEb R om, 49 HzolAx e R Eo
A 2ol et I3y WFF(root mean square:
0~200 Hz)2 wl&-&% 1,000,000 m®/hrd w, 2.16
m/s*ol oM, o e E=dd wWE HIAAM 13
AAHAY 14) HE&A A A 99 m/s"9] 1/54
=it F#ol Zrhsted Hol-2< 1,100,000 m*/hr
o oj2¥ 90 Hz FZolA9 AFo] A2o] w3}
Rem NFFS 49 Hz AEH 88 F3o)nh
389 Ave Hgstd Aol 27 Ade 1/20
ojgt2 ZAIHoEZ TR FuyEol JAH3] et
vrizte g34dule] AL M5 30 U

3T FHFE U 5ol A Ao £
€ 8L E E3oH oF AFgoz HAsPT
8% ANE X A, wWiE FFo] @349
A A (1,100,000 m*/hr)el ol2HE 2 A ol
A3 BANR] GRS B ool JAEFY HUYAE
AL 3% HAIAAE WY 1/70 olstE Hoj AT},
ol¢} Zro] F ol IAA ZFOE olfE TA WA
o] WrA¥ELA] 9k7] uwj Eolr},

(3) MAT 28 Az 13 4

Table 39l& Al&dl e 271 Aejg} A

T3 F

=2
M2 Ags: AR AEe waFols e
s WA, Tabled HE A¥el 9 Zsjo] w
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Fig. 14 Reduction of vibration on the heat exchanger wall with increasing baffle plates
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