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Noise and vibration reductions in exhaust duct system of cogeneration power plants
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ABSTRACT

Noise and vibration was encountered in exhaust duct system which is connected with a gas turbine and a heat recovery steam
generator(HRSG) of a cogeneration power plants. Especially, these problems occurred when water was added to the fuel injection to
reduce NOx contents of the exhaust gas. Through the cavity mode analysis and measurements, It was concluded that these problems
occurred due to the acoustic resonance between the duct cavity mode and the excitation force induced by turbulent gas flow during
water injection. To reduce the noise and vibration, optimal baffle plate to change the cavity mode was installed inside of duct and
noise levels of about 8 dB(A) are reduced in duct system. The effects of baffle plate and guide vane to the HRSG or inlet duct
vibration were also evaluated and it was verified that there is no relation to the resonance phenomena. So, vibration of inlet duct was
easily reduced by the reinforcement of structures.
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Fig. 2 Arrangement of exhaust duct system
(N# : location of noise measurement, V# : location of vibration measurement)
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Fig. 3 Cavity mode of diffuser duct (97.1 Hz)
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Fig. 9 Noise measurement(narrow band)

olAre] AE-L baffle plate 7} ¢]u] Ax]g o]
Q= AEiolA F8E AU AR BEo] o
Ao] 100 Hz oA &L % %Fo] 24 Yelyz
2] baffle plate & 2% A7, § % =9
"3 &37 A Jelz g oz melch
olo] Tt B} A& EAL ¢35t Table 2 °
baffle plate & 2X|3t7] Hell 88 ¥ 7189
A& AFHE FA AF ZFe} 100 Hz 479
thaf A wk v skt '

Table 2 Comparison of noise reduction

120 - 1% 1y 71 2| 71 3 | HMRI
: ; 45 MW, 60 ppm
90.82 H; 102548 | : 30 MW. 60 ppm Load 48 40 48 45
L e (L I — (MW)
g | NOx | 4o 60 60 60
2 {ppm)
AR I/ A N AV W N | P Linear
_ _ ]
2 @ | ' 07
L T S e e AR Octave
H - 97.5 83 90
: (dB(A))
° N , P Baffle X X ) 0
0 50 100 150 200 250 300
Frequency {Hz)
(a) Diffuser(inner wall)

Bapola okzre] solt QAW AN B

=
X
of Aoz @ 39 FoAFNAL 2o EF

-644-



243t baffle plate & E37F AEE & 5+ A
}.

a¥es E3an A4 2AE 9 4A289 74
a7 2 Ytz GE olfel didte] XA
2% &3 22 AAE #gAssdh Fig. 10 ©f

N msol 3Rl of &% Wil BAHA 9

baffle plate Ax ZAE 37l 38l plate
o] & Zo]1(120 mm > 40 mm), $E &
()29 g2 HA ¥ baffle 8 3 AAE AA
3 AF 7“%‘ HEE ASsrh E£3 guide
vane & ] “-}'E ‘ﬂi} AZ3sr9 . Table 3

80 {f]

[dB]

60 H

40

20

5000 E
6300
8000 k=
A
L

50 [
100

125

160

200

250

315 prmrmes
400 E :
500

630

800

1000

2000 form

38 gg888
A m
Frequency [Hz]
(b) HRSG inlet duct

Fig. 10 Noise measurement(octave band)

olgigt A Ao Wiy tAY FES
A waskR @71 A3t HBojee 79120
mm), baffle plate 2] ¥4, bypass stack 22 9]
Ax 7tA FE5S 48siA sl d8 diverter
duct Hell X guide vane 5] 2 A2 F7F
5 AT E Aoz #dstq.

3.2 Baffle plate & Z[& AMX]|
Aol A AFT 2 A FFE AASdT HAH

7 A=

= A& diffuser A9 1/3 et AF A3

9= 24 inlet duct A9 A& AZE ZAIeA Table 3 Test for optimal operation condition

1 kHz o429 HEEo] MAHoE Fre3 Measurement | Baffle Hole Guide

3 o}g s Yol AA AL FF(overall value) Condition # shape size vane

dle Wt A FAEE ¢ F Aok #1 # 120mm | O
#2 b 40 mm 0

120 #3 1 40 mm 0

#4 + 40 mm X
#5 None None X

g Fig. 11 ol& &4 A

AAAM e A25S
Z79 wat Jepd it @3401]’\‘] rE
o| baffle plate & ZF AAI}HE w(#5 =7)

2go) 7b A BT LA ‘:H” v} 7] g Eq
A2 A% AFE TEALN A% AYE A

g g & glgich. A baffle plate A% Z=HO
2E 2E 449 #1 23 2t 8gA AAZA
#4 ZHol 25 AR Azt F& ¢ F Utk
3t guide vane 9 AAA &8 AR AZFI) 2
F 6 2 Aoz vy} HFHOFE guide vane
o] gl el vldA HAF baffle plate &
2 gaheioh
%
—a&-- Condition #1
=& Condiion #4
88 ¢ —e— Condition #5
z
a
1 2 3 4 5 6 7
Measurement locations
Fig. 11 Effects of noise reduction
F1F Y AL baffle plate gloll F712 3
£x o2 25 ARE Hl diverter duct
FHe] W54 enclosure & % i]ﬁl- Fo] 39
Zoltt, 2E AESE HES WSy Alojor F
gEled 3 AS A=z B .‘Iﬂ bafﬂe plate

- 645 -



F o
4. Inletducte s Mz ghot

HRSG inlet duct & Fig. 2 o 29l ufsl Zo]
diffuser W diverter duct &&= @3

o Fig. 6 9 AE AZ Ao BXo] V7 93
oM FASA AT E u T 93
Fgo] AL Aoz T oYy ZHie
baffle plate 2} #A 23 @& Hger] ¢
olg] 2AAMY AZ A HE 9 baffle
plate W guide vane &%7} inlet duct W} HRSG
9 AF AZoE A JFL v|AA Fevhe
AogREL HA 4 5 A olHF AH
2 v 0% inlet duct 9lAY AFL2 Qe H
Za 9E W9 claddings ©| shim plate 8 2%
gozN JA AX AL F ARLen 1 AFHES
Fig. 12 o] Y. 24s ¢x< Fig. 8 4
Azl vus) & o oF 10% FELE AZ H
ASS & & 9ok =3 Fig. 14 ol B vhep 2
o] diverter duct & & AFT ZAA A

e ¢ % vk

Qs

— 0.4
[
3

S 03
c
S

$ o2
9
5

< 01

0

0 100 200 300 400
Frequency [Hz}
Fig. 12 Vibration spectrum at V7 location
(after reinforcement)
0.4

o
w
T
i
i

Acceleration [G, rms]
(=
~N

<
¥

0 100 200 300 400
Frequency [Hz]

Fig. 13 Vibration spectrum at V4 location
(after baffle plate and reinforcement)

5. 28

YA L W) HE N2gAN B P ¥

= L
AN A ks W5
u}l

<

g8 Axa#
diffuser 9 diverter duct cavity mode 9 ¥
Holl gt A& AFo| WA dd wir] 9
EdA 4& AFL A#AAF7 Hs HES
cavity mode & WZAAF|= A2 baffle plate
7} Axgon 1 AR AL AL A%E A
& 4 Aok E=E inlet duct FolAe AFL
¢ 4w "E JYRE A% EN HAF FE&
aA ¥E £ UARer FPo 23 HEA I
A% ALo] HRSG ¢ F&F tddode A4F%E
u) 22} et AL AESE o] B

[1] W.H.Kim, J.G.Bae, “The countermeasure for
the noise and vibration of combustion turbine
exhaust gas duct”, Internoise 2000 proceedings,
2000.

(2] R.D.Rlevins, Formulars for Natural
Frequency and Mode Shape, Van Nostrand Reinhold
Co. Inc., 1979.

(3] J.G.Bae, W.H.Kim, "The noise and vibration
measurement of exhaust duct in Sithe CCPP", HMRI
Technical Report, HMRI—-99—09—-R174, 1999.

[4] W.H.Kim, W.H.Joo, “Noise and Vibration
Measurements at Coloane~B Power Station, Macau”
HMRI Technical Report HMRI-02-12-R350, 2002

- 646 -



