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ABSTRACT

HRSG, which is one of main components of the combined cycle power plant, is composed of an
inlet duct, a main body and casing, an outlet duct and a stack. It is important to design HRSG
within the allowable noise limit. For this purpose, it is necessary to analyze and predict the noise

reduction and radiation at HRSG. In this paper, the technology for the noise prediction at each
part of HRSG has been based on the empirical and field data, and also the HRSG noise
prediction program has been developed. In order to verify the developed technology and program
a field test is conducted. The results of noise prediction show good agreement with the measured.
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9] 71&AMdd wxE skt ok ZEAEN 5§
SAMEE FH9 Ao vs) Hg TA
B0l 10% o) B2 TES Aoz N, F
15719 7k2Ewia Jp2ENlGN U2 wdE 3
3o £YL A4 L F71E SRANA Fe ol
4P, o] F7E ol&3d FEHE F7EHW
(steam turbine) 5 3AA Al #H oz FAHEY T
A HALE AL do AR FAAA 24

* Y AYETY NAQATE JUAPARE
g zzyd NAATLA dUARATE
o AU s J1A 3o

1116/t 282533 xi/4 9 @ A 6 £, 19993
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EA, ZFYE(outlet duct), 712 wizt27F W&
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(a) Configuration of vertical HRSG
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(b) Schematic of vertical HRSG

Fig. 1 Vertical type HRSG
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(a) Configuration of horizontal HRSG
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(b) Schematic of horizantal HRSG

Fig. 2 Horizontal type HRSG
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HRSG A= Fig. 13 Fig. 29 (b)} 7ol ZA
T2 (550~350 C)FH ALAFP(350 Colsh) o2
Urn, A SAsE da wiztae o4
e F587198 MNP FFEEIAE HRSG £4
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o qZgujde] ALgEch sAEHEINAN wAsE
o ogzyde Wizt 2SS YFEWIAS
238 2 F AFEWIAE 959 25
7l g8 @o AEHWAY eI dEHME
g2 a7 Aegsie] AT, AA HANA
AgAoz AHgEIdE nEdA

2 AgdAE 4ed A 2% 23488
oz AREWIY ZeF F4& FE8 9
o], fiREWIY) e EAL A 299
Aeddoz Uyt F LEgddA Fase
EH4o 72 [AE BHHRD, FaFe Fvt
o 4 BT ZSQAT AT FEFE vt
AE AL olUUth o BAE F4o2 ST
A4 (1) 2o,

_4P

AN f= FHF(Hz), P <%(sound pressure
level, dB)ol® R Fw$ ZEH 4HdE ¥
ste] @AM ZEF(IB/ )L U 133
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Table 1 Coefficient of the high and low temperature
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BUien, 124993 A2FgHdeE £330
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3. HRSG HE9 F3&A

HRSG 2% YFYE(nlet duct), F=EWA
7t WigdEe Qe BA, £7FYE(outlet duct) %
W2 W7t2ast W@ EE AE & (stack outlet)ll
Ao g2y £ 4L & AF357] AN
Ae Yo 34548 ALdsdor g YA
ANEH AL 48 9 AEEe FAE
=314 A (transmission loss) 2 E@ S 18 B
o AFMPA ol2o2 FHF HAM, Fuire B
9 BaE 9T TARE A AeAT ALH
AW H (mass law) < 2] (3)22 BEHI, @A
A gol o &HE FaEA Agent®,

TL(dB) =18x log (m X f)—44 (3)

AN me WAY WU (kg/mD), f= FASF
(Hz) 2 EA 8},

aHY BAZA v, GFEH, 4dF,
o2 olRojA ARARS FIHE&Ad B B °]
274 a7} A8 AT, Y T AF
AAAN ABE EREAL AT o2 HE
of MAl] AFHOZ HEsrE da oA Hol
9tk 133 HRSG YES 7o) HE 9% ®d

iu)

=2
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Table 2 Correction coefficient of a single and double
layer

Octave band center frequency (Hz)
63 125 | 250 | 500 | 1000 | 2000
Single layer | 10 10 9 4 3 3

Layer

region
__H}»J Tl a b c d| e g h k
2299 | 12E-11 |-38E-10|-17E-7|5.1E-6 | 7.8E-4 | -215E-2| 21E-1 | -42
A ee3of|153E-12| -48E-11 | -25E-8|54E-7[1.3E-4| 34E-4 | 67E-2 | -99E-1

Double layer| 17 17 16 11 14 14

1118/ 22 SXSBEEX|/4 9 W A 6 &, 19993



2UAe MANFRYH LgdS

Casing
(Steel) Liner Cladding
(Stainless) (Aluminium) B85
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Fig. 3 Single layer insulation
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Fig. 4 Double layer insulation
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E ¥9 FX7} Fig. 3% 22 13 (single layer) %
Fig. 49} 722 2% (double layer) 2.8 B 73ty 53
&4 dF gl AFTY L3 10%E FL3A. 1
2] Fig. 3% Fig. 49 Z¢] HRSG 9% ¥ HEY
Wi Redue $Swd 2 e 2% (stainless
sheet) 3 3 W (steel sheet), &JF H2dd= FA#H
& F 0§ F(aluminum sheet)o] °]&Hw, HE&AZ
= Aay g nyg s AHSSn
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WYTRED A AFAolY FFUAN &Y
28e 2487 o8y, RANY JAPSFWY
£ @o] o] g@rh ISO #R3WdE sF2FUds
SgEide Aol 4 (ME FHHY QU

L,=L,+10 log (S/Sy) (4)

714, L, €%2¥ad, L,= ZAILE8,
T F3EFH, St 299" 0n)olt. 3y
4 e 7NAU HE AAY sFEHALE 73
7] A% BHeEE AR, HE dFE(Fig. 5)
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¥ 8ol da3it
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Fig. 5 Schematic of the partial duct model
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(1) Fig. 58 Ze°] @d3d §2 99 HE o]
HE UE dHFo|t}

(2) HE SAHAM S YR A S Py) 7]
= EF 2o

Fig. 58] & ©@H3 S 9X9 &< & HE Ul
FEY SAEE(SPL)S 4 (5)9 Zo] ¥ddH.

SPL ;= PWL—10 log S, (5)

o714, PWLE HEZ AYHE 2249 %2
gagolr},

HE R EH S¢eAM(SPLy)S 4 (5)9 HE )
A A d( SPL)oA F3#&4 (transmission
loss, TL)E W 4 (6)°] Ao},

24 (4), (5), (6)F ol&3d Yo HE R ITH
S HYA( PUL,)E EEEE 4 (7)o At

PWL,= PWL—TL+10 log %1 %)
GE gyold PRHOE wAE 2Tl AL
ZALdE & (e By £4& xgsda g
o BANE EdND e 2o

PWL,= PWL—TL+10 log %}—A(dB) (8)

o714 A(dB)& ¥&3 ZSFolth

£ dFdME, g8Raart A= JAA e
YTHES 2T7HYES SFEHALS 7EHe A
(<& ol &3t AL, AFEYAI}F 4250
A€ HRSG EA 9 S¥F2H4dW2 4 ()d B8R
Beige ZSFS AME 4 (8)2 o) &do AR
st 28X dEETAAMY SFSHAES 4
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(9)E ol &3l A4s AT
PWL,= PWL—A(dB) — X(dB) (9)

714 X(dB)E 7t2EH dFAAM AEESTA
o BxHog wAsA He ZgFolth FAF
ZFeBogE AFEYaY A5F 25719 AY
&4 YE ZFo o #eH, 45 WFdAg 7
&3 Zojt}, 18lF HRSGAIAM Ha "od 49
AR ¢ de AR 2922 IAd
dE 2 AE279 ¥l A ZRH
FZEY HAAFH W4 A% FSEIS AE T
HAEH 2 B8R 5(directivity index) & L2 3HH

205
5. HRSG 2380 ==y

A AFE FFBuAL EF ALY, tUFH
o B3&d HE 4R EY S$¥EYyE 842
wglo 2 ALFAZRE F5Y4 AANZE TF3
TA HRSG A2dZ Z2I¢L MEsdet. =2
aPL AAAT 4A AHLEE F UARE £33 I
g202 @wo] BFHE Excel ZEIYPLZE Ho| U,

Input Data Si lencer design
» Configuration » Fluid gas data
- Horizontal/Vertical type - Volume flow
- Dimension - Gas temperature
- Number of tubes - Density
- Insulation » Size of the silencer casing
» Acoustic data - Width / Height / Length
- Gas turbine PAL » Baffle design

» Guarantee conditions - Number of the baffle
- PWL/SPL - Number of the air space
- Near/far field condition - Air space between the baffle
JL - Allowable pressure drop
- Number of staggered baffle row

Output Data - Splitter form of the upstream
> PL/SPL and downstream side
- HRSG casing » Insulation
- Stack outlet - Increasing thickness

- Multi-layer
{k
Guarantee condition N0
- HRSG casing
- Stack outle

Noise Calculation Report I

Fig. 6 Schematic diagram for HRSG noise prediction
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Ay =2I3WL IA input sheet, calculation
sheet, report sheet® uyolx 9oy, AX=E
Fig. 6°1 Uehliglek g8ge 2 HRSG 938 X+,
AAzA, 7t2HY AFAEREH ATHE 7HAH
ol &, 7t2 fEUdeE e ¥R
Bw3ge FHE B Z&A(near field) R &%
(far field) ol M9 2 SFAZAE 434, 2+ HE
AA wAlslE S4EE 2 SFEYYdo] A
AZALE &3 71§ € & Ao HE 2 9F
Z2FA ALFAZAE THIHA ¥E W HE
Ad 22L& WASNAY, F28 2371E HdAsx
g g}

B Z2IPAME 28719 R ASFE dF
37 93td, F238 42L719 wE Ae/FA/A/
Aol HAAY & Us Ag719 7BAA Z23Y
T H7t"o] Utk oty AFAR EE FFIA
o] A&8%E "Noise Calculation Report for HRSG"
= A4, & Z2YP9 HRSG WAtAES 45
TIPS OdeH 2 WELE Hol o

(1) AH&A 4™ A (manual)

(2) 29 2 9% FAE 1T FHEH ALY
(3) AFEwmAY ZSHF AL

(4) F28 28719 7184dA =219

(5) A& =& £F TAE 9T HRSG & F
28 W AESZ T A HIAF AL HAA

6. 23 015 % =3 Amel N

2 Ao /dE HRSG ASdEF 2339
A4 A=g AF3Y A8, F3(load) AE7F
10022 SAHAZ Ae 7IAHE S3Edx9
HRSG 4&#4& FAsAth HRSGY UTHE,
Ex, 279E 2 dE ¥ol AFE Table 3o Y
BT, YTFHE, B4 B EFHEY FH2 7]
3183 FACZRE 1 m oA AY, AE &7

Table 3 Dimension of the main part

% ¥l ol

YFHYE 5.9 59 6.7
A 9 16.8 28

E44HYE 9 16.8 44
4 & |51 (A 50 -
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Table 4 Gas turbine acoustic data

Octave band center frequency (Hz)

63 | 125 | 250 | 500 | 1000 | 2000

PWL (dB) | 142 | 145 | 145 | 136 | 135 | 127

Table 5 Comparison of the predicted and measured

values

Measurement | Octave band center frequency (Hz) | overall
Point | 63 | 125 | 250 | 500 |1000|2000| (4BA)
Inlet | P| 62|70 |74 |70 | 69|57 | 774
duct M| 57 |67 |68 |70 |74 |70 | 777
Main | P| 58|66 | 70 |65 |62 | 48 | 729
casing | M| 60 | 57 | 56 | 61 | 62 | 67 | 70.0
Outlet | P| 56 | 63 | 65 | 59 | 51 | 30 | 68.
duct | M| 55 |56 |55 |57 |58 |57 | 643
Stack | P| 49 | 57 | 59 | 53 | 45 | 25 | 621
(center) | M| 50 | 56 | 60 | 56 | 56 | 53 | 64.0
Stack | P| 67 | 80 | 83 | 74 | 66 | 49 | 852
outlet | M| 73 | 80 | 71 | 76 | 60 { 55 | 824

P: -Prediction, M: Measurement

€ AA Eol9 FHOZHEH 1 m Fod AN
o, AE&79 4% FAL &7 FHLERH
90°)|H A EGOoZRE 1 m EBojd AHANAN FH
o a2z 4R £ AFL dE 5 AHE
AR ed, &4 g HF B 22A Table 59
vehd ot

ANZAL $AFQ HRSG HEY AF&x4d, 4
Az, AFEWIa £&8 dANAZL, 2582 7=
Bl w7l S%&E d(Table 4)2 7FEERL Al
AANEZo2RE YFIAen, eFEMI £ L
2R A 314, A2FA 827, AdxAL Aty
€3 o ge] FEF AMEE WRELUCL
HRSG9 YT HE, €79E ¢ d&& 4 (D), &
Ae 4 (8), 98 BE2 24 (9)E ol&3sty AL
392, HRSGE®E 1 m "old AN St
gl AN, 22U dedez MR eH, A
A A#E Table 5091 Yebl At}

B 22799 HRSG A&dE =21y 3%
5% d& A ALAHT e FREALY &
< 23 AFAN A-7+F X (weighting) T34
We o 3dB o] 2 HAEAM {FALEY SE

2y ASgWe i Aozt A o LiE
3A HZIAZR vyeol 4748 & Aded, AR &
A AA=Ho e RIS Frud 7+ (7}
2 3§ WU A/ s BF BEY £ 4y 7
Ay Ao A Z Fold wE FFo] AL #AS
a“"ﬂ FARHA ¥ JtE BF HYoE HAXE F

B AL o3 A45FY AddHAds A, EAR
'—:15@9"; A Zd WE F34&H 23, AAZ AR
G AAA HE Zold 3 HE HA AF9
ZAd Agsts 9HEy 4dAHA Aoz wddEd.
22 29AF HF £ 9 YA gREWIA
Fuuig wskel g HX g Fo| Wt ©E 3
Fowa 7o F A7t #F A&Hojor &
AOoE AlREY.

A gL
& .8 F IdA 515.’13}. a8z

E3adE “H%ﬁl-? Ry &2gdd
I ohgdd Z2aPe A5F% A8 A-7HE
%‘-‘i} Sddel 3 dBolW 2x8AE Yo,
€ z2aPer 484 9+ HRSG 4AE & +
Aed & F A& ALE FAsAG.

angs

(1) Zdravkovich, M. M.. and Nuttall, H. A,
1974, “On the Eimination of Aerodynamic Noise in
a Staggered Tube Bank”, J. of Sound and Vib,
Vol. 34, pp. 173~177,

(2) Baylac, G. and Gregoire, J. P, 1975,
“Acoustic Phenomena in a Steam Generating
Unit”, J. of Sound and Vib,, Vol 42, pp. 31~48.

(3) Blevins, R. D., 1986, "Acoustic Modes of
Heat Exchanger Tube Bundles”, J. of Sound and
Vib., Vol. 109, pp. 19~31.

ARLSNEFBEABR/A 9 A A 6 F, 1999¢/1121



$AE - a5 ey - A9

(4) Jungbauer, D. E., Unruh, J. F., Rose, S. and
Pantermuehl, P. J., 1993, “Sound Power and Pressure
Level Measurements in the Inlet and Outlet of an
HRSG Duct”, ASME Cogen-Turbo, IGTI-Vol. 8,
pp. 339~346.

(5) 9AF, 1998, “HRSG 4314 7lend B
IA" AEFEFR NAET L

(6) AYE, 1988, &% 2F ol&3d} 4%, 5492
AL,

(7) London, A. 1950, “Transmission of
Reverberant Sound Through Double Walls™, J.
Acoust. Soc. Am., Vol. 22, pp. 270~279.

1122/823 22N S2e8x|/4 9 A A 6 5, 19999

(8) Mulholland, K. A., Parbrook, H. D. and
Cummings, A., 1987,” The Transmission Loss of
Double Panels”, J. Sound Vib, Vol. 6, pp. 324~334.

(9) Utley, W. A. and Fletcher, B. L., 1981,
“The Effect of Edge Conditions on the Sound
Insulation of Double Windows”, J. Sound and Vib.,
Vol. 26, pp. 63~72.

(10) ISO 3744, 1981, “Acoustics - Determination
of Sound Power Levels of Noise Sources -
Engineering Methods for Free-Field Conditions
over a Reflecting Plane”, International Standard
Organization, Geneva.



