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Abstract @ Noise prediction for HVAC(Heating, Ventilating and Air Conditioning) systems are normally performed by empirical method suggested by
NEBB(National Environmental Balancing Bureau, 1994). However, the method is not suitable for large ducts in ships. In this paper, computational
analysis methods are used to develop a noise prediction method for the large ducts in ships. To develop regression formula of attenuation of sound
pressure level in large ducts, Boundary Element Method(BEM) is used. BEM and Computational Fluid Dynamics(CFD) are applied to the analysis of
flow-induced noise in ducts with stiffeners inside. Loud noise above 100 dB can be generated in some cases. Breakout noises of large ducts are also
analyzed by using BEM and Finite Element Method(FEM). The acoustic pressure level shows about 10-15dB difference between inside and outside of
the duct. Utilizing the results of this study, it is expected that shipyard planners can predict noise of the HVAC system for ships.
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SYSNOISE

1.M 8 22F Zgol wiwE B EFEAA G AEHE EA7L
itk ole @ o] = e 3 A & F8 FE % F
Auko] A FZ A AE(HVAC: Heating, Ventilating and Air | 5= FE W2 91xg AdeA= HVAC A =4
Condi- tioning System)& A3 2 A4S gxap=g 1 o 2wel T8 AeUo R o A1 Th(Korean Register, 2014).
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S5 skt ol A= Nishimura et al.(1989)°] <&
T8 Sy H WS NEBBY W AEEke] Kim(2002)
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al.(2010)°] A¥h-& HVAC 25719 &8 A A5S A3t
$131, Yu and Noh (2013)F= 418} HVAC Y E(Duct) A|2=%]<]
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o dist

o of

Tk
o%

&
re
-1 o
gﬂ
Kl
T
o
QL
k]
E

P
p

o
)

[os!
Ioo!
lo
ok
i)
flo
of
8o 8ot oo xR

z
L0
>
[
i}
)
b -
f
)
i3
o

do FMo v Y 2
E
o
kl
27
£
lo
X,
__)H_“‘
IS
i
N
r\l
BN
i
rir

o M @
[
oX,
i
2
o
B
r
nj
B

(m = Ho
m ool
r
)
N
N
30,
£
2
o
)
g
:?L_"
o

—\|1—‘ rir r>~ Ob
Hy
I, ofo
S
nj
l
o,
=
=
_O‘L
£
L o_‘>j,
o
[o M
fru
U ST
E 2 oaH 2

ol
9.

] E(Hull Duct)= &3k}, o] &

(<3

o R W

“d
Moo N
N
N

s

o & X

H
v
o 2 Lo
o
2

o
e
o T

p

L 4

o TLIM Ko 1T im B
>
_|>L
op

)
[

iy

ot
m
Ir
>,
o
p‘L
N

18
7 71 2.2~ (BEM; Boundary Element Method),
H(FEM; Finite Element Method), 4F#-3] <] 8H(CFD;
Computational Fluid Dynamics)S AFH&-3Fe] 3 HE | t9
Aold &g A, WA AAdE dd HES] 57
ANase A7 g gy HES FRAEE 45 sk

YE9 9] Hdolg &A% Frade gigt FAHAe

=]
ALY 4gd43=2 SYSNOISE(LMS Inc.,

o 2
%

o

Jo
B

1‘%3)?5

dlo
o &
=
T
T
(<0
ol
32,

o o
o
o
%

%
Hl
Iy
rO
.
5
E
%
=
921
3

z
A & F olB Fal dojH ol

2 B
>
ofo
_0|L
L

o
i
_E,

SYSNOISE®| 4] ¢ & u F AA S B A5
shel .

HEYELE gty o A7zt JES Wol A1§317] ui
of ¥ =FdAE ©Ho] Imx1m o] Alo]=9] AlZh
HEE oz AA3 A

ES ¢ SYSNOISEAN Al 919 © 2~(Impedance)
ARgste] A Zhset HE el &8 A
utk 2Ev, EE F3E 280 sdsiyg
HHA)Y HE °d Ed 9 do|p) vl&d whebA
g2 F5ES 7FXA ¥ h(Reynolds and Bledsoe 1989).
s YE o =8 dolP)e HlEo] A
seEe st ffElA Table 13 22
Reynolds and Bledsoe(1989)el ]34 FEld SAH#4S 71+
2 3t F5F SN AZI A A
of Ze A @S HAFE F5F @S Tt

o
3}

Table 1. Sound attenuation in unlined rectangular ducts

Attenuation(dB/ft)
P/A(1/ft) 63Hz 125Hz 250Hz

8.0 0.35 0.19 0.09

4.0 0.31 0.24 0.10

3.0 0.35 0.29 0.13

2.0 0.20 0.20 0.10

1.0 0.20 0.20 0.10

0.7 0.10 0.10 0.05

£S48 %2 37 S5k A8 Y HE 84 w

© Fig 19] 8403} 23 ol YEe] S4o] & vhrhg 5
NEF sm=E 23] AA sklrh AAEAL Fig 139 2o
% 2 2977 e A g2 248 771 AEA
2159 (Vibrating Panel) Z271-& U1, 3% T2 RkALg}
7bele 24 5, 78] oloA= HES 20E F7] 98l
A AU AZE pe=41652 AT 2 YA g
EMye 528 ¢S d9ah o714 g 3719
, o 3719 &Rolth

Vibrating Panel

\ Absorption coefficient
Impedance
- 416.5

Fig. 1. Boundary condition of duct model.
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Aoiy 48814229 SYSNOISEE AH&3te] 14§,
g 9E 2do] FgMS = ¥ E(Field Point) 2 3L,
O A= ¥RIES] Hodr F4ke] W3t ghs dA Aol

2
Ui g8 73T Table 2= Table 19] 29 2392 Fx
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Table 2. Absorption coefficient calculated from results of

A

g AR AT

i

O Case 2 : P/A> 153, P/A <2667

AT Ty, =—0.9146 (P/ A)° +9.8727(P/ A)* — 42.187(P/ A)*(8)
+89.037(P/A)*—92.622(P/ A) +37.99

O Case 3 : P/A<1.53

AT Ty =0

(©)

SYSNOISE oJ7|H, ATTE= &9 Zdold 25 7AdB/m)olaL, o}z
3l { ey R
P/A 63Hz 125Hz 250Hz 500Hz s Farelth
26.316 0.04 0.035 0.009 0.0095
Table 3. Size of analysis model and P/A
13.115 0.07 0.0535 0.0175 0.012
9.836 0.102 0.085 0.039 0.014 mm X mm P/A mm X mm P/A
6.557 0.088 0.088 0.0425 0.012 1500 x 1500 2.667 2100 x 2100 1.905
3281 0.126 0.126 0.066 0.016 1500 x 1650 2.545 2100 x 2250 1.841
2.187 0.129 0.127 0.061 0.0085 1500 x 1800 2.444 2250 x 2250 1.778
1500 x 1950 2.359 2250 x 2400 1.772
_ —0.048(P/A)
agy = 0-1384e @ 1500 x 2100 2286 2400 x 2400 1.667
1650 x 1650 2.424 2600 x 2600 1.538
Qs = 01341 004 ®)
1650 x 1800 2.323 2600 x 2800 1.484
1650 x 2100 2.165 2600 x 3000 1.436
sy = 0.0738¢ "0 /A) 3)
1650 x 2250 2.101 2600 x 3400 1.357
gy = 0.012 @ 1650 x 2400 2.045 2800 x 2800 1.428
1800 x 1800 2222 2800 x 3000 1.38
A7IA, aE FHECL, ot HAE Fagolt 1800 x 1950 2.137 2800 x 3400 1.302
y| S o= ]S Q F] 3T S
AM-@E F5E TAAE AHEStel Table 39 7] 1800 x 2250 2.000 3000 x 3000 1333
G S-S 7 A7)9 e YEd Yete] AALAW X o Low A 254
X X
SHE ool wel AolF &g gael A7E Faq o | St
Table 30] 3713 A9 63Hz 125Hz 250Hz S00Hz 53} 1950 x 1950 2.051 3400 x 3400 1.176
FHZ g o AnE gGsle] A(5)-9)9 #eol F4 1950 x 2100 1.978
218 ksl
22 BEZA I AXE Oy HE9 RF7/0048
O Case 1 : P/A <2667 Ny 9EE 124 AGAE flste] Wl BAA7E A
AE = A7 Aok BAAVE AxE wF 277 2 HE
AT Ty =0.1342(P/ A) +0.0279 O & g fol Be @ o] HE| T, o] A el A
BT mE §53 RAAV B EA HAstE f5
AT T,y =0.0986(P/A) +0.0947 6)  7)olxLo] Bt (B ol et s|Ale] st B
ZAA7F dxE gy HE d4 mde Fig 29 i, Bde
AT T,y =0.9346(P/A)° —9.3906(P/A)* +37.163(P/A)* (7) ~ 2AA F7= 10mmo]] BAA 9] $5= &2 vK(Flat Bar)
—72.282(P/A)*+69(P/A) —25.663 o|t}.
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Fig. 2. Dimensions of duct model with stiffener.

Table 4. Input conditions for analysis

Flow velocity Stiffener type

@D 10m/s 150 flat bar

@ Sm/s 150 flat bar

©) 10nv/s 200 flat bar

@ Sm/s 200 flat bar

Table 5. Average value of SPL(dB)

60Hz 120Hz 250Hz 500Hz
@ 89.73 70.24 66.87 66.68
@ 75.93 67.70 58.93 61.04
©) 100.8 83.20 75.65 71.45
@ 83.24 67.36 57.88 57.73
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Fig. 3. Sound pressure level distribution along the center for (1).
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WA} QAT AR fEINee B0 Gads AL
& & QY dn RFAER B4 G40 A 4P
2 HE AE & 5 A
Table 6. Maximum value of SPL(dB)

60Hz 120Hz 250Hz 500Hz
D 94.75 83.76 77.67 82.47
@ 83.18 72.99 66.91 77.55
©) 105.2 91.14 83.65 82.05
@ 85.79 77.27 71.63 71.87

Figs. 3-6°] ©lE &9l W7o 4 59 ghs Jeg
+ Table 59} Zt} HE 29 2 -
Table 67} Zom, 7bd 22 &
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Table 7. Minimum value of SPL(dB)

60Hz 120Hz 250Hz 500Hz
@D 72.88 35.21 31.58 36.30
@ 58.75 53.43 29.31 17.26
) 88.45 64.44 57.04 38.94
@ 72.71 41.54 30.50 24.66
23 018 HEM FoAS
ZHolHA FellA F2 FAV Ha = d YEg A
A2 I o] wlg £7] "] 8 JE WS Fi
ste] AdAsE A T AUEddd Auy e ASE v$-
Arct ughA, d 4E} A-e X2 250 Qg EA7}
WAStY o9} o] W& Fislo] Ay e £25S 73
223 (Break-out Noise)eti A gt} o2 st & YEo]A 9]
break-out noiseS A st = A= A VA T Lol A o]
Fo]X| ] gkgkowl A W] tidk tietE EAEHA &
o} 18] 2 2 break-out noised] FEZ A% |How ol
S, d HE 93t A% F8 AEE o= AR «oF
7hsdte] Aee] AZTF AR A9 a9 gurd 2AE

T A TH(Cummings,

Impedance
1416.5

Spherical
Source

Fig. 7. Boundary condition of duct model to analyze duct

transmission loss.
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