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A Study on the Noise Prediction of Inside Room for
the Ship through the HVAC system

Min - Gu Lee

Department of Refrigeration and Air conditicning Engineering,
Graduate school of Industry

Pukvong National University

Abstract

It is getting hard to meet the regulation of shipping industry. Especially,
ship owners have reqguired quiet vessels such as cruiser, ferry and special
ships etc., since crews and passengers have become more sensitive to
their acoustic environment @ some special ships require that the limit of
the sound pressure level(SPL) in a room is 45dB(A) or 48dB(A).

In order to keep the regulation of shipping industry, it is necessary that
the noise control should be considered for the primary design. In case
that noise problem happens after constructing, there are only few
solutions such as absorption, isolation materials and silencers etc.
Therefore, 1t 1s necessary to predict the sound pressure level in rooms

hefore constructing a ship.



There are two main steps for sound transmission @ one is airborne sound
which is caused by air from the fan, the other is structure-borne sound
caused by the structural of a ship.

The construction of a ship is different from the structure of on-shore.
The engineer had a hard time predicting and measuring precisely the
structural borne sound. In this paper, I studied the transmission of Sound
energy through the HVAC systems excepting for the structural borne
sound from other equipment.

This paper compares actual measurement with the result of simulation
and presents a method of calculation to predict the sound pressure level.

In this study, I can get the correction values and have conclusion that the
correction values can give a correct calculation for HVAC systems
between the result of simulation and actual measurement. However, this
paper only have considered that the noise from primary source to
secondary source of HVAC system. Seventy percent (70%) of the
calculation result with correction value is within +3dB and Fifty percent

(50%) of the calculation is within +2dB.

As we know, the main source of inside noise from the ship is structural
borne noise which is coming from main engines and other eguipment.
Therefore, we should study the structural borne noise and the air borme
noise from the HVAC system together. Also, additional study need to be
considered for special parts of duct systems that we can not verify by

experimental equations.
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Nomenclatures

Air flow rate

Duct cross-sectional area
Velocity

Pressure

Length

Strouhal number
Number

Correction factor

Flow velocity

Sound power level
Diameter of duct
Rounding parameter
Cord length of a typical vane
Band center frequency
Sound power

Perimeter of the duct
Insertion loss

Room constant

Directivity factor
Directivity index

Greek symbols

Distance between the sound source and receiver

Average absorption coefficient

Subscripts
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(m']
[m/s]
[Pa]
[m]
[-]
[-]
[-]
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[mm]
[-]
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2.1 49 FAA9 A8

B AT A48 H4F FA9 AE @ AE Fig 21 % 22 23 9 4
Bt =4 AvlE 9tz Bruel & Kjarl8lAA A zE Type7700S
AREEtE o EAd AR HAY Microphones Typedl190S AHE3 AT Al
Z7) Type77002 W W99 Fad5-E FAY & UAFWW ol FFTE
A CPB(1/n-octave, n=1,3,12 and 24)digital filtering® Overall level#4 o]
7t AuE ARSI Y

2.2 vjo] A2 2 E(Microphone)

Al 28-S 337 A A_E mle]aEEL 1HzolA20kHz7H=]
2348 ¢ e 23T AANZA vl 2 E o} A YL Table 2.1% Zoh

Table 2.1 Specification of microphone

Type 4190 Maximum SPL(dB) 159 dB

Diameter 12.7mm Operation temp. range -30T to 150°C

Description low-noise | Effective of humidity <0.1dB/100%RH

Diaphragm resonance Effect of vibration,

frequency3)’ phase shift ldkHz SPL for 1§ axial accel. 62.5 dB
145 dB(A) | Lower limiting frequenc

Inherent noise . m_u ng fred Y 1 to 2 Hz
155 dB(Lin) | (-3dB) min./max
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Fig. 2.1 Schematic diagram of experimental apparatus

Fig. 2.2 Photograph of a microphone



Fig. 2.3 Photograph of a frequency analyzer
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Tahle 2.2 Specification of anemometer

Measuring range 0.2 to 40 m/s
+29% of full scale
Accuracy .
+3% of remaining
Operation temp. range 0T to 60T
Protection P54

\ CEILING PANEL

CABIN

H

Fig. 2.4 Schematic drawing of measuring method for air volume
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70

—&— Mea. back ground data : 31.4 dB(A}
50 —@— Mea. back ground data : 30.5 dB(A}
- Mea. data : 55.0 dB(A)

50

40 1

SPL dB(A)

30 |

20 |

-

10 " . ; . :
83 125 250 500 1000 2000 4000 8000

Frequency (Hz)

Fig. 25 Measurement data of back ground noise at wheel house
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3. HVAC A 2gdAe 42 AG 54

31 HVAC Al2H81S 53 42 Ag @ o=
refoA FeA1A & o)X (Sound energy)7t HE AlARE AUAA

waate oldxle) AL(3] FHi= Fig. 3.1 3 #Zo] ued & Ut

1) nAAE 4 S(Structural borne sound).

FE712 58 24T & oix e A2 (Air borne sound).
£ %% Breakout ¥ Breakin.
4y ol A Aol Fgriol A AFHE oAl

AWEHY 2§ dde A& st b 7R Helw Fod ZAw
718 agddoldn & 4 S £F79 S¥FAHDEWLIolY $F 7]
ojsfx 2AAE & AU T HE AARE AWM ZF Az deEHA -
. $E712 ®yL & Ayl HUE go27] A HEHGrils,
Diffusers) 59 Eluld A Sl s ARtz wikdn)

Ao 5012 & AUAE 5387 fstd $FVE AT dE AR
of ol&) HYHE 423 2 FL5& I uistdol I Aoz o
3 d8g nXE AAEZE AR(Ebow), ¥ (Damper), & (Heater), &
7|2 Branch)$ 2 8459 osia Ao ==d  Fig. 31904 #o]
o] RE A%E nstd A&udE Hrlsioof gt
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(BUILDING STRUCTURE
o= -=" > DUCT SUPPORTS ETC.)
Fan casing
{ Radiation ‘ Break-out
i mechanical vibration © "+ through
| | | duct walls
| . '
! | !
' I |
{ . ,
| | |
PRIMARY MAIN TRANSMISSION PATH
___>
SOURCE(FAN) (DUCT SYSTEM)
o
I
o
i i i
\ " /
SECONDARY SOURCES
(BENDS,DAMPERS ETC.)

OCCUPANTS OF
NON-VENTILATED SPACE

Fig. 3.1 Acoustic energy flow in a ventilating system
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32 3719 &9 a4 (SWL)

SWLE $%7] Alzslel A4
o Arst Ak W AzA

gl 7 S

Agol FxAARe] ASAE £¥719

Aznzyy FaE Aol 3 ARG 284
of A9 SWLel %71 AolgA @& AE otdg 2e

W SWLS Alqbdch

L= Kt 10log 10[%}4-20108 10[%]4- C

AN Ly %719 $399482(dB), Ky Table 329 £37]9 S8
F T R047

2y 7|E SFAYHddBIolE, Q8 FF (L/s), @ 7IF 9
L/s), P& %719 HsHPa), P2 $3719 7IF ¥9(0.249 KPa), C&
+4 Al 24 Table 3.1° HetliAS
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Table 3.1 Correction factor, C , for off-peak operation

Static efficiency

Correction factor

% of peak dB
90 to 100 0
85 to 89 3
75 to & 6
65 to 74 9
55 to 64 12
50 to 64 15
below 50 16

_14_




Table 3.2 Specific sound power levels, Ky ,(dB) for fan total sound power

Octave Band Center Frequency - Hz
Fan Type
63 | 125 | 250 | 500 | 1000 | 2000 | 4000} 8000 | BFI1
Centrifugal fan: Wheel dia
*Airfotl, Backward curved| Over 900mm 40 | 40 | 39 | M4 | 30| 23 | 19 17 3
*Backward Inclined Under 900mm 45 | 45 | 43 | 39 (34| 28|24 15 3
*Forward curved Al B3 |53 | 43136 136|312 |21 2
*Radial Total Pressure
*Material Wheel 996 - 2491(Pa) | 56 | 47 | 43 139 ] 37 | 32 | 29} 26 8
*Medium Press 2492 - 3736{(Pa) | 58 | 54 [ 45 | 42 | 38 | 33 | WV | 26 8
*High Press 3736 - 14945(Pa) | 61 | 58 | 53 | 48 | 46 | 44 | 41 38 8
Hub Ratio
Vanesxial fan: 03 -04 49 | 43 | 43 | 48 | 47 1 5 | 3B | M4 6
0.4 - 06 49 | 43 | 46 | 43 | 41 | 36 | 30 | 28 6
06 - 08 53 | 52 | 51 | 51 | 49 | 47 | 43 | 40 6
Wheel dia
Tubeaxial fan: Over 1016mm 51 | 46 | 47 | 40 | 47 [ 46 | 39 | 37
Under 1016mm 43 | 47 | 49 | 53 52 [ 51 | 43 | 40
Propeller fan:
*(General Ventilation and | All 48 | bl 58 | 56 | 55 | 52 | 46 | 42 5
Cooling Towers

_15_



3322 &5 534 A(SWL)

3.3.1 93 (Damper)

A (Damper) o 4] LA = 2el8 Wl SWL F£3 Az Ao HAE
2 B¢ deolE7 713 Aggsiy, wtd 22A B3 ALe HE AR

o}.
- fo
Lﬂxfo) - KD+ 10108' 10[6‘3—]‘{'50108' 10[328UC] +
10log 1,1 10.76S1 + 10log 1,[ 3.28 DH]

ANN Lylf) & B4 FhFAe gugad, Ue & dAvAe 45
(mis), DHE 2129 o] (m), St WHA (m), Kot adEd AT

o}

H oo A= Table 333 go] AE 3Ae HlAE AE[Q)E #FH 17 o
AlAbAle) g3l o)
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Table 3.3 The sound power level of the volume damper with single

Velocity
Dia{ Pressure
drop(Pa) 3.0 m/s 6.0 m/s 9.0 m/s
Frequency Hz Frequency Hz Frequency Hz
63 125 250 500 1k 2k 4k 8k | 63 125 250 500 1k 2k 4k 8k | 63 125 250 500 1k %k 4k Bk
500 65 65 65 65 53 55 49 46 | 57 67 67 67 60 57 50 47 70 70 70 70 63 60 53 49
200 63 636060544842 36 | 566663 63 56 50 44 38 | 70 70 67 67 60 54 47 40
30 200 6363605451433429 | 5565625653 443530 | 70 70 67 60 57 48 38 32
' 10 | 55605348 43302315 | 595 5751 46 32 24 16 | 66 72 63 57 51 36 27 18
o 5654474332516 9 | 9999524740 271710 | - - - <« - - - -
0 67 64 64 5754 48 48 48 | 72 68 68 6259 5252 52 | 78 75 75 67 64 57 57 57
00 | 6261 605451 4542 42 | 68 68 68 59 56 50 47 47 | 75 74 73 65 61 54 51 51
100 200 | 5858585048 403737 | 6565645754 4542 42 | 74 73 73 64 59 50 47 46
100 1 58555345641 342624 | 6866625448 403129 | 7975 71 62 66 46 36
o0 555348 4235262218 | 6967605344332822 | - - - - - - - -
o | 70 686559565050 47 | 767370 63 60 5353 50 | £ 79 76 68 65 58 58 B4
200 | 6666 605552464340 | 73 7367605751 48 44 | 79 79 72 66 62 55 52 48
125 200 | 665625751 4641 3838 | 74 71 65 59 53 47 43 43 | 82 78 71 65 58 51 48 48
M0 | 615953 4730342027 | 770635547 403532 | 847870 61 51 45 39 3
0 63545041 36272520 | 80686051 43343226 | - - - - - - - -
S0 | 686764595553 5251 | 7271 686250555453 | 78777467 63605958
300 63 62 59 55 52 40 46 45 67 66 64 58 55 52 49 48 75 Ta 71 65 61 58 b4 M
1601 200 £1 58 56 50 48 42 40 40 | 68 65 62 56 53 47 44 44 | 76 73 69 63 59 53 50 50
100 59 54 50 45 40 35 33 31 70 64 60 53 48 42 39 38 77 73 69 61 54 48 45 44
o0 54 50 46 37 33 20 25 25 | 60 64 58 48 42 37 32 2 oL
0 70 64 61 55 52 52 55 55 | 75 68 65 50 55 55 50 50 | &3 76 72 65 61 61 65 65
00 | 6762565048 45 48 48 | 74 68 62 55 52 51 53 52 | 84 78 71 64 61 57 60 60
200 200 p257 5547 M 42 42 42 | T1 6562530048 4747 | 8376 71 6258 55 54 &4
WO 52 48 41 393530 34 34 | 64 58 50 47 44 42 42 42 | 76 69 59 56 53 30 50 50
! 0 5145 4136 32 32 28 28 | 63 56 51 44 39 39 34 34 - - -

- 17 -




3.3.2. Elbow with turning vanes

AR (Elbow)e] FHeFo] 60° oA 120° Alele] FH= dBEL W<
(Vane)& £33 oo <z &dd wret A(hHE o] &5ty 7+ SEHd SWL
S o &% 4 gl

WS THA 2

rie

32

490 25 JdREL Fig. 3.2 oAt o] Strouhal
numberel] o] ~#HEP o} gtS Falo AT}

»

Likf.)= K,+10log 10[% ] +5010g 1p[3.28U ] + 101og ;o[ 10.765] + ”

101log 1x[0.039CD] + 101og 1x[ N]
A7IM  CDE vhol= d7le] I=(cord) Aol (mm)E, N& 7lol= 279

A%, K= Fig. 3200 vhebd 2822 wAAS olvh

I 1T TTTH | T vt TN

-50

-70

Kt -dB

<100

410 [ R L1
1 2 5 10 20 50 100 200

STROUHAL NUMBER, St

Fig. 3.2 Characteristic spectrum, K, for elbow fitted with turning vanes
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3.3.3. 90°

elbow without turning vanes

Ztel= wiglel gle dHAAM EAHE SWLE HOE AHEsted 7 SE

B SWLE 733t

Ly(f,)= K;+10log 10[“]‘[0— ] +501log 14[3.28U5]1+ 10tog (,{ 10.76S5] +

10log [ 3. 28[)3]+[1 0— 0 = ]><{6 793 —1.861og [ S]] —

1.667 + 1.8m—0.1333m°

)]

A7 Ups BAAANY &% (mfs), Sp 7] HES GE (m?), Dy
ju 1:!7]

[ LR

929 $71 47 (mg ded

3.3.4. 90 branch takeoffs

9 = 27151% AN B4 SWLE H(6)& AHgasivh

Lyf,)= K,+10log 10[%]+5010g 10[3.28U3] + 10log 1p[10.76Sp] +

101og [3. 28031+[1 o—o—fg]x[(ﬁ 793 — 1.8610g 1ol S,1] —

1.667+1.8m—0.1333m* + 20 log m[f)—’:]

(6}

-19_



3.3.5. T-junction

Lul7)= K+ 10log m[g—g]%mog W[3.280751+ 10log o[ 10.76S 5] +

1010g 1,[3.28D5] + [1.0—%%% [6.793 — 1.861og ;o[ S,11—

1.667 +1.8m—0.1333m%+3
(7)
o4 7] A s,( £, UB)§ ¥7] ©E9 Strouhal 8 eldT},

3.3.6. X-junction

Lw(fo)= K]"’].Dl()g 10[ gg ]+5010g 10[3 28U3]+10108' 10[10 7653]+

10log ,[3.28D5] + [1.0— 0"_3{’5 ]x [6.793 — 1.861og o[ S,J] —

Dy
1.667+ 1.8m—0.1333m + 20log m[ Ds 1+3
(8)

3.3.7. A3 A (Diffuser)

o
-

AU FdsE FEF 2w IV dEFHeR FHEF(Diffuser)E E9F
o dulz fY v FEIEG obiE dEUAN BAAGAE 255
of7] 1% FAE HsloeE L HET AR FEFAAY HA 4
2o} glom o B 4ALS HAT £ Qong 7} HEFY B4 &
g @ wolsly MAIS Algsidol @vh HET oM BHAHE SWL =

P Alzdel HAE ARE F:EE el Y Fouh, 13 2 Aol

1y



L w=10log 5[ 0.093S] + 301log o[ C.] +601og ,[0.3U]1-31.3+C (9

29 AETY B3

C=-11.82—-0.154—1.13A4°%

Azh w= BEel Ak Al AZTe) AS

C=—5.82—0.15A-1.13A%

34. 9E ANdolMo o 7
34.1 Z#€49 #A9 (Plenum chambers)

Z& 9 (Plenum) #FHE 717 $£87] 278 "Wus RRAAM HE A
Hell Sol7b7] ol BAFHE dRE A F]7] st ALEEHD, BE
F71¢] EE AT v E Alolo] MR o] AW BdE A HF7
2 7IE AFE TN AR FSAE deld g Foh BE e A
g da 2 5o Qlem, datet 3 A o] E4E e HE
TLE Aoz Axdch

N

Y

r
=

o Qcosé | 1—aaq
1 = 10L0g{5m,,( Hosh s )] (103
A2NAH S, = ZUE 27 A4 WA (), S = SUdy Uy 13
oA et 4 WAL Y WA (w)E, » £ FUde A+ FAFH
ZF E2A49 Ad (m), Q = B A a4 & Bel(chamber)?] gojd



(lining)2)] BT &2 A, 6 © » A HEQ 715 ke we xS

Sy

3.42 Unlinedd A #9] A7} g E

Unlined® A48l A1zt GEcldE A7 oA o] a7t Mad gol

doldnt. 53] 63HzHE 250Hz Atolo A& ot 2(11,12)e) &j3iA F9f
FHE &3t

PIA>10
P17 % s
ATTN=55.8[0.305X] FIO8L (1)
PIA<I0
PR o
ATTN=5.38[9.305Z] FO%p (12)

A7) pe owld Bl Zol (m), A AW 99EF (mh)olz F2 &
B W= 4 Fa(Hz)olth 250Hzol 4 olA = Reynolds®t Bledsoel16]2]
Ao mE 7 A(13)-2 o] &3k}

P 0.8
ATTN=O.066[0.305Z] L (13)
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HEel oyt BeAY FSAE Seideld Ue A% 63, 125, 250HzoN A
= FHe Feaast wAwc

343 LINEDH A4 HE

Lined®l 24| A7 Ee) A9 3 3428004 AX% Unlined HE
o Aesh Ansel g9 FAk B4R SAL FLAY PHoD AW

A9} ©4lo] 87 HART 3 BN A1sh 2o
gewe Folo WHE ARG ALz AR

m[o

o] A FZ 40dB

il

ATTN(T)= Atten. of unlined rectangular duct + Insertion loss(IL) (14)
_ P D
IL_S.ZSIB[O.BOBA] (0.039H°L

A4 B, C,DE A712F2M 2 S8 2 ofd Table 3491 e WY
o},
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Table 3.4 Constants for use in equation (14)

Octave Band Center
Freguency - Hz B ¢ P
63 0.0133 1,959 0917
125 0.0574 1.410 0.941
250 0.271 0.824 : 1.079
500 1.0417 0.500 1.087
1000 1.770 0.695 0.0
2000 1.392 0.802 0.0
4000 1.518 0.451 0.0
3000 1.581 0.219 0.0

344 Unlinedd 93 g

o8 ol g ® we de] agl oUHE FHeAY FHUAINA Tahe SHL
Getdth old e S4oR 53 AFgA o 2azt Az HEe 1/10
4= o}F Ath ohele] Table 35- @9} Wold 2 AL e
RN

Table 3.5 Sound attenuation in straight circular ducts (dB/m)

Octave Band Center Frequency - (Hz)

Diameter -{mm)
63 125 250 500 1000 2000 4000

D < 181 0.10 0.10 0.16 0.16 0.33 0.33 0.33
1830 < D = 381 0.10 0.10 0.10 0.16 0.23 0.23 0.23
381 <D = 762 0.07 0.07 0.07 0.10 0.16 0.16 0.16
2 <D = 1524 | 003 0.03 0.03 0.07 0.07 0.07 0.07
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345 Lined® 93 9E

Linedd 9% HE9 A$ HYSHd g 728 2 A57 758 dA4=2
AA AZZALY H2E A7 M AEgsign 2 4 ) Bodleylis]lE=
oleigt AR E olfstd YEQ A 9 FHAL FA Wi mE HAE
B A5 5 Ade BHYE EFste | ol &kt

Reynolds ¢ Bledsoe[l7]= tlelgeol] digt tbF W 37 4L Fotd H
Eof A FEHA FAd e SetB i=d #AA05)E &5k th

IL= 3.981[ A+ B(0.039 + €(0.0390% + D(0.0394) +
E0.039)% + F(0.0394)°]L
A71M d= €8 HE Y A3 (mmelx, t= F2A FA (mm), A,

B, C, D, E 21 Fe s72Ad o3 IA4+E dehdrt,

4(15) 9 A B, C, D, E Foll i@ 2 S 45 g ofe| Table 36
3} g,
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Table 3.6 Constants for use

in equation(15)

1/1 Octave

Band Center A B C D E F

Frequency - (Hz)
63 0.2825 0.3447 |-5251E-2| -0.03837 |9.1315E-4| -8.294E-6
125 0.5237 02234 |-4936E-3{ -0.0274 | 3377E-4 | -2.49E-6
250 0.3652 0.7900 -0.1157 |-1.834E-2{-1.211E-4| 2681E-6
500 0.1333 1.845 -0.3735 |-1.293E-2| 8.624E-5 | -4.986E-6
1000 1.933 0.0 0.0 6.135E-2 | -3.891E-3| 3.934E-5
2000 2730 0.0 0.0 -7.3415-2| 4.428E-4 | 1.006E-6
4000 2.800 0.0 0.0 -0.1467 | 3.404E-3 | ~2.851E-5
8000 1545 0.0 0.0 -5.452E-2| 1.290E-3 | -1.318E-5

1714 Unlined¥ €93 ZEq]

lined?d ¥d 9E9 F A

7 Hee) A9 slasAz He
A oo THFe 40dBE ETeHA Bath

346 A4 9 E 9 Unlinedg 943 dE9 An
Tuming vane®l ¢€l+¥ Lined/Unlined ¥

¢l 732 ASHRAE Systems HandbooksS %
o e due gol R s A)] we
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Fig. 3.3 Insertion loss values for unlined and lined square

eibows without turning vanes

34.7 Linedd 93 d41r

tbar 2 4 Qlth Bodley[15] oleld A8 & ol &3 HdE9 23 R F
A FA At GE AYPEAS dFS F e HANE e ol &
&l

Reynolds 2t Bledsoe[l7]& dHiolEell i3t v5 W 37 E4& Fsiod 9
Eo] 4R F5Ae s e SEhe wed #AH161DE 23 ok
ct.
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HeEo Ao}l 152mm < d £ 457Tmm A

2 p
IL[§] = 0.485+2.0941og 1o[0.0397 % d] +3.172[ log 15[ 0.039/ % d]]% —
1.578[ log 15[ 0.0397% 11 + 0.085[ log 1,[0.0397 % 4]}’

(16)

e 2A0] 457mm < d < 1981mm¢ 2§

2
IL[%] = —1.493+0.021¢+1.406log 1,[0.0397% ] +
2.779[ log 100 0.039 % d11% — 0.662[ log ,x[0.039/ % 1}*+ (17
0.016[ log 1,[0.039/% d1]°

3.48 257

£871% HVAC A=geld 984 gk 228 £07) 98 Zd0z &
8 AgEn 28700 £54 2 558 487 £4A W6 A £
§ 28719 A% BRI 7HE wol 2ol FHE 28719 UL,

Aeg a8l HHEN T& nHste] HA-3) AEdd. oz &2&7)9
o]l HA AZFAL} Ay A5 E 7IToE AMgets Aol 7HE A4t
o FF5E A&7 HS$ Fig. 34 8 Zeo] e AdAM(detectoriel A HE S
=

d5 A 2 gute] BAsE 4 BANAS
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contiater 20100 ¢ \— Controller
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¢

Fig. 3.4 Schematic diagram of active duct silencer
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349 9E B 718 (Branch)dl A9 &9 744

Junction®] &= B7]8Branch)ol 8] SWLY ## 4 Ly © okl 4
(1) TEE o

Z Sk 2 Sa 2 Spi
AL g=10log m[l—((#—l)/(—g—f+l)) ]-l—lOlogm[*ESB—m] (18)

o 7|A Spe By gEJA Y ©EA ()& Y ISpeE F

27 gE5e & wede & (m), Se F UE A9 g (m)e
Yt e,

3.4.10 Duct-end reflection loss

AL & ©ES) oo AfF el
2 90e 499 FAAs Uk

Aol w2H A
C 1.88
AL=101og o[ 1+( 55 ) ] (19)

wg 2o PHoz @ 4%
1.88
41 =10log m[H(O Sf%’) ] (20)

AN CoE S (MImf9 s, DE HES AFE ey
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3411 Terminal volume regulation units

b ASee G894 29 4+ e dolHE AzA 47 AR A
fatojol grf B AFoAA HAZ AFEE Terminal Unit[7]= MS-25-C01
7 MS-35-C01 % PK-NO6&F Ab&stdov 2k Unite] A4Y<E4HE Table
3.7 o vhep e

Table 3.7 Sound attenuation including end reflection

T Octave Band Center Frequency - (Hz)
YPC 1 63 125 250 500 1000 2000 4000 8000

Insertion Loss [MS25-CO1| 9 14512051 295} 37 | 415 | 36
Insertion Loss |MS35-CO1| 10 23 1245 | 205 | 365 | 43 38 -

o 74

r U
o

3.4.12 9 W3t 9

Al wmel FA8 Wt doid Aol YA RHF ot
2 wALE Qlste] a7t wASAEG o A AHABIE otue 4
(21220 ol §3tel Fath

2
AL = IOLog—(—%%%)— (21}

AL=10Log1++ (mmﬁ)Z sin%(k - L)] (22)

=
B

o714 S guiRel gdd (nh), ST ST duHS vey

= - T

g(%)w Ao e g gea.
1
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3.5 Duct breakout and breakin

£3] Duct breakout AFu oA HES &3 dAolztz ddol 3
T} o]# g Aol WAEE 892 g9 TR f4de Zdsd A,
TF&7] W) 2dled HE UHeA] #AFHRE A2S5T, EX HE Hulol

A5e Yorls el e Biol o ¥/ 5§z Yehd + vk

T3 F99 AFgol YEE FHIY HdUE FYHE A& Duct

Duct Breakout
A,
LW}.:LW]"’IOIOg lg[ﬁ"]— TLaut (23)

Duct Breakin :

4714 Lyt HEZFEH PAHEE 3 S92 s e, Lys H9E

Woll 4 ¢] &aFao]e (SWL)S veldc
36 Az AE 9 Laggingol 98 A¢ £4

A2 g Eo] % Sound Energy’t HE FHZ WEEE G5 44 A
7] 9)ste] dutH o HE FYo FSAY HEAE SYM= 2ol ofF
o] v
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s)ale] SAel BAe] AAH0] A AFae) FALAL ok H(25)e
olste} Ak

1L = log m[H—lﬁ]

Py

A7l P & 9E =g Zeol (mm), P, © FSAY R2A47F 28 #H
A HE S99 do| (mm), M, £ HEY CARF (ke/m?), M, ¥ FZA

GoReAst Eel sold HEd QAF (kgfmd), fE WFFHEE

1,738\/[( g + MQ)PI S]) ettt

rO!

bAAe st A8E A9 EEs ws 9gn Aol @Al
A B 29BE Gug Ade 94US Y A MSa By F
mels) Folof @rh. Fig. 359 @MY B(0.71f) FelA A(f)
st B4 2 Bk F FRABOH dE AY £4e 9w
obzlel 226270l ookl AR

__,

i3
o,
ol
—l—'

B
Ay
rlo

I
flo

T3 BAA A

1L=1L(m—67.231og[m’1—f:] (26)
7 Al C

ILzIL(If)~lO+67.D210g[—£] (27)
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9 dB octave slope

1L:1L(1ﬁ+29.9010g[1—f17] (28)

e @t 2o dHE solQE A%, RoolE A Az A vl

BAEA gk 2YER we Fofds HAHE A4YEd Ldhe W

% Fus g, A Aol AW WFFEAFE Wl TAFAAE Fig. 35
ol A9t ol 2+ octave PFT} OdB 7A4FHA A
MREIE(S, )B Pold Fusel AASAE ool Aol Jatel A
o,

1L=1L(1f)+29.901og[?’i] (29)

Azt HdEC A 100Hz o|ste]l AFuela 243 UE Sound BreakoutE

Zol7] Y5t Hste HE dd(Lagging)2 18 T3} HeolA Rauh HE
Sound Breakout®& Zeol7] g 7t &3 Al WHE Az HEZ ofd A
Fggolr F& A gt e 98 HGEE AEste Aol 7 whg

2l 5o},
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{a) Rigid outer covering
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o
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=
2
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£ o 1
-10 |
3 100 1K

Frequency - Hz

(b) Limp outer covering

Fig. 3.5 Insertion loss associated with rectangular duct lagging
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3.7 AW AR S T 5o A9

3.7.1 Sound transmission through ceiling system

dHS P 4% AT TP Ax gAY 4858 Bu o= Aol R b

gAsht 184 B AS obehe HENS ol gdel AZT & Yok

g

TL=—101log o[ (1— )10~ TP 4 - (30)

A7 & FAAFEA Table 395 Fxste 30

Table 3.8 Transmission loss values for ceiling materials

Surface
Thickness et QOctave Band Center Frequency - Hz

mm | | 63 125 250 500 1000 2000 4000

Gypsum Board

10 7.8 6 11 17 22 28 32 24

13 103 9 14 20 24 30 31 27

16 13.2 10 15 22 26 31 28 30

25 225 13 18 26 30 30 29 37
Dimensions

m X m X mm

Acoustical Ceiling Tile - Exposed T - Bar Grid Suspended
Lay-in—-Ceilings

2.9-34 4 9 14 19 24 26

4.4 4 9 10 11 15 20 25

46-54 5] 11 13 15 21 24 28

59-64 5 10 11 15 19 22 24
Acoustical Ceiling Tile - Concealed Spline Suspended Ceiling

| 50 | 6 | 4 | | 8 ] om | 2 | 3
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Table 3.9 7 for different types of ceiling configurations

Ceiling configuration T
Gypboard : No ceiling diffusers
) 0.0001
or penetraiions
Gypboard : Few ceiling diffusers 0.001
and penetrations well sealed )
Lay-in-suspended tile : No integrated 0.001
lighting of diffuser system ’
Lay-in-suspended tile : Integrated 0.03
lighting and diffuser system '

3.7.2 Receiver room sound corrections

Auivt T3 Jelde AR 3FFEel EAHY derng gloR
e ol Aw "ozl EARE AT Sl A1, He EA
ol Al whAbS-of Sbaide] =A ) oje o] F99] Aol met
wx7F @A A "ok AdlelA o] HVAC Al4g# #-dd 4A3dez2e A

bl

ket

&9 (Line source)® &4 (Point source) F7FA7F o}, Ity o =z HE

A& Supply ¥ Return Air tlFx9 22 FF9 Terminal F2 &3

o

o] 9z Megle] A= Y E Breakout®w #AHAIY WAEE A3 ol

[31.18].

)

1) &9 4% Room Sound Correction

RYE

[,pz L W+ ].OLO 4 % R

]a’B (31)

A7M e AEER F5ALY Ad (mE vEE RT
vehla, @, Fig. 36904 & & 1%el Table 3.109) A& AH+Z verd

m>'

15 (m*) &

- 37 -



o,

Table 3.10 Values of directivity factor and directivity index for an

unidirectional source located in a large room

o Directivity factor | Directivity index
Position of source
Q - DI
Near center of room 1 0
At center of wall, floor or ceiling 2 3
Center of edge formed by Junction of 4 5
two adjacent surfaces
Comer formed by junction of three g 9
adjacent surfaces

Table 3.11 Average sound absorption coefficient, a , for typical

room surfaces

Octave Band Center Frequency - (Hz)
63 125 250 500 1000 2000 4000 8000

Dead | 020|028 030040 0.47 | 045] 0.44 ] 0.40

Acoustic ceiling, plush carpet
soft furnishings, and drapes

Medium Dead [020 023 024]025] 028027026 | 0.24

Acoustic celling and commercial carpet

Average [0a8]019] 019 020]023]022] 021020

Acoustic ceiling and commercial carpet

Medium Live [0.18]017 014015 015] 014 ] 0.13 | 012

Some acoustic material, mostly

hard reflecting surfaces

Live [018[014]011]010 010 0.10]010]0.10

All hard feflecting surfaces
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y 229 79 Room Sound Correction

Ao Ae egudo] BE Breakoutst #EEHo] ERE AR HEAY
42898 Meglom Bolop vt} HEGGA Breakout® = 23u9]dd

(SWL)E Sel9(SPLIZ W#aly] Asim oslel 4(32% A3t

74 Le Age Aol (mE dg dd

c

=

A : Source in center of room

B ! Source in center of one wall
€ : Source in junction of two room surfaces A

D : Source in junction of three room surfaces

Fig. 3.6 Radiation patterns for non-directional source

in various roocm locations
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38 AL o] ¥ HVAC A=99) 285 &A%

2 d7elA dd Zza#g o]g3F HVAC A=de] A§dF Has
Fig. 371 vrebliich HVAC Al299 4F d5& s $35719 &
3 Sy g st A 2z e ek 2 S AHE AT #
22 dsta 7 vT 49 7T BASe &7 woste HE AU
o] gtude A "t o] A E AA 4T AW S4eiEs v
P - EAEe] BAGE AR dch

wAZ AN L5dBol4e L AT E
)k

fr

ARl ol gl o
2349 oz TS BAF AL Adstn delx gES el
243 L AT A% e 2A Ik
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Fig. 3.7 Flowchart of calculation for HVAC system

- 41 -~



4. 43 47 2 1%

4.1 Y E Breakout

o

AAe S AW 2 23

)
i
rir
N
e
o
ri

2o foA AlgEHo A
Spiral HEE AFE3 AH 2 INGAH $& AU sve w7z A4
Z FZA3 A3 w2 9E Breakout AAt#t# BreakoutS E3HA]

e ANARE WL A3 Fig. 41 A9 2 2IE Gehiddch ol
# 4L 99 HES ALY S A HEdE 29 AFH JoolAe

g%t &9 AdEHAs A £ HAY CelingAd= 2540l ofF H
ojubr] wFe] Ao A& e ¥OE HJFEL vXA = AR
Ebyth

|
| | ' : —m— Cal. data : 54.4 dB(A)
60 | ! ! —e— Breakout : 33.1 dB(A)

a0’

SPL dB(A)

20

63 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Fig. 4.1 Comparison calculated data with breakout noise at hospital
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42 RAZY LA

B aAyosE gFedM &3 Wig vgon Bad d4d T30
& AXNS Syt F oTh MY XAERE FASY AFE
AMge vlw BA3Fo2M 7 Terminal UnitEel sk A4 X
A7 73 HEHelrth
A Agdd3 NEBB, WOOD 2 LYDA AAIZ HHAE ugd
o2 A A3 Fig. 42%H Fig 46049 o] 500Hz 2 1000Hzol A
A7 A& RG GA AdEs yA ggedAe A4 dede da
2 dg 5 gtk oy F AL AA JE YoMy Qg 1A 24 (FE
d 8 terminal units) o U W3te] oo A= HO
Aol it Mol oL Rew o
Ak, AbA o3k @ 4aFe] REo] diste A E4& 3] HAMAE
AA Zt FEe 245 A2SEE A FA3A s sy E4ske
ol 7 Agd B4 wyo] & & g Aotk et HEAAA HEd
He} o] o2 7R oA AU 42w dS3e] Ui g A5 ER
HelAgt dAHoer FxE Ay HVAC BE A2 X9 54 9 4
olE] ¥AM& Tz @2 ¥y 1 H4¥E 9 e A = dF A2

HU

2 F RAGE el 7 o ole aiFel Y WAE TV Byt

Aol 7hg gubmrhn o Azlch

rir
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70 | L ‘
] ‘ j —e— Mea. data :48.98 dB(A)
i i —m— Cal. data : 54.8 dB(A}
60 , :
: i |
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© 1 I
d 40 i
0
30 |
20 |
10 L= - } + - } +
63 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Fig. 4.2 Comparison measured data with calculated data at Officer mess

room
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Fig. 4.3 Comparison measured data with calculated data at Chief

engineer’'s day room
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Fig. 4.4 Comparison measured data with calculated data at Gymnasium
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Fig. 45 Comparison measured data with calculated data at Cargo

control room
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Fig. 4.6 Comparison measured data with calculated data at Chief cook
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2 Atgke] A#E wluwstd HFSE A3 Fig
42-46°0 449 o]l fAg H Lo Letr W=(Octave band)@ #o]E e}
Wk o &% & Hste] RAZE Table 41 oAX % el T8t
BAGE tA Adgte 24 23 Fig. 47 #9 Fig. 41190M9 22 &
£E Jehgdck 28 AAgg Wlmgk Az oje o] Table 429 #o] 24

W9 £2 dBrF 54.8%, 3 dB7F 0%t He AHE €€ & A

Table 4.1 Correction value for each room unit

Octave Band Center Frequency Hz

63 125 250 500 | 1000 | 2000 | 4000 | 8000
MS35-C01 69 | 35 -18 | -1.7 | 71 147 | 211 | 229
MS25-C01 118 | 52 38 | 44 | 11 4.4 96 | 109

PK-No.6 -58 | 59 | -73 | 52 | -46 | -46 | -37 0.4

Type

Table 4.2 Percentage of precision in calculation with correction value

AR ALA 2% AME
+3 dB 279 % +3 dB 70.0 %
£2dB | 172 % +2 dB 54.8 %

_49_



SPL dB(A)

; | : ( |
70 i i | i |
' —e— Mea. data :48.98 dB(A) | |
1: —m— Cal data :54.8 dB(A) |
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63 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Fig. 4.7 Correction data at Officer mess room
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Fig. 4.8 Correction data at Chief engineer’'s day room
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Fig. 4.9 Correction data at Gymnasium
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