Effect of Indoor Air Quality in the Cabin of Vessel with the
Different Types of Diffuser using Experiments and CFD
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Effect of Indoor Air Quality in the Cabin of Vessel with the
Different Types of Diffuser using Experiments and CFD

Sang-woo, Woo

Department of Refrigeration & Air—-Conditioning Engineering

Graduate School, Korea Maritime University

Abstract

The cabin of the vessel is very narrow and airtight. And it is composed of
the structures of the bunk beds, the clothes chest and the desk. According to
the results of many previous research work on the air quality in the cabin,
very poor indoor air quality was detected. The indoor CO: concentration
exceeded the standard value due to breath of people in the narrow space, and
the large temperature difference appeared in the vertical as well as horizontal

distributions.

The purposes of this study are to lower the concentration of indoor air
pollution, and to get uniform temperature and concentration distributions in the
cabin. We conducted an experiment to examine the removal of Toluene with
various diffuser types. An influence on the pollution material removal efficiency
and the age of air with different types of diffuser were analyzed by numerical
simulation using FLUENT. The data of concentration from the experiments and
numerical simulations was relatively consistent each other. We compared the
age of air with diffuser of vessel and building, and calculated TVOC (Total
Volatile Organic Compounds) and CO. removal efficiency to propose new
diffuser of vessel. In case of our model, we found that the indoor CO:
concentration and the age of air are likely to fall within the acceptable air
quality.
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¥ 2.3.2 AWa7|d dar)+

9¥EA FE | NO; Rn VOC A °F
o5 o] &A1 A (ppm) | (©Ci/0) | (ug/m’) | (W/cec) | (ppm)
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AR 0.30013 e 0.08015}
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=09 7B o7 pAE o] 9 2nd deckd] 67 o2 FAE o] 9ttt
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3 ppbRAE Plus
27 5= W9 : 0~2000ppm
- A}ebs e W9l 1 -10~40T

- AT SE 89 0~95%

- 5d . TR-72

- AFeUs &% W9 1 -60~155T
- A7 FE HEY 0 10~95%
© S

- 29 : EBT-721

- A ZA}F : ALNOR

- A8 7hs Wl 42~4,250 CMH
- =23 93 : + 3%

@ =5F<M(CrHg)
- Min : 99.5%
- A|ZA} 1 DC Chemical

® wlol=a 2 ¥ (micro pipette)
- A&7 W91(0.001~1me)

® 1ol SH(VIAL)

- g% 5ml
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AFe] EQA 27] FEE FAsA 87 ogm, Ay £ - FE
2 FE7F FAR WEkey] wie] 2t CASEE R A A e oyt &)
A jE shte] CASECNAM A7) a9l gk = Wsh= vlalrl 7He38]
o] ZAaxAo rw oFw AE A3

3.3.1 CASE 19 2823
CASE #19] A3dA3E ¥<3.3.1.1>3% ¥<3.3.1.2>%2 Ason, 5%
S dvlasly] 98 2™ 3.3.1.1% 28 3.3.1.2% YeplA aEla S
T B8-S gQlstr] ¥8l 1% 3.3.1.3% 19 3.3.1.4&5 YE

C 1A ARl it A & - FEE 23T, 63%% YEbga, 234 A
Foll o] Ay & . HEE 2347C, 64% YESTH

12 A3 308 Fo AielA 2% A 4 - skt TVOC $=8 AR
W, A%< point-3,5914% 150, 112.5ue/m'2 VEFLaL, 315 point-2,4° 4]
= 2225, 162.5uy/m'=E JERGTE 23 A3 308 $o AioAE Aol
112.5, 75pg/m'Z YEREa, 35S 185, 135ug/m'E EILY 4 - 857 5=
zfol 7} grdo] =ttt 12} Agel e 815 w7t Tl vlsl oF 0.54)
A Ve, 23 A@dA e 5 w27t F 0.7 E=A YERRT

12 AEellA BE=S0l7175) A 4 - at5e B s 186ug/m=E
Elgtal, FEe] Hd TR 137.5ug/mE UERRT 23 AlgdA e BERS
Bt e 149pe/m=E YERIL, 59 Wi Fkv 105ug/m 2 YERLY I,
22 Ag BT HEZFHo] FZHe vl oF 048 S vEE eI ASdTH

BFPR o RS0/ T5)3



¥ 3.3.1.1 CASE #19] 1z 23

A3}

ST & 55 19.4T, 83% 9l opg/m
A3k point-1 point—2 point-3 point—4 point-5
[min ] WA F) | (FEFE5) | EEFES) 585 F533)
%7 5700 4425 4750 5000 4775

5 2650 3000 2275 - -

10 1475 2000 1440 - -

15 790 1175 770 - -

20 432.5 637.5 432.5 - -

25 250 382.5 242.5 - -

30 142.5 222.5 150 162.5 112.5
¥ 3.3.1.2 CASE #19] 22} 2943

7|+ % 0 19.7C, 84% o9 opg/m’
A3k point-1 point—2 point—3 point—4 point-5
[min ] Ad 5 | EFEZFD) | (HEFES) =88 &35
%7] 5000 4600 4800 4450 4650

5 2430 3052.5 2250 = -
10 1220 1595 1250 = -
15 705 900 670 - -
20 360 612.5 362.5 - -
25 220 350 215 - -
30 105 185 112.5 135 75
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19 3.3.1.1 CASE #19] 1# 23849
—— i Hz o
s isHY
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250

2225
bl E= e T S E=
200
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1125
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50
0
= =
1% 3.3.1.3 CASE #19] 12 234330 %)
250
MEbs PeHTIE
200 RS
150 135
1125
100 +
Fi=
50

s
[}

i

==

i

At
_\1_0/{.

19 3.3.1.4 CASE #19] 2 234730
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2l
2. =2E\7 en BERae stolsty] 98 218 3.3.2.33% 19 3.3.24=2 UE
Wtk 12 AgdolMe] Ha AW - 55 22.9TC, 64%= JEba, 23
Ao Aol AU 2 - 5%E 23.4C, 63% YEFT

12 A9 308 Fof AFA 2% o -85 TVOC s55 AR
W, A5 point-3,591 4+ 105, 80ug/m' = YEFSIL, 5 point-2,4° 4 &=
172.5, 180pg/m'= YEbSTE 22 A 307 $9 AolAe= Tl 90,
52.5ug/m' 2 VeI, 35S 115, 135ug/m 2 YERY A - d153 FEate] 7t
et whebA 1, 22k B SE ] wEE ATl vE] oF 0.98 AR =

A e

%
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3% 3.3.2.1 CASE #29] 1x A4
)T & 55 19.4T, 83% 9l opg/m

A3k point-1 point—2 point—3 point—4 point-5
[min ] HA F) | (FEFE5) | EEF3S) 535 F&533)
Z7] 6325 4925 5300 6300 6300
5 3315 3435 2875 - -

10 1700 1725 1510 - -

15 862.5 982.5 772.5 - -

20 490 600 425 - -

25 245 325 215 - -

30 125 172.5 105 180 80

¥ 3.3.2.2 CASE #2¢] 2z} 2384}
27 F717 & - H% 0 19.7C, 84% 9l opg/m

|3t point-1 point=2 point—3 point-4 point-5
[min] AHE ) | FESID) | (GESAAD) 585 =)
%7 4500 3850 4075 4375 4450

5 2040 2352.5 1845 = -

10 1075 1160 950 - -

15 565 602.5 495 - -

20 285 345 280 - -

25 160 212.5 145 - -

30 90 115 90 135 52.5
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713 3.3.2.3 CASE #29] 12 A A7(E0E 3)
Pl = OsHTi=
115
o
525
ECz= ==

19 3.3.2.4 CASE #29] 22 234330 %)
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3.3.3 CASE 39 223

CASE #39] A¥dZ23= % <3.3.3.1>3 # <3.3.3.2>% A3 o, 5=
WelsS wausty] 98] ¥ 3.3.3.1¥% 3.3.3.2%2 YEAY. 28 57 -

J v BFES dolsly] 98 2 3.3.3.37 18 3.3.3.42 JeERY

_/r:
th 12 Aol Hit AU 2 - FEE 22.7C, 64%% YEYAL, 23 A
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7F etk 12F AgedA e k5o wErt Aol vEl o 0.54 A e

X B o] o]l =ygAInt 23k A 159 wEIt ATl vl
3 °F 0.1¥] =A YERRT

12 Aol Bxs A -5y Hi $5E 100p/m=E JEbsta, 3
=o] At F
376ug/mZ eI, F59 Het FEE 406pg/mZ UERY 1, 23 A8 =
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¥ 3.3.3.1 CASE #39] 1z} 2343}

ST & 5% 0 19.1C, 78% 9l opg/m
A3k point-1 point—2 point—3 point—4 point-5
[min ] HA F) | (FEFE5) | EEFAS) | FEFE) G543
Z7] 4875 4125 4575 4625 4775

5 3210 3212.5 2575 - -
10 1782.5 1750 1335 - -

15 940 900 700 - -
20 535 475 362.5 - -
25 220 240 175 - -
30 100 120 80 125 82.5

¥ 3.3.3.2 CASE #39] 2%} A3d4Ax
2717 & - 5% 1 20.3C, 83% 9l opg/m

{R4s point—1 point—2 point—-3 point—4 point—5

[min] A F) | (FEF85) | BEFAESD) =5,85) F533)
%7 5750 5750 5600 5500 5625
5 3070 3190 2470 = -

10 1912.5 2050 1512.5 . -
15 1075 1125 995 - -
20 725 752.5 630 - -
25 465 500 412.5 - -
30 375 400 352.5 430 382.5
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L= =707 AAES ou|dit), B oA FehureS weE A &gro
SZ T o= = WA

H
]i',i: _(pD ;,m—i-;L)VmZ»
C

(4.1.2.6)

4714, D, - 3E 79 Bl (diffusion coefficient)

S o: W TR ES(turbulent Schmidt number)

t

n ;. A (turbulent viscosity)

GAG M REYYN S FE ALY FEE TAD U PN ow
gerd S oglth dAl Agslel gee m@d dux nEgade A

(4.1.2.7)0 % vepd 5= ok

:43?7('%@# ox ; _Zh iJi it U(T ) )+ Sy,

AZIM, (1,) = A & €A (deviatoric stress tensor)E& YWERW L,

ko Ta ddxX(effective thermal conductivity)E WEFATE 2 34 <]
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A AR p—e FREEAME f S A (L12.8)¥ Zo] YE 4 9l

( Pr ; turbulent Prandtl number)

CH,

keff: k+ Pr ,

(4.1.2.8)

Aol 4 (4.1.2.7) BAXNA olUA Ex A (4.1.2.93 o] && pst &
9] 37] U, AdEy(static enthalpy) h2 Edg I 9
2
E=h-2+-5- (4.1.2.9)

2 shsbE o AgdE o seEe wdd dd eme d5E 4

(4.1.2.11D)% vepd 5 . (

N

| vef: reference temperature[ 298.15K])

T
Iy = fT’waP,i'dT (4.1.2.11)
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99 A (4.1.2.14F Fabe], Az FFE dHFE HHARANS)O| 195
of e Tk o7]A, Wdie] FAGHYR 935 = dPoR A,
Ao dFAA(n )E WA Feh=the EAlolth ¥ Ao ARgF

k—e THEDE GRHALS A (4.1.2.16)7 A4.1.2.17)049 o] p ¥

e

WA o AN GR-EF YA (turbulent kinetic energy, £+

HHFEsoHUA] A~ k& (dissipation rate, e)= F3kal, 24 (4.1.2.18)° st

(pk)+i(pUk) i(u+ f)ﬂ'@rck pe+ G,

(4.1.2.16)
3 _ a9
__0d M,y o8 % / e?
_ axj[(u+ 5.) axj]'i‘clg S (Gt C=Cop—y
(4.1.2.17)
2
(4.1.2.18)
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4.1.3 o]AF3}7)H (Discretization scheme)
Navier—-Stokes WA 23} 72 njEnlAg2S o|stslsl= WHoE A 31
5 (finite difference method), 3FA] %
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4.3 TVOC® CFD st Addt vwE % CFD 49 E
34 AE

CFD aA gtell et H715 F3dst7] Ao dA ddoA A4 A gt
CFD si4 gk wlaste] CFD siXe] g3d4E& dASsaltt. CFD sl 4kl
2SS f8 A FAE FHes Ao x7] TVOC &

HE FHS 200CMH, & &% 20T, UyA Hue v gdg A3
sto] 307 NG EI R A kol

TVOC= E& fIEAf7Istd=< sk Aol7] e 2e =2 o
o AlEdHoldS T3 A2 A9 E7bed Aot weEkA CFD a4l

=4

=5

EFAE o]&3ste] TVOC =& H&

rlo

4

M R8sk sHE ] o ?

o g o3t A8 du el ppbRAES] Z$- TVOCS 7I¥ VOCs &2 ¢
T IAE A A (Correction factor)E ©]&3tal F+3tal At} =, ppm

S92 S4EW o= AFHel mg/me @2 wHF7] ] H4.3.1)S

o] -g3lo VeI Ut

Cone. (mg|m ) =—=01e-Loe == R &0 | (4.3.1)
o] 71 A,
Cone.(mg/m?): AFEHAE 7I =
Cone.(ppmV) @ TG E 7 5=
M (g/ mole) 129 Bx)pek
CF TAAFEFALE 051
L) 129 71459

a9 4.3.1~28 43339 ¥ <4.3.1>~<4.3.3>& 3.3.3dA9 2 A
A3t CFD A Ad3E vlagh 2golnt, 17 43,1014 A5 A%
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# 4.3.1 A3t CFD sllA ke TVOC 5% Hu(ddF)
T CFD 3l A 3k [png/m'] A gk [pg/m' ] A}o]
%7 4982.0 5000.0 18.0
5 2521.8 2430.0 91.8
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205 327.2 360.0 32.8
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30+ 89.4 105.0 15.6
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¥ 4.3.2 A8zt CFD 4 zke] TVOC % Ha(HFEF 25 o A4%)
T CFD &l A gk [ue/m'] 3wk [pg/m'] Afo]
%7 4988.0 4800.0 188.0
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6000.0
T crD#fAd 2}
5000.0 EX i R
4000.0
5 \\
.
E 3000.0
[¥]
o
¢ \5\
2000.0 \
- \'\i\g_@
0.0

|.
At

|



3 4.3.3 A3@3 CFD a4t TVOC s& Hla(F== 25 W sH5)

TE CFD A gk [pug/m'] A gk [pg/m' ] A}o]
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