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A Prediction on Indoor Contaminant Diffusion Characteristics of a

Training Ship by Mechanical Ventilation System
Kwang-II Hwang¥
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Abstract: This study performed the prediction about the indoor contaminant's diffusion characteristics
which can be affected by the mechanical ventilation system on a training ship. The results are as
followings. It is clear that the contaminants are spread to most of the indoors, regardless of the
contamination beginning zone. About 65~100 minutes later, the contaminant densities of whole indoor
zones are evaluated as clean. Comparing the contamination beginning zone being located at higher
deck(scenario A) to the contamination beginning zone being located at lower deck(scenario B), although the
contaminant density by scenario A is 10 times higher than that by scenario B, the number of contaminated
zones are 50% less. The contaminant densities are evaluated as to be rapidly decreased when the outside
air induction ratio against design volume is over 75%.

Key words: Marine HVAC, 1AQ (Indoor air quality), Contaminant, Mechanical ventilation, Comfort
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Figure 2: AHU schematic diagram of the ship.
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Table 2: OA and EA capacities of each AHU.

No. of Outdoor air Exhaust air
AHU |volume (OA) [m'/h]|volume (EA) [m'/h]
1 6,865 2,965
2 5,080 3,895
3 6,145 3,050
4 6,895 -
5 6,735 4,485
Sum 31,720 14,395

Table 3: OA and EA volume of each AHUs.

Deck Exhaust air volume (EA) [m'/h]
Navi.&Bri. deck 655
Shelter deck 4,380
Upper deck 13,715
Main deck 4,395
Second deck 4,645
Sum 27,790

Table 4: Air circulation volume between decks.

Direction Air volume
From To [m'/h]
Navi.&Bri. deck Boat deck 8,830
Main deck Second deck 6,235
Sum 15,065
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Figure 3: Air network modeling by CONTAM 3
and locations of sample zones for scenarios.
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Figure 4: HCHO density changes at contamination beginning cabin and nearby zones
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71A2 BN 2Fe o Ad 2 e G 54 95 155
HAIEE TEE WA HrtE ZAoE FAET Table 6: Contamination density for scenario B.

Table 5: Contamination density for scenario A.

[per mille, 0.1%)]

OA ratio
. Deck | Zone
[per mille, 0.1%)] 0 25 50 75 100
OA ratio N ol 0.11 0.10 | 0.03 -
Deck Zone Navi&Bri
0 25 50 75 100 N2 | 002 | 002 | o001 0.00 -
I NL| 537 | 537 | 494 | 301 1.60 Bl | 004 | 004 | 003 0.01 -
Navi&Bri
N2 | 554 | 554 | 491 2.11 - Boat B2 | 0.02 | 002 | o001 0.00 -
Bl | 13.10 | 13.10 | 12.90 | 11.90 | 11.00 BS | 002 | 002 | o001 0.00 -
Boat | B2 | 434 | 434 | 38 1.59 - Sl - - - - B
BS | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 Shelt 2| 015 | 0.15 0.13 0.04 -
elter
St - - - - - S3 | 003 0.03 0.02 | 0.0 -
Shelt S2 | 3770 | 37.70 | 37.70 | 37.20 | 36.70 S4 | 0.03 0.03 0.03 0.00 -
T3 | 542 | 542 | 534 | 260 3 Ul | 107 | 107 | 104 | 084 | 070
S4 | 679 | 679 | 670 | 331 - U2 | 0.03 0.03 0.02 | 0.0 -
Ul | 482 | 482 | 480 | 398 | 327 . U3 | 040 | 040 | 034 | 0.13 -
cr
U2 | 542 | 542 | 535 | 260 - PP U4 | 050 | 050 | 043 0.16 -
U3 - - - - - Us | 059 | 059 | 051 0.18 -
Upper
U4 - - - - - U6 | 056 | 056 | 048 | 0.17 -
Us - - - - - M1 - B B B .
U6 - - - - - M2 | 429 | 429 | 423 | 377 | 337
Ml - B - - - Main | M3 | 058 | 058 | 050 | 0.18 -
M2 - - - B - M4 | 12.00 | 12.00 | 11.90 | 10.90 | 10.10
Main | M3 - - - - - M5 | 379 | 379 | 3.53 1.53 -
M4 - B - - - cl 1.91 1.91 1.86 1.53 1.29
M5 - - - - - c2 | 13.10 | 13.10 | 13.00 | 12.00 | 11.10
Cl| 002 | 002 | 002 | o001 - Seconcd | C3 | 428 | 428 | 4.00 1.75 -
2 - - - - - c4 117 117 117 117 116
Seconcd | C3 - - - - - CS | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
c4 - - - - -
cs - - - ' - Table 7: Ratio of polluted zone for scenario A.
oo | OA Deck
AA Q7] Eelgke] aIdke A)E Q. = Criteria | .

] ] —He ] e ]]% ] A, B 2T (%] [%] | Navi | Boat |Shelter| Upper | Main |Second
AAEH v 75%Y LEFE7F A W) 0 1 86| 138] 17 ; -
A &FFS o 4 9l 25 -] 86| 138 1.7 - -

1 50 -] 86| 138 1.7 - -
75 -] 86| 138 1.7 - B
33 03y 2=zt H|Eg 100 -] 86| 138 1.7 - -
s _ 0 | 1000] 8.7] 793] s500] 19| 7.1
324 Ads 29 AA AUE tde s 7 25 | 1000 | 857 | 793 500 19 7.1
A2 7148 93 2dEA A AL o 0.1 50 | 1000 | 85.7| 793 | 500 | 19| 7.1
; } 75 | 1000 | 857 793 500 19 71
sH7] 9E0. Ayl e AL} Ayl 2 Z} 7 o A &
P71 13, Al Ak Adel e Bz el A 100 | 714 171] 138] 86 - -
LdE FZ HES HUtsiAth L9 E 37 A 0 | 1000 857 793 s51.7| 19| 7.1
00 o= o3 0Tyl WTr|=L 1o 25 | 1000 | 857 | 793 | 517 19 7.1
= H7tslr g 2 4, i 1%
= 87kl 4 23 G715 E °’ 001 | 50 | 1000 | 857 | 793 | 517 | 19| 7.1
0.1%, 0.01%, 0.001%= 3} H7}23}E Table 75 | 1000 | 857 | 793 | 517] 19| 7.1
7, 89 A7 s olg} 7to] A|A s|ZoE T 100 | 714 17.1] 138] 121 - B
) o ) . . 0 | 1000]| 8.7] 793 517 19 71
7hek A2, WA o] dde uhet fF3 A0 A3 25 | 1000 | 857 793 517| 19| 7.1
AN ANE £ 2 7t Ao kAT RS 7 0.001 | 50 | 100.0 | 857 ] 793 517 19 71
§ . e L 75 | 1000 | 87| 793 | 517 19| 143
ok AHT i 7HAE Bk A3Ert | 100 | 714 170 ] 38| 121 - -
gt x|y o] &k 4] A|35A A8Z, 2011. 11 / 1129
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Table 8: Ratio of polluted zone for scenario B.
Criteria r(a?t[it) Deck
(%] [%] | Navi | Boat |Shelter | Upper | Main |Second
0 - - - - 1.9 7.1
25 - - - - 1.9 7.1
1 50 - - - - 1.9 7.1
75 - - - - 1.9 7.1
100 - - - - 1.9 7.1
0 - - 8.6 66.0 76.2
25 - - 8.6 66.0 76.2
0.1 50 - - 8.6 66.0 76.2
75 - - 5.2 66.0 73.8
100 - - - 5.2 32.1 26.2
0 71.4 5.7 13.8 55.2 90.6 78.6
25 71.4 5.7 13.8 55.2 90.6 78.6
0.01 50 57.1 5.7 13.8 55.2 90.6 78.6
75 - - 34 51.7 90.6 78.6
100 - - - 13.8 32.1 28.6
0 100.0 85.7 82.8 93.1 92.5 85.7
25 100.0 85.7 82.8 93.1 92.5 85.7
0.001 50 100.0 85.7 82.8 93.1 92.5 85.7
75 71.4 5.7 13.8 55.2 90.6 78.6
100 - - 17.2 32.1 28.6
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