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A study on the air supply and exhaust system
affecting smoke ventilation in accommodation area

on ship fire

Byeol Kim

Department of Energy Plant Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

According to Ministry of Public Safety and Security’ s statistical data of
ship fire, ship fire have occurred more than 74 times every year in recent
Syears. At 2015, 115 accidents of fire and explosion have happened. Due
to special environment as sea for ships, it is hard to get support from
outside. And complex structure with narrow passages makes rescue harder
and can cause many life and property loss. Although air supply - exhaust
system makes air flow circulation, ships can’ t naturally emit smoke
because of high air tight structure. However, if this is not controlled
properly, smoke can be spreaded very fast all over the ship when fire
occurs. Appropriate smoke control is necessary because more than 85% of
life losses is caused by suffocation and toxic gas due to smoke diffusion in
fire accidents. However there are no research of smoke diffusion control

of ship fire. Therefore in this study smoke movement characteristics by air
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supply - exhaust system 1is studied first in interior area. Then the fir
simulation program Fire Dynamics Simulator(FDS), is used to study the
influence of design factor on the performance of smoke ventilation on ship
fire.

Main Deck is selected through out Second, Upper and Shelter Deck in
Training Ship and simulated by applying the blueprint of where and
capacity of air supply - exhaust. The area of fire occurrence is when air
supply or exhaust works. Except the area of fire occurrence in Main Deck,
scenario is made of 3 cases when air supply - exhaust all works, air supply
works or exhaust works.

The result of smoke movement simulation is as followed. When fire
occurred while air supply system was working, due to supply of air,
irrespective of scenario, smoke have spreaded very fast. And by seeing
the reaching time of limit visibility value 5m, it has a little difference
between scenario and. positions. However it showed that transportation to
safe area should be done before 62 seconds. When fire occurred where
exhaust system was working, smoke was exhausted but the speed of smoke
diffusion was faster than air exhaust speed . So, after 80 seconds of the
occurrence of fire, the smoke was full in corridors. And by checking the
time of reaching limit visibility value 5m, it is necessary to evacuate the
fire occurrence area before 75 seconds. Concluding these results, when
ship is on fire, the differences of air supply - exhaust ways also changes
the evacuation time by at least 14 seconds. Especially air supply system

should be stopped immediately due to fast speed of smoke spreading.

KEY WORDS: Ship A4} Fire 34; Air supply-exhaust system w-Hi7]A| 28, #j

A A5 Smoke ventilation; FDS.
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32 AEHNA & R o2

o] =ZollAe= AdtstA Al 5 - w7 =" Y3 AVIAF A EE v=
=P EFATANIST, National Institute of Standards and Technology)”} 7l wtsh

EdoiQl FDS Ver 6.0.1&5 ©]-&3F% (NIST, 2014), 2@ -2 Pyrosim 2014
835ttt FDS+= shAl o= gk 43 A9 AsS sfidstry] g

Edos dREd, dand, EARd, O3 7HAE 2] gt
321 d7=d
dRrrddAs  dRIAFE Ml % Fards RANS

(Raynold-Averaged Navier-Stokes), LES (Large Eddy Simulation), DNS (Direct
Numercial Simulation)so] X5+ FDSo|lA = F= LES®} DNS 7|H= AR&3h
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1) Continuity equation: Z_IZ+V - (pu)y=m, 6))

2) Momentum equation: %(pu)wL V. puutV p=pg+f,+v - T, @)

: 9 Dp » .
3) Energy equation: E(phs)wL v - phau= Equ —q —V - q +te 3
4) Ideal gas equation:  p= % @

7] A,
t = A%
p =4z
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3.3.2 AUEze AEHold 2d¥ FH Ay

°of AFolAE AgtolA ALY Al FEFAo] 7] Fatel WA= 9
e Brrstr] S5kl AT A F - wirgA e Fo WEE dASA

o). Pyrosim 2014& ©o]-&3sle] 371 Zone(E2 ¥ “ Zone 01, Zone 02, Zone 03)
I Aalde HEZ AUFts 2RAY S ¥, AlEHOIAS FAsIoH
Zone 25 3AAHE A Th

st 7F EARE Zone 029 & - wi7Alo wE} Alo| =5 U AOU% =8
ol Ad & ok 37 Zone EFol | - HiZIAIZ=®lo]l e A, sHAVE
A3k Zone 20 w71 Al ~®Elo] ZE3slal Zone 0lolE= F7]A "o 25
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AW EE A Al 4 Aol Alugle ¥ FEIIAE ol =Este ARt
F¢e B, Table 84 % B & Q%o A7} dAE FYo F -

2% ZEstn 9e wExh_Sup) THAAZE R £ Qe A

o] Bwgtomw A7} WA FHo Fr|AxEo] A3t )& wWSup) 7HE

AP RS & F Uk 2y AT A F - Hl7|A2Ee] B
e $WNop_Exh_Sup= F71A 2o ZE3ska gl 4-$-(Sup) o

FETIANE ol =2ty wiEo] A A F - w7 2"S FaEeE AS

=
A71&ikAl oo & a77) §le Ae & & Ak

i)
_“L_ll
o
o

Table 8 Aol EH FHEIMAE gholl EEst= Al

T Case 1 Case 2 Case 3
Nop_Exh_Sup 53 53 53
Exh_Sup 126 X 25
Device-L
Exh 56 56 51
Sup 44 110 34
Nop_Exh_Sup 50 50 50
Exh_Sup 123 X 29
Device-R
Exh 56 57 56
Sup 42 56 38
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4.1 A¥te] 78

4.1.1 Ad4te] 7l e

Mupo) A s A Bl Arlgael] Ve T B 9iste] o
7147} Hlazt st SR $AAE 18S B0 20059 1290 Axd

o
£ FtAth d5AE Fig 184 & + 3
7} Decke] A& v 2ok AFA

CTHFAEFEAE AFHEGeE A

%ol F 6719 Deck® FAE

S0t 7|3, AEdAA o2 AR 2nd Deck, A&5A &
g2 Az st Foz FA-E Main Deck, A5 &4, ZFod g F

ld 2 FA% Upper Deck, &siAbd, 7]1A "e‘, AHUHY o2 FAHE

Shelter Deck, w4, Aujud, A4t @445 o2 4% Boat Deck,

deln o]y Mwad2 A9 Navigation and Bndge Deck® Hjj x

A EA o ARG Fg 183 #th

:Il
=

i~>

’

S~

Nav.Bri. Deck
Boat Deck

Sheiter Deck

Upch'Deckv—] | -
Main Deck

Second Deck
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A dole 117.2m, & 17.8m 183 FESF

She = 2
9 4295 FHA 2049 5 F 246wl $HT & Atk o Az Ml

= g
Al 7|2+ Table 904 AHzls+ A} Zr}.

Table 9 AFAe] =48 A

Length 117.20m Width 17.80m
Gross Ton 6,686GT DLWL 5.9m
People Total 246 (Crew 42 , Trainee 204)
Speed Max.19, Av. 17.5 kts
AEAY BN AuEs Au 23, 7AE4EHSE 718#4ds 23, 4o
< AYstie wg 2 AT, SHEATY, FATHeE FREHeH
ZF FHEE AR 92 FAA, 384, AR, AEE T4 oAl o] A H
o] Atk W QYo A&} TS st HEY F& 1400mmE AHA H
dom, Z+ g=ze HA EFolx 2,000mmeltt. 18]al ZF Deck® Foujx&

Table 10 dl=# FQuj3|

Hj 2 W&

St

:II

Navi.&Bri. Deck | 411, Multimedia Room

Aviud, A-4d, 71334, VIPY, msd (A)-0H),

Boat Deck Doctor Room

Abal =, Ship® s Office, AFREIo)4, FFajAbal, 718A}
Shelter Deck Al J—ﬂ—'% w2 o )

a9

A

==,

)

NO. 1 Lecture Room, No. 1 Reading Room, &+
Upper Deck | qize a1, sty (1)-®)

a9

2,

o=

o

)

) NO. 2 Lecture Room, No. 2 Reading Room, &+A
Main Deck 509 10)-36) ;

2nd Deck std BN-062), 7184, B4, Adaddd
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4.1.2 Aute] 4314w

Adubol] HAEE ASPHRIE TR TAIRD “AdRFASAAN ) E6E) S

AR 2013)0 A 1 71Es Fol ] 513

o B, AAALN we t2A AeuA 24 ngassidne o)

23R Ue Atk MUY AE

shAA Al SARAE 9T FA] SARFAGATE o AFAde] XA

H SFAgAGA e A siAZE dAStH SAAFRAAR o AFo| uief

Magnetic Holder7} a $J i

Al FogM shAje] F4HS WAGEE HoQdth AFAddd AAH FAEA A
9

o Wg 2 FFe Table

[l
y
¥o
o
H
oZ
>
it
it
ﬁ
N
N
flo
2

T = T
A7 A 7]
(Smoke detector) 281
d&A]7] 8
(Heat detector)
3 AeA]7] 3
(Flame detector)
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4.1.3 Auteo] F71x38} Al2H

Hure 548k 9 shgel XS] MBS F] g PHYAL
7 sl fhds WAL FES D 4 gle UF B TR oo
Atk olgd 55T T2 W] Hube] st R 974 I AAEF

SEAAE gl A

9] 3|
of A7le] e FAAA sl HRUo] Wl 4L & Ak ol
ol fr2 BAIA A Aube] Fr2HA2RE AAE AoIFORH A7 NS

o] ALFAe AMAo= F7|(Supply ainFAle] AU (Positive pressure)S, E%
58 &7IReturn ainNF4l 2] S<U(Negative pressure)o] FxZ=Z# AAujele] <
o os ALY 717 BEx 9 Ad F HREItE AX AHUAI
Handling Unite.2 375E 7187 FAEE2 AAHAD o] ASMME
5th¢] AHU(AiIr Handling Unit)©o.2 67] o= AA o) tig Wzt ko] o
3712 $3st). 7 gI3oAs 590 we AHUEZEE 37 2 3718 &
Sl ¥z S AFgutest Table 12= 728 AHUS 21497 =4-83HO0A,
Outdoor air volume)¥} Hj7]-&=HEA, Exhaust air volume)S UEld Aotk

ot

Table 12 AHU®| 214 <]7] =4-8FHOA)Z # 718 FHEA)

No. of AHU Outdoor 21[111;l 3\//%ume (OA) Exhaust a[iI1;l 3>/}%ume (EA)

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

Y
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4.2 Avke] A Ed oA RdP R AU

o] AFolA= Autol A stA) Al Iz o] A7]E4tel] HlA|
st7] 9lste] Pyrosim 2014& o] &3t AFAAe 67019 deck 5 Main decke]
g FHE R AEYolAS FHSIAT HAEAE Ao @S WFstd
mdgolA 5 -7l 9A], Atelz TI8a &% & 2SR
oA Main deck®] siAthd =g s £ 4 Aty 22 AW FIolA
o Algd o] Aue et FUsA = - w1 ol whet stAAE AAHEA
o A9 =7]+= 0.5mx0.5melx, WEFL 50kWE HEstHch a8l 7zt
Zoneoll AT F7|TeF iz F & ZHZF 2225mi/hr, 3550ni/hro]t.
a3 AWFzre] AlE#E el AT TSl = - w72 o wet AolxE UF
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4.3 ’}i‘i}fﬂ-zﬂ l‘] =5 HH7]I\]__)_\_F%]O]] u;'|.§'-‘: %7]ﬂ% 3H)—‘:]

4.3.1 Case 19 Avgled A3

Fig. 212 Main deckd] siAdiA 9 F F - wi7|A|2Hlo] »% AEdi=
oA ALY A @-B7Y HE9 driEtEgen. Aud L
Nop_Exh_Sup®] 7-¢ 404 HZo «A7]g4bo] AFEHI glom, 80z &
Q717 Bl 7hEAal e 4 Fdd B 5 At AlyEl e Exh_Sup?
B AUWEANA L AZIAE AEHIAH MRIVIAIR AFde F717E F
3l FEEHE e HiZITE Fell viEHY] Wi B3 & 07 A= AT
of FAHAT AlZto] AgE AV7F ®FHer AV7F £ 23} 120%
Tl @717F Exo gdiFHo b5 I AL & F Ao 28 AdE L
Exhel 739 sty Fol mirjA 2"o] ZHFelAv mE AV|gitEEw
Aall AlRto]l Ad=rs: AZ7F BE 7ME A= e & F A AR e=w
AuE]l & Supel A 400 EEO AV|HtESS B, SATA AA
7178 T FFEHe 3712 st B79ez AVI7F AT AUy L
Exh_Supst miz7HAl 2 55 3719 dEHold ez d77F g S

183 Fig. 22& Main deckd] siAthy 79 & F - wj7| A &8o] nE &

ot XA ALY A ©O-0O7Y9 ER9 dAVIFtERSFoIH AU
Nop_Exh_Sup®] 79 100z <A77} BHEE iEHE BEES 2 5 JoH
140z0E 25 QA= g $ Exh_Supe

A% AT A 7710 F
& ¢ 4 Aok 223 Avele Exhel A9 mE dr) fuss
]_

©
XN
%0
2

o
=
)

= 1
3 & 20020lE 9717t FjEel ©-OFY BE=AA @77k ™
2l
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Fig. 23~Fig. 252] Case 19| Zt A HA Ayl ¥ 7MA = 3he 53
M= 2o AxE s & 4 Aok T3 Alygles K 1 587
A= gl =2dte Ae Aelstd Table 133 2ok 724 Alvte] 9F X
ok &7 = gl Egske AlZko]l trEARE & - HiZ|AI 2" BF 2bE
A e AFok H7IA2ERE Fsdte A QW RN A R Al

A 2o Bsl 7 9E et

Table 13 3 &7HAN % #holl =gst= A%t (Case D
=34
e D ® @
Nop_Exh_Sup 98 65 62
Exh_Sup 113 83 68
Exh 101 69 66
Sup 112 77 62
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Fig. 26~Fig. 28914 Case 12| Z+ S ANA At &
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55 L

AN =2 A, 788 dV5e 2 7hsAdol e AR sAEAT g
T QW 99X Q@H YA NAE ¢ 112% o|T BE AU oA YAisiers
FE4k0] 100~200ppme. 2 o|Z o 2-3AF =& A, F5e 74 7}
540l JdE ALE A=A

TINAY e} disletaws A S TSt BY w3t F 62x Fol vb
ANAY gol sl 87HAAY 71 Fholl =28h7] wjiEol A AT Tl AF
st A= I ES ojfell Al 7+S Blojutof AJofgti o] JFS WA

62%
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4.3.2 Case 29 Avgled A3

Fig. 292 Main deck®] sty v+ T wi7|AI=gle] 2&sts 3ol A
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Fig. 31-Fig. 33% Case 29| 7} A Ao Ayl E 7IAE gholth Al
Uelesl 244 ¥ 8I7INE fhel EEstE AlzbS A stH Table 149
2tk AlvE]l e Exh_Supe] A9 OHI QW fAA FE7IAE gl B2
32 ggom zF Ay et A utth S8V E el EEstE Aol
A9k, AvE] & Nop_Exh_Sup®] -9 @® A|olA 71xd 387 =
5%8}1 A2 Supel A9 QW LR A T3xol FHETIAE Foll =
AL L F U

Table 14 3 &7 = kol =23= A3t (Case 2)

=44

i D ® @
Nop_Exh_Sup 112 71 78
Exh_Sup X X 74
Exh 117 75 83

Sup 117 86 73
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4.3.3 Case 39 Avgled A3

Fig. 372 Main decke] sXid 7o =
ARy A A-BTY Fxo o =l

A 7F BAEH 7] wEe AluE
Z Hol 4719 A7t AEEE
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Shato] A FE I e Ae sl B 5 U
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29 Exhel A% 66x 283 AU L Supd A$ 59%2 2 ztol: giA T
T2 W 38U AY ol =gEE AL FUsh B 5 Utk agn QW

o w Table 159 A stAh 7HA1AE 23 & 3
Foll A A7 A Wi A 2R A 7

| —
=
A< o) (o) A~
L5 e A & F AT

v)_\_r:t]! o] [e]]

Table 15 & &7IA = gholl =E3= A%t (Case 3)

=2 A

:|1~5]_— -1 o0 H
@ @ &
Nop_Exh_Sup 66 104 97
Exh_Sup 64 95 96
Exh 66 103 97
Sup 59 93 91
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