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Transient Heat Transfer Analysis and Fire Test for Evaluation on
Fire Resistance Performance of A60 Class Deck Penetration Piece
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Abstract A60 class deck penetration piece is a fire-resistance apparatus installed on the deck
compartment to protect lives and prevent flame diffusion in fire accidents. In case that the AG0 piece
is newly developed or its initial design is revised, it is important to verify the fire resistance performance
using a fire test procedure (FTP) code. In this paper, transient heat transfer analysis was carried out to
evaluate the fire resistance design compatibility of the newly devised A60 piece. The analysis results were
verified via a fire test. The heat transfer characteristics were also investigated by comparing design
specifications, such as diameter, internal configuration, and material type. The analysis was performed
using ABAQUS/Implicit, and the fire test was performed according to the FTP code. The fire resistance
performance of the AGQ pieces satisfied the safety of life at sea convention regulation. The material type
was the most important design specification for the A60 piece. Based on the maximum test temperature,
the measured temperature of SUS316L material was 25% lower than that of S45C on average. The
differences between thermal conductivity and specific heat of each material were 17% and 58%,

respectively.
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Fig. 1. A-class penetration piece[8]
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Fig. 2. Enhanced design of A60 class deck
penetration piece
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Fig. 4. Finite element analysis model
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Table 1. Detail specification of analysis model
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Fig. 5. Material properties of SUS316L[10]

Thermal conductivity

Specific heat

[J/min/mm-°C]

[J/kg-°C]

50 -
45
40 -
35 1
30 -

25 4

20

0

2000 +
1800 -
1600
1400
1200 -
1000
800 ~
600 ~
400 -
200

100 200 300 400 500 600 700 800 900 1000

Temperature [°C]
(a) Thermal conductivity

0

T T T T T T T T T |
100 200 300 400 500 600 700 800 900 1000
Temperature [°C]

(b) Specific heat

Fig. 6. Material properties of S45C[11]
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k 2
h= fNu [W/m2K]

— 1/4
Nu=027R,/ . )
98(T,— T.,.)L
R =" _"=
ay, 1/2

Where, Nu denotes Nusselt number, RaL denotes

Rayleigh number, Pr denotes Prandtl number,
k(W/mK) denotes fluid thermal conductivity,
L(m) denotes geometrical characteristic length,
v denotes fluid dynamic viscosity coefficient,
g(m/s?) denotes gravitational acceleration,
coefficient,
7,.(C)

denotes fluid temperature far from the surface.

denotes  volumetric  expansion

T.(°C) denotes surface temperature,

2 Aol ARERE fRteadsid ZETRR
ABAQUSE @Ags|Aeo] A5z JAAR HFASY
dFo] "R, Eq. (2914 Nusselt number®}
Rayleigh number= W&FASE 4F35H7] s Alkket
t}. Rayleigh numberg AXISH7] 98 7, Pr, 19
I vE 60871 712k Wl oE oE e A8
silem, L Fig. 3o Yehd SAAE A& AlHY
B A= THotdrt. o9t Zo] diFASE 4APyst
of §3te S o83 IHIHY 7L 71E9] o
ATz ERIT 4= St} [15-171.
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(b) Exposed furnace domain
Fig. 10. Temperature distribution contour results

Table 2. Temperature measurement results of
transient heat transfer analysis

No. [Pmenon )yl ypeimermal tpe] "SRRI
1 a8 | 220 SUS316L Passing 63.7
2| @8/ @20 S45C Passing 84.3
3 12 | @25 SUS316L Passing 64.6
4 @12 | @25 S45C Passing 88.1
5 g8 | F20 SUS316L Cutting 61.4
6 @8 | @20 S45C Cutting 80.7
7 12 | @25 SUS316L Cutting 65.0
8 @12 | @25 S45C Cutting 87.9

Table 20 Uehd AAH £ AtollA ngt =22
AGOF 7 TE o A} FIP =9 14 &
2l 180 T oJstE F&3] WEdhe Aoa Yeiyt.
AAAE e 2EE/9] ¥istel IATI] SUS316L
AL EH2EE= S45C AR WA vehsar, Ad
Halo| 2 2= Hapt & AoE yeigtt #E B
27 ¥ HE 2rELL 59 AE 7EeE B
3 B 7ol @8}t g202 A= A9} Zol A
o] AL4E 257 WA vehts §40] Jlov, 2
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2129 @252 AL F WHFdol e 2= |
k= AY gle AoE Uehyth 0|9k Zol AT A%
5 T HAXNE T @D B0l 7MY 2 FFE Tl
e 22 AE A Ao& Yehyit)

4. FTP %80l 2fgt =tdf Ale] 21

T R 4 Anto] HAS5E el Hnd 5
UsHA| FTP A =5 &40t AdHS AR, =4
HEAFH] wet SRS SFotgiTh AGOT
TE T KA AulQl 51 e Adkat s
ZWE AREEE= AT 8 18 ISP 55 AIEst
L |24 3,000 mm X 3,000 mm9] S8 7FEH
o] Wgslty X3 FPlke Y 2t =1 hEo|
F2HE HUE B30 Eq. (DY 3Fd Ao 2% 4o
2t 2A=, s S5 T2 AEt WA ES
SPRITH18]. AGOF 7t TE Te| SAA el ALgH
St Aulel AlFEY 42 Fig. 1191 Hehfidch

Fig. 11(b)oll vrehd 214" sFAEellA A0S 3
o 5 o) 2= A A 4T FUI A9
A ER=Eglon, 4 A sfMAztet vwsto]
Table 3° =]5t9ict.

S

o T
A
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(a) Horizontal furnace

(b) Fire test of AGO class deck penetration piece
Fig. 11. Fire test set-up

Table 3. Comparison of temperature measurement

results

No. Analysis [C] Test [C] Error (%]
1 63.7 58.6 8.7

2 84.3 95.0 11.3
3 64.6 58.2 11.0
4 88.1 99.7 11.6
5 61.4 55.1 11.4
6 80.7 84.7 4.7

7 65.0 59.3 9.6

8 87.9 99.0 11.2

Table 3°f E<l vje} 2Fo] AGOH 4 & &#2| ¥
= G s AT FHa 3= 0¥ 34
AR 4.7%, Hd 2= 49 Z4 A1 11.6%
2 Yerdt:. A4 574 AAIMS Hdt A= 9.9%
o, AAAYe] mE 2=E49] Hote] e A
e Ao YElT olet o] 6027 sAAId ] H
T A= QA A Y-S Ajtetd s dte] He=rt
ASHATGL T 4= ek wbA 2 ARl AGOE
T oE B An FAFLES A6 ke ¥
Al ARFE FTP FE9] 1142S W5she 202 2els
Aok E3F e FAY 4S8t AGOHE A TE
ol oAt e 549 B At Aew
UERE7] mi2el s S ol83st] AcoE A%
S Bl tish F o gt FeHEA AF ETH 7hs
g Zog waEich

5. &2

o)

B AoliE Al 9 SIFEAES AGOT U B
£ go] AT BAFHS 99 1ok WetaAe)
A B 918 B B S B,
SIS Fo QAT AN e dENA
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