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ABSTRACT

In this work the dynamic heat transfer occurring in a cable penetration fire stop system built in the
firewall of nuclear power plants is three-dimensionally investigated to develop a test-simulator that
can be used to verify effectiveness of the sealants. Here was carried out an experiment to observe the
heat transfer in the cable penetration fire stop system made of DOW CORNING products. The
dynamic heat transfer occurring in the fire stop system is formulated in a parabolic partial differential
equation subjected to a set of initial and boundary conditions. And it was modeled, simulated, and
analyzed. The simulation results were illustrated in three-dimensional graphics and were compared
with experimental data. Through the simulations, it was shown clearly that the temperature distribution
was influenced very much by the number, position, and temperature of the cable streams. It also was
found that the dynamic heat transfer through the cable streams was one of the most dominant factors,
and the feature of heat conduction could be understood as an unsteady-state process. It is certain that
these numerical results are useful for making a performance-based design for the cable penetration
fire stop system.

Keywords : Dynamic heat transfer, Finite element method, Sequential over-relaxation, Partial differential
equation, Cable penetration fire stop system

1. M =

e A FI8] Astd FES] dAHEHA

Z4sla glon, ol whe} AE AL e

A Fol) dojul= Az AAEHEAL

*E-mail: esyoon@pslab.snu.ac.kr

24

Ho i

& A18)3 BAle] ol Wuth Ee Agolch. 53
el el
Ao 2del F43) Aol FohE ALz WA



AL AolBAFH 34

Reowvz olFA Fud AN P8t FR
ghorsle] /RS ol FAlshe FEA AL of
o ®c} gAslo) olzg Hde] Wty sz
ARE-Elo] gk 7159 ASTM E-1199] wh& AJEHr
e 19753 vl=2] Browns Ferry QA EA A Al
£ A7]2Z ASTM E-814 && UL-14798 W2 & n}
AA HUED 22 ASTM E-814°14 &= el A&
g9 kA S Y] ) fHom B B3

-5 F9ls= Forating®% ofug), A7 Hy2x
o] %7 oHE #elsl= Tratinge A A=
FAE gtk BE dxEEA L s AolBe] B
3517) Asled WahEol AXE CPFES(Cable penetration
fire stop) Al&ES] & 3,0000014 10,0007 o2t
oA ©e V&Y WA add 2 Ayl
ASTM E-8148 HEA1AH AT AldE dA3te
gols B2 oE o] MEDRE AHE AZEYSE
MEsle] ARg-sh= Zlo] otk AlgPE AXE
£ CPFSAIEH] WollAo] AjZh] ma 2xfxe] ¥
g Al E 4 A7l mEZel, 53] Trating2 5
st &3 o2

E dFelMe A dbd o) waho] dx|€ CPFS
A" WelA] dojue B9 AY AL d4st
7] 915k, kst Helg AolEe FHo) wjEgg vt
A 7tEA AEE AAEY 2 ghellx olegl 4
2 H4L FAF oz AlEEolA dlo HEE) {8t
o FA3EAunh ¢ 4452 FEM(Finite element
method)S ©] 83t FAZ AAs e JE=Zeay
Femlabe] £20 2 F|Hog EFc} o]EA Lozl
A3 AlEH o)A e MR vl - B4 Ech A
PE Thst AFAAEL AdE AFE A5 olH
9] A E Folyd AAHOE ALLE F YU

Ir oo A

X

-

2. A #

2.1 AEie W =Xt

2 4382 Dow ComingAte] e E] tigh 34]
b T A E s s SR E Y
57 WA RA T A AT APAFHE o
F3 Utk o] 4 HARe AlEdEolAE BEA A
H el dig AHE wAdE 5 Q7] R, 2
ATE B3l AFH o2 MMUslHA sh= CPFS A&
¥ Bhe Z2aPE Agsted a3 988 g

2 Ao HA #EA S 7Rl st
& flet A" HakE ATzl sl ASTM E-814
(Standard Test Method for Fire Tests of Through-

dA2E BN AZE0] sfdt | 25
1200
(5
-2
g
E]
8
[
.
g Standard
= Experiment
200
00 2 40 S‘U 80 100 120
Time [min]

Fig. 1. The standard temperature-time curve of ASTM E-
119 and the experimental time-temperature curve.

Table 1. List of Fire Stop system (unit: mm)

Classification Dimension

Construction Frame | 600300

Cable : 600V FR-81CX 3.5 mm?*< 5
Tray : 400(width)> 100(height)
X 6(thickness)

Penetration Cable
system

Steel sleeve : 1.2(thickness)
DOW CORNING 3-6548 Silicone

System Supporter

Sealant Foam : 25(thickness)

'I"he ratio of Penetra- 222%

tion system to Frame

Wall ALC : 1000 1000%X250 t (A.L.O)

Penetration Fire Stops, 1994) Aol wla}t 34|17
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8Tt

Table 191 A A" 749 € AFo| |&H
o] 913, Table 2= £# A2 Dow Corning Firestop
3-6548 Silicone®] EAXE A ULt o)d F4
E40] 47 AFEl ASTM E-8140A4 &7
g3 e Wl Aage g BEE) daiMe
A7 Fote] 718 3 JlH-(Construction Frame)oll A}
st el FFoit B flofof 3= Foratings &
o]x, ojH 2z} Rl 27} 7] £ Hr} 181°CE
23] golot = Trating 7152 UE5AIAOk St

TAHY AY e g3 2o

(HAEAE 7IEHAo] 1 mX1mel 43 71EZ2
A AIZITH

() 7tEE el A" AW 57 Z4E 2=
o} Htgko] ASTM E-8149] A& o] me &7t
B2EA T WmERE AQAS 3K T 7K

T. of Korean Institute of Fire Sci. & Eng., Vol. 18, No. 1, 2004



26 58 - WS - A - B

Table 2. Material properties on Dow Corning Firestop 3-
6548 Silicone

Property Unit Value
Physical form Flowable liquid
Color and consistency ]f?;r; gray elastomeric
Snap time Minutes | 1.5
Density kg/m® 300
Tensile strength MPa 0.07

Thermal conductivity | W/(m - K)|7.5% 107

Linear coefficient of

thermal Expansion 1~C 32x 107
(=25°C to 150°C)

Volume coefficient of

thermal Expansion | 1/°C 9.26x< 107

(=25°C to 150°C)

Volume resistivity Ohm - cm | 2.24% 10"
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Fig. 2. The standard temperature-time curve of ASTM-814
and the experimental time-temperature curve.
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Fig. 3. Thermal sensor position on the CPFS System.
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Fig. 7. Simplified CPFS System.
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Table 4. The boundary conditions

Boundary Condition
n-(kVT) = Q(r,z,t)

Description

Cable surrounding Boundary flux

n-(kVT)=0 Insulation or symmetry
T=Ty=20°C Initial Temperature
T=0 Zero Temperature or Antisymmetry

Subdomain Value
Parameter Description SEALANT CABLE CABLE WALL TRAY
(5i0,)® (PVC) (Cu) (CaCoO,) (Fe)
plkg/m?) Density 0.3X10* 1400 9840 1900~2300 7850
C,(/kg - K) Heat capacity 44/60.1 1.05% 10° 380 880 460
k(W/m - K) Thermal conductivity| 7.5X107? 0.16 387 0.8~1.4 45.8
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Fig. 8. Simulating the CPFS system in Femlab Software.
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