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Abstract - In this work, in order to quantitatively predict the radiation flux and
propose an idea about how to reduce the radiation damage, the radiation flux caused by
pool fire of an LNG storage tank has been calculated using the RISC (Risk and
Industrial Safety Consultant) proposed model under various conditions. Model predictions

. showed that the most important parameter affecting the radiation flux by the LNG pool
fire is the wind speed. The extent of radiation damage to a target from fire flame was
more significant with variation of wind speed at a low wind speed than with that at a
high wind speed. It was found that the radiation damage by the former is substantially
reduced with planting windbreak system around the plant. Since the windbreak is most
economical than any other method, it is strongly suggested to plant a tree belt in the
factory surroundings, especially near by the area of gas storage facilities, linking with
water cooling and fire protection systems.
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Fig. 1. (a) Stages of the pool formation
(b) Profiles of concentration during the pool formation
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Table 1. Comparison between Federal Code Model (FCM) and RISC model

Model
Parameter FCM RISC model
maximum emissive power varied 190 KW/m?
on flame surface
emissivity neglect effect of Ds e=1—exp(xDy)
]:r]”
flame length L¢ = 3D L,/ D=42(

f 0.V gD
flame tilt 45° (fixed) floating by wind speed
flame drag neglected included

effect of humidity neglected included
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Table 2. Pool fire parameters obtained for various conditions

Conditions Parameters
Emissive . Flame Burning
Condition Variation| Power Fzzme T;h Length Dra.g Rate
(kW/m?) | ‘desree (m) Ratio | (ko/m’)
~40 C 12.15
Uv=2%% 720 C 12.77
D=5m 0 C 13.38
-6 200 161.37 33.88 5 1.26
Tw(Varied) | 40T 1454
50 C 15.10
Uw =2 m/S
D=5m
I _ lo-100 % | 16137 33.88 13.82 1.26
Te =15 C
hy(Varied)
0 W 147.61 0 115
Uw (Varied) |77 mg 155.98 0 1.15
g| D=5m 2 Mg 161.37 33.88 13.82 1.26
he = 65 % 3 m 164.33 47.32 ' 1.33 | 0.09897
Te=15C 4™ 166.33 54.05 1.39
5 M 167.82 58.33 1.43
Uw(Varied) 0 "% 147.61 0 1
D=5m 2 M 161.37 33.88 1.26
V| o 4% 166.33 54.05 13.38 1.39
d 1 6m 169.00 61.36 1.47
«=07C 8 s 170.79 65.47 153
1 "% 155.98 0 115
Uw (Varied) |75 mg 167.82 58.33 1.43
y| D=5m 10 9% 17212 63.21 1496 1.58
he = 85 9% | 15 ™ 174,39 72.35 ' 1.67
T. =30 C |20 175.90 74.78 1.73
25 Mg 177.00 76.42 1.79
A W= Bz 2 YL tNE AL e 2 ELoN EHE Fol: AL oY
& 4 gith A% 5 m/s o3t F4E 1 m/s o2 Al
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AL b 2 dae B4Ue ¢+ g, o o hF A% deRss ARRas 10
AE Table 298] 24 I, IV 3 Veld ne o) FHE dspl7E Aol Aad, HE)
ARY sEe EW wE wAde wme g A A R Fu= ¥ A4derd 43
q@ Faol WAl AN Y ALk Dol BEA Hud wE FuE BAA 9
= T -

watsio] Wal GAXHAA wE DSl
#7)7) wolu.
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Table 3. The proposal to solve present problems related to safety and security
facilifies against LNG pool fire
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Fig. 2. Target and flame geometry for

the tilted cylindrical flame.
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Fig. 3. Effect of ambient temperature on
the radiation flux of pool fire for

condition I in Table 2.
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the radiation flux of pool fire
for condition I in Table 2.
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Fig. 5. Effect of wind speed on the.
radiation flux of pool fire
for condition M in Table 2.
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Fig. 6. Effect of wind speed on the
radiation flux of pool fire for
condition IV in Table 2.
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Fig. 7. Effect of wind speed on the
radiation flux of pool fire for
condition V in Table 2.
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Fig. 8. Schematic illustrations of the damage
area by pool fire radiation and the
damage-reduced area by windbreak.
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A 71E Aol AFAEAUY W 2
A" 45 AAH AgRaY F
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a. : absorptivity of carbon dioxide
@w  absorptivity of water vapor

€ ! emissivity

k¥ ' attenuation coefficient

0a ! air density

ov  LNG vapor density

T ! atmospheric transmissivity

6 : tilted angle of flame

d. : distance from the source of target
d : distance from flame to target
Df ! flame thickness

D : pool diameter

DR : drag ratio

F : geometric view factor
Fmax : maximum geometric view factor
F,  vertical view factor

Fn : horizontal view factor

g  gravity acceleration

L¢ : flame length

Ngr © Froude number = U%gD

U. ' characteristic velocity =

(m' gDlp)"?

: normalized wind speed = U/U,
: wind speed

ds '@ maximum radiation flux on target
q ' maximum surface emissive power

! burning rate

2

T EYIAUGR A5AEH AT
5% ¥IAAY 5270 A Y
el Uy sAHALH oo AAEY

Lol
2

L AAF, HEY, 28E, THEAAEY] A8
37 71 R HAER V1YY dEE Ag 1
21Ag, kg3 71€, 14, P351 (1996).

KIGAS Vol.2, No.1, April, 1998

2. o4, "8 Andd JFEHD, ¥
33 7E, 1, 68 (1997).

3. Sami Atallah, Jatin N. Shah, "A Thermal
Radiation Model for LNG Fires.” RISC &
Industrial Safety Consultants, Inc. (June
1990).

4. 37, “di -3t 2 o] 3
FEHA), 427 (1996).

5. Code of Federal Regulations, Title 49-
Transportion, Subchapter D:U.S. Govern-
ment Printing (1986).

6. Mudan,K.S., "Geometric View Factors for
Thermal Radiation Hazard Assessment,”
Fire Safety Journal, 12, 89 (1987).

ot

RSy

oKl

7. Thomas,P.H.,”The Size of Flames from

Natural Fires,” 9th International
Combustion Symposium, 844 (1963).

8. American Gas Association,”LNG Safety

Program, Interim Report on Phase 1I
Work,” IS-3-1, American Gas Association,
Arlington, VA, (July 1974).

9. Bugress, D., and Zabetakis, M. G., "Fire

and Explosion Hazards Associated with
Liquefied Natural Gas,” U.S. Department of
the Interior, Bereau of Mines Report 6099,
(1962).

10. Maezawa, M., "Experiments on Fire
Hazards of Liquefied Flammable Gases,”
Japan Society of Safety Engineering,
(May 1973).

11. Mizner, G. A, and Eyre, ]J. A,
"Large-Scale Land-Based LNG and LPG

Pool Fire Tests At Spadeadam,
"TNER.81.034, Shell Research Ltd,
Thornton  Research  Center, England

(June 1981).

12. Moorhouse, J., "Scaling Criteria for Pool
Fires Derived from Large  Scale
Experiments,” [. Chem. E. Symposium
Series No. 71, 165 (1982).

13. Mudan,K.S.,”Therma! Radiation Hazards
for Hydrocarbon Pool Fires,” Prog,
Energy Comb. Sci., 10, 59 (1984).

_22_



