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2.1 Summary of large scale experimental

Pan Burning rate |Radiation | Conductor

diameter (m) | (am/min)

Reference

Crude oil

Hexane
Heptane

Gasoline

Crude oil x .33~0.87

Crude oil

Gasoline

*1

.2

*3:

: Irradiance at L/D=5
JISE stands for Japan Institute of Safety Engineering

JCFA stands for Japan-China Fire-fighter Association
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Table 2.3 Summary of columns, carrier gases

TCD  Dz+Ar, N, ,CH,, 00,

FID  CHy

FID  CHg,Calla4CoHy, Colle ~Cy

airt(0,00,,002,Ca05,CoH,

Detector

Flow rate

(ml/sec)

Carrier gas

Column

Porapak Q

Gas chromatographs

Shimazu
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Table 2.4 Wide angle radiometer specifications

Type, Manufacture

RE-2, Tokyo Seiko Industry Co.Ltd.

Detector

Thermopile Coated with Platinum Black

Solid Angle

Heating Surface Area

100 mm*

Time Constant

0.30 sec

-5 Thermography spe

cifications

| Type, Manufacture

TVS 2000 ST
Nippon Avionics Co. Ltd.

TVS 3000
Nippon Avionics Co. Ltd.

Detector

In-Sb(Indiun-Antimonide)

In-Sb(Indiun-Antimonide)

Detector Cooling System

Helium Stirring

Argon Gas Cooling

3.0 to 5.4 um

3.0 to 5.4 um

| Spectral Range
1
|

Scanning Method

Rotating Mirror Wheel

Rotating Mirror Wheel

: Focus Range

254 mm to Infinity

254 mm to Infinity

Field of View

15° Horizontal x 10°
Vertical

=¥

15° Horizontal x 10° |

Vertical

Accuracy

0.4 % (Full Scale)

0.4 % (Full Scale)

| Emissivity Compensation

0.10 to 1.0, 0.01 Step

0.10 to 1.0, 0.01 Step

Spatial Resolution

2.18 m rad (0.128°)

2.18 m rad (0.128°)

Display Level

256 Colors

16 Colors

Display resolution
| (Interpolation)

200 Lines Vertical
(200 x 258 =51,200 Dots)

100 Lines Vertical
(100 x 256 =25,600 Dots)

Time conmstant

< 1u sec
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§¢=(2.18-L+0.31)%*x 10°°

Qe=0 -S:-Te*

Xl BAASI BRI 32 Eq0arid, KXTEXI5N 3,

Qtota1=2 Qa
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BB, TOLIRLTHBOSNLIBMYD I0~0ETT. |EE25600% =i

SRIDSRORHMBAROT -y M ERERER» BN 3, ECTLER

EMSTIRAATORTZ2MEMAe, Qe 2 BWULT, KEORHBEZED




HX3,

FHALZEREB®E2000C

RPLOLHHAREPMEL /o

LEARHGTOZ KRS

FTOBEEET,

X265 NDq0en: @RAFHIE LR S5 XL




EXHAES,

lodern Test

i B AL 3% O b A1

Yot

i

Bl B-A@Hy Y/ 0KREBER

ARATY S ERBELE

ERBRUTARE

RICEROH S ARUER
(IEEEE (FEETER)
BHOBRBREBSAXRAMEXIET 3B LEFNR IS4 -9 —TH 3,
Table 3. 12 L CEREEIEAT Y VORKEREVORFE L Fig. 3. 107 L 7.
Kung et al.0F7 — & (4]3, FHLDF -V CHERTARKEDIER>T WS,
MREEEIEENAES R ACHNLTWS, Chid, EHFROBET
RMBEEESRRPCOBEMR, BREXBFOT TS OBBEL LTXE

ENh 3T, Burgess et al.[5]iX, MERARVEUn2RATEL 7=,

X (1-exp(-« D)

e REEFBRBAOROBRKRERE, c BAKOBRNEKTS 3.

Vo >

Fig 3. 19 0 R F XM > THRLERBRETSH 3. Vot LTE, D=10a0 &

OEJBEEOT— VAL, 2, KEOBRBERcE, F— s BELCLRS

5k k=060t 52k, AROBMARAOKLEKESMTCLRSAS, Fig.




Summary o

32icFEEOBRE ¥ =4.2nm/min,

STHERFER 3 M,

Diameter | Burnning Rate

D (m) v (am/min)

e Height | Reference

6,7.8,9,10,11,12],

(-)
(-)

COHMER» 5

T AREREAAL
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10.0

BEHBRHCIZ0TH3, ChblEBELEEhZh, KO LS5 HELN 3B,

All data are averaged value.

Geona= ki D(Te-T1)

k2 (7 D*/4)(Te-Tu)

Graa= 0 (L D*/4)(Te*-Ti%) &
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# % (Table 3.1

K BBERRDEHHRBBES AE 2D
Bk, D=0.3nTE. 32kW/mEEEN. —W2.MERTE. 210kV/n*BEL
THMLE. —#h, BIAHRHEOESRREZS

0. 45BE T, INASS L, EOBIEDPLI>ESZD,
HH/Be=0.25lc b — 2 DB oo B/H0.65(RIRARE )BT EEXIT LA
YEBHRAREETCAS AN, COHEBLPLOMHEROTGE. 2640
WU TFTHhBC ehH -k, RoT, WHARDFHREFTILETE. C0BA %
FIFEALTHARERBEZE LW LB, FHER, BR2IZ2HBE0
D=30nR T 50mD AT A K EEBR[25)ICHMAL £ A, 30m, 500WTHDEHRTH
KEBBPOSORHAANASC, B=1.5DeRET S, 0nkROBE, H/
Be< 0.5DOWADPSORPRIXBLBORFROHNTIN, SXEOBE, &
BOSTHo e . TORHBHEOARLLUOFHTIEEN T N28.9KkN/n",
15.6kW/n°e b, AT7P O—D2.MEBOKLDOBE (96.9kW/n*) & h & F
HWICE VL %2 - /= (Table 3.3),
LARBHEES>STXKRORHARMELBIAETE, KREBATHI~S

CABEhT, TOBABRHARIROENZ N, MiAVWAHGPERZBRAME

RKDBTLEMULVW, RAASEIYEa -4 —%4sabE-RERERE

BE@ES CELTRKROUHBREBMENESICFECEVEE (RE30Franes/sec)
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Table 3.3 Radiant emittance of heptane and kerosene fires obtained by wide angle radiometer
Fuel ‘ Pan Diameter E: ‘ E2 Es | Eav ‘ Reference
i (m) (k#/n?) | mtih | Gy | Gknint), |l
!
i 1 [ \
250——————1—T—T—T—TT T 0.3 105 | 132 | 24 | 126 | 148 |31
< —  CONTINUOUS INTERMITTENT — | f f
= ~ 0.6 122 | 2.5 | 626 | 3.3 | 287 | 3.1
Z 200 AR ' i !
= { | 1 152 253 | 95.3 | 52.2 414 || 3.1
LJ o) !
O A ! [ |
= 150 \ Heptane 2 <20 49.1 168.5 | 76.2 | 518 | 3.1
<
= 1
= 2.7%2.7 < 50 < 50 186 120 96.9 3.2
=
(] ¥
— 6 NA NA NA NA 75.3 3o
2z |
< [
=) 10 NA NA M| M 722 | %2
<<
o T
30 6.5 18.8 37.4 ‘ 50.9 28.9 3.25
Kerosene 1 -
= | 50 11.1 19.7 17.7 17.2 ] 15.6 3.25
4 |
[l
] NA stands for NOT AVAILABLE.
: E: : Local radiant emittance of over 0.75 of flame height, He
. Ba : ” 0.50~0.75 "
N e R i RNk aaiet o# lentane 1 Es: ” 0.25~0.50 ”
¥ of radiant emittance of heptane flame E4 : ” 0 ~0.%5 ”

Eav:Average radiant emittance of flame measured by wide angle radiometer with the same
way of reference [9]
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Figure 3.37 ship between irradiance at H=0 and H=-0.5m and L/D of
0.8m heptane fire. Calculations were compared Figure 3.38 Application of solid flame model and point source model for

experimental results

results of Japan-China joint study on gasoline fire in Tianjin, China on
October, 1988
(a) D=5.4m, Radiometer heights; H=0 and -3.6m

H: Radiometer height, H=0 means its height is the same height of pan edge,

‘ and H=-0.5m means its height is 0.5m below pan edge.
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Table 3.4 Summary of smoke yield from crude oi —RBRARET

| Pan Diameter Smoke Yield |Reference
1) ARCAD 2 KRES

= v\
(m) ()

0.085 SBRE(BRhARARBICHEY)T

0.80 . 3.10 L -T. kRHH

D FEHHHE R

3.5 Radiant emittance of various fuels

| Apparent Tempera- |Radiant Emittance |Radiant Emittance Radiant Emittance 3) EMBOEaiclE, DIBEOXRROBRHRUED
ture, Tuax(C) *' | Emax (KW/m?) ** Eav,<0.5-He (kW/m?)** | Eav,<1.0-He (kW/m?) ‘
| e ZHOWTHHET 2

xane 1130 215

JABES A=

I
i Heptane 1085

Gasoline l 1075
|

| Kerosene 1070

| Crude oil ** | 1035
|

‘ Methnol 870

Obtained by thermography Fig.3.40(a) R T (b)iX, ~7
: Data in 2.7 m squre pan fire

: Data in 1 m pan fire Bor AREEIOME >0
: Data from Ref.[9]

5: Calculated following the same way of Ref.([8] s

8: Murban crude oil WLk, HHEGORE




KEOBWER ulE. A7 H > TE0.8n"*, il T&2.8n 7 (3]

YREDBE,

N
T

5 (kW/m?)

L RBERIDDDAIVELRZZN, ZOMARKRERL —HT 52

B 0

o
wn

o —F, RBAKROBE, HEBHABOLY -/ RRERTED:

1 EXPERIMENTAL
—: SOLID FLAME MODEL (Eq.38)

o
N}
T

MoBETHEN, FREBLIZZRERIDET VL, DInTE, IoMME Hic#®

IRRADIANCE AT LD

DT 3, HERRTEDIFECIEEL -2 ER>TW S, DinT &, HER

2

0.2 @5 1 2 5
BEOANERBERIDAELR>TLAN, HARERERLELFLTLL, PAN DIAMETER (m)

=
o

—RABEFNVE, LIDCOBELHRAARBSSERLRME D EVH S (H0) |

a) Heptane fire

CBLWTHEBRERICRLSARL, REFRROFRAVPAHTSH S C L UME, |

AETF VLD BEATVS, D3IOBE, BOBAVWHREERT <& £,

BOFERKRRET—HRCTERL, £, BEOAEE, MBI L-THR

5 (kW /m?)

7 b, Table 3.3RU3.50 .2 —RIHEATALIPASVWEE, RRERD

SAELHAND, £, BB E> TEd KEL RR 5. Hudand & 5 ITK{E

KEALLEIIHL, —BIEBEOBAVWZERLTIHET AL —2DFZR

o : EXPERIMENTAL |
—: SOLID FLAME MODEL (Eq.38) |

FEN BECLOL..OfMNIRIRASFIC L > THEHRK (Table 3.5), Tk,

IRRADIANCE AT LD

BREEEICL->THARELED BT L (Table 3.3)2 56, FFHBEOHFH, R 0

& 1 bkt 1 1 11y
0.1 02 .05 14 2 5 10
Bk hERCHBH RS, PAN DIAMETER (m)

£, KEPBECHEDN, HESRIRBVAREXGSE/BEL 2. HEH (b) Crude oil fire
Figure 3.40 Relationship between irradiance at L/D=5 and pan

EHETOR EUEBRLPABBNEKRK LS OBRHBLLABRSITHET 25

)




N 8 AT - 24T 4) KEDPSOBHRUIRKBP LD S OELL/DD2RTHD 3 E—L/Do 8B
I+ T 3 CH D BETXedd=3nTHBABRKICAZ D, D3 X 38~ D=
DEME#ICHEDT B
5) KEOHHRMEF G2 EARHFORFLEK L, 4. BERIAS T
J e, 7 5 . ; T L
BELERERS 5RO, KETEBI/H=0~0.50 50O MBS KRLED
| - R y ik kR i BR*E
MHEODARFZLEDT VWD, >T, KELPSABE~ORFEZEZIZBE. X
) oy o BT e 5 PE 2 il R e RE - G e e ST * . o e
| ) kA S 5% ERELTH MR BEES EEAKR)PSDHBRITHE, £, —HAREAVEH ST
4 : e 5 e e 45 T 7 RE R TR KD S = oy i - 3 i
KRB, KESORAZIE, KRAHRBERTRRD S LR HHBROHRETSBE, AHRAH= 20 50HEL LTHELTS &0,
FRERNSHITSND — . LD E OB, . HEFNVOHETRE
|
§ A T ko T T B S BERLAZCTNAEN, AT VEL/OAG LSS /e % fl >
| - i
| S
| B KREVWESIC ELB3BOED cRk®BC CEMHRKS.
e F 5] K % 5D LT H SR 4

T ) EBRTEERBE. DOMMELL ML, 27, B, KEFESHS &

i A 5 BEh, EBUAOAXRLAEZES 2, ARBARECE, BHBHMEELX

E}

f}

5 BTH D T OHAER ECHEDT B,

SRl sy EROER RS LU R 1) Bl kB3 KEDEACEHT ZUudanDE X 26 & lc LE FHMEAM T,
Y oAV BRERAL L0, HHRHRE L2 iAW KEOPHRHERERCABAOMNREETT 22 LA lRS, A5t HE
EoflEsR, A/4 0.3T & DOBMBEREIED D, H/H=0.6~ 1.2fF

E BECLoRHBBEOTF -V 2HV, £, ABEB~OBHCRIFSL

F (ks TEXEP SAB~OBRY2IFORAN RS A

BWESZERT 20, HEORHHIED 2

R
e
D
Y
o
(44
(5
&

TH D,

— 136 =




1 Koseki, H. and Yumoto, T., Air Entrainment and Thermal Radiation from
Heptane Pool Fires, Fire Technology, 24(1) p.33 (1988)

2 K A. and Yumoto, T., Burning Characteristics of Heptane in 2.7m
Square Dike Fires, Fire Safety

3 MBI AMAMRELS, Ay vV HAERBRES (1978)
4 Kung, H. C. and Stavrianidis, P., Buoyant Plumes of Large-Scale Pool
Fires, Nineteenth Symposium (Inter.) on Combustion, The Combustion

Institute, p.905 (1982)

5 Burgess, D. S., Strasser, A. and Grumer, J.,Diffusive Burning of Liquid
in Open Trays, Fire Research Abstract and Review, 3(3) p.177 (1961)

8 Babrauskas, V., Estimaing Large Pool Fire Burning Rate, Fire Technology,
19(4) p.251 (1983)

7 Petty, S. E., Combustion of Crude 0il on Water, Fire Safety Journal, 5
p.123 (1983)

8 RETREWBE, ¥ IV RKEERBESE (1979)

9 BAKAM, BWEMBECBT SMBEEE L NHM, FART (KRAERKE)
(1977)

10 Koseki, H. and Mulholland, G., The Effect of Diameter on the Burning of
Crude 0il Pool Fires, Fire Technology, 27 p.54 (1991)

11 S, FaoMeetER, ££T%, 29(2) p.95 (1990)

12 Koseki, H., Kokkala, M. and Mulholland, G., Experimental Study of Boil-
over in Crude Dil Fires, Fire Safety Science, 3 p.865 (1991)

13 Drysdale D., An Introduction to Fire Dynamics, John Wiley & Sons Ltd.
(1985)

14 Shinotake, A., Koda, S. and Akita, K., An Experimental Study of
Radiative Properties of Pool Fires of an Intermediate Scale, Combustion
Science and Technology, 43 p.85 (1985)

15 Thomas, P.H., The Size of Flames from Natural Fires, Ninth Symposium
(Inter.) on Combustion, The Combustion Institute, p.844 (1963)

16 McCaffrey, B. J., Purely Buoyant Diffusion Flames: Some Experimental
Results, NBS-IR 79-1910 (1979)

17 Heskestad, G., Luminous Heights of Turbulent Diffusion Flames, Fire
Safety Journal, 5 p.103 (1883)

18 Blinov V. I. and Khudyakov G. W., Diffusive Burning of Liquids (English
translation by US Ar Engineering Research and Development Laboratories,
T-1490 a-c ASTIA, AD 296 762) (1981)

19 Hottel,H.C., Review, Certain Laws Governing the Diffusive Burning of
Liguids by Blinov and Khudiakov(1957), Fire Research Abstracts and Reviews,
1, p.41 (19538)

20 Werthenbach, H.G., Flamenlange bei Branchen von Flussigkeitsbehaltern,
Verfahrenstechnik, 5(3) p.115 (1971)

21 McCaffrey, B., Flame Height, in Handbook of Fire Protection Engineering,
National Fire Protection Association, p.1-298 (1988)

22 Zukoski, E. E., Fluid Dynamic Aspects of Room Fires, Fire Safety Science,
1 p.1 (1985)

23 KE i, KAMEHARKOEHEBRTM, XHRARFTREREEE (1973)
24 FEHHEG, BEZE, KRR 2050, BXEHE (1986)
2% REIT¥He, CHMBRRMES (1981)

26 HAME B PEHEHES, BPEEARBBXEHAESRRES
(March 1988)

7 Sibulkin, 4., Estimates of the Effect of Flame Size on Radiation from
Fires, Combustion Science and Technology, 7 p.141 (1873)

28 Steward, F.R., Prediction of the Height of Turbulent Diffusion Buoyant
Flames, Combustion Science and Technology, 2 p.203 (1970)

23 RETHHE, KK, B (M KE—#), BXEHR (1983)

30 Porschat, R., Studies on Characteristic Fluctuations of the Flame Radia
tion Emitted by Fires, Combustion Science and Technology, 10 p.73 (1975)

31 Alger, R. S., Corlett, R. C., Gordon, A. S. and Williams, F. A., Some
Aspects of Structures of Turbulent Pool Fires, Fire Technology, 15(2) p.142
(1979)

32 Beer, J.M. and Chigier, N.A., MBEDZR A%, HFER—R, HFERFL¥
— Bl e (1976)

33 Bard, S. and Pagni, P.J., Spatial Variation of Soot Volume Fractions in
Pool Fire Diffusion Flames, Fire Safety Science, 1 p.31 (1988)

=118




34 Shokri, M. and Beyler Radiation from Large Pool Fires, J. of
Fire Protection Enginnering, 1 p.11 (1989)

35 Modak, A.T., The Burning of Large Pool Fires, Fire Safety Journal, 3
p.177 (1981)

36 BAA, ERAK, SHEME, SEIREREOBRRIER, HIFE®R, 35 .30
(1981)

37 Hagglund, B. and Person, L The Heat Radiation from Petroleum Fires,

FOA Rapport C 20128-D6(43) (July 1976)

38 McCaffrey, B. J., Some Measurements of the Radiative Power Output of
Diffusion Flmes, Western State Section of Combustion Institute 81 (1981)

39 Oka, Y. and Sugawa, 0., Temperature Visualization of Extended Flame from
Opening Using Infrared Image Processor, Fire Science and Technology, 9(2)
p.15 (1989)

10 Crocker, . P. and Napier, D. H., Thermal Radiation Hazards of Liquid
Pool Fires and Tank Fires, I. CHEM. E. Symposium, 97 p.159 (1986)

41 Sparrow, E. M. and Cess, R. D., Radiation Heat Transfer, Brooks/Cole
Publishing Company, Belmont, California (1966)

42 BEKI, P8, EHRLE, ARBGHAKD» S ORHROEE, X£2TF,
21(1) p.30 (1982)

43 KE—1, BRSETF, ARABMAKOH L OWREHFRE, KEOHK, 19
p.231 (1988)

44 Mudan, K. S., Thermal Radiation Hazards from Hydrocarbon Pool Fires,
Progress of Energy and Combustion Science, 10, p.59 (1984)

45 Mudan, K. S. and Crose, P. A., Fire Hazard Calculations for Large Open
Hydrocarbon Fires, in Handbook of Fire Protection Engineering, National
Fire Protection Association, p.2-45 (1988)

48 Harsha, P. T., Bragg, W. N. and Edelman, R.B., A Mathematical Model of a
Large Open Fire, SAI-81-026-CP (1981)

47 Evans, D. D., Walton, W. D., Baum, H. R., Notarianni, K. A., Lawson, J.
R., Tang, H. C., Keydel, K. R., Rehm, R. G., Madrzykowski, D., Zile, R. H.,
Koseki, H., Tennyson, E. J., In-situ Burning of 0il Spills: Mesoscale
Experiments, Proceedings of the Fifteenth Artic Marine 0il Spill Program
Technical Seminar, p.593 (June 1992)

4.1 KRR, BREEERURERE

Fig 4.1 NBLLEODOXARORBEN L BFL2EECTRLE, 7—Z2(1)O
FRARREBRDREVY, ARBRCHALT, @EOMICHEZEVERS A
nhroke MEHICH/E0IMFEOXROBRIHBRIEL., COR
LHRBTHBI LN TFHEINE, Table LLICENZNOBRBEE, KRB R
CRMBEEOEREZRLE(N]. KBOBET R SHROMEROFH» S KD 1o
RUBEFOHBATERHITERBEL TWILOLRELE. BRTLTZIC
UhoT, ZOKFEE, METEZMBESELALEMOA, B, M7 — 2 #
ZD=3.05mpHE LTHELE. Y—Z22Q)RE—BFHBOBESLAROMET.
BRTAKREEE (H/D)E. 2.5 %o

BHBRUARS >/ HEATI 2ANTRBRESELBE(r—2(1)), #
HomEEEvizzh 26.Tan/nin, 10.8nn/mink 20, £, LRBFE L
8.0MNe B2k £, KROEBRA®EE2.32D,. — Z (1)(27.74F) X

=AW T

KRB E
KEOHRARKUERVAB~AOBRHABLEROFVKLBRECODOVT, RE
NEfoCHEL R, Fig. 4.2, EXRMKFOREROF — & O BHFHEL
SHBEXKENOSEBETH 2, Fig.4.2(0)RU(D)BHES > I/ EET 2B

= 1205=




Table 4.1 Burning rate

(a)

Dik

fires

e

with 4
(1))

fire open

(Case

top pan

(b) Dike

tank

Figure 4.1 Examples of flame of dike fires

ITs.

heptane

Case | Sort of fires
| |
‘ Dike fire with
|1 | i open-top IT
| fires
2 Dike fire with-
out 11
#]: Total mass burning rate of
Numeral in upper
burning rate of 4
*2: Burning rate of

*#3: lrradiance at

a point of

parentheses

13.5 m from center

heptane

" heptane, radiation and heat
Equivalent | Total mass burn-
Pan Dia- ing rate
Meter | (ke/s)

|

| (m) |

|

|

‘ 3.06 0.65 (0.40)

(0. 25)
3.06 0.62

imn

in fourth row shows mass

in a dike.

of

a 2.7m square pan

release rate from

Burning rate

(mw/min)

|
Dike** |

T

6.7 10.8 |

| |
7.1 %

(dike) and

burning rate of

a dike.

the flame

in four 0.8m ITs

heptane

fire without
(Case (2))

in t¥o sorts

Dimension-

of

inner

dike fire

Irradiance

less Flame | (kW/w)**
|
height
(Hf/D)
2.30 3.40
2.48 3:85
(Inner tanks).
in the pan and that

in

Radiative

| fraction

lower

one

shows

Heat

s
-3
-

total wmas

rate
(MW)

9.0




UNIT: C NIT
o —= 55— ————— #wo
(a) = . (b)
= = 5
£ £ £
= L i = Ao
> = 5 sl %
‘ = = BBEFEELEZ. C wHh, ZTORKR
|
1 < DRW #L, REXLCEBC>TWSC T e e
¢ = T D T 5o &
= = 2 = : "
o) o) R WRRC Bouhafid e 3]sk
o d i 1 62 2

HABOXKERTLEET B ¥ 3,

=
| i H]E
| 2 =
‘ W L Fig. Er—20)TH s, FLEELC22ODE—I HH B
\‘ .
i Ba ()12 =2 LrRWEA (DO H> 2, (A)TCRE, ThZhot
/ 149
'l
| m = L8R UMTEIH 2. £/, BRAEBEERE, TRoE-73L#F
|
|
:} ElLE, COLIBOOE -V E2EZRERAL LTI, 20AKY ¥ 70DKRE
|
) 2 UNIT: T .
e ALt RUBSHBAR AR S > KHZI3OTRBEVWIPEEFERSN S,
W s wodo (c) |

E R ZLT. AES > A KREFHERLAERELDENZVOTT

= 4o 1

= [ 1 Br—spazhinicl, HEELEAL Lz

2 -

o Eiohsh, KROBEI>VWTE, 4.5BTRAT 5. ()0

2 \ (Two

& 284 - (b) Dike fire — VARG LTLODERARBEET 3 y—Z22)0BE. X

L \\l (One peak

= I 1 (c) Dike fire w ank 2 5 L =

(Case (2)) Kb oBMEEREEQSS2.30(H/H=0. 31 %) DRIZH 3.

0.5
RADIAL DISTANCE (m)




THRAWER

Nanid K &

EEEUE
AEBTAAKO AR REZEN ) BoBER1-0OELHF L. Ko
KBEOHIBEELTOERRARE, EHRORPHAR~OEROHE L

TRBRAFORBRAREIZOMBELOL IR E S Hy—ETHBLBEELT(F

| = : CASE(1)
» : CASE(2)
== TREF.

w7 NAw REFI), KEFLEMEOBERTRGER»SFHHERD.

ZTT, EAKBFROBEES BUAEAWEE. 0 «XZOEITOKRENA 0-9).057[‘)05

HAOEE., SEARHERCTH 3. BIETRAEZLI I, COX>BERRERL
ESCAKB~DRAZRROFER, KRATOHEBRRREEF —ETRAEL

(Fig.3.15)0 &£ LS, by 7Ny PEFNHBRHILLZ VY, KRPKRE

Figure 4.3 Dimension
CnBrAROBEEAEL 2D, EERREXB/RBELS T & B4 C based on top hat pr e ass
Open circle: Dike with 4 open-top pan fi
Solid circle: Dike fire 0 r ta se

Fig.-t.SL:m.Hr'mr'cBﬁiﬁifﬂlﬁgﬁﬁ‘Bwﬂﬁiﬂﬁﬁéﬂ/}h&u‘JFaﬂ%%%Tq i JoN :
Dashed line is for various size fires of heptane[l

m&:%ﬂét-ﬁf:’é%ﬂ%mn.mmBsmifmt%é’f@’é&%f@/\7& ¥ RR A~
PDESHEAROANEREEO FPHE 22 AMTHA L 2. B/H0.152 BV TE,

F_—z(Ner—22)0McAERBNERL, ik, ABOBRLE RER




r—2Z(2)®

Zhit, BENANTHICEPRABEO—2LFA5N0 %,

4.4 REBHWH A B

KEHTOMBORTORTFEBE M T B, KRFLMEDRRA

DHAMBREAF LE, AW LECZEAIREESTECORERERTER,

BEBORAARCH B, AHERO REH £ Table 4. Ko

Alger et al . (4] FHEIER->T, KUAOEEROKERPSHRALE, EH

BEOAHIMEHBEOLDIILT L O 1L

(1) B%

KpBOMEOMERE (ERAR)EFle 44T LE, RTHE BRERE
HErEXTE S ( DTHB. KEFLEETCEREREIEDLOLTED,
B/HA0. 3BT EB0.06IcxTCHD LE. ChHEABELSHAL ZZRABRIE
HTHRANTHOMEREITELT O RVNED THB A, H/H0.20BET
LRMERAEMGEERIFELTSY. FRROWEGBETE, MENFTLEE

= 120=

LIMORRE~DEZHKAOHEREBET, AR ¥

(2) —BERE

KRFLEMEO—HIERERE (ERSR)ERXRAB S/ 0K EFig. 4.
SIEm U F— R (2)DOBEICIEH/H-H0.3FECREDODE— 7 BRAEY
N HBEAKOBEY — VB (Pig.4.2(c) e —BL 2. Chid, KREE
WEGRNTTLOCHBY Y VI L BKRBORGHEPH/HA0.3EICH BT
ricnmyAeErISh B, H/H0.3TH, ETWa N, HEH®
SOMAZR L EI>THRREAT, MERXHP L. —F, (MoB/BEI
HBEOr— bt EVWHBLHZS L, BRERATVRW, ZhiE,
WEBY Y VOBEER E>TELIBMEKRBHBEIVERTERTAT. ZOER,
BERGEIX LI ABEBcBVWTHTOH, —HIEREABROLE -V B LDE
BrrBEELLEELDLELIObNE, —BRIEREORECcoBNTY Y OREMME
TEH.IINBATH 5, KARNORBEERGOETEZAZ DI, (3.28)XT
ER L EAEXRA —BEREMECc"2RD, H/H:LORRZFig. 4.6/ L 7=,
HMEBE BRI LERTO —HEREBREIRELRD, KRE~NDER
MAL L > THRBERGENEATVEZ LYY B, ATI U HRLEMMLETE

Ceo2 "X MR A IC(X0.681IC2 B0




Table 4.2 Gas compositions (Mass Fraction) along the flame axis. (an example)
Case(l) (Dike fire with 4 open tank fires) Case(2) (Dike fire without tank)
Height (m) 5o =T e
k17 1.61 2.14 2.60 4.44 117 1.61 2.14 2.60 4.44
Cillya trace 0 0 trace 0 trace trace trace trace trace
04 0. 06 0.03 0.11 0. 06 0.17 0.06 0.09 0.01 0.17 0.13
N 0.69 0.70 0.72 0.72 0.75 0.65 0.67 0.65 0.74 0.74
co 0.04 0.03 0.01 0.02 0 0.19 0.09 0.07 0.01 0.01
CO= 0.13 0.16 0. 11 0.14 0. 06 0.04 0.08 0.17 0.05 0.08
i [} trace trace trace trace trace 0.01 (Lr Lrace trace Lrace
CHy trace trace trace trace 0 trace trace trace trace trace
Colly 0 0 0 0 0 trace trace 0 71? 0
Calls trace 0 trace trace 0 trace trace trace Lrace trace
Cills trace 0 0 trace 0 trace trace trace trace trace
CsHio trace 0 trace trace 0 trace trace 0 trace trace
Cellye 0 0 0 0 0 0 0 0 0 0
Cols trace trace 0 trace 0 trace trace trace trace trace
H:0 * 0.07 0.08 0.05 0.07 0.03 0.03 0.05 0.09 0.03 0.04
*. calculated )

trace: under 0.0049
Height: Height between dike rim and sampling point
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Figure 5.6 Schematic of representative diameter of smoke agglomerate
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Heat Wave
Regression
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Table 6.7 Crude 0il at FRI, NIST and Mobile,

Alabama

verage Fuel | Time to Heat Wave
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Figure.6.1 Photographs of boilover process, Fuel: Arabian light
crude oil, Pan:1 m in diameter, Initial fuel depth: 100 mm

(a)Steady state burning, 27
Yobile . 6 . 9 (b)Onset of boilover, 32 minutes after ignition

minutes after ignition

(¢)During boilover 2 seconds after (b)

(d)Burning after boilover, 2 seconds after (c)
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APPARENT TEMPERATURE

Figure 6.2 A series of thermography pictures of 0.3m Arabianlight crude

Picture was taken every

TVS-3000.

Numbers were picture's number shown in Figure 6.3,
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Figure 6.6 Example of time history of liquid and gas temperatures axis
in | m pan Arabianlight crude oil fire.

Initial fuel depth was 100 mm and was not controlled after ignition.
Numbers represent the vertical

distances between
mm) .

thermocouples and initi
fuel surface (unit:
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Table 6.3 Depth of the residue after boilover in tests
using Arabianlight crude oil
Initial Fuel Depth Residue Depth Ratio
Lo (mm) Le (mm) Lz/Lo
20 1.5 0.08
30 1.2 0.04
40 1.0 0.03
50 9.2 0.18
60 10 0.17
70 15 0.21
100 10 0.10
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