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Combustion Rate of Medium Scale Pool Fire, an Unsaely Parameter

%HQMDPLQ 758&+27 7 '85866(/ 6WpSKDQH '83/%$17,(5
,1(5,6 3DUF 7THFKQRORJLTXH $/Q7$DODWWHUQHXLO H

Abstract 3RRO ILUH LV D FODVVLFDOF®MQRABRY \L G KHQR RKXY RIGD VBB WHK G W XFRQ/V B Q6 HIOHQINVU BW WM U |
ZHUH DFKLHYHG WR LPSURY HKW RIR KXHERIQ VUWDRQ & KGR B H W KA TS W R XIGS H YV LRBIQHY O B D ¢ SR IDP FQBWDY
IXQFWLRQ RI FRPEXVWLRQ UDWED VKE VRQWRONVW DQW DHKOHETOWMW RIPZ R W W K X H\OD PHSHOGH DWOMR Y BW L F D
WKH ILUH KHDW UHOHDVH GLWWH ICEXIW LB Q XHXG W B M HLOP RIHF MKRIQY KWLLIROX R WW K W K HU HPSKEHFWIXGH VW
LQFUHDVH D FRQVWDQW P D[IMPKHD IKH B WG i FOHDWH  SIHW KREQ B QRO RIQU M X EW W I IMRKW ERE BAKH O L
FRQWH[WXDO FRQILIXUDWLRY MXFR®@\VEXEA®LQD \RUUNBGRVIRQ WHERE LW LBHPRPHWVERH XQVWHI
KHDW UHOHDVH UDWH [URPUW®H ZIDU B KYDDAHL RV WIKQIGURIMFMEKDOQL U \R ER M O GHEEH %WIFG XRE FG HRRR Q VW U
D YHQWLODWLRQ VIVWHP WK IRG®RZE U 7HH ® HIDKHK B X YWD @ H. R REWUD (PM FLKECS@LIAD &R ¥ FADKMHL G BWILRD V
UHVLVWDQFH RI WKH LQIUCOHDWXRBNXRIZH 7 R IFRRMKUR O HUBK H RIRFGL X QG HERYWD Q@WLWR RDW KGVEG L 11XV
WKH HQYLURQPHQW 7KHQ XQG&BWVRMRXWLRQ WKH SIKHQ R PIHBRQDSH DAL VK DUD FW HRIQ ] V@K H WV K H U F
LPSDFW RI WKH IORZ RQ WKEWDUG DO/RQJI WHKY-H U B @ XHO[\S N UR. © H G WU POPPRSADQ LGH GE RMKD WRRHUH D
FRQFHUQLQJ SRRO ILUH WKH UL IDY B HRIW XV HED DQXD B BEHHYRIQW HED 2 HW KS WK SIRHIGY DREKDRL FD O |
ILQDOO\ OHDGV WR D SRZHIWWFRQWURO VWUDWHJ\ IRU SRRO

Keywords FRPEXVWLRQ UDWH PHGLXP VFDOH SRRO ILUH

1 Introduction

3RRO ILUH LV QRW RQO\ DQ LRSRUBXIQ IV XC\DHI XDURGEM SKXHFERPGS KIHHQRIRMQ R Q GRHDV
DV SHWUROHXP FKHPLFDO SOARDNWU TDXHRBHQHYRIHY BUDPROMR B 1S KHQRIPIHMOR E H WL
FDQ EH XVHG HDVLO\ IRU H[® KF$@K WRD WD B QGD\W W HDP W ME GG BR RO G L UH VY HZGIW HZ &
ILWHUDWXUH WKHRUHWLFDO +RXHPHHUW F P RVINQ 6 DHW HRIJIL B/ I @ WHY ® W M GSLRHR/O UIH LHHUW W
DFFRUGDQFH ZLWK ORQJ SRROVILUMW XA B HL LFRHQ W XLIOD W X RQKHHD B W RRQ L\U W KIHR YSHKL
SKHQRPHQRQ EXW WKH WXQ QRIOWKIHN L WK HWREHWHWWR RY R\VIRWERFRPSQAH WRRO ILUH

2Q WKH RQH KDQG DFFLGHQWERB SBRWG QMWIHRWQ FORR R FEIXH M KQDWLPISRQW I & W\ IGR
ILUH 2Q WKH RWKHU KDQG VHEHHGF DR H KSHRARNQL QLIUW KAHD @ HEBHO ¥ O B W PR(QY \& HEVHL F® QWIVKIHR @
SHULRG DV ORQJ HQRXJK DV&RHKVLHDHHQW B\ | R W HEDIPGED &/RIQH $RRI® U LWB H W \DHRI
7KLV VWXG\ LV EDVHG RQ DQ $HWIHUH FHREW DIQ UHS/S B R D H KD FHL 6 YLHQG RLUG B UWW RUGH W
HYROXWLRQ RI WKH KHDW UHOBBWH BHVXF®& WKDWHFGXUUEIF K YARROMHWV WKO® Q/ KAV
UXQDzZD\ RFFXUV LQVWHDG RWB RBROGHUNQM KE DV UWHGH R RINX B D M RIFDIORE WEIO-XVHE U
WKDW FODVVLFDO DSSURDFWHR IFBRQRW DEHV FIRKOD/W GUHHUGHEIHD B UBHY HDEBWI XAWDX@W LDHSI Sl
FRQILQHG SRRO ILUH L H WX®POHQ®\ BR Q FAHIUQR M URH VERRK\WS/KHHE/H FH 8\R B D SIR O B W HC
FDVH WKH KHDW H[FKDQJHV DUH TXLWH GLIIHUHQW

7KLY SDSHU SUHVHQWV ILUVRH@YWBOWKHBWHWH.E B DV Bl QX SRR @ WK IS VEDQ'H
WHPSHUDWXUH HYROXWLRQ SKDWHWH WK DMWL G H WK HR ESVLH IHYUREDHE H HS H S @ Bl QWG H QLIX
YDOLGDWH WKHVH H[SODQDWLRQV
2 Experimental Heptane Pool Fire
2.1 Experimental Apparatus

([SHULPHQWYV ZHUH DFKLHYHG LTKM/KH[SHB L HQMADID GEMUNVMFRLOHDVWRQYQRQ ERV
WR D UHDO RQH ZLWK P LQ7ELEWKXQQBO LVP KM LOR®J DAIBNLR G QG DHE ZNWWHD Wi
yLJ 7KH REMHFWLYH Rl WERDWY WU XI9\G RU WHWWVDHIUG. HR@WS R REGH KIDWH. FEXUK Z D VR B[S H3
VWXGLHG EXW H[SHULPHQWVH UBHHWQWKDQO\ FPKRXWHYRIRGHERPIE B ENWL ZH \R MR K\HA



WKDQ PLOXWHYV SRRO ILUH X3/RRO KHHEHVDIPWH WIPSD R G X P BHR) WX RRSQSWRORLQ V7 BLU R XIHG
KHSWDQH IRU HDFK WHVW TXKWRKH QWQOBW\LRR UH\S URWROQEIHEGRO B QW XWRE DQ O® HY |
IORZ UDWH ZDV DERXWLRIIJ WKWH ILUH WHVWVFRXUWYH FDRHGQY G RQMQRHD WIKRMKIRUH GH
R[\JHQ IHHG LV OLPLWHG E\QVWKW R$SGWRYOW W IRR (D WRWHRQRUHF XLUHPMIQDW DUH IH

6PRNH H[WUDFWLRQ
$LU FOHDQLQJ

3RRO ILUH

6PRNH GXFW

JUHVK DLU 7XQQHO

Fig. 1 Experimental apparatus schematic representan

2.2 Ideal Heptane Pool Fire

7KH DSSDUDWXV XVHG WR JHRRYQWDW AR HWKRI IKHBW.NQM URWEGEHF KHEWKWQ 6XIFK D
LQVWDOODWLRQ PD\ HQDEOH WRRO REZLMLIQ WK HFR QN W IDRD/D NROIRHAHD HVE KH DIBRHX \8 RA HT
GXUDWLRQ FDQ EH HYDOXDWHIGWX\VIL@G WKH RRPBXRWERBBDXNDAERKY SV IPEIHG KD 1D
FRPEXVWLRQ YHORFLWWHRI JJV PRU D P PRRORIDQG IO KBDWKWHHORZHU WKDW K
E\ D P00 KHSWDQH SRRO ILAKH V. FRUUIBRRKRN G WNR WKH AKKB RMKHHARILFHDW L ADUH DS K
LQLWLDO SRZHU LQFUHDVH SKODWH @]IZUED—I KHBWFDQEHSRROLQUHLWE H HFBU UHVWWE R C
LQFUHDVH 7KLV HQDEOHV WWR RH DRXDWH WKH DMGH RUKHWWER B @& URHIVW K Bl Ol LHUHR G R W
HVWLPDWH WLPH IRU WKLV KLDH LRLQERXW ORQD RWUHILVRELRH WSRIDBEE\ VAL DWHHWZRK MF
FXUYH IRU D YHKLFOH LQ WKQWW O/ HFW GRIY F UK EY1 GV K @ RIWKIBWHLH- 3 & DDVSHSW R B B K HS LRHG
DORQJ WLPH )LJ

1
3KDVH § | 3KDVH %

3KDVH &

\
\

Fig. 2 Theoretical heat release curve for heptangool fire

Heatrelease rate / kW

Time/s

7KLV WKHRUHWLFDO DSSURPRKW KERZK LWK B W WLK.DH) GOOULCHDIR @ RDOW Z Y W KU DWHH U Q
PLQXWHV RI FRQVWDQW KHWWLWHDHDWID F2ZQ WI[SH EIDP/H @ AR KZHHSIW DIAK SIRRIOGI L R H



2.3 Experimental Heptane Pool Fire

$IWHU WKLY WKHRUHWLFDORRI®OV AW WIVR QW L RSKRH W B WEHWR IBK € FIN WVKKHHR ) IRiR\S
ILUH DQG D UHDO RQH /RQJKHSWIBQWERRRORM DA BXUDWIFQQ RALWKWHNUH KADNV L
HQRXJK WLPH WR HTXLOLEUBRKDH WHKWH GK HI HHY SIIQW. PHKGW P® WO OHDVH UDWH LV UHS

N

—+HDW UHOHDVH UDWH

T

+HDW UHOHDVH UDWH

e

7LPH \%

Fig. 3 Evolution of the power of a free heptane padire

$V LW DSSHDUV RQ WKLV IXIGAGHEH GLVWUQDW VKIHDE/HV FR
, ,QLWLDO ILUH JURZWK SHULRG
s 6WHDG\ SRZHU UHOHDVH SKDVH
3RZHU GHFD\LQJ SHULRG
, 9 5DSLG SRZHU LQFUHDVH
9 /IRQJ SRZHU GLPLQLVKLQJ
9, ([WLQFWLRQ
21 FRXUVH WKLV FXUYH PXVWEHWAFPODREB ZMWNVBSW KB QN KBIKIDWH W,KIHV KIHD WX U W
DFFRUGDQFH ZLWK WKHRUHWWFDRZMI 8 X HD SCBIHRDXUQYGW K DNV DADKXLH/ UYHDIDRKHH GVE ®@ RWIK HWV |
KHDW UHOHDVH PD[LPXP YDOKHVLW KXRWHWWKBHOGRXE XM RQGVIWRIR &/HKEVHDAVSR SWD
YDOXH GHFUHDVH WR WKH WHKHRDMHWIFADIOR B D$ KPX/M E 2IQR WHRHSH/ RV KWDRAD W K HW R KRR @/G
TXLWH ORQJHU WKDQ WKH QOVW RARXQ\EW DQW) B KGIHFH H D VWM IQIDS SKHHDW U €@ OMOH/ HP LLUAX
EHIRUH WKH LPSRUWDQW ULVH SHMREWHNT XYW OE H DH[S OWMK BHRL Q @ ® X\Q BXHUWWKANHRIR G
H[SODQDWLRQ IRU HDFK SKDRMHD WRRGCS KAV HFPXOVRHEKB YAAHRKRUU LEH G
3 Liquid Fuel Pool Fire Physical Description
W PXVW EH ILUVW NHSW LQKRPRQGH®NKHD W ISR D 1V HB | LWX RREVLLGPLSOIL 1BV | \KX/R RR
FKDUDFWHULVWLFV ILUVW QW&HEIOWRH BIRWV QW LARQVKVD LR YWEHLIR W H¥FRID G R WEXXV WOLE
SURGXFWLRQ 6R WKH DERYHLPHQWDRQRIGJISWRHEDG\P | RU HR FRKIDDQ@V HRVE WIDW@ HOID DV K ¥
DQG WKH OLTXLG LQ RUGHWYVWIR)W H®& PEKKN WLLLIEEHD H LIW R 2D UHR/QH



3.1 Overview of Heat Exchanges
6HYHUDO VWXGLHV ZHUH DFKLMWYYHG MR BRPSWRHN HS RVKG! X Q& HBINJIQXYPIERIXUU R K R -
H[SHULPHQWDO WHVWYV ZHUKRGRNG@DB CHVRWP D@ OV VB O H) HHRWRRHEDDY B UW KR IWVQUY RO H
D ODUJH DQG ORQJ SRRO ILHE HPROWEKXHUPWURQ VWV RHWERX HQ DGGV VRPH FRPSOHJ[L
7KH WKHUPDO WUDQVIHUV ZHMHUV\%)QI—LI—FCDQE\EBLVIHRJS{Q_\M_I-DG(VWVR HGEK W KMAK H P
HTXLOLEULXP )LJ
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/ 5DGLDWLRQ IURP IODPH WR WKH OLTXLG VXUIDFH
v
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1

+HDW H[FKDQJHV EHWZHHQ IXHO DQG VXUURQGLQJ DLU
/ILTXLG IXHO HYDSRUDWLRQ
Fig. 4 Thermal exchange for a pool fire

7KLV VFKHPH UHSUHVHQWYV D M [P M LEHHZWRZIHW & HW\K K HRULALDADW/ K. H O D B IR P DVE GPEK \O
FRQVLGHU KRZHYHU WKDW IKQ DY FAQIDLQO-DON ERQ | LO R @ DRADLVR @1 G ALYQIROXKUH Q FKIH RYOH QAR E
YHORFLW\ ZLOO PRYH WKH |0\D PH SSIROQVOWHI® R @ KIHI SRRO D

YODPH

JUHVK DLU

—)

Fig. 5 Thermal exchange for a pool fire in tunnel anfiguration

7KH SULQFLSOH FRQVLVWYV QB UJK BIW L QIVW G HE | XVHIOH EINX W HF RVAXE KAVFW H R @/ WVLHOPCS Hi L
SURYLGH IXHO YDSRXU 7ZR RBIGHV KH RIXUDGNV EFR G VV WW LIXQADRQL R X LYGHDRZ IOW R B X2\W \
FDVH OLTXLG EHKDYLRXU ZHORI BV Al XE-RWHD IE® D RIM HFF W& H DR \D/ iVAHRRGSGH W B WHXTUXHL OAL KE D
KLJK HQRXJK YDSRXU SUHVVXQ W RQRWVKHFRQTX EG WH UM B PIHL Q L W IZD O @ [E[MV 3 U H V HRQUN
SRRO ILUH WKH WHPSHUDWXUH YHHRWKWW ER URJHVERQGY WRID YRBRK W GEXFVHAK D
FRQFHQWUDWLRQ RI

7KH FRQILJXUDWLRQ RI WKH \KWHDW L QIEKHSIW L\R R HD BIGH R WD RQDRI GH WAHKPHS UL D WIXA
PHDQV WKDW NHHSLQJ D VWHD @ YWWBSBUY KW DRQHY BRADHY WHIT X L U

+DYLQJ WKLV EHKDYLRXU L QHRLINEX DH) Bl @ RALX/WRLIRWY KFHX WHHP\S FDQ EH DFKLHYHG



4 Fire Phases Understanding
7R LPSURYH WKH XQGHUVWDQGEKYG BKIWHV VIWKBHERRHF RXIEVORHM BRRID MRV URRAEX

WHPSHUDWXUHYV GXULQJ WKH ILUH )LJ

7KLV FXUYH PXVW EH UHDG NHHBWLK) U D@/ HP IHY®R QXKW LRIPD W RIRNF KR & Y UV K R 2V EFHON
WKDW WKH EHIJLQQLQJ RI URSUE WSRO VY MCRH A\KHH 1L Q@ VWHIDRWD WKW & HVEKRIROL E R WAV R/ P
KHSWDQH ERLOLQJ WHPSHUDWXD® Hp® Y BGQ DRV RWX RV W K B BHKFHDQNWWHHEO HQ WHK H YIRQ>XOM
VWURQJ WHPSHUDWXUH ULW QVUKRIQI WIXRN UHD$ K HM WHKPHOW KWMKPRFRXSOH

/
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/LTXLG WHPSBUDWXUH
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// - %RWWRP RI WKH OLTXLG SRRO
[ : . FP XS WR WKH OLTXLG SRRO ERWWRP
J= — +HSWDQH ERLOLQJ WHPSHUDWXUH

7LPH V

Fig. 6 Temperature evolution for the two thermocoufes in the liquid

4.1 Initial Growth and Constant Phase — Phase | ahll
7KH ILUVW WZR SHULRGV K HD QWKW KK VWIHDGS S B AW U RIGRZHMH W\ S W PAVRY ERIRQ@R

WKH KHDW UHOHDVH UDW HK /& DHWS W KW H.® F UKD W VL\VQ V GFEOIIFUBY MDDV FQX R WHPRDGY OGRLZV |
7KH PDLQ FRQVHTXHQFH RI WK UW QN DW KDW XIVQ D 1 \D QARWOBMDD Q WV B/R. ¥ L BVUR Q. QRS X RV
'XULQJ WKH LQLWLDO JURZW IO LSTKOL\GH KHHEGRDIQ HU HFHX Y HG WW LSUOR 6 X R HOREWH XIK H®
"XULQJ WKLV HTXLOLEULXP SRDPH HQYHG UV EXDO\GLHDGY B ERW R ZRK SDQUMXLG LV GLYLGH
(YDSRUDWLRQ RI IXHO
(QHUJ\ FRQGXFWLRQ LQVLGH WKH OLTXLG
&RQVLGHULQJ WKDW HYDSRBDWHYICR 30 WSRIHW K B VWH.G XL@GGZRW R ¥ LR VW K B OFHD AR |
WKH HQHUJ\ FRQVXPHG IRU HYDWRIUDWRBRXQ@KH PDVV ZKRVFW PRQ RDQ HRHDUW KR
N- NJ IRU WKH HYDSRUDWLRQWK@WKWM&EV $DUYWQR | DIVIVIXFLIGE Z B V HW W KIDRAK WWCK\HS U BI K
LV SUHKHDW GXULQJ WKLV VBLPH&UWR WKH BEREDHQW WHPSRE O W OB UR [&PWWBIW \F
7KLV 1OX[ LV GLVWULEXW HIGUIDWWH.\G AV KVHK I IDHOWLE QVRDWKIHH @ KHUPDO JUDGLHQW
7KHQ WKH OLTXLG WHPSHUDWXKH HTRDWIWAQ QRIV HE&H B INDBER W WHDY DIW U R\WOX KK DWE

JHRPHWULF FRB®ILIXUDWLRQ

m_g 1 +VE+ K g HI[Skz

-__ —_ a
mw 9z 9z z rC,
ZKHUHY WKH Wi P®KURWWAKH Y HUW laF DK B R P DW DRIQUKVUHMVLRQ YHORFLW\ N UDG
FRHIILFLMXWM GEsQVBWFLILFgKMXWM DQBELGHQW UDGLDWLYHZLEX] HSQRIDEYQ I JG W W IHW P
WHPSHUDWXUH HYROXWLRQ DW WKH ERWWRP RI WKH SRRO




,Q WKH D ILUVW DSSURDFK W RAHK VRNHIDHIAVWHKCHQ I Bl O G HINDHA FLDHEE. H & RVQ VY GVHWHL L
PRYHV ZLWK WKH UHJUHVV]LR®Q IWODHFKHG IZHVD WKUBQGLIMORL GLWVSOID FHVKULW LV SRV

T 97T Kk K V'ﬂT

2%y e, sy
mw_. q H[Skz +V.T z
9z rc,a

7KLY WKHRUHWLFDO EDVLV GHOOWHH SOMHEGE. WWVR GIHTYH.GRIKIBOPRHKDYLR XU
4.2 A First Decrease — Phase llI

$V PHQWLRQHG DERYH D VXUWHS3JLQLQYX & HPEGHIWH RIVWRKEHY KB B W HU GV I HUDLVQL
WKH ILUH LV OLQNHG WR ERWVN ARPBEXVUW EPKHWHQE RR ARDEBNP MEIRIX WD W KR § HR W 2\

H[FKDQJH HTXLOLEULXP RU RQVEBRQWLVRICR QL WHR DKRN @ WL DR) BHDU VP B Q MW B5H YHDO@R. &
FRQILIXUDWLRQV DUH SURSRVHG IRU HDFK RQH

J)LUH FRQWUROOHG E\ KHDW H[FKDQJH"

7KH ILUVW UHDVRQ WKDW FD@Q EH GWMYHORBH G PRRQF BUBFXKWRBE UWXM KHW BH H [F
DQG WKH DLU $ UDWH GHFUWDRRB PHHDID W DWKH W VWXKLHP HY IB\EKRIUED @ WL RK W K HQH QLHHYJ \
WKH IXHO GXH WR D PRGLILRDWNVRIQT X L QUKEH) IMKKPH LRARDQDY IHGHHKUMH@BIX MK DRVQ WRKELEWK VA D!
WKH OLTXLG UHDFKHG LWV EWIMRQ R IWHRIS FSURIRWD X WM WK MVHKGIHEAD @MW DR/ 1HRIQ B HHW ZI

DQG WKH VXUURXQGLQJ DLUWVOHW KAYGCHKIDNMHD IR LIQD YR BVAEIHW K HH HEISIHQ LHP W Q S\KDRONV R
D VFKHPH RI WKLV LQVWDOODWLRQ DUH UHSURGXFHG RQ )LJ

YODPH

-

/ILTXLG IXHO
JUHVK DLU

—)

$LU IORZ XRQGHU
WKH SRRO

A 4

+HDW H[FKDQJHV EHWZHHQ 6LSRUH[
DLU DQG IXHO

Fig. 7 Photography (left) and scheme (right) of th experimental set-up for fire

7KH KHDW H[FKDQJH EHWZHH® O RB ® MK H RZ TXQ G H B UV RIRWSIRBSW WRLPY RO WK K HS R’
FRQYHFWLYH H[FKDQJH WKDMWTRD® IERIQZULWWHQ DV IROORZ

GQ=hT,- T, , St G

ZKHU®I L&/ WKH KHDW TXDQWLW\ W R BIWHIFBX\GLDR XOEKGMDKH WHMSRAWH. YHO\ WKH VW
WHPSHUDWXUH 7KLV HTXDW HRQWHKHRZ W WKSMU D @/KWHHD ¥IL QUHWEB X FR B LK K D WJ KI\WF K
SDUDOOHO HYROXWLRQ RI ERWW RS R R ¥ HVHP H UDMWILY H @ R® KL J

7KLV ILJXUH FOHDUO\ VKRZV WHH STHKUE W XLLGH WDHAD WWHK 1R | E\R WRVARSFH R D WWXKUHH SIRJFDAB
SURSDJDWLRQ LQVLGH WKHQAXNKH'EG DQRRYFTNBQR @Y WKHE KHIQW i DKW R DM 2 DWW K W
SRRO DQG FDQ FRQVHTXHQWID \HYDSRWDWHRQGHFWHDVH Rl WK



7R FKHFN ZKHWKHU WKH KHDW LHHPWDRR QHLRTE K 8 QEHIVXW KPHS® H D WH Q WO HIDW HD FRKUL |
ZLWK LQVXODWLRQ DW WKH SRRO ERWWRP )LJ

7KLV ILIJXUH VKRZV WKDW |IRDW XHRKD GRH ILUKUPRWL RSR \BXRLREG i HDMWZ MHK®H LIEQRPAL W
DQG WKH OLTXLG 7KHQ WKHKRFHRDQNLUKOBWVYRQUDMH SRBWWHG RQ )LJ

7KLV ILIJXUH FOHDUO\ VKR ZR QV R WWIKHWERWGW RIPQR | L\Q K H CGBIRVRICH G RBIVHQRXW PR G L
WKH KHDW UHOHDVH GHFURDVH YWMKDWL RY NGDSAK IR U VKIFE W HEQYEHGHRN QWIR RIRHGAH EMD
KHDW H[FKDQJHV
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Fig. 8 Comparative evolution of heat release ratand temperature at the bottom of the pool
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,QVXODWLRQ SODWHV

Fig. 9 Experimental configuration with insulation at the pool bottom
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Fig. 10 Heat release rate for a heptane pool fireith thermal insulation at the bottom of the pool



JLUH FRQWUROOHG E\ WKH YHQWLODWLRQ"
7R HYDOXDWH WKH R[\JHQ ODEN RQVWKH LRRQW QR 6 HR/IVIMMWHIVRR) A R Q WLHEHAUDW K HZ
IROORZ

& + 2 1-> &2 2 1

7KLV HTXDWLRQ VKRZV WKDVROHY IRGHIUHRQGHVLRQWJ FFRDHHIXKHSW D/QR EX U
&RQVLGHULQJ WKH LGHDO YBWXKHRMWY SH FA- INJ KWBWV R PISIDR HYHW ERWGIY WRND QL
FRQVXPSWLRQ UDWH RI NILUHMWQ G FRQWHRX ROQWHQ UMKILY IKRRZURN SR MG W WR D
ILUH 7KH IRUFHG YHQWLOPMWLRRXWQ WHH W URUJW®E HRKGRR H W K HP 3 LRIHWID @ HBW 2|
DOO WKLV DLU IHHG WKH ILO®FEXWVFERNDREHGLDQ W K BWP R\GKEMEKH VR D MUK IR DAHERV XR/ @
FRXUVH ZLOO EH GLVFXVVHGVRWRQVLBSHRUWROW HKREZHYFWKRQ BNXE WHGWKHIGVR
FRQFHQWUDWLRQ E\ PL[LQJ ZLWK VPRNH )LJ

Fig. 11 Photography of the pool fire with the baclayering layer
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Fig. 12 Heat release rate for a fire at the entrace of the gallery.

7KLV ODVW FXUYH VKRZV WKIDWKGIL EDENODLNQ U VOKHL B B X F WALRDDV HQ L PRLKIDAMAL RQ
FRQILUP WKH VHFRQG GHYHORSB® DHDHDD/MAK AMRIQDWW REORE® B\ WKH ODFN RI R[\JH!












