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Abstract : A fire whirl may occur when a pool fire interacts with a swirling flow. This paper discusses the mechanism of
flame-height increase of laboratory-scale axisymmetric fire whirls. The classical Burke-Schumann theory is first extended
to include swirling flows. By applying a coordinate transformation, it is shown that the dimensionless flame height (flame
height divided by pool diameter) is proportional to the Reynolds number (based on the fuel evaporation rate) regardless of
the presence of swirling flow. Thus, swirling flows have no direct impact on the flame height of a pool fire. Instead, the
presence of a swirling flow changes the shape of flame base, increasing the heat flux to the liquid surface and hence the fuel

evaporation rate; the flame height is then increased because it is proportional to the fuel evaporation rate. These theoretical
findings are validated by a series of numerical simulations conducted in this study as well as previous studies by other

researchers.
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(a) Large-scale fire whirl generated in a wind tunnel (fuel, heptane).

Without swirling flow
(b) 3-cm-diameter, small-scale fire whirl (fuel, ethanol)

With swirling flow

Fig.1 Fire whirls in different scales.

BEMNTDNT V2L XD KRIPIRDBEE 5. DL E,
KRFS HIZ, 59 ZHOTRADL ) ICERT &
BTED,

H =9\l Lc,.q.v.Ty. AT, py, Ap. g) 1)

2T, T IFEMROME (F8), L 137 —IVIERE, ¢, &
RARDLLEL, ¢ WAL 7 — VIR D 72 D OFEEE, v I3
KRB, To IZRIWIREE, AT X To & KEWEDZE, po i
PR, Ap 1 To EXRBEICB T 2R M%EDRE, ¢
BEDNEETH 25 (FilFOEKIEIATHORBICL F &
D7), (1) XTlE, Lewis 20& & O Schmidt #p3 & bic 172
ERE L7, KOG T @R8I HE: (1) 2 #ERTT
k2L, AN,

(57)

57

L 4 £]

H 1]
—= , s =
L [ Pocp ATV (poc, AT Pel” po " To

§ @[ poc, AT J

qL

T ITC, HEDKETIE Aplpo B X ATITo DMFIF—0E &
RETE L7720, 2 ROZHFEHOESHWY DL Lz,
F72, (1) AB LT Q) N IFERREPEL P OISR
EVSTERITEDNRN T A=Y G T kol 26D
RILRT7 A =2 1%, BB @ OUnBEZEE) O HREIC RS
2DHTHB[19]. (2) RATLIZBIN B &, glpoc AT I, 7'—
VR TOBREI O Z8F 1T X 2 5T uo 14T 2 DT,
QHAZUTDOLIICESRET I LPTES,

2
ﬁ;@ L,_MOL’H_O =@ L ,Re,Fr
L ugl v gL uyL

Poc, ATT
qL

" E @

" pocp ATV (pge AT P gL

3)

(3) 2UT, Re I Reynolds #¢, Fr | Froude (CTHH, 7
NHMELDZAFEIC L 2 A MEz HTuTERESI NS, DT
T, ERICKREE (HL) \SKIETRRICIGE ([Vuol),
Reynolds #(# & Of Froude B D& 25§ %,

B

2.2. Burke-Schumann 258 DG H

Z ZTl, Burke-Schumann JEG[201%2 955Kk % 2 &£ 12 &
D BERRAS KR E S I RUIETHEICOW TN T%, 22
TOMRNE, Chuah 51T & 2EB%[14,15]1% L L 72 b D

Th 5.
EH TN AN ZKET 2 &, RATEROTTRAL
MEEERZ T D k) Icksn s,

_0Z _0Z 110(-0Z
r =t o= | "= 4
or 0z Rer@r( 6r]
22T, HEK,
ol s_Z g M 5
L’ L u, )

DXy imxnfLIn T h,  BRIOEBTH L L
ZERIHT 272 DICHW S, Z IHRGAHET, XRATERS
n5,

Z:(é/—;o,o)/(é/ﬁo_é/o,o) (6)
72721, §lX &= Yr- (WevelWovo)Yo TEF I LA MG AEI%L
TH5, (4T, WHEMEORERAEZILL, 512,
Lewis (% & 08 Schmidt 203 & HIZ 1 ZEREIN T 3,
7o, BAUELRL L FERIC, WG (2 J71) OINEDSEL
INTV5, KR, Z=Zi L)l TEA NS,
72 L, Z BRATERI NS,

WeveYo,

Wove +WevieYo,

(N

st



58

Burke and Schumann DFRX[20]TIX, u,=0B XN u,=1 &
VIR D S &, (4) XDEDY Bessel BI%E H\WTE 2
5NTV3, u,=08L0u=10tE, @4 RXDE»rs5H
57 K )T @' =2/Re £\ PEREAA 1T Z 13D Re 12
WAFL 72K % 2), MERICKREE HIL 1% Re I T 2,
LEpIfREE Tk B &,

H Re

L 16m/(i-Z,)] ®

THb. 2F D, JLD Burke-Schumann i TIlE, MEXRIn
K815 & D3 Reynolds 2 Ll 5 %,

ZCTHEHENZ O, BT (0/00 = 0) ZRET
5L, BHEEORES ) 78 (4) RcHENLL, Lo
T ETHD, MR IR EHERET 2 72 0 i~
PIOMNDBBETH L, Lo T, 2 TOHEGRmDH

HOPTIE, FERRAKEICRIC RIS HED, TelHiio

FIEIZ X D u, DZE (B L OZUHE) u. D2 23 L
TORBNG, TDI EiE, FHICK 5 LAYRICHEI B
ABRBIRIC X Y P2 ) NS FER I N D 5E &
ETH D, Lo T, Roper DT FiZ A KEIZIR
I KIET B OMR[21) & Ak @ %, o
Gl T 2 72 DICH VS Z ENTE S,

T, AN E LT,

u, =-rv E;L,Re,Fr , u, =U Z;L,Re,Fr
uoL M()L

©

BEZDL, REL, UBXOVIEz KKRET2BHTH
5, Fl, RF7A=%LLT21fiTRLAE=ZD @RI
53], Reynolds (¥ & O Froude . (3) X&) =&
%. Boussinesq MI L& R LIZFJTHMACIIEE—FE & T
% &, oKD

y_Ldu

2 & (10)

MDD, 61, UBLO VI, @B E2ZET
% Z &I D Iuol, Reynolds (¥ X U Froude % & PYHILS
Fons, 22T,

E=ul?F (11)
&0 PR WA B AT 5, BRI N R R X 2 1Tk
KRIITRT, FEERZ 72 95 (E,2) ICEHL, (10) X%
EBI2E, @RI TFDXIIck B,

0z_110

(24 :Z
0 Re & £\ o&

(12) 1%, Burke and Schumann [20]DTCD K & [ UK D
T, ZOMBELTHB, 2FD, kEEmsiz ®) KXok
END, ORI, FAHZVIEFRERFRIZED, o B
Cu, BELTH, KRES BB LI L 2EKT 3,

(12)

(58)

HABMEE &5 5551 %155 %5 (2009 4E)

Fig.2 Coordinate transformation.
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—— Original Burke-Schumann theory (u, = 0)
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----u,=-(125/2)r |

Fig.3 Predicted change in flame shape due to the presence of radial
inflow. Calculated with Zg = 0.099 (ethanol-air).
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Fig.4 Schematic of numerical model.

Table 1 Conditions of numerical simulations.
Run Circulation Evaporation rate
A 0 cm?/s u,=1cm/s
B 707 cm?/s u,o=1cm/s
C 0 cm?/s u, = (M pH,)dT/dz
D 707 cm?/s u, = (A pH,)dT/dz
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Fig.5 Flame shape computed at a fixed evaporation rate: (a) run A
(without swirl); (b) run B (with swirl).
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Fig.6  Shape of flame base computed at a fixed evaporation rate.
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Fig.7 Flame shape computed using Eq. (16): (a) run C (without
rotation); (b) run D (with rotation).
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