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It is important for the generation of fire whirl to know how a swirling flow around a flame affects the flame behavior,
and therefore it is very useful to investigate the flame behavior and the transient local distributions of physical property
such as velocity, pressure, temperature, etc. around the flame by using a numerical analysis. In the present study,
numerical calculations by a finite volume method are performed for an axisymmetric methane jet diffusion flame
behavior which is worked by a swirling flow. The effects of work of swirling flow in the fire whirl generation is

elucidated.
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Table 1 Specifications of

analytical model
z d 30[cm]
Tmax Vimax 50 [cm]
] >\ T 3000 [K]
\_/ w T, 3000 [K]
> Ur 0.8 [cm/s]
>“<’ ;1;00—’ Yro 10[1]
oF YIS. : Ye o 00[]
Ur, Yo 00[]
| r Yo, e 023[1
Ty Yo Ziex 20.0[cm]
Yr 12 1.5 [rad/s]
d

Fig.1 Analytical model.
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Fig.2 Boundary condition
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Fig.3 Boundary condition when the swirling flow affects
the local position of flame
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Fig.4 Transient flame behavior

Copyright © 2018 by JSFM



2[em]
2{em]

2[em]
2{em]

t=5.01s] t=6.0[s]

2[em]
2[em)

91 2 34

t=20[s] t=30[s] SRR K
e o cms M e vems
p p t=30
= . t=1.0]s] IS
t=4.0]s] t=5.0]s] t=6.0]s]
0[cm/s] Tangential velocity 50 [cmis] - - : ww
Fig.6 Tangential velocity distribution around the flame t=4.0]s] t=5.0[s] t=6.0[s]

Fig.8 \klocity vector distribution
3 Copyright © 2018 by JSFM



4. 2. hElliREKREEMHE 2200 ~ 10[ecm) 25X =58

Fig. 912, FElERi A 52 72V MIRREDYEE H kR 2 WIHIEE LG,

t = 0.0 [s]d& 0 ARIERHIDTHERETE 52 4 TR L7 9.0 [s]
RIOKRZEE 2T, T~ RBEEE L, kKmEE
BORT., WA KRN G 272358, kREeRTE %
e LIARRC 7 Y w1 U o 7 ZEBDT- 8 t = 8.0 [s]F TIEALKN
EFIZEN TR, ENLBEIEEROZE LD 7Y v Y
VI IREANZ SRS LE L TS, L, DETD
FTOREIA Fig. 4 & TR L35,

Fig. 10 (IREESAOIZ A 7R T, RO IR TAS T AR L,
HWEHIRREEA 300 [K]2>5 50 [KIFRROSE#EORLTWA.
KRFLRREEiE A 52 72358 bR 12 & & LRk
DYETE L TN RS2 A L 70D, $o, ZO%E
HiEEL R 52 DR & ORI ORE K & 72 i3
iRy e

Fig. 11 {ZHERRHREE & kAt DEA DR E RS T — %
FEERRORERIRE 2 F L, KRIEFRTORT. 2B 5 bRk
BRI E 2 - 5A L RRRICIRTEROE & & BTt kI 2R
WAERL, k&K@ SOEBORREIN NS 2o TEEL, L2
W27V oY U THEEDBNZ BID T LD,

Fig. 12 [THESRE L O & L ORIy RO A DR b A7

TROIHUIRBOE AR, FROIHRUIA X L DEESRE 0.02
MR TORLTERY, BOFUIARETHD. ZH5 HARER
WCH-Z T8 & EIRR SRR ClI A & o LSR5 )M
TETDES TIREDIRIBZ TR L TNDD, KIS CIaAY
BB R DATTHD 2 L BHERTE D,

Fig. 13 |ZHEE~ MO HRORIRZ LA R, Rk kifiz
AN KRRFE R IR A G2 T25E, KRWVLET 5% T
RHEIDSN R OBEY M LAYR & 225 AN TN D RIS
BV KRPRET D L~y MUT ERXIZe->TNBZ &
DBIOND.

t=40[5]

t=5.0]s]

t=605] _t=705] =80  t=90[5]
1 &

300 [K] Templeture 2000 [K]
Fig.9 Transient flame behavior
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Fig. 10 Temperature distribution
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Fig. 11 Tangential velocity distribution around the flame
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Fig. 12 Mass fraction distribution of methane and oxygen
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Fig. 16 Tangential velocity distribution around the flame

t=1.0][s] t=20][s] t=3.0[s]

2[em)
2[em]

001 2 3 4 o
eml o 01234 01 2 3 4 5

2000cmis G —
200.0cmis e S homs

t=1.0][s] t=20]s] t=3.0]s]
Fig. 18 \elocity vector distribution

5. #5

HpRFROD A & AR I A O ChERlfii A ki D\
VXRFTINCAER S W8 O KIEEEIN DV TR L 5
BARRNTAAT N, KIS K OVKISE 0 Oz 7ol ORSE
IACAFE L, KESERSEAEIZIBT BHERBROIERIC OV TR
BHIENTE . FEERA G2 TRENLE L T LIREETR
FID XD 753 Aim AR BRI e oA L 70D, Fiz, HEali
Z 52 CHKRIEHEOIREITS 2 DRl & bR E R L2
VN, FERRAR AT G- 2 T A AR AR EH$ 5723,

32 EAHERAENZS ORI L
A07-3
KGRI B2 72D L 52 TAE L O M ERRE L K&
IeB7pu. 7=, FERliiia kReRE LUSEB IS 2
T3E, KREENIZE LT U v h U » T 5B S
KBHIETRLL I B-X T K RITEERT, 7Y v o7z
BE Lt 5. KKHEITEESE & A X L OERDFRN 02557
DA TE LR DM 725 A0 2 7R3, KRHFHT T A
2 LR DW T AMHES D TIREOIRIEL 725, 1B~
MUIKRDIAZE A R 2 T2 BT~ T3, KRR
LT HE &5,

SE30K

() Z=4, &F, T HH, KEERFEERDOK S ST
N C— BRI OBT PRk SR DG E—, " HAYREET
LEEE 51 %, 1555, (2009), pp.56-62.

(2 KEf, JH, HEHE, KRR L7zBRo KSR
DI, " 53 RIREES RV T LSRR U, (2015),
pp. 546-547.

() JRH, #HH, "kSUEREIEIIST DI RIAER T
DA, " A [EWNES L AN MR, (2016), E131.

@ K, AR TR, M, KSSERFEAECIST D KRR D
WP RO A VI BT 2 S5,

ARSI ST a7 7 Lo R 2018 HliEACE, (2018),
B211.

(5) Dobashi, R., Okura, T., Nagaoka, R., Hayashi, Y. and Mogi, T.,
“Experimental study on flame height and radiant heat on fire whirl,”
Fire Technology 52, (2016) pp. 1069-1080.

(6) Coffee, TP, Kotlar, AJ. and Miller, M.S., “The overall reaction
concept in premixed, laminar, steady-state flames. Il. Initial
temperatures and pressures,” Combust. Flame 58, (1984), pp.
59-67.

(7) Patankar, S.V, ‘“Numerical heat transfer and fluid flow,”
McGraw-Hill, (1980).

Copyright © 2018 by JSFM



