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A Numerical Study on Premixed Flame Propagation in a Swirling Flow

Daiging ZHAO and Hiroshi YAMASHITA*
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Furo cho, Chikusa ku, Nagoya shi, Aichi, 464 8603 Japan

In order to clarify the rapid flame propagation mechanism along a vortex axis (the vortex
bursting phenomenon), the steady state propagation characteristics of premixed flame in a vortex
tube have been examined in detail by the numerical calculation. In this calculation, the flame is fixed
in the computational domain by adding an axial flow to the unburnt premixed gas. The obtained
results show quantitatively for various flow conditions that, with increasing the maximum tangential
velocity, the flame propagation speed increases proportionally. and the flame diameter decreases and
approaches to a constant value, and the results are independent of the kind of the vortex. Moreover,
the results show that the variation of the pressure along the vortex axis occurs between the inflow
part and the flame front and the pressure in the burnt region is almost uniform, and that the
propagation speed corresponds to this pressure difference and it is estimated by the Bernoulli’s

equation.
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Fig.3 Distributions of temperature and velocity

vector (V,,V,) in the forced vortex swirling-flow
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Fig.4 Variations of propagation speed and

flame diameter with angular velocity and

maximum tangential velocity
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Fig.5 Pressure distributions of the
forced vortex swirling-flow
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the forced vortex swirling-flow
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Fig.7 Influence of vortex tube diameter on the flame diameter,
propagation speed and maximum pressure difference

S EOBRRENEAP okl 5 X DB Z TR
MEEROEKE L HIZ, KRKIIIEAR LT 523,
JENZE LAGTEEREE (T KBENI e  — EEICHHE T
5. MMUBERE TIIV,A0L L7=DT, M OEEHFHIA
BOIIMUER THIBE N TS, LIz2-T, kAKX
ST EBERICKEEEL, BEERICHH L TKRE
7%, MEEBRBKREL 22 ERBLNOHBRITEAT
LOTHEE EDEAZELHRKTHEEZONDN, kK
KEDWERIZEY, KRESHOFHEE OB L,
AT DU < B, AHEN/NEL 25
XB%EBRLD. LT, @B LtoRREHE,
BILUOZOENEL R LBEFRT 5 KRIEEEEOE(IZ
LW &L 725,

32 X URBEERRPO XSGR
AR Q=2000s" (V; =252m/5)DFAIZONT, T %
VIBBIBERIF R TR SN - kR DBES L v,z

— 182 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

HEMIFH T TO PR KR OMLEEICTE T 2 BUABAT 2571

P-P [Pa] Vg m/s]
24

1000

[} 1000

= E H 2000 F
£ E £
o - -3000
-4000
0 10 20 30 40 50 T0 10 20 30 40 s0
r [mm)] r [mm] r [mm)]
(@) Temperature and velocity vector (V,,V,) (b) Pressure (c) Tangential velocity

Fig.8 Characteristics of flame in the Rankine vortex swirling-flow (£2=2000s"")
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Fig.12 Distributions of temperature and velocity

vector (V, V,-V}) in the forced vortex swirling-flow
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numerical analysis and the theory predicted formula
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