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A Numerical Study on Premixed Flame Propagation
in a Narrow Tube with Swirling Flow

Hidekazu NAGAI and Hiroshi YAMASHITA*?

*3 Department of Mechanical Science and Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

The propagation characteristics of premixed flame in a narrow tube with swirling flow have been
examined by the numerical calculation in order to elucidate the cooling effects of the cold tube wall
on the flame behaviors. In this calculation, the flame is fixed in the computational domain by adding
an axial flow to the unburnt premixed gas so as to obtain the steady state propagation characteris-
tics. The flame is classified into three configurations for angular velocity and tube radius as follows :
For the smaller angular velocity, when the inlet velocity is small, the flame is able to stand only near
the upstream boundary, and the flame reaches tube wall in the downstream. When the inlet velocity
becomes larger, the flame blows off. For the larger angular velocity, the flame is able to stand at any
positions in the tube, but the flame does not reach the tube wall so that the unburnt mixture flows out.
For the intermediate angular velocity, the flame oscillates axially in the narrow tube.

Key Words: Premixed Flame, Flame Propagation, Swirling Flow, Vortex Bursting, Narrow
Tube, Numerical Analysis
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Fig.1 Analytical mode! and boundary condition
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Table 1 Classification of flame configuration
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Fig.2 (a) Temperature and velocity distributions, (b)
pressure distribution, and (c) axial velocity and
pressure profiles along the central axis for flame

configuration |
(R=1.2mm, @=0, Uc=0.4Tm/s)
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Fig.3 (a) Temperature and velocity distributions, (b)
pressure distribution, and (c) axial velocity and
pressure profiles along the central axis for flame

configuration [
(R=6.0mm, @=0, Uc=0.53m/s)
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Fig.4 (a) Temperature and velocity distributions, (b) 5"_# - En g +
pressure distribution, and (c) axial velocity and 0 0 T 1 9 3 4 5 ) 6 7
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configuration [ Fig.6 Relationship between Zc,c and Zc,w and maximum
(R =1.2mm, @=5000 rad/s, Uc=0.64m/s) tangential velocity for tube radius R =1.2 to 6.0mm
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Fig.7 (a) Temperature and velocity distributions, (b)
pressure distribution, and (c) axial velocity and
pressure profiles along the central axis for flame
configuration Il
(R=6.0mm, @=5000rad/s, V;=11.25m/s)
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Fig.8 Relationship between Uc, V; and maximum
tangential velocity for tube radius R =1.2 to 9.0mm
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Fig.9 Time history of temperature distributions
(R=6.0mm, @=3000rad/s, U =6.0m/s)
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Fig.10 (a) Temperature and velocity distributions, (b)
pressure distribution, and (c) axial velocity and
pressure profiles along the central axis for
adiabatic wall condition
(R=6.0mm, @=1000rad/s, U=1.1m/s)
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