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An Experimental Study on Swirling Spray Flame Structure by
Air-Blast Nozzle

Sang-Heun, Oh, Min-Su, Paek and Dong-Il, Kim
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Air Entrainment (2>} #¢!), Main Reaction Region (3 u}-&-ofd)

Abstract

Detailed experimental study has been made of air blast kerosene spray flames with and without
swirl in combustion air flow, Phase/Doppler detect technique is used to measure Sauter mean
diameter, axial component mean and rms velocity, size-velocity correlation, and number density,
These measurements are obtained for both nonreacting and reacting cases under several stable
flame conditions. The results show that the introduction of swirl to the combustion air modifies
the spatial distribution of droplet size, velocity, and number density, and thus alters the flame
structure. However, due to the weak swirl intensity, the overall structure of swirling flames are
essentially same as that of nonswirling flames. Physical model of structure of air blast atomized
spray flames is projected to show that spray flames are composed of three distinct regions : the
two-phase mixture region, the main reaction and the intermittent combustion region. Near the
atomizer, two phase mixture of droplet and air is formed in the core region. This dense spray
region is characterized by high droplet number density and the strong convective effect. There
follows the main combustion region where the main flame penetrates within the spray boundary.
Main reaction region of these flames are governed by internal group combustion mode. Finally
there exists the intermittent combustion region where local group burning or isolated droplet

burning occurs.
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Table 1 The configuration of particle dynamic analyzer
(a) Transmitting optics setup

FriNge SPACING  «++-veveernrermreemmmmsnnieeetenatttetietteen s e e e e eenen e 5.42 microns
NoO. of Fringe  corereeremimii e 44 EA
10 2 I, G T T 0.24 mm
Delta Y vttt e e 0.24 mm
Delta 7 coverrr e s 5.02 mm
LaSer POWET  receeerrrreetn ettt e 1.8 watts
Laser wavelength — -cvcveeremmmimii 0.5145 microns
Gaussian beam diZmeter  «roeeerrerrrerrmmimieniineii e s 1.10 mm
Beam separation  «-cocercererni 38 mm
Lens focal length  «oreveemmriiii 400 mm

(b) Receiving optics setup

Maximum diammeter  cooccccreereriimiiiiiiiiiii e e 316.6 microns
Phase factors Ul-2,U1-3  ooereeeeemmnn Reflection 2.015, 0.820 deg.,”micron
Maximum particle concentration  «---cocoroeeririieiian e 0.1E6 EA/cm?
Angle adjustment  crecoceeer e 0.5 mm
Scattering angle e e 125 degrees
Lens focal length  coreoveemmeiniimin i 310 mm
Direction of fringe MOtIOn  +rereeetesssmmreesmimeniiiieicens e negative

Particle /medium refractive indexes — creeerrrerereneiiiies o 1.42.71.00

Particle density — -+eoereeereeriieminr e 0.80 g/ cm?
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