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An Experimental Study on Structure of Air-assist Spray
with Air Entrainment

H. C. Chae, D. I. Kim, S. H. Oh

Abstract

The effect of air entrainment in twin-fluid spray structure is investigated experimentally by varing the
amount of atomizing air. The air entrainment is expected 10 affect on droplet size and velocity, droplet
number density, turbulent Kinetic energy and vorticity. PDA(Phase Doppler Anemometer) and
PIV(Particle Image Velocimetry) system are used to measure those important factors in analyzing spray
structure.

The results show that spray structure consists of three distinctive regions ; the atomizing region near
nozzle, characterizing strong convective effect, the central core region where droplets are accelerated,
and the spray sheath region where droplets are decelerated due 10 air entrainment.

The local air entrainment rate is largest near nozzle, characterizing strong turbulent kinetic energy and
vorticity but deceases along the downstream. However, the air entrainment rate lincarly increases along
axial distance.
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NOMENCLATURE U : mean axial velocity of droplet
D  : inner dismeter of nozzle holder v : radial velocity of droplet
M. : mass flow ratc of entrained ambient air v' : fluctuating velocky of v
M. : initial mass flow rate through the nozzle Ve @ mean radial veolcity of entrained droplet
M : tota) mass flow rate ﬂmeml
r : radial distance from the nozzle axis w;  : mean vorticity .
Ri : radial distance of entrained droplet at z : axial distance from the nozzie exit

measurement point i
: axial velocity of droplet Greek symbols
u’ : fluctuating velocity of u p  : air density
¥ : nondimensional entrainment ratio
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Fig.l Schematic diagram of emperimental
apparatus

Fig.2 Schematic diagram of PIV experimental
apparatus

Table 1. Specifications of PIV system

Laser Source Nd : YAG '
Wave Length(nm) 532

Laser Power({m]/pulse) 200

Beam thickness(mm) 2.5

PIV Camera(pixel) 1.024 % 1,024
Frame interval(us_) 54.9, 60.1
Interrogation section(pixel) 32 x32
nierrogation SectiontPXe™ \(with 509% overlap)
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Fig.3 Schematic Diagram of PDA Experimental
Set-up

Table 2. Specifications of PDA system

Laser wavelength(nm) |{514.5(green)/488(blue)

Laser beam dia.(mm) 14
Fringe spacing(zm) 5.4219
Fringe number 35
Maximum dia.(um) 167.068
Focatl length(mm) tran.smitter + 400
receiver 400
Collection angle(degree) 27
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Table 3. Experimental conditions

Condition A B C
Fuel{cc/min) 21 21 21
Air({/min) 32 29 25
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Fig.5 Visualizations of spray with an increase in the amount of atomizing air
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