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Abstract

The intermitternt and transient fuel spray have been investigated from the simultaneous
measurement of droplet sizes and velocities by using Phase/Doppler Particle Analyzer (PDPA).
Measurement have heen done on the spray axis and at the edge of the spray near nozzle at various
gas-to-liquid density ratios{pg/p.) that ranges from those found in free atmospheric jets to
conditions typical of diesel engines. Probability density distributions of the droplet size and
velocity were obtained from raw data and mathematical probability density functions which can
fit the experimental distribations were extracted using the principle of maximum likelihood. In
the near nozzle region on the spray axis, droplet sizes ranged from the lower limit of the
measurement system to the order of nozzle diameter for all p./p. and droplet sizes tended to be
small on the spray edge. At the edge of spray, average droplet velocity peaked during needle
opening and needle closing. The rms intensity is greatly incresed as the radial distance from the
nozzle is increased. The probability density function which can best fit the physical breakage
process such as breakup of fuel drops is exponecially decreasing log-hypebolic function with 4

parameters.
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Opeérating conditions

Phillips No. 2 Diesel fuel
Fuel
Refractive index : 1.4748
ORoom temperature
Chamber o Nitrogen gas
condition Gas pressure (MPa) : 0.10, 0.45, 1.34, 2.17
pg/ 0, (X10%) 1,37, 6.0, 18.1, 29.2
Pump speed 800 rpm
Static opening pressure : 15.2 MPa
Nozzle
Peak injection pressure : 25 MPa
Fuel fie'hve'red 5190, 135
(mg/injection)
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Aritheetio Mean (DL1O)= 116.7 um
Area Mean (D3@)z 116.89 uM
Volume Mean (D3@)= 116.8 uM |
S Sauter Mean (D32)= 116.8 uM i
U 25043 Probe Area. = 7.1E-0004 cu2 ‘
T Numher Density = 1.6E+Q088 /co
Uol. Flow Rate = 2.9%E-0002 cc/s
Volume Flux = 4.1E+QQ01 ce/s/end
a
74 ssbéan!terl:: 2 2se.a Attempts = 58052
Validations = 58852
497@3 Corrected Count = 56533
Run Time = 1.62 Sec l
g 20352
T CH1 Velocity Mean = 9.979 M/S
l RMS = 9.159 M/S
a r =
0.8 6. 13.0 19.4
Ueloctty 1 MWS
D :\PDPDATANKOO\D7SQB8P48RUN19
(a) Driving frequency : 31 kHz
’-——-—-'—- DATA ACQUISITION 23 APR 1990 16:24:117 =
6052.G -
Arithmetic Mean (D1G)= 13F.1 uM
Area Mean (D2Q)= 138.4 uM
Volume Mean (D3Q)= 141.9 uM
S Sauter Mean (D32)>=  149.2 uM
13a26.0 - Probe Area =  3.7E-0@@4 aw2
T n Number Density = 9.7E+0Q0Q84 /cc
Vol. Flow Rate = 3.6E-0002 cors
Yolume Flux = 9.9E+Q@@) cc/s/cna
Q.84 Y !
. . 9.9 2350.09
T 88 Lame ter 'in Attempts = 53952
Validations = 50843
24727 Corrected Count = 56668
Run Tine = 2.33 Sec
c
Q
a 12364 4
T ” CHL Velacity Moan =  9.314 M/S
RMS = Q9.431 M/S
@ -aiitn, -
°.e 6.5 13.@ 19.4
Velocity 1 M/S
D :\PDPDATA\XOO\D7SQ8P48\RUN28

(b) No forced vibration
Fig. 2 Droplet size and velocity histograms from a stream of monodisperse drops produced by a

vibrating orfice drop generator
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Fig. 3 Probe volume correction for Gaussian beams
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Table 2 Probability density functions
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Li-Tankin f{x)=3ax*exp|—ax®] a

e 51‘(18—_3._() e D
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i §
z

Rosin-Rammler

Log-Normal _ 1 o, 1
f(x> __ox,/—

Nukiyama- (x)= @ba;l e

Tanasawa

Chi-square B b ¢

Chi-Square is the same as
Nukiyama-Tanasawa.

(b) When ¢=2,

Chi-Square is the same
as Rosin-Rammler.

{2
£(2) =Sexp|-a/TF 7

+B(lnx—u)]

a>0, 18l<a, 8>0,
—oo< < 0
S 1l
where g= 200K, (3 2=F)
and K, is a modified Bessel
function of second kind and
first order.

Log-Hyperbolic a8 0,p
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Fig. 6 Crank-angle resolved droplet velocities and
sizes. Pgas=0.10 MPa. The axial position is 10
mm from the nozzle tip (x/d=42) and radial
positions are (a) spray axis (r=0 mm), (b) r=
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Fig. 7 Phase-averaged mean and rms velocities,
SMD, and AMD. Pgas=0.10 MPa. The axial
position is 10 mm from the nozzle tip (x/d=42)
and radial positions are (a) spray axis (r=90
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Fig. 9 Phase-averaged mean and rms velocities,

SMD, and AMD. Pgas=0.10 MPa. The axial
position is 10 mm from the nozzle tip (x/d=42)
and radial positions are (a) spray axis (r=0
mm), (b) r=1.5 mm from the spray axis
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