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Assessment of PLLIF Measurement for Spray Mass Distribution of
Like-Doublet Injector

Kihoon Jung - Hyeonseok Koh and Youngbin Yoon

Abstract. A PLLIF (Planar Liquid Laser Induced Fluorescence) technique has been known to'be a useful
too] for the measurement of the spray patterns for various spray injectors because it can obtain two-dimen-
sional images with high spatial resolutions without any intrusion on the spray field. In case of dense spray,
however, the secondary emission as well as the extinction of an incident laser beam or a fluorescence
signal can cause errors in quantifying a mass distribution. Unfortunately, a like-doublet injector which has
a dense spfay zone at the center may not be a good example or the application of the PLLIF technique.
Therefore, we took PLLIF data for the like-doublet injector with a 12 bit color CCD camera by varying
laser power, and then assessed their accuracy by comparing with the data obtained with a mechanical pat-
ternator and a PDPA (Phase Doppler Particle Analyzer). The experimental results showed that the gray
level of fluorescence signal increases nonlinearly due to a secondary emission at the dense spray zone
but this nonlinearity can be avoided by reducing the incident laser beam power. In addition, the mass flux
distribution of the spray could be obtained by using the mass concentration data from PLLIF technique
and the velocity profiles of liquid drops, and this distribution showed good agreement with that of
mechanical patternator. Therefore, it is possible that the PLLIF technique can be successfully applied to
finding the mass distributions of like-doublet injectors.

Key Words : like-doublet injector(like-doublet 1 E]), spray visualization(&5 7FA3}), mass flux
distribution(Z FZ&8 2 B¥) PLLIFCEH dA)| 2ol §=33F), secondary emission(¢]2PLE
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Table 1. Like-doublet injector design parameters

Design Parameters Present | Practical
orifice diameter, d, [mm] 1.4 0.8~7
orifice entrance shape round sharp
orifice length/d, 14.3 2~5
pre-impingement length/d, 5 usually 5
Experimental Conditions Present | Practical
impingement angle (26) [°] - 60 usually 60
injection pressure (AP) [bar] 3 4~30
jet Weber number, Wej 10730 ~10°
e\\‘\ ) ‘;/e/ /,7
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Fig. 1. Like-doublet injector schematic.

o] AH o2 ulgstEn) ol 9ute) ¥ w7
UZzoz olaf piiEe] BBy} y ,0] 2349 HwAt
ol A8t BTk, Ibrahim} Przekwas(Vel] b,
o] AEhe FY(x=y=0)0lH ) FAE Zovz F

2 & dAo] FAEo] ZAAH AUE B

A7, AH BT AEY BALE(V)% A
2 /Wt WA Fig. 2yl 9} ol o

o] 3EWE FHOE St 45T o80T 7}
b, o) 90 g, 0o AR S92 W
HE(V, ) Thest ol gau.

V. (x,3,2)= V- (/W +y*+2) (1)

3. PLLIFS 0|83t 27 AYEZ 53

b

X2 o

ol |

019‘9

3.1 PLLIF O|2
PLLIF 7|H& Ao #LslA] £¥¥ 3453



100 ANE .78

[RBALEE LRSS RS RS AU RN NN R B

(b)

two liquid jets

v e impingement of

Vi ooy 2
Vaz(x,y,z) =V (a5

Fig. 2. Spray pattern of a like-doublet injector: (a) photo-
graph of spray breakup using a stroboscopic light
and (b) schematic and the distributions of drop
velocities.
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Fig. 3. Experimental setup for PLLIF measurements.
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Fig. 4. Validation of linearity of fluorescence signal to the
volume of drop: (a) experimental setup and (b)
gray level of fluorescence signal as a function of
drop diameter.
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Fig. 5. Validation of the linearity of color camera sensors to
the fluorescence signal: (a) schematic of experimen-
tal setup, and (b) gray levels of fluorescence signals
as a function of the power of incident laser beam
when the camera exposure time is 50 msec and (c)
the exposure time of camera when the laser power is
30 mW.
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