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Abstract : The quantified fuel mass distribution of a spray was obtained from laser induced
fluorescence images with optical patternation. In the dense spray region, however, the emitted
fluorescence signal is significantly attenuated in the path of the detector because of particle
scattering. Thus, the fluorescence image obtained with a camera may be different from the true
fluorescence image pattern. Therefore, we propose a method of finding the geometric mean of the
intensities obtained with two cameras and apply it to a solid-cone spray. We also compared this
optical patternation technique with other spray measurement techniques, such as, PDPA (Phase
Doppler Particle Analyzer) and the mechanical patternator, to validate the accuracy of the
proposed method. Results show that the quantified mass distribution of the optical patternator
agrees well with those of the PDPA and the mechanical patternator. Hence, we can estimate the
local mass distribution rapidly without determining the entire structure of the spray by using
the geometric mean of the signals obtained from two cameras.

Keywords : Laser induced fluorescence (LIF), Imaging method, Spray, Mass distribution, Signal
Attenuation.

1. Introduction

In most practical applications of atomization system, the symmetry of the spray pattern produced by
an atomizer is an important variable in most practical applications. In gas turbine combustors, fuel
must be distributed uniformly to provide not only high combustion efficiency but also low pollutant
emission (Lefevre, 1989). Unless spray asymmetry is severe, it may not be detected by visual
inspection. Hence, the quantitative determination of patternation is desirable, not only in nozzle
design and development, but also for quality control in specific applications (Tate, 1960). For decades,
to obtain spray pattern, mechanical patternators have been used, featuring an array of collection
tubes or sections (McVey et al., 1987). However, mechanical patternator has a limited spatial
resolution and induces the perturbation in the two-phase flow field. To overcome such disadvantages
of the mechanical patternator, a non-intrusive method using planar laser imaging technique was
developed. Wang et al. (1997) measured the spray pattern of the air-blast atomizer using Mie
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scattering. Su et al. (1998) used LIF image corrected with the measured Mie scattering image to
investigate a transient fuel spray. McDonell and Samuelsen (1997) studied fuel distribution by
PLLIF (Planar Liquid Laser Induced Fluorescence) method. Sankar et al. (1999) obtained not only
the spatial distribution of fuel mass, but also the planar distribution of the Sauter Mean Diameter
(SMD). This optical patternation provides a non-intrusive, high-resolution, and quantitative
measurement of spray distribution. Moreover, LIF signal is proportional to the mass of the fuel, and
thus, it is advantageous for quantitative imaging of fuel distribution in sprays.

However, there are several problems in obtaining quantitative spray distribution. Especially,
in dense sprays, quantitative interpretation can be significantly affected by the attenuation of the
incident laser sheet and the attenuation of the emitted fluorescence signal by scattering from
particles in the path of the detector (Talley et al., 1996). Su et al. (1998) and Talley et al. (1996)
introduced the bidirectional illumination and the sequential illumination methods, respectively, in
the optical patternation of spray to address the attenuation of the incident laser sheet. Sick and
Stojkovic (2001) measured the transmission of the signals passing through an entire spray region,
and quantified the attenuation of the LIF signals in their path through the hollow-cone spray.

This study aims to find the method for obtaining quantitative information of fuel mass
distribution. We examined a solid-cone spray with relatively uniform distribution, and focused on the
correction of the attenuations of the incident laser sheet and the emitted fluorescence signal.

2. Experiments

2.1 Measurement Theory

The intensity of the fluorescent signal depends on the concentration of fluorescing molecules (Talley
et al., 1996; Zelina et al., 1998; Le Gal et al., 1999). Thus, the fluorescent signal intensity from a
droplet is proportional to the cube of the droplet diameter, if the droplet is a sphere. In other words,
the fluorescent signal intensity is proportional to the volume of droplet, that is, to the mass of droplet,
when the fluorescing materials are distributed uniformly in the test fluid and do not vary in
composition such as on the evaporation of droplets. The intensity of the fluorescent signal detected
on a CCD pixel, Gr(x, y) can be expressed as follows:

G, (x,y) = ¢ 1o(x,9) ) N(x,0)d; (x, ) @

where [ (x, y) is the intensity of the incident light at (x, y), N;is the number of the droplets of the r-th
size class d;, and c¢r is the coefficient that depends on fluorescence and detection efficiency,
experimental parameters, and so on. The fluorescent signal intensity indicates the total volume of
drops, which exist inside the volume during the camera exposure time: i.e., spatial volume (or mass)
concentration of liquid drops. However, coefficient cris difficult to obtain, so that we can only obtain
the relative distribution of the fuel mass concentration from the experiment.

To obtain the mass flux data from the fluorescent intensity, we have to know the size and the
velocity of each drop. For a non-evaporation and non-reacting case, the mass flow rate of each cross
section will be constant regardless of time when there is no vaporization. Therefore, the mass flux,
1" can be expressed as follows (Lee et al., 1999; Jung et al., 2003):

Ndv,
[g/lem’sec] where v, =4—1L ®

- YNd;

G'f (X, y)vvw (x: y) ﬂ
G (x,p)7,, (x,p) 4
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Fig. 1. The solid-cone nozzle used in experiments: (a) components of spray nozzle and
(b) instantaneous image of spray.

where, v;is the velocity normal to the measurement plane, Vv, isthe volume weighted velocity, 7 is

the mass flow rate of the nozzle, and A is the area of one CCD pixel. In case of the like-doublet
injector spray, the velocity of the drops can be calculated by using the jet injection velocity and the
geometry of the spray, assuming that the radial velocities of drops are same as the jet injection
velocity (Jung et al., 2003). The volume weighted velocity can be also calculated experimentally by
using the size and velocity information of each drop obtained from PDPA.

2.2 Test Conditions

A solid-cone spray was used to obtain uniform volume distribution. The atomizer (UniJet nozzle) was
manufactured by Spraying Systems Co., and consisted of a disc, a core, a slotted strainer and body
parts as shown in Fig. 1(a). A continuous Ar-ion laser (Spectra-Physics Model 2020, 3W) was used as
the light source, and the laser beam was formed into a sheet with sheet beam probe optics (Dantec).
The laser sheet was horizontal and orthogonal to the axis of the spray, and a camera (Sony,
DSC-D700, 1344 x 1024) was located perpendicular to the direction of the laser sheet to capture
images. The spray was injected vertically under atmospheric condition. The test fluid was contained
in a surge tank, which can endure up to 40 bar, and was pressurized with N2 gas for pressure
stabilization. The pressure difference was measured upstream of the fuel nozzle by a pressure gauge.
The orifice diameter of nozzle was 0.79 mm and the water flow rate was 10 g/sec when pressure
difference was 5 bar. Figure 1(b) shows the instantaneous image of spray at this pressure condition.
To provide fluorescence intensity proportional to the volume of the liquid, methanol/water solution
containing 30 mg/l fluorescein dye (Aldrich F245-6, C20H1205) was used as a test fluid (Jung et al.,
2003). The fluorescence image was obtained by using 550 nm long wave pass filter to measure the
mass distribution. The variation of laser sheet can be corrected by including a known concentration
reference in each image (van Cruyningen et al., 1990). For this purpose, the argon-ion laser excited
the quartz cell filled with the test fluids. The fluorescence images of the quartz cell were used to
obtain the mean intensity profile of the laser sheet. The fluorescence images of the spray were then
divided by this mean intensity profile to correct the non-uniform intensity distribution of the laser
sheet. The two cameras were positioned perpendicularly to the direction of the two laser sheets. As
shown in Fig. 2, it was impossible to take images from the position directly below the injector owing
to the obstacles (e.g., drain, drops on the window) when measuring the radial distribution of the
spray. Thus, the camera had to be inclined to a certain angle. However, this oblique positioning of the
camera leads to perspective distortion of the images. To correct this perspective error, all images
were processed using the affine transformation (Raffel et al., 1998). When the square-grid plate was
placed inside the measurement cross-section, the square image was recorded as a general four-sided
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Fig. 2. Schematics of experimental setup and definition of coordinate system. In the dense spray
(hollow cone type), the intensity distribution is affected by the signal attenuation between test
section and camera.

polygon image because of the perspective error. Hence, the parameters for the affine transformation
can be determined by finding the mapping function that converts the recorded trapezoidal image into
the real square grid.

3. Results and Discussion

3.1 Correction Method for Signal Attenuation

The spray used in this study was so dense that the incident laser sheet was attenuated through spray.
To overcome this effect, two counter-propagating sheets illuminated the spray in sequence; the first
was from one direction and the second was in the same plane but originating from the opposite
direction. To make the two laser sheets pass through the same spray cross section, we placed a
calibration grid plate inside the illumination plane with guide rails, and then steered the sheet beam
probe optics precisely to illuminate the calibration grid plate. The reference plate was also used to
image this calibration grid plate for the affine transformation. Since the spray used in this study was
in steady state, it was assumed that two sequential images obtained from right-illuminated and
left-illuminated beams represented the same fuel distribution reasonably. After obtaining the images,
we calculated the geometric mean intensities from two sequential images; we multiplied the
intensity of the left-illuminated image with that of the right-illuminated image for each pixel and
took the square root. This method was first suggested by Talley et al. (1996). If two
counter-propagating sheets are used, the total attenuation of opposing rays from each sheet must be
the same since the attenuation path is the same. If we take the geometric mean of two images, the
intensity of a laser sheet is the same at any given location along a given ray penetrating into the
spray. Therefore, this method can be used to reconstruct the actual intensity of the incident laser
beam.
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Fig. 3. Geometry of the beam path passing the uniform solid-cone spray, where R is the distance
from spray axis (Z-axis) to the camera, and fis the viewing angle of the camera.

In addition to the attenuation of the incident laser beam, the fluorescent signal can be
attenuated significantly through the dense spray because of the scattering from particles in the path
between the laser-illuminated plane and the camera as shown in Fig. 2. Since the camera is inclined
to a certain angle, the length of the signal path through the spray varies with each radial position. If
the camera is placed in the + Y plane, the attenuation path of a point on the -Y axis is longer than
that on the +Y axis. Therefore, the symmetric spray pattern can be measured as an asymmetric
pattern with respect to the camera position.

Figure 3 shows the path of the beam passing the uniform solid-cone spray whose angle is 26. In
this figure, the X-axis is the path of the incident laser beam, Zaxis is the direction of the spray
injection, and cameras are placed symmetrically at (%, B tanf) and (-R, R tanf). R is the distance
from spray axis (Z-axis) to the camera, and f#is the viewing angle of the camera. If we detect a signal
of a location, (y*, 0), the sum of the two lengths of the signal path to be attenuated in a spray region,
Li+1», can be expressed as follows (Koh et al., 2003):

L +L, =41+tan’ ,B{M} = const. ®

1—tan ftan @

Since £, 6, and = are fixed in Eq. (3), the sum of the two beam paths is the same at all points in
the image plane. From Beer's law, the emitted signal intensity, Go, is exponentially attenuated in
traversing distance L through a spray region. The recorded signal intensity after passing through a
spray region, Gy, is defined as follows:

G, = G, exp[—/L] @

where yis the attenuation coefficient. This attenuation coefficient is the function of the number of
particles per unit volume, the absorption and scattering cross sections (Bohren and Huffman, 1983).
Thus, the attenuated signal intensity is affected by the number density and size distribution of the
droplets, and the wavelength of scattered or fluorescent signal. If the attenuation coefficient varies
slightly in the measurement region, such as in the uniform solid-cone spray, the corrected signal can
be obtained from the geometric mean of the two intensities detected from the symmetric positions
(subscripts 1 and 2) as shown in Fig. 3.

VGG, =G, exp{—g(L] +Lz)} =K,.G, (6)
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Fig. 4. Mass distribution from optical patternator at (a) 25 mm and (b) 50 mm downstream from the
nozzle tip. Eq. (5) indicates the geometric mean of two intensities obtained from the two camera
locations.

where Go is the emitted signal intensity at a measurement point, Gi and Gz are the intensities of the
attenuated signals detected on camera 1 and camera 2, respectively, and Kexs is a coefficient that
depends on the attenuation coefficient, % and path length, L. In case of a solid-cone spray, the
attenuation coefficient, ¥ is assumed to be constant, because the mass distribution is relatively
uniform in the cross-section. Since the sum of the signal paths, L1 + Lz, is also constant at X= 0, the
exponential term is substituted with the constant, Kex, and the original signal intensity can be found
by using the geometric mean of the two intensities in solid-cone spray. However, the attenuation
coefficient may not be constant in the entire region of the spray, although 71 + Iz is constant at X= 0.
For example, for a hollow-cone spray, the attenuation coefficient is not constant because the signal
attenuates significantly in the thin edge of the spray boundary. Furthermore, the sum of signal paths,
L1 + L», is not constant when the measurement plane is X# 0 (Koh et al., 2003). Thus, Kex: may not be

constant throughout the measurement cross-section, and this geometric mean value, ,/G,G, , may

not provide the exact information of the fluorescence signal using Eq. (5). However, this correction
method can be used to obtain the qualitative profile in dense spray, at least.

Figure 4 shows the radial profiles of the fuel mass distribution at two axial positions, Z= 25
mm and Z= 50 mm. At Z= 25 mm, although the intensity of the fluorescent signal at the measuring
plane is the same, the mass distribution measured from the camera of the +Y plane is significantly
different from that of the -Y plane due to the attenuation effect depending on the camera position.
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Fig. 5. Planar fuel mass distribution of solid-cone spray at (a) 25 mm and (b) 50 mm downstream
from the nozzle tip.
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The distribution measured from the camera of the +Y plane shows that the high density of the fuel
existed in the +Y position. On the other hand, the distribution measured from the camera of the -Y
plane shows that two peaks of the high density fuel exist near the center of the spray. However, the
corrected mass distribution using Eq. (5) indicates that the solid-cone spray shows relatively uniform
distribution around the center, but has a slightly dense region in the +Y position. At Z= 50 mm, the
deviation of the mass distribution between the two camera positions become smaller, and the
corrected mass distribution shows that the spray is distributed more uniformly as the axial distance
(2 increases.

Figure 5 shows the quantified images of the mass distribution obtained by using Eq. (5) at each
axial location from the nozzle. The higher mass distribution appears along a circumferential ring like
a hollow-cone spray at Z= 25 mm and as the distance from the nozzle increases (Z= 50 mm), the
spray is distributed more uniformly.

3.2 Comparison of Mass Distribution Measurements in Solid-Cone Spray

To verify the correction method for the signal attenuation, the exact spray pattern must be known.
Therefore, PDPA was also conducted to determine the pattern of the solid-cone spray. Since the PDPA
provides the joint measurement of drop size and velocity, the flux sensitive measurement (such as the
PDPA, the mechanical patternator) can be converted into a corresponding concentration sensitive
technique (such as the optical patternator) (McDonell et al., 1995). The concentration data was
converted from the PDPA data, i.e., the number density, &V, and the volume mean diameter, Dso.
Figure 6 shows the local mass distribution measured by the optical patternator and the PDPA. The
value of each measurement was normalized so that the sum of the concentrations has the same value
throughout the entire measurement region of the PDPA.

The mass distribution obtained from the PDPA in the center was much smaller than the mass
distribution measured with the optical patternator, at Z= 25 mm. However, at Z= 50 mm, the PDPA
agreed better with the optical patternator except for the right (+Y) peaks. The number density and
the size distribution are subject to large errors since they depend upon accurate compensation for
probe volume variation with size, total counting efficiency, and an accurate determination of velocity.
Since several errors were associated with each other in the PDPA measurement, a large variance
may be expected (McDonell et al., 1995). In this PDPA measurement, only about 65 % of the drops
were validated at the center region of Z= 25 mm, while 85 % or more of the drops had valid size
information at the whole region of Z= 50 mm. Hence, the difference in the mass distribution data
between the PDPA and the optical patternator is believed to be due to the rejected information of
35 % of drops.

The patternation of the solid-cone spray was also performed using a mechanical patternator to
compare its results with those of the non-intrusive optical method. The mechanical patternator
consists of 180 (15 x 12) sampling tubes with a 10 mm x 10 mm square cross-section, and the sample
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Fig. 6. Comparison of mass distribution measured by the optical patternator with that of
the PDPA at (a) 25 mm and (b) 50 mm downstream from the nozzle tip.
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Fig. 7. Comparison of mass flux of solid-cone spray at (a) 25 mm and (b) 50 mm downstream from
the nozzle tip.

tubes are divided by a 1 mm thin lattice. Since the greater part of the sprayed liquid was collected in
no more than 5 tubes at 25 mm downstream from the nozzle, the measurement of mass flux was only
performed at 50 mm downstream to obtain the reasonable resolution.

The mass flux data calculated from the optical patternator were compared with those obtained
with the PDPA. At Z= 25 mm, the mass flux data obtained with the PDPA indicate that the liquid
mass is nearly uniform in the center region, and show the same tendency compared with the optical
patternator. However, the mass is slightly larger at the spray boundary as shown in Fig. 7(a). At Z=
50 mm, the mass flux distribution data of the optical patternator were in good agreement with those
of the PDPA. The mechanical patternator data are also shown in Fig. 7(b). Although the number of
measured points was not sufficient due to the low spatial resolution of the mechanical patternator,
the mass flux data obtained from the mechanical patternator were in good agreement with those of
the PDPA and the optical patternator.

Although the velocities of droplets are considered in the mass distribution of the optical
patternator, the relative errors are above £50 % with respect to the mass flux of the PDPA at Z= 25
mm. The volume weighted velocity calculated from the PDPA data is thought to be insufficient for
the transformation of the concentration data of the optical patternator. If the accurate velocity
information is given, the mass distribution may be converted into the mass flux distribution, which
can be compared to that measured by other flux-based instruments, such as the PDPA and the
mechanical patternator.

4. Conclusions

The mass distribution of a solid-cone spray was obtained by using laser induced fluorescence signal
since the fluorescent signal is proportional to the volume of droplet, i.e., to the mass of droplet. The
quantitative data of the mass distribution and flux were obtained by correcting the attenuation of
incident laser sheet and signals, and by using the several parameters, such as the volume weighted
velocity, the mass flow rate of the nozzle, and the sum of the fluorescence intensity over the image of
each cross section. To correct the signal attenuation in the path through the dense spray, the method
to find the geometric mean of the intensities obtained from the two cameras was evaluated and
verified. If the signal was attenuated asymmetrically due to the viewing perspective or the
significant non-uniformity of the spray pattern, a single-image detection may not give accurate
information on the local fuel mass distribution either quantitatively or qualitatively.

The mass distribution further downstream obtained from the optical patternation agreed quite
well with the mass flux from the PDPA and the mechanical patternator. Although the correction
method using two cameras was limited such that the attenuation coefficient remained constant in
the spray region, the geometric mean of the signals obtained from the two cameras was used to
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estimate the local mass distribution rapidly without determining the entire structure of the spray.
Since it is able to provide information on the 2-D plane within a relatively short time, it has strong
advantages over the point measurement techniques such as PDPA.

Acknowledgements

The authors of this research wish to acknowledge the financial support of the National Research
Laboratory program (M1-0104-00-0058) of the KISTEP (Korea Institute S & T Evaluation and
Planning).

References

Bohren, C. F. and Huffman, D. R., Absorption and Scattering of Light by Small Particles, (1983), Wiley Interscience, New York.

Jung, K., Koh, H. and Yoon, Y., Assessment of planar liquid-laser-induced fluorescence measurements for spray mass
distributions of like-doublet injectors, Measurement Science and Technology, 14-8 (2003), 1387-1395.

Koh, H., Jeon, dJ., Kim, D., Yoon, Y. and Koo, J.-Y., Analysis of signal attenuation for quantification of planar imaging
technique, Measurement Science and Technology, 14-10 (2003), 1829-1838.

Le G(al, P.,) Farrugia, N. and Greenhalgh, D. A., Laser Sheet Dropsizing of dense sprays, Optics & Laser Technology, 31-1

1999), 75-83.

Lee, K., Jung, K., Yoon, Y., Jeong, 1.-S. and Jeong K.-S., Semi-quantitative measurement of spray distribution using planar
imaging technique, 2nd Asia-Pacific Conference on Combustion (Taiwan), (1999).

Lefevre, A. H., Atomization and Sprays, (1989), Hemisphere Publishing Corporation, New York.

McDonell, V. G., Lee, S. and Samuelsen, G. S., Interpretation of spray behavior in complex aerodynamic flows using phase
doppler interferometry and planar liquid laser induced fluorescence, Optical Techniques in Fluid, Thermal, and
Combustion Flow (San Diego, CA.), (1995).

McDonell, V. G. and Samuelsen, G. S., Assessment of liquid fuel distribution in sprays using planar imaging methods, 1st
Asia-Pacific Conference on Combustion (Japan), (1997).

McVey, J. B., Russell, S. and Kennedy, J. B., High Resolution Patternator for the Characterization of Fuel Sprays, Journal of
Propulsion and Power, 3-3 (1987), 202-209.

Raffel, M., Willert, C. E. and Kompenhans, J., Particle Image Velocimetry: a practical guide, (1998), Springer, New York.

Sankar, S. V., Maher, K. E., Robart, D. M. and Bachalo, W. D., Rapid characterization of fuel atomizers using an optical
patternator, Journal of Engineering for Gas Turbines and Power, 121 (1999), 409-414.

Sick, V. and Stojkovic, B., Attenuation Effects on Imaging Diagnostics of Hollow-Cone Sprays, Applied Optics, 40-15 (2001),
2435-2442.

Su, J., Drake, M. C., Fansler, T. D. and Harrington, D. L., Towards quantitative characterization of transient fuel sprays using
planar laser induced fluorescence imaging, ILASS-Americas 98 (Sacramento, CA.), (1998).

Talley, D. G, Verdieck, J. F., Lee, S. W., McDonell, V. G. and Samuelsen, G. S., Accounting for laser sheet extinction in applying
PLLIF to sprays, 34th Aerospace Sciences Meeting and Exhibit, AIAA-96-0469 (Reno, NV.), (1996).

Tate, R. W., Spray Patternation, Industrial and Engineering Chemistry, 52-10 (1960), 49A-53A.

van Cruyningen, I., Lozano, A. and Hanson, R. K., Quantitative Imaging of Concentration by Planar Laser-Induced
Fluorescence, Experiments in Fluids, 10 (1990), 41-49.

Wang, G., Deljouravesh, R., Sellens, R. W., Olesen, M. J. and Bardon, M. F., An optical spray pattern analyzer,
ILASS-Americas 97 (Ottawa, Canada), (1997).

Zelina, J., Rodrigue, A. and Sankar, S., Fuel injector characterization using laser diagnostics at atmospheric and elevated
pressures, 36th Aerospace Sciences Meeting and Exhibit, ATAA-98-0148 (Reno, NV.), (1998).

Author Profile

Hyeonseok Koh: He received his Ph.D. degree and MS degree at School of Mechanical and Aerospace
Engineering in Seoul National Univeristy in 2006 and 2001, respectively. Currently, he is a senior
researcher of Korea Aerospace Research Institute(KARI). His research interests are visualization, laser
diagnostics, such as 3D-PIV and optical patternator, and measurement technique for two-phase flow.

Kihoon Jung: He received his Ph.D. degree and MS degree at School of Mechanical and Aerospace
Engineering in Seoul National University in 2004 and 2000, respectively. Currently, he is a senior
research engineer of Hyundai Motor Company. His research interests are laser diagnostics, such as
optical patternator and PLIF, visualization, and impinging type injector for liquid rocket injectors.




170 Development of Quantitative Measurement of Fuel Mass Distribution Using Planar Imaging Technique

Youngbin Yoon: He received his MS degree at School of Mechanical and Aerospace Engineering in 1987
from Seoul National University and his Ph.D. degree at Department of Aerospace Engineering in 1994
from University of Michigan. After obtaining Ph.D. he worked as a researcher in University of
California, Davis. And then he joined Seoul National University and currently is an associate professor.
His research interests are visualization, laser diagnostics, supersonic combustion, turbulent diffusion
flames and liquid rocket injectors.

Kyungjin Lee: He received his MS degree at School of Mechanical and Aerospace Engineering in 1999
from Seoul National University and his Ph.D. degree at Department of Aerospace Engineering in 2004
from University of Michigan. Currently, he is a postdoctoral research fellow of University of Michigan.
His research interests are spray breakup, multi-phase turbulent flows and laser diagnostics.

Kyung-Seok Jeong: He received his Ph.D. degree and MS degree at School of Mechanical and Aerospace
Engineering in Seoul National University in 1989 and 1983, respectively. Currently, he is a professor of
School of Mechanical Engineering of Korea University of Technology and Education. His research
interests are spray flow, laser diagnostics, and thermo-fluids visualization.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


