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ABSTRACT 
Experiments on flow boiling heat transfer of 

pure CO2 and CO2-oil(PAG) mixtures in a horizontal 
smooth tube have been carried out. The test tube is a 
stainless steel smooth tube, which is 3.76 mm in 
inner diameter and 1 m in length. Experiments were 
carried out at mass velocities from 100 to 400 
kg/(m2s), a saturation temperature of 10 °C, heat 
fluxes from 10 to 30 kW/m2, and the oil circulation 
ratios from 0 to 1.01 mass%. The flow patterns were 
observed and the results were compared with the 
flow pattern map developed by Cheng et al., and the 
measured local heat transfer coefficients were 
compared with the prediction correlations proposed 
by Cheng et al.  

As the results, it was found that there is a 
discrepancy between the observations and the flow 
pattern map. On flow boiling heat transfer of pure 
CO2, the heat transfer coefficients estimated using 
the prediction method agreed with 91% of the 
experimental data within ±30% by modifying the 
flow pattern map. In case of CO2-oil mixtures, the 
heat transfer coefficients estimated using the 
prediction method agreed with 81% of experimental 
data within ±30% by modifying the nucleate boiling 
suppression factor. 

 
NOMENCLATURE 
G mass velocity     [kg/(m2s)] 
q heat flux          [W/m2] 
S nucleate boiling suppression factor   [-] 
Ts saturation temperature               [K] 
Tw inner wall temperature               [K] 
y oil circulation ratio       [mass%] 

Greek symbol 
α heat transfer coefficient    [W/(m2K)] 
θdry dry angle of tube perimeter           [rad] 
 
Subscripts 
cal calculated 
cb convective boiling 
exp experimental 
nb nucleate boiling 
v vapor 
wet wet perimeter  

 
INTRODUCTION 

Recently, carbon dioxide(CO2) is regarded as 
environmentally-friendly refrigerant, and used in 
automobile air conditioners and heat pump 
systems. In Japan, in order to reduce the CO2 
emissions for the purpose of preventing global 
warming, a CO2 heat pump system for residential 
hot water heater was developed in 2001, and the 
spread of the system broke through a million and 
half units in 2008. Therefore, the improvement in 
performance of the system is urgent research task. 
Many researchers have reported about the cycle 
and heat exchanger performance of the CO2 heat 
pump system. 

On flow boiling in smooth tubes of CO2, 
Cheng et al. [1][2] have proposed a new flow 
pattern map and prediction model for flow boiling 
heat transfer. In their reports, they showed that the 
heat transfer coefficients estimated using their 
prediction method agreed with 83.2% of the 
experimental database (a total of 773 data points) 
within ±30% at pre-dryout region. However, their 



The 4th Asian Conference on Refrigeration and Air-conditioning 

  

 

flow pattern map was only compared with the 
observed flow pattern data obtained by Gashe [3] 
for a 0.8 mm equivalent diameter rectangular 
channel. And, the flow boiling heat transfer 
experimental data in their database were obtained 
for the tubes of the inner diameter of less than 3 mm 
or greater than 6 mm. Therefore, the research on 
flow patterns and flow boiling heat transfer of CO2 
are still insufficient for the tubes of the inner 
diameter of 3~6 mm. 

In this report, experiments on flow patterns and 
flow boiling heat transfer of pure CO2 and CO2-oil 
(PAG) mixtures in a horizontal smooth tube of 3.76 
mm in inner diameter have been carried out. The 
results were compared with those proposed by 
Cheng et al., and the appropriateness of the 
prediction correlations was discussed. In case of 
CO2-oil mixtures, a new prediction method was 
proposed for flow boiling heat transfer by 
modifying the prediction model proposed by Cheng 
et al. 

  
EXPERIMENTAL APPARATUS 

The experimental apparatus used in the present 
research is shown in Figure 1. It is a heat pump 
system consisting of a two-stage compressor(1), an 
oil-separator(2), two gas-coolers(4,5), two 
expansion valves(11), a pre-heater(12), a test 
section(14), an auxiliary evaporator(16), and an 
accumulator(17). The test tube is a stainless steel 
smooth tube, which is 3.76 mm in inner diameter 
and 1 m in length, and it was heated using direct 
heating method. The outside wall temperatures were 
measured using 12 T-type thermocouples, 0.1 mm in 
wire diameter, of 150 mm interval at the top and the 
bottom of the test tube. The thermocouples used in 
this experiment were calibrated with a precision of 
±0.05 K. A 1 mΩ (±0.01%) standard resistance was 
used to measure DC current for heating.  

The mass flow rates were measured using two 
Coriolis type mass flow meters(7), for the total mass 
flow rate and that flowing through the test section. 
The precisions of the mass flow rate meters are 
±0.25% full-scale(Full-scale: 100 kg/h). The pressu-
res and bulk temperatures at mixing chambers 
prepared before the expansion valve and the outlet 
of the test section were measured using two pressure 
transducers and two sheathed thermo-couples. The 
precisions of the pressure transducers and sheathed 
thermocouples are ±0.01 MPa and ±0.05 K, 
respectively. The pressure drop over the test section 
was measured using a pressure difference 
transducer(13) with a precision of ±0.2 kPa. The 

purity of CO2 used in the present research is 99.95 
mass%. The kinetic viscosity of the PAG oil is 100 
mm2/s at temperature of 40 ˚C. The circulation 
ratio of the oil was adjusted by the oil-control 
valve(3). The oil circulation ratio was measured 
using the visual methods [4][5]. The 
thermophysical properties of CO2 were calculated 
using software package PROPATH [6]. The 
experimental conditions are shown in Table 1.  
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Figure 1 
Schematic of experimental apparatus 

 
 

Table 1 
Experimental Conditions 

 
Mass velocity, kg/(m2s) 100 ~ 400 
Pressure, MPa 4.5 
Heat flux, kW/m2 10 ~ 30 
Inlet vapor quality, - 0.11 ~ 0.91 

Oil circulation ratio, mass% 0, 0.08, 0.11, 0.32, 
0.53, 1.01 

 
 

DETA REDUCTION 
The flow patterns were observed at the outlet 

of the test section using the sight-glass(6b). The 
flow patterns were recorded for 20 seconds for 
each condition with a high definition video camera 
(HDV1080i system). For these experiments, no 
heat was applied to the test section to let the two-
phase flow developed over a sufficient adiabatic 
length. Figure 2 shows a snapshot of annular-wavy 
flow observed at the outlet of the test section. The 
flow direction is from left to right.  



The 4th Asian Conference on Refrigeration and Air-conditioning 

  

 

 

 
Figure 2 

A snapshot of (annular)-wavy flow  
 
The measured local heat transfer coefficients are 

defined as follows 
 

( )swexp TTq −=α      (1) 
 

Where q is the heat flux applied to the test section, Tw 
is the inside wall temperature of the test section and Ts 
is the saturation temperature of the refrigerant, which 
is calculated from the inlet pressure and the pressure 
drop of the test section. The saturation temperature of 
pure CO2 was used in Eq.(1) even in case of CO2-oil 
mixtures. 

The heat transfer coefficients at pre-dryout 
region were calculated with Eq.(2), which is 
proposed by Cheng et al. for bubble, intermittent 
and annular flows. 

 

( )[ ] 31
3

cb
3

nbcal ααα += S     (2) 
 

where S is the nucleate boiling suppression factor, 
αnb is the nucleate boiling heat transfer coefficient 
and αcb is the convective boiling heat transfer 
coefficient.  

The heat transfer coefficients at pre-dryout 
region for separated flows (wavy, stratified-wavy 
and stratified flows) were calculated with Eq.(3). 

 
( )

π
αθπθα

α
2

2 wetdrydryv
cal

−+
=    (3) 

 
where θdry is the dry angle, αv is the vapor phase 
heat transfer coefficient on dry perimeter and αwet is 
the heat transfer coefficient on wet perimeter 
calculated with Eq.(2). 

 
RESULTS AND DISCUSSION 
In case of pure CO2: Figure 3 shows the 
influence of mass velocity on local heat transfer 
coefficients at heat flux q of 10 kW/m2. The 
symbols show the experimental results and the lines 

show the predicted values calculated with Eqs.(2) 
and (3). The experimental results agree well with 
the predicted values at mass velocity G of 380 
kg/(m2s), but disagree with the predicted values for 
G of 100 and 190 kg/(m2s). The measured local 
heat transfer coefficients at the top and bottom of 
the tube are about the same values for G of 380 
kg/(m2s), while those at the bottom of tube are 
higher than those at the top of the tube for G of 100 
and 190 kg/(m2s). For this reason, it is considered 
that the flow patterns are separated flows for G of 
100 and 190 kg/(m2s), and are intermittent or 
annular flows for G of 380 kg/(m2s). 

Figure 4 shows the influence of heat flux on 
local heat transfer coefficients for G of 380 
kg/(m2s). The symbols and lines are the same as 
those in Figure 3. The measured local heat transfer 
coefficients show a strong dependence on heat flux. 
It is considered that the flow boiling heat transfer 
in this case is dominated by nucleate boiling. The 
predicted values show this tendency as well and 
agree well with the experimental results at q of 10 
kW/m2. However, the predicted values are lower 
than the experimental results at q of 20 and 30 
kW/m2. It is considered due to the effects of the 
surface roughness of the test tube. On the other 
hand, the local heat transfer coefficients at the top 
of tube decrease significantly compared with those 
at the bottom of the tube at vapor quality x from 
0.3 to 0.7 for q = 20 and 30 kW/m2. This tendency 
is similar to that as shown in Figure 3 for G of 100 
and 190 kg/(m2s). Although the flow patterns are 
considered to be intermittent or annular flows (G = 
380 kg/(m2s) and q = 10 kW/m2), this trend can be 
explained by the liquid film at the top of the tube 
was very thin and partial dryouts occurred at  q of 
20 and 30 kW/m2.  
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Figure 3 

Influence of mass velocity on local heat transfer 
coefficients and comparison with the prediction 

model presented by Cheng et al.  
(q = 10 kW/m2, y = 0 mass%) 

 

 

Flow direction 
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Figure 4 

Influence of heat flux on local heat transfer 
coefficients and comparison with the prediction 

model presented by Cheng et al.  
(G = 380 kg/(m2s), y = 0 mass%) 

 
Figure 5 shows the observed flow patterns 

(symbols) and comparison with the flow pattern 
map developed by Cheng et al. In the flow pattern 
map, I, A, SW, SLUG and S indicate intermittent 
flow, annular flow, stratified-wavy flow, slug flow 
and stratified flow, respectively. As shown in the 
figure, there is a large discrepancy between the 
observed flow patterns and the flow pattern map. 
When G ≥ 150 kg/(m2s) and 0.2 < x < 0.8, the flow 
pattern map shows a large region of annular flow, 
while the observed results are slug, wavy and 
annular-wavy flows. On the other hand, the 
observed flow patterns agree well with those 
obtained from Figures 3 and 4. For G of 200 
kg/(m2s), the observed flow patterns are slug, wavy 
and stratified-wavy flows. These observation results 
agree well with that mentioned as above: the flow 
pattern is a separated flow for G of 190 kg/(m2s). 
And, for G of 400 kg/(m2s), slug, annular-wavy and 
annular flows were observed. These observation 
results agree well with that: the flow patterns are 
intermittent or annular flows which have a thin 
liquid film at the top of the tube for G of 380 
kg/(m2s).  

For this reason, it is considered that the 
transition from stratified-wavy flow to annular flow 
occurs at higher mass velocity region than the flow 
pattern map. But, there is a weak point in the present 
observation method: it is difficult to find a very thin 
liquid film at the top of the tube compared with 
other observation methods. Therefore, the authors 
modified the flow pattern map to conform the 
predicted local heat transfer coefficients and the 
experimental results.  In Figure 5, arrow 1 and arrow 
2 show the modification of transition boundary of 
stratified-wavy flow to annular flow and stratified 

flow to stratified-wavy flow, respectively. In 
addition, in case of CO2-oil mixtures, there is little 
change in the flow pattern compared with pure CO2 
except that the times of the slug occurrence within 
20 seconds increased.  

Figure 6 shows the influence of mass velocity 
on local heat transfer coefficients and the 
comparison with the prediction model based on the 
modified flow pattern map at q of 10 kW/m2. The 
symbols show the experimental results and the 
lines show the predicted values calculated using 
Eqs.(2) and (3) based on the modified flow pattern 
map. As shown in the figure, the predicted values 
agree well with the experimental results for G of 
100 and 190 kg/(m2s).  
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Figure 5 

Observed flow patterns and comparison with the 
flow pattern map presented by Cheng et al. 
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Figure 6 

Influence of mass velocity on local heat transfer 
coefficients and comparison with the prediction 
model based on the modified flow pattern map  

(q = 10 kW/m2, y = 0 mass%) 
 

Figure 7 shows a comparison of the 
experimental results and predicted values 
calculated using Eqs.(2) and (3) based on the 
modified flow pattern map at pre-dryout region. 
The predicted values agree with 91% of the 
experimental data within ±30%. 
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Figure 7 

Comparison of the experimental results and the 
prediction model based on the modified flow pattern 

map at pre-dryout region (y = 0 mass%) 
 

In case of CO2-oil mixtures: Figure 8 shows the 
influence of heat flux on local heat transfer 
coefficients in case of CO2-oil mixtures for G = 380 
kg/(m2s). As shown in the figure, the experimental 
results (symbols) decrease significantly compared 
with those of pure CO2 as shown in Figure 4. And, 
there is almost no effect of heat flux on local heat 
transfer coefficients when 0.4 < x < 0.8. Gao and 
Honda [4][5] reported that the decrease in the local 
heat transfer coefficient is considered due to the 
nucleate boiling being suppressed by the oil film in 
case of CO2-oil mixtures. However, the local heat 
transfer coefficients show a slight dependence on 
heat flux at x less than 0.4. It is considered that the 
nucleate boiling partially occurred (incomplete 
suppression of nucleate boiling) due to the low oil 
concentration in the liquid phase at the low vapor 
quality region. Therefore, in case of CO2-oil 
mixtures, the authors proposed a new prediction 
method based on the modified flow pattern map and 
a modified nucleate boiling suppression factor S’ to 
take into account the effect of the oil film.  
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The modified nucleate boiling suppression factor S’ 
is used in Eqs.(2) and (3) instead of S in the new 
prediction method. 

The lines in Figure 8 show the predicted values 
calculated using the new prediction method. The 
predicted values agree well with the experimental 
results when x < 0.4.  

Figure 9 shows the influence of mass velocity 
on local heat transfer coefficients and the 
comparison with the new prediction method in case 
of CO2-oil mixtures at heat flux q of 10 kW/m2. 
The symbols and lines are the same as those in 
Figure 8. The measured local heat transfer 
coefficients increase with the increase in mass 
velocity. This fact means that the flow boiling heat 
transfer changed to convective evaporation 
dominated regime. However, the predicted values 
are higher than the experimental results for G of 
190 and 380 kg/(m2s). And, the difference between 
the predicted values and experimental results 
increases with the increase in vapor quality. It is 
considered that the oil film thickness which acts as 
a thermal resistance increases with the increase in 
vapor quality.  
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Figure 8 

Influence of heat flux on local heat transfer 
coefficients and comparison with  

the new prediction method  
(G = 380 kg/(m2s), y = 1.01 mass%) 
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Figure 9 

Influence of mass velocity on local heat transfer 
coefficients and comparison with  

the new prediction method  
(q = 10 kW/m2, y = 1.01 mass%) 
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Figure 10 

Comparison of the experimental results and the new 
prediction method at pre-dryout region 

 (y = 0.08 ~1.01 mass%) 
 

Figure 10 shows comparisons of the experimen-
tal results and the new prediction method at pre-
dryout region in case of CO2-oil mixtures (at the oil 
circulation ratios y from 0.08 to 1.01 mass%). The 
heat transfer coefficients estimated using the new 
prediction method agree with 81% of experimental 
results within ±30%. In the figure, most of the 
experimental results, which are over 30% higher 
than the predicted values, are those obtained at the 
low oil circulation ratio of 0.08 mass%.  

 
CONCLUSIONS 

Experiments on flow patterns and flow boiling 
heat transfer of CO2 and CO2-oil mixtures inside a 
horizontal smooth tube of 3.76 mm in inner 
diameter were conducted, and the experimental 
results were compared with the predicted model 
proposed by Cheng et al. The following results were 
obtained.  
(1) It is found that there is discrepancy between the 

observed flow patterns and the flow pattern map 
proposed by Cheng et al. it is considered that 
the transition of stratified-wavy flow to annular 
flow occurs at higher mass velocity conditions. 

(2) In case of pure CO2, the experimental results 
agree well with the predicted values by 
modifying the flow pattern map proposed by 
Cheng et al., and the heat transfer coefficients 
estimated using the modified prediction method 
agree with 91% of the experimental data within 
±30% at pre-dryout region. 

(3) In case of CO2-oil mixtures, the heat transfer 
coefficients estimated using the new prediction 

method agree with 81% of experimental results 
within ±30% by modifying the nucleate 
boiling suppression factor.  

 
ACKNOWLEDGMENTS 

This work was supported by Kobelco & 
Materials Copper Tube, LTD. 

 
REFERENCES 
1. Cheng, L., Ribatski, G., Quiben, J. M. and 

Thome, J. R., 2008, New prediction methods 
for CO2 evaporation inside tube: Part I, Int. J. 
Heat and Mass Transfer, Vol. 51, pp.111-124. 

2. Cheng, L., Ribatski, G. and Thome, J. R., 2008, 
New prediction methods for CO2 evaporation 
inside tube: Part II, Int. J. Heat and Mass 
Transfer, Vol. 51, pp.125-135. 

3. Gasche, J.L., 2006, Carbon dioxide 
evaporation in a single microchannel, J. Brazil 
Soc. Mech. Sci. Eng, Vol.28, pp.69-83. 

4. Gao, L. and Honda, T., 2005, Observation of 
flow behavior of refrigerant and PAG oil in a 
CO2 heat pump system, Proceedings of IIR 
International Conference: Thermophysical 
Properties and Transfer Processes of 
Refrigerants, Vicenza, Italy, pp.201-207. 

5. Gao, L. and Honda, T., 2006, Flow and heat 
transfer characteristics of refrigerant and PAG 
oil in the evaporator of a CO2 heat pump 
system, Proceedings of 7th IIR Gustav 
Lorentzen Conference on Natural Working 
Fluids, Trondheim, Norway, pp.491-494. 

6. PROPATH Group, 2001, PROPATH: A pro-
gram package for thermophysical properties, 
Ver.12.1. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [612.000 792.000]
>> setpagedevice


