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parameters of cooling installations are subjected to the changes due to 
e.g. reconstruction of these systems, unfavorable deterioration of the cir-
culating pumps characteristics or deposition of mineral deposits on heat-
exchange surfaces or pipelines. In order to improve the overall efficiency 
of currently in use power units, Ryabchikov suggested a number of spe-
cific actions, among which the retrofit of cooling water installations is 
one of the most important (Ryabchikov 2012). Nichols estimated that the 
modernization of cooling system performance in American power plants 
could lead to improving the overall efficiency of the unit by about 0.2-
1.0% (Nichols 2008). Similar estimations, made for APEC countries, 
indicate that the improvement of feed water heaters and condensers could 
update the overall power unit efficiency by a value of approximately 
0.8% (Boncimino 2005).  

Taking into account the abovementioned facts, closed cooling 
systems cooperated with cooling towers have become, in natural way, the 
object of research and analysis of many scientists. The interests split into 
two main parts focusing on the numerical modeling of the cooling sys-
tems and research of influence of ambient conditions on working pa-
rameters of cooling towers. An example of numerical investigation of the 
cooling system as a whole is presented by Wróblewski in (Wróblewski 
2013) where the comparison of two different variants of cooling system 
for 900 MW ultra-supercritical power unit is done. His analysis focuses 
on the impact of the thermal-flow properties of the cooling system on the 
lowest possible pressure achieved inside the condensers. Numerical mod-
eling of the thermal-flow conditions inside the cooling towers is present-
ed in (Blain 2016, Opris 2017). Blain in (Blain 2016) presents the results 
of CFD modeling of cooling tower basing on the Poppe and Merkel 
equations and splitting the interior of the cooling tower into three parts: 
fill, spray and rain zones. The model was validated on the small scale fill 
(7mx7m counter-flow section) and next on the real object achieving good 
agreement with measurements. Opris in (Opris 2017) presents other 
methodology of design the cooling towers using block-modules which 
takes into account division of the cooling tower into three main parts: 
spray and fill zone, rain zone and natural draft zone.  

Another approach focuses on the influence of the ambient condi-
tions, strength and direction of wind or air-water flow ratio on heat and 
mass processes inside the cooling towers. Li in (Li 2018) shows that cold 
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inflow at the top of the cooling tower could have unfavorable influence 
on the natural drift blocking heat rejection. Her experiments, done on 
20 m test cooling tower, indicate that the undesired turbulence inside the 
cooling tower could cause the increase of outlet cooling water tempera-
ture even up to 3C. Similar consideration presents Weiliang in 
(Weiliang 2016) analyzing the influence of wind on the operational con-
ditions of cooling tower. The vortices, created by the wind in outer and 
inner space of cooling tower, affect air flow decreasing the efficiency of 
heat and mass processes. He considers the implementation of windbreaks 
to prevent the deterioration of the cooling performance inside the natural 
draft dry cooling tower. The influence of air water flow ratio on the oper-
ating performance is studied by Liu in (Liu 2017). She shows that various 
meteorological parameters have a significant impact on the large varia-
tion of air water flow ratio what causes unstable operation of cooling 
tower. Martin in (Martín 2017) evaluates the influence of weather condi-
tions and cooling tower localization on its operation parameters. He 
shows that weather conditions have an significant influence on non 
steady production of energy by power units. Among others, he confirms 
that the extreme temperatures in summer time reduce the electricity pro-
duction capacity due to limitations in the heat transfer capacity inside the 
cooling tower. 

The paper presents the thermal-flow study of a closed cooling 
system with special emphasis on the operating parameters of the cooling 
tower. The uniqueness of the analysis lays in measurements done inside 
the working cooling tower to identify the heat and mass transfer process-
es across its radius. Next, the analysis of a cooling water temperature 
drop, in the cooling system cooperated with a set of cooling towers, is 
considered. As an example of these studies there are calculated the opti-
mal cooling water flow rates through the cooling towers to achieve the 
highest possible cooling water temperature drop in the installation. 

2. Study of thermal-flow processes inside cooling tower 

Cooling systems are very important parts of the power units and, 
as it was mentioned previously, they have a significant influence on the 
overall efficiency of electricity and heat production. The scheme of 
a closed cooling water system cooperated with natural draft cooling tow-
er is presented in Fig. 1. 
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Fig. 1. Scheme of closed cooling water system with natural draft cooling tower. 
The symbols used in the drawing: ta, tt – temperature of the air; pa, pt – pressure 
of the air; a, t – relative humidity of the air; Xa, Xt – absolute humidity of the 
air at inlet and outlet respectively; qma, qmw – mass flow rate of air and cooling 
water respectively; tw2, tw1 – temperature of cooling water at inlet and outlet 
respectively  
Rys. 1. Schemat zamkniętego układu chłodzenia z chłodnią kominową. 
Oznaczenia przestawione na rysunku: ta, tt – temperatura powietrza;  
pa, pt – ciśnienie powietrza; a, t – wilgotność względna powietrza;  
Xa, Xt – wilgotność bezwzględna powietrza odpowiednio na wlocie i wylocie 
z chłodni; qma, qmw – strumień masy powietrza i wody chłodzącej;  
tw2, tw1 – temperatura wody chłodzącej na wlocie i wylocie z chłodni kominowej 

Circulating water is heated in a condenser by condensing steam 
from the low pressure turbine, and it is then cooled down in a cooling 
tower. The main mechanism of water temperature decrease inside the 
cooling tower is by its partial evaporation in contact with counter flowing 
air (Berman 1961). This phenomenon causes a continuous decrease in the 
mass of the circulating water in the installation which is replenished from 
natural resources. In the natural draft cooling tower the heat and mass 
transfer processes take place in two ways (notations according to Fig. 1): 
 an increase in the temperature of the flowing air tt = tt – ta 
 an increase of the humidification of the flowing air X = Xt – Xa (what 

results in changes of relative humidity of the air t = t – a), 
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where: 
ta, tt – air temperature,  
Xa, Xt – absolute humidity of air, 
a, t – relative humidity of air at inlet and outlet of the cooling tower, 
respectively. 

 
The analysis shows that the highest temperatures of the returning 

cooling water tw1 are in summer time when the ambient air temperature ta 
is high (in Poland ambient temperatures varies then between 20-30C). 
Worse heat exchange conditions in the closed cooling system causes sea-
sonal deterioration of the overall power unit efficiency (due to the fact of 
higher achievable pressure inside steam condensers), what leads to the 
increase of fossil combustion and, therefore, higher emission of GHG 
and other pollutants (Martín 2017, Campbell 2013). Table 1 presents an 
example of measurements done in June inside the natural draft cooling 
tower along the radius r (where r = 0 is at the center line of cooling tower 
– see Fig. 1). The investigated cooling tower has a height of 105 m and is 
made in the form of a hyperboloid reinforced concrete structure with nat-
ural draft. Its hydraulic load varies in the range of qvw = 20000-35000 
m3/h and thermal output is up to 300 MW. It is worth mentioning that the 
data presented in Table 1 for each position (r) are calculated from hun-
dred of measurements collected in 30-minute time interval. 

The measurement was done in the overshower zone above drift 
eliminators, where the radius of the cooling tower is R = 35 m. Pressure 
inside the cooling tower was uniformly distributed along the radius and 
equal pt = 977.7 hPa, when the ambient pressure was pa = 980.0 hPa. 
Additionally the profile of air velocity was measured using Testo 416 
anemometer and the mean velocity ut inside the cooling tower was 
1.06 m/s. 
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The presented measurement data are the starting point for the 
analysis of mass and heat exchange processes inside a cooling tower. The 
authors’ intention is to quantitatively analyze the data and to assess 
which processes play a leading role in obtaining the lowest possible out-
let temperature of cooling water (especially in the summer, when the 
efficiency of blocks is the lowest one).  

2.1. Heat and mass transfer processes inside a cooling tower 

Collected data allows precisely to follow the heat exchange pro-
cesses inside the cooling tower if one assumes steady thermal-flow con-
ditions (Baker 1961): 

𝑐୵ ∙ 𝜌୵ ∙ 𝑞୴୵ ∙ ሺ𝑡୵ଶ െ 𝑡୵ଵሻ ൌ 𝑞୫ୟ ∙ ൫ℎଶሺ𝑡୲, 𝜑୲ሻ െ ℎଵሺ𝑡ୟ, 𝜑ୟሻ൯ (1) 

where: 
cw = 4189.9 J/kgK – specific heat of water, 
w = 994.23 kg/m3 – density of water at mean temperature equals 34.5C, 
qvw – volumetric flow rate of circulating water, 
qma – mass flow rate of air flowing inside the cooling tower, 
tw2, tw1 – inlet and outlet temperature of circulating water, respectively, 
h2, h1 – enthalpy of moist air leaving and entering cooling tower, respec-
tively. 

 
Basing on values from Table 1, left hand side of (1) gives the heat 

flux released into the flowing air by cooling water (if one neglects the 
loss of water mass due to its partial evaporation process) Qw = 308.5 
MW. On the other side, the value of heat flux taken by the air is equal  
Qa = 315.4 MW, where qma is calculated for air parameters inside the 
cooling tower: ut = 1.06 m/s and t(tt, t, pt) = 1.08 kg/m3.  

The discrepancy between obtained values of heat flaxes e = 
(QwQa)/Qw is at the level of 2.2% what is a very good result. This dif-
ference could be corrected if one takes into account a correction connect-
ed with the loss of circulating water qvw due to its partial evaporation: 

 Q୵ ൌ 𝑐୵ ∙ 𝜌୵ ∙ ሺ𝑞୴୵ ∙ 𝑡୵ଶ െ ሺ𝑞୴୵ െ ∆𝑞୴୵ሻ ∙ 𝑡୵ଵሻ (2) 

Amount of evaporated water is calculated from the difference of 
absolute humidity of air entering and leaving the cooling tower Xa and Xt 
respectively: 
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 ∆𝑞୫୵ ൌ 𝑞୫ୟ ∙ ൫𝑋୲ሺ𝑡୲, 𝜑୲ሻ െ 𝑋ୟሺ𝑡ୟ, 𝜑ୟሻ൯   (3) 

For analyzed data, this value is qmw = 394.0 m3/h. This is ap-
proximately 1% of total mass flow rate of circulating water and is in very 
good agreement with literature (Berman 1961). Correction of heat flux 
released by cooling water due to its partial evaporation is  
Qw = 14.0 MW.  Finally, corrected value of total heat flux transferred 
from the cooling water is now equal Qw = (308.5+14.0) MW = 
322.5 MW but the discrepancy e is still at the level of 2%. On the other 
hand, the calculation of relative humidity t inside the cooling tower ba-
ses on the measurement of dry- and wet-bulb temperatures of flowing air 
(using two A class Pt100 thermometers). If one assumes that the leaving 
air has t = 100% then the total heat flux transferred to the air will be 
Qa = 321.6 MW and final discrepancy between corrected heat fluxes Qw 
and Qa is less than 1%.  

Summarizing the above calculations, it seems that to balance cor-
rectly heat and mass transfer processes inside the cooling tower it is nec-
essary to take into account the loss of circulating water as well as to as-
sume that the air above the overshower zone is fully saturated and is at 
its dewpoint (what means that the relative humidity of leaving air t 
equals 100%). It is worth mentioning that the source of potential discrep-
ancies in analyzed results may be, on the one hand, the accuracy of the 
measurements made, and on the other, the use of an 0-dimensional heat 
and mass exchange model. 

It is interesting how the total heat flux Qa is divided between in-
crease of temperature tt and changes of humidification (expressed by 
changes of relative humidity t) of the flowing air: 

 Qୟ ൌ Qୟ∆୲ ൅ Qୟ∆஦,  (4a) 

 Qୟ∆୲ ൌ 𝑞୫ୟ ∙ ൫ℎሺ𝑡୲, 𝑋ୟሻ െ ℎଵሺ𝑡ୟ, 𝑋ୟሻ൯    (4b) 

 Qୟ∆஦ ൌ  𝑞୫ୟ ∙ ൫ℎଶሺ𝑡୲, 𝑋୲ሻ െ ℎሺ𝑡୲, 𝑋ୟሻ൯  (4c) 

For analyzed data, Qat = 37.9 MW and Qa = 277.5 MW (for the 
case of t = 100%: Qat = 37.9 MW and Qa = 283.7 MW, respectively). It 
means that the main heat exchange process between the cooling water and 
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air is through partial evaporation of circulating water (approximately 88%) 
and only 12% of total heat flux Qa is utilized to warm up the flowing air. 

Above results show how significant are ambient conditions for 
the proper working parameters of the cooling system. This observation is 
especially important because power unit operation is characterized by 
non-steady production of energy that strongly depends on current weath-
er conditions.  

2.2. Thermalflow characteristic of cooling tower 

The heat flux balance (1) is a starting point to much more detailed 
analysis of the heat and mass transfer processes inside the cooling tower 
which bases on enthalpy potential as the driving force (Baker 1961). The 
heat transfers to air from a tin film of cooling water flowing down along 
the fill is considered in control volume dV: 

 𝑑Q ൌ ሺ𝑡୵ െ 𝑡ሻ𝑑𝑉 ൅ ℎᇱ𝑑𝐺୫୵  (5) 

where:   volume heat transfer coefficient; tw, t  local cooling water 
and air temperature, respectively; h’  enthalpy of water evaporation at 
local bulk water temperature; dGmw  mass flow rate of evaporated wa-
ter, in the control volume dV. Amount of evaporated water depends on 
the mass transfer coefficient between the water film and air  and differ-
ence of local absolute humidities on the interface water-air in control 
volume dV: 

 𝑑𝐺୫୵ ൌ  ሺ𝑋௪
ᇱ െ 𝑋௔

ᇱ ሻ𝑑𝑉 (6) 

The equations (5) and (6) describe the amount of heat transferred 
from the cooling water to the counter-flowing air in control volume dV of 
the fill. In this approach dV is equal Sdx where S is a surface of the 
cross-section of the cooling tower (perpendicular to the direction of air 
flow) and dx is a small section of the height of the fill. Due to the com-
plexity of the arrangement of the fill inside the cooling tower there is 
impossible to consider the heat and mass transfer processes separately for 
individual components of the fill but rather simplified approach is ap-
plied. This is the reason why heat and mass balance equations (5) and (6) 
base on overall heat and mass transfer: ,  respectively. 
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Basing on (5), (6) and (1), Berman in (Berman 1961) shows that 
the total heat transferred to the flowing air is described by equation: 

 𝑄 ൌ  ∆ℎ୫𝑉 ൌ 𝐺୫ୟሺℎ௧ െ ℎ௔ሻ (7) 

where: V  is volume of fill; Gma – mass of flowing air; hm  mean en-
thalpy increase of flowing air expressed by formula: 

 ℎ୫ ൌ  ൫𝑡𝑤2െ𝑡𝑤1൯

׬
𝑑𝑡

ቀℎ′െℎቁ

𝑡𝑤2
𝑡𝑤1

     (8) 

where: h′ is enthalpy of water evaporation at local bulk water temperature 
and h  local enthalpy of moist air flowing through the fill (Baker 1961). 

On the other side, the heat released from water is calculated from 
(2): 

  𝑄 ൌ ଵ

௄
∙ 𝑐୵ ∙ 𝐺୫୵ሺ𝑡୵ଶ െ 𝑡୵ଵሻ (9) 

where: K – correction factor due to partial evaporation of cooling water, 
(K  0.947). Combining together (7) and (9) one can obtain the formula 
for the temperature of cooling water at outlet of cooling tower, tw1 (Ber-
man 1961): 

 𝑡୵ଵ ൌ 𝑡୵ଶ െ  
௄∙௏∙ ∙௛ౣ

௖౭∙ீౣ౭
 (10) 

Equation (10) is a non-linear one, because value of hm depends, 
among other, on tw1. Values of V and  are calculated individually for 
particular cooling tower because they depend on its geometry and current 
ratio of air and water mass flow rates qma/qmw. 

Basing on the measurement data from Table 1, there was possible 
to calculate the characteristic of the cooling tower showed at Fig. 2.  

Presented curve depends on the current inlet parameters of air (ta, 
pa, a) and cooling water (tw2, qmw). It is worth noting that value of 
tw=(tw2tw1) increases (what means that tw1 decreases) if the volumetric 
flow rate of cooling water decreases. The difference between the highest 
and lowest value of tw is about 3.3C and shows that the proper selec-
tion of the hydraulic load of cooling tower could increase its cooling 
properties. 
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Fig. 2. Characteristic of natural draft cooling tower obtained for measurement 
data from Table 1. Red circle indicates actual working point of cooling tower  
Rys. 2. Charakterystyka chłodni kominowej otrzymana dla danych 
pomiarowych z Tabeli 1. Czerwonym kołem oznaczono aktualny punkt pracy 
chłodni kominowej 

3. Optimization of cooling process in closed cooling system 

The idea of closed cooling system bases on the cooling towers, 
which are usually arranged in a group of few units and cooperate with 
several condensers of power units by common hydraulic installation. 
Such arrangement allows to model the flow rates to individual cooling 
towers in order to optimize the cooling process (Regucki 2018).  

As an example of such approach one can consider the situation 
when two cooling towers, with different thermal characteristics show at 
Fig. 3, have to cool down fixed volumetric flow rate of water qvt. 



Thermal-flow Study of Closed Cooling System… 353
 

 

Fig. 3. Example of characteristics of two natural draft cooling towers 
Rys. 3. Przykładowe charakterystyki dwóch chłodni kominowych  

The total hydraulic load of these two cooling towers is between 
50 and 80 thousand m3/h. Let assume that one would like to cool down 
fixed flow rate of water qvt = 60,000 m3/h. The optimal distribution of 
water between these two cooling towers could be achieved finding the 
maximum possible total cooling water temperature drop tw:  

 𝑡୵ ൌ ሺ∆𝑡୵ଵሺ𝑞୴୵ଵሻ ∙ 𝑞୴୵ଵ ൅ ∆𝑡୵ଶሺ𝑞୴୵ଶሻ ∙ 𝑞୴୵ଶሻ/𝑞୴୲ (11) 

with constraint: qvt = qvw1 + qvw2 = 60,000; where qvw1, qvw2  volumetric 
flow rates through first and second cooling tower, respectively. Solution 
of this  non-linear problem is showed at Fig. 4. 
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Fig. 4.  Total cooling water temperature difference tw calculated from (11) 
for characteristics presented at Fig. 3  
Rys. 4. Całkowity spadek temperatury wody tw obliczony z formuły (11) 
dla charakterystyk przedstawionych na rysunku 3 

The value of tw changes between 8.58 and 8.97C. Presented 
calculations show that its maximum value is achieved for qvw1 equals 
30000 m3/h (and qvw2 = 30000 m3/h). It is worth mentioning that this di-
vision of flow rates is valid for analyzed cooling water and weather (air) 
conditions. If the ambient temperature and relative humidity change then 
the characteristics will change as well and the optimal total cooling water 
temperature drop tw could appear for other values of qvw1 and qvw2. The 
problem of optimizing cooling water redistribution in a closed cooling 
system is a problem that should be referred to the currently analyzed in-
stallation. The example presented above was supposed to draw attention 
to the fact that the proper water redistribution in the cooling system has 
a direct impact on the obtained mean cooling water temperature in the 
installation tw1. The presented optimization method can be applied to 
a system consisting of a larger number of cooling towers, if only their 
characteristics can be determined. 
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4. Conclusions 

The efficient optimization process always bases on the scientific 
background involving mathematical modeling and numerical approach 
which are more and more widely used in power engineering. Due to the 
huge daily amount of utilized fresh water, closed cooling systems are an 
important part of power plants and its proper operation could significant-
ly reduce the usage cost as well as increase the overall efficiency of pow-
er unit. Presented calculations show that, despite the simple construction, 
cooling towers are still subjected to research and modeling. Thermal-
flow measurements across radius of cooling tower allows to identify the 
heat and mas exchange mechanisms between cooling water and counter 
flowing air. After analyzing the data, it was indicated that the measure-
ment of relative humidity inside the cooling tower is not necessary. The 
calculations show that the relative humidity the inside the cooling tower 
can be assumed to be 100%. In addition, the presented analysis shows 
that the decisive parameter affecting the process of water cooling is the 
relative humidity of the air sucked into the tower. These observations can 
be used as a starting point for attempts to modernize cooling towers. Data 
analysis can be used to indicate representative places of measurement of 
thermodynamic parameters inside a cooling tower in order to evaluate its 
operating parameters. The presented optimization shows that the proper 
regulation of the flow rates between two cooling towers can increase the 
total cooling water temperature difference about 0.4C. It is very im-
portant result if one pays attention to the fact that improvement of tw by 
1C has a direct impact on the increase of overall efficiency of power 
unit by approximately 0.5%. 
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Badania cieplno-przepływowe zamkniętego układu 

chłodzenia z chłodniami kominowymi  

Streszczenie 

W pracy przedstawiono cieplno-przepływowe badania zamkniętego 
układu chłodzenia ze szczególnym uwzględnieniem parametrów pracy chłodni 
kominowych. Unikalność analizy polega na pomiarze wykonanym wewnątrz 
pracującej chłodni kominowej w celu identyfikacji procesów wymiany ciepła 
i masy wzdłuż jej promienia. Następnie przeanalizowano stopień schłodzenia 
wody cyrkulującej w układzie chłodzenia współpracującym z zespołem chłodni 
kominowych. Jako przykładowy wynik tych badań zaproponowano dobór 
optymalnych strumieni przepływu wody chłodzącej w układzie dwóch chłodni 
kominowych, pozwalający uzyskać możliwie najwyższy spadek temperatury 
(stopień schłodzenia) cyrkulującej wody. 

Abstract 

The paper presents the thermal-flow study of closed cooling system 
with special emphasis on the working parameters of the cooling tower. The 
uniqueness of the analysis lays in measurement done inside the working cooling 
tower to identify thermal-flow processes across its radius. Next, the analysis of 
a cooling water temperature drop, in the cooling system cooperated with a set of 
cooling towers, is considered. As an example of these studies there are proposed 
the optimal cooling water flow rates between two cooling towers to achieve the 
highest possible water temperature difference in cooling system. 

 
Słowa kluczowe: 
elektrownia, zamknięty układ chłodzenia,  
przeciwprądowa mokra chłodnia kominowa 

Keywords: 
power plant, closed cooling system, counter flow wet cooling tower  
 



<<
  /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 (None)
  /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 <>
    /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.)
    /POL <>
  >>
  /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 [600 600]
  /PageSize [481.890 680.315]
>> setpagedevice


