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THE ADVANTAGES OF USING A BLEED OF AIR 
FROM BEHIND THE COMPRESSOR AND SUPPLYING 
IT BEHIND THE TURBINE IN AN AIRCRAFT ENGINE 

Zalety stosowania upustu części powietrza zza sprężarki  
i doprowadzania go z tyłu turbiny w turbinowym silniku 

lotniczym 

Abstract: The research paper discusses the advantages of using compressor downstream 
air partial bleed and supplying it downstream of the turbine, which was applied in a 
prototype of a “bypass” turbojet engine. The impact of such a solution on the value of 
achieved basic operating parameters of the engine was described, i.e., unit thrust and unit 
power consumption. The presented attempt to compare these parameters with the 
parameters achieved for a turbojet, single flow engine is very important; in the first case 
without air bleed, and in the second, with air bleed to the environment and with the 
parameters of a turbojet, turbofan engine with a jet mixer.  

Keywords: aviation engine operating parameters, jet engine designs, aviation engine air bleed  

Streszczenie: W artykule omówiono korzyści wynikające z częściowego upustu powietrza 
za sprężarką i dostarczania go za turbiną, co zostało zastosowane w prototypie turbinowego 
silnika odrzutowego typu „bypass”. Opisano wpływ takiego rozwiązania na wartość 
uzyskiwanych podstawowych parametrów eksploatacyjnych silnika, tj. ciągu jednostko-
wego i jednostkowego zużycia paliwa. Istotna jest zaprezentowana próba porównania tych 
parametrów z parametrami uzyskiwanymi dla turbinowego silnika odrzutowego jedno-
przepływowego; w pierwszym przypadku bez upustu powietrza, a w drugim z upustem, oraz 
z parametrami turbinowego silnika odrzutowego dwuprzepływowego z mieszalnikiem 
strumieni.  

Słowa kluczowe: parametry eksploatacyjne silnika lotniczego, konstrukcje silników 
odrzutowych, wpust powietrza silnika lotniczego 
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1. Introduction 

The compressor air bleed is very common in modern turbojet engines [4, 5, 7]. Usually, 
the bled air is discharged to the environment (or the turbofan engine external duct). The aim 
of this bleeding is mainly counteracting unstable compressor operation. For these reasons, 
the bleeding is executed usually from the middle stages of the compressor.  

In the 1970s, Pratt &Whitney developed a diagram of a twin-rotor turbojet engine, 
which used compressor air bleeding, supplying it downstream of the turbine (turbine bypass 
engine) [4, 6]. Up to 25% of the air stream flowing through the compressor is bled in the 
maximum operating range. With decreasing engine thrust, the flow rate of the flue gas 
stream flowing through the turbine is maintained, and the volume of air bled downstream 
of the compressor is decreased. This enables maintaining the rotational speed of the engine 
at a set level of 100%, within a sufficiently broad range of total and unit thrust changes. 
This leads to improving the dimensionless coefficient of aircraft aerodynamic force 
resultant cR (even if only due to decreased pulsation of the stream flowing from the engine) 
and decreasing specific losses due to a better cooperation of the engine and the inlet. For 
various reasons however, this engine did not find widespread application in aviation and 
never took off. 

The joint research of Pratt&Whitney and Boeing led, in turn, to designing a single-
rotor engine utilizing this type of air bleeding. A diagram of such an engine is shown in  
fig. 1, which additionally shows the distribution of jet pressure flowing through the duct of 
such an engine, taking into account airspeed V. 

 
Fig. 1. Diagram of a “bypass” turbojet engine: 1 – flow duct for the air bled downstream  

of the compressor and supplied downstream of the turbine, 2 – adjustable compressor,  
3 – combustion chamber with a low emission level for toxic flue gas components,  
4 – exhaust nozzle with thrust reverses 
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The work cycle of this type of "bypass" engine is a typical cycle of a single-flow 
engine with a variable operating field depending on the amount of air released from behind 
the compressor and supplied to the turbine - an example in the pressure-volume (p-v) system 
is shown in fig. 2, and in the temperature - entropy (T-S) in fig. 3. 

 
Fig. 2. The real work cycle of "bypass" engine type in the p-v system 

 
 

 
Fig. 3. The real work cycle of "bypass" engine type in the T-S system 
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The dependence of the work of the cycle for the "bypass" type engine is more 
convenient to present in the form showing the difference between the work of the air engine 
without the air bleeding and the work cycle of this engine, i.e. in the form: 

 

  (1) 

 

where: 
m

mup





=ν  - the relative amount of air released from behind the compressor  

(  upm - part of the air released from behind the compressor 

behind the turbine), 
 ϕD  - velocity loss factor in the exhaust nozzle (usually 

ϕ = ÷D . .0 97 0 99 ), 

 pp c,c ′  - the specific heat of air and flue gas, respectively, 

 *
HT  - total air temperature at the compressor inlet section, 
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m s,  - respectively mechanical efficiency of the engine and compressor, 

 ∆*  - the degree of heating of the equivalent single flow engine, 
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2. Operating parameters of a “bypass” engine 

A turbojet engine with compressor air bleed and its supply downstream of the turbine 
is a new solution, which is not yet operated on flying aircraft. The impact of this type of 
compressor air bleed on unit thrust, unit fuel consumption, the character of actual circulation 
and individual engine parameters requires conducting rather detailed analyses. In any event, 
partial air bleeding influences the changes of turbojet engine operating parameters – in 
particular, it causes a decrease of its thrust [1, 2, 3]. The objective of the “bypass” engine 
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analysis is to determine the impact magnitude for this type of air bleeding on selected 
operating parameters of a turbojet engine.   

The computational model for a turbojet engine using compressor downstream air 
bleeding and supplying downstream of the turbine is adopted as for a single-flow engine, 
taking into account the impact of bled air on the parameters of exhaust gas stream flowing 
to the exhaust nozzle. The temperature of bled compressor air has a value determined by a 
relationship: 

 

1

2
11

k
k*

* * Si
i H *

S

T T π
η

− 
− = +

  
 

 (2) 

where: 
i
z* *

Si Sπ π=  - compressor compression ratio at the bleed point, assuming identical 

efficiency of all its stages ( )η η=* *
Si S , 

 *
HT  - air total temperature in the outlet cross-section of the compressor, 

 *
Sη  - compressor efficiency - usually η = ÷*

S . .0 84 0 88 [1], 
 k - air isentrope exponent ( )k .= 1 4 , 

 z - number of compressor stages; 
 i - number of compressor stage, with air exhaust behind it. 

Whereas the impact pressure at the air bleed point is: 

 π= ⋅2 1
* * *

i Sip p  (3) 

where: *p1  - impact pressure upstream of the compressor. 

In the event of an inflow of bled air downstream of the turbine, the exhaust gas stream 
downstream of the turbine *T4  changes, and its specific value can be determined deriving 
from the flow energy balance, i.e.: 

 ( )= + −   4 2 4
* * ' *

pm i p i up p upc T m c T m c T m m  (4) 

where: *
iT4  - impact temperature of the mixture of turbine downstream exhaust gases 

and the air bled from the compressor after mixing, 
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 *T4  - exhaust gas temperature downstream of the turbine, calculated from the 
comparison of the turbine available power and the power necessary for 
compressor drive, 

 m  - air flow rate, 
 upm  - flow rate of the air section bled from the compressor and supplied 

downstream of the turbine, 
 '

p pc , c  - specific heat of air and exhaust gases, respectively, 

 pmc  - specific heat of the mixture of exhaust gases downstream of the turbine 

and the air bled from the compressor - can be calculated from a 
relationship:  

 ( ) '
pm p pc c cν ν= ⋅ + − ⋅1

;  

 upm
m

ν =




 - relative volume of air bled from the compressor. 

Hence, the impact temperature of the mixture of turbine downstream exhaust gases and 
the air bled from the compressor *

iT4  can be calculated from the relationship: 

 
( )ν ν⋅ ⋅ + − ⋅ ⋅

= 2 4
4

1* ' *
p i p*

i
pm

c T c T
T

c
 (5) 

Whereas the pressure of the exhaust gases-air mixture *
ip4  can be calculated from the 

relationship: 

 ( )ν ν
− − − 

= ⋅ + − ⋅ 
 

1 1 1

4 2 41
k k'

k k'

k'
k'

* * *
i ip p p  (6) 

where: *p4  - pressure downstream of the turbine, calculated from the comparison of 
the turbine available power and the power necessary for compressor drive, 

 k'  - exhaust gas isentrope exponent ( )k' .= 1 33 . 

Unit thrust of a turbojet engine with the supply of air bled from the compressor 
downstream of the turbine (kji) and unit fuel consumption (cji), under the assumption of 
critical pressure ration in the exhaust nozzle are: 
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where: Dϕ  - speed loss factor in the exhaust nozzle, usually 0.97÷0.99, 
 k’ - exhaust gas isentrope exponent ( )k' .= 1 33 , 

 R’ - individual gas constant for exhaust gases, 
 V - airspeed, 
 KSq  - actual heat supplied in the combustion chamber to the air mass unit over 

a unit of time, 
 KSξ  - heat emission coefficient in the combustion chamber, 

 uW  - fuel calorific value. 

Air supply from the compressor downstream of the turbine causes certain changes of 
the achieved basic parameters of the engine. The magnitude of this impact is most 
conveniently determined by presenting a relative unit thrust of the engine and relative unit 
fuel consumption. Moreover, this impact depends on the type of the engine control system. 
For an engine, which is controlled by a constant heating degree criterion - * const∆ = the 
value of absolute unit thrust of a “bypass” engine, relative to a unit thrust for an engine 
without the bleeding, can be determined from the relationship: 
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 (9) 

where: Dϕ  - speed loss factor in the exhaust nozzle, usually 0.97÷0.99, 

 mη  - mechanical efficiency of a rotor assembly, usually 0.99÷0.995, 

 *
Sη  - compressor efficiency, usually 0.84÷0.88, 
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'
S

S
S

ll
l

=  - operational division of a compressor with air bleeding: lS – compressor 

effective operation, '
Sl  – compressor effective operation transferred to 

the bled air stream, 
* *

m S TA C constη η η= = , including 1

11 k '
k '*

T

C const
π

−= − =  - assumptions. 

Whereas, relative unit fuel consumption for a “bypass” engine, in relation to an engine 
without the bleeding can be determined from the relationship: 

 = KSi
j

ji

qc
k  (10) 

where: KSiq  - relative heat supplied to the combustion chamber, defined as a ratio 
between the heat supplied to a “bypass” engine combustion chamber and 
an engine without air bleeding.  

Fig. 2a shows diagrams of engines: single flow without air bleeding and “bypass” single 
flow, which were used as a base for analysing the impact of air bleeding from the 
compressor downstream of the turbine on the unit thrust and unit fuel consumption.  

Fig. 2b shows the dependency of the impact of air bleeding on the relative engine thrust 
from the exhaust gas temperature upstream of the turbine 3

*T  and the compressor 

compression ratio *
Sπ . Increasing exhaust gas temperature upstream of the turbine increases 

the decrease of the relative engine thrust, while the compressor compression ratio increase 
– decreases it. Fig. 2c shows the impact of the airspeed on the value of the relative engine 
thrust decrease (e.g. for Ma=2 at 25% air bleeding by approximately 4%). 
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Fig. 4. Relative relationships of “bypass” engine operating parameters: a – diagrams of a “bypass” 

engine and a single flow without air bleeding; b – thrust on exhaust gas temperature 
upstream of the turbine𝑻𝑻𝟑𝟑∗  and compressor compression ratio 𝝅𝝅𝑺𝑺∗ ; c – thrust on air speed Ma 
and the volume of bled air ν; d – unit fuel consumption on air speed Ma and the volume of 
bled air ν 

Nevertheless, the relative unit fuel consumption decreases with increasing volume of 
air supplied from downstream of the compressor downstream of the turbine. Fig. 2d shows 
the dependency of relative unit fuel consumption on the volume of bled air and air speed. 
Air speed increase increases the value of relative decrease of unit fuel consumption.  

Therefore, it should be concluded that bleeding air downstream of the compressor and 
supplying downstream of the turbine results in a decrease of relative engine thrust (up to 
approx. 5%), which can be eliminated by increasing the compressor compression ratio and 
air speed. This provides significant decrease of the relative unit fuel consumption (up to 
approx. 15%), which can be further decreased by increasing air speed. 

A comparison of the achieved unit thrust values for a turbojet engine with air bleeding 
to the environment jupk and a „bypass” engine jik can be determined from the relationship: 

b) 

c) d) 

a) 



 Mirosław Kowalski, Wojciech Kotlarz  

390 

 

η
∆ν ν

νη
η ν

  
  +  = = − − −    − +   −   

1 1 1
1

1

*
S

S*jup
ji

*ji S
S

m

l Ak
k

k A l
 (11) 

Analyses of the achieved unit thrust values in a turbojet engine with air bled to the 
environment and a “bypass” engine indicate that a “bypass” engine is much more 
advantageous in terms of the values of achieved thrust (by over 25% for a 25% air 
discharge). This value can be increased by increasing the compressor compression ratio 
(fig. 3b) and increasing the air speed (fig. 3c). 

The analysis of unit fuel consumption should be conducted using the relationship (9), 
under the assumption 1qKS = , which indicates that these are similar engines but with 
different methods for partial air discharge. The conducted analysis of unit fuel consumption 
for both engines, calculated on the basis of the relationship (9) shows that together with 
increasing volume of bled air, as well as increasing air speed, a “bypass” engine is becoming 
significantly more cost-efficient (fig. 3d).  

It means that the “bypass” engine enables increased engine thrust in relation to an engine 
with air bleeding to the environment by over 25%, at the same time improving its cost-
efficiency by over 20% in ground conditions. The aforementioned differences are increased 
in favour of a “bypass” engine is as a result of increasing compressor compression ratio and 
air speed. 
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Fig. 5. Dependency of operating parameters of a “bypass” engine and an engine with bleeding 

into the atmosphere: a – diagrams of a “bypass” engine and a single flow without air 
bleeding; b – thrust on exhaust gas temperature upstream of the turbine𝑻𝑻𝟑𝟑∗  and compressor 
compression ratio 𝝅𝝅𝑺𝑺∗ ; c – thrust on air speed Ma and the volume of bled air ν; d – unit fuel 
consumption on air speed Ma and the volume of bled air ν 

The comparison of the operating parameters of a bypass engine and a turbo-fan engine 
with a mixer (with air flow rate in the external duct similar to the air bled downstream of 
the turbine in a bypass engine) is achieved by specifying the combustion chamber heat 
balance, in the form: 

 ξ+ = 2 3I p KS u S I pm c T W C m c T* ' *  (12) 

For the previously adopted control system according to a constant heating degree 
criterion - * const∆ = , this enables to determine the relationship for comparing the amount 
of heat supplied to the combustion chambers of both engines, in the form: 

b) 

c) d) 

a) 
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Whereas when considering the issue for engines operating on the ground (V=0), the 
relation of unit thrusts for a turbo-fan engine with a mixer and an engine with air supply 
downstream of the turbine - for the constant heating degree criterion ( )∆ = const*  – is 

determined from the relationship: 
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A comparison between these engines shows a minor difference in the values of achieved 
thrusts, in favour of the “bypass” engine (by almost 5% for a 25% air bleed).  This difference 
grows as a result of increasing compressor compression ratio 𝜋𝜋𝑆𝑆∗, whereas it decreases – as 
a result of increasing temperature of exhaust gases upstream of the turbine 𝑇𝑇3∗ (fig. 4b).  
Fig. 4c shows the analysis of this comparison, in relation to the volume of bled air and air 
speed. Increasing air speed increases the difference in the value of achieved thrust, in favour 
of a “bypass” engine.  Dependency of unit fuel consumption for both engines on the volume 
of bled air and air speed is shown in fig. 4d. A “bypass” engine is becoming slightly more 
cost-efficient than a turbofan engine with a mixer both with increasing volume of bled air, 
as well as the air speed.  
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Fig. 6. Relation between operating parameters of a “bypass” engine and operating parameters of a 

turbofan engine with a mixer: a – diagrams of a “bypass” engine and a turbofan with a 
mixer; b – thrust on exhaust gas temperature upstream of the turbine𝑻𝑻𝟑𝟑∗  and compressor 
compression ratio 𝝅𝝅𝑺𝑺∗ ; c – thrust on air speed Ma and the volume of bled air ν; d – unit fuel 
consumption on air speed Ma and the volume of bled air ν 

Therefore, it can be concluded that a very minor increase of thrust (ca. 5%) and 
improved engine cost-efficiency (almost 5%) is achieved in a “bypass” engine, compared 
to these parameters for a turbo fan engine with a mixer. These advantageous differences 
may be even increased through increasing the compressor compression ratio and the flight 
air speed. 

Simplifying, air from the compressor downstream of the turbine results in the relative 
engine thrust decreased by about 5% at a 25% volume of bled air. In engines with high 
compressor compression ratio (over 20) and during flight with high air speed – mainly 
supersonic – at low altitudes, there is a chance to eliminate this loss. On the other hand, the 
relative unit fuel consumption benefits, decreasing with increasing volume of bled air (by 
ca. 15% for a 25% discharge). This value can be increased further by increasing the 
airspeed. 
  

b) 

c) d) 

a) 
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3. Conclusions 

Due to the value of the achieved thrust, as well as the unit fuel consumption, a “bypass” 
turbojet engine is much more efficient compared to the engine, where the air is bled outside 
of the engine. Also, in terms of the parameters, it is slightly better than a turbofan engine 
with a mixer, with similar air volumes flowing through external ducts. Hence, these engines 
can become competitors for turbofan engines, which is why, they can be placed at the same 
level as future generations of VCE (variable cycle engine) or VSCE (variable stream cycle 
engine) engines. Not negligible is the possibility to decrease the exhaust gas temperature of 
a “bypass” engine in combat aircraft propulsions, which decreases the probability of being 
hit with a homing missile using IR guidance 

4. References 

1. Antas S., Wolański P.: Obliczenia gazodynamiczne lotniczych silników turbinowych 
[Gas-dynamic calculations for aviation turbine engines]. WPW, Warsaw 1989. 

2. Badyda K., Lewandowski J., Miller A., Świrski K.: Modelowanie matematyczne 
procesów cieplno-przepływowych w turbinie gazowej. VII Konferencja Naukowo-
Techniczna – Przepływowe maszyny wirnikowe. [Mathematical modelling of heat-
flow processes in a gas turbine. VII Scientific-Research Conference Fluid Flow 
Turbomachines], Rzeszów 1993. 

3. Gutenbaum J.: Modelowanie matematyczne systemów [Mathematical modelling of 
systems]. Omnitech Press, PAN, Warsaw 1992. 

4. Kowalski M.: Thermogasodynamic analysis of the operational parameters of the type 
bypass engine. Dissertation, Warsaw 1995. 

5. Kowalski M.: Analiza termogazodynamiczna parametrów użytkowych turbinowego 
silnika odrzutowego typu “bypass” [Thermo-gas-dynamic analysis of the performance 
parameters of a “bypass” turbojet engine]. Biuletyn WSOSP, I/96. Dęblin February 
1996. 

6. Orkisz M.: Wybrane zagadnienia z teorii turbinowych silników odrzutowych [Selected 
issues regarding the theory of turbojet engines]. ITE Radom 1995. 

7. Smith M. G.: 21 st. century high speed transport propulsion. AIAA Pap. 1988 No. 
2987. 

8. Turbinowe silniki odrzutowe w ujęciu problemowym [Turbojet engines in a problem-
oriented approach.]. Ed. M. Orkisz. Chapter - Kowalski M.: Analiza parametrów pracy 
adaptacyjnych silników odrzutowych [Analysis of the adaptive parameters of jet 
engines]. Polskie Naukowo-Techniczne Towarzystwo Eksploatacyjne, Komisja  
w Lublinie. Lublin 2000. 


	THE ADVANTAGES OF USING A BLEED OF AIR FROM BEHIND THE COMPRESSOR AND SUPPLYING IT BEHIND THE TURBINE IN AN AIRCRAFT ENGINE
	Zalety stosowania upustu części powietrza zza sprężarki  i doprowadzania go z tyłu turbiny w turbinowym silniku lotniczym
	1. Introduction
	2. Operating parameters of a “bypass” engine
	3. Conclusions
	4. References



<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages false

  /AutoFilterGrayImages false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth 8

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /FlateEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.5

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails true

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth 8

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /FlateEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams true

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize false

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName <FEFF005B005700790073006F006B006100200072006F007A0064007A00690065006C0063007A006F015B0107005D>

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2500 2500]

  /PageSize [612.000 792.000]

>> setpagedevice



