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Energy storage systems are being more important to compensate irregularities of
renewable energy sources and yields more profitable to invest. Compressed air
energy storage systems provide sufficient of system usability, and large scale
plants are found around the world. The compression process is the most critical
part of these systems and different designs must be developed to improve efficien-
¢y such as liquid piston. In this study, a liquid piston is analyzed with CFD tools
to look into the effect of piston speed, compression ratio, and cylinder geometry
on compression efficiency and required work. It is found that, increasing piston
speeds do not affect the piston work but efficiency decreases. Piston work re-
mains constant at higher than 0.05 m/s piston speeds but the efficiency decreases
from 90.9 % to 74.6 %. Using variable piston speeds has not a significant im-
provement on the system performance. It is seen that, the effect of compression
ratio is increasing with high piston speeds. The required power, when the com-
pression ratio is 80, is 2.39 times greater than the power when the compression
ratio is 5 at 0.01 m/s piston speed and 2.87 times greater at 0.15 m/s. Cylinder
geometry is also very important because, efficiency, power and work alter by
L/D, D, and cylinder volume, respectively.

Key words: liquid piston, energy storage, compressed air energy storage,
computational fluid dynamics

Introduction

Renewable energy sources, such as Sun and wind energy, are a great option to tradi-
tional energy sources, and become more profitable, because energy prices are mounting and
oil reserves are running out day by day. Nevertheless, energy production from renewable en-
ergy sources has an unsteady and unpredictable characteristic. Using a storage unit is a rea-
sonable solution to compensate the irregularities of these sources. Batteries which are chemi-
cal energy storage systems and practiced often in many devices in our everyday life have in-
adequate specifications to meet the requirements of large scale applications. Consequently,
mechanical energy storage systems like pumped hydro-energy storage and compressed air en-
ergy storage (CAES) are applied to regulate energy production from renewable sources. It is
expected that CAES systems will be useful for grid integration of renewable energy sources. A
new CAES system is developed called advanced adiabatic CAES, in order to remove external
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energy during the expansion process and improve system efficiency. The aim of this design is
to compress air under adiabatic conditions and store the heat that generated in the compres-
sion process, and use it to heat the air during expansion thus external energy is not required
any more [1-3, 4, 5]. Another encouraging design which avoids fuel need and improves sys-
tem performance is iso-thermal CAES, where compression and expansion processes take
place under constant temperature [6-8]. Liquid piston is an attractive research area and some
companies which focus on this technology, were founded to build iso-thermal CAES plants
[9, 10]. Liquid piston design can be modified by adding rods in the compression chamber to
increase heat transfer between air and liquid [11, 12]. Determination of the system perfor-
mance can be evaluated by heat transfer methods, energy and exergy analysis, and CFD tools.
Kim et al. [7] calculated energy and exergy flows of different types of CAES systems and
specified the system efficiencies. Saadat et al. [11] optimized the compression and expansion
velocities to increase the efficiency and obtain a 40% rise in compression efficiency. Zhang et
al. [12] showed that using CFD codes could be a good method to predict temperature and
pressure in a piston during compression. Van de Ven and Li [13] compared the liquid piston
and reciprocating compressor, and found that liquid piston efficiency is higher than that of re-
ciprocating compressor. Hybrid CAES systems co-operating with other energy storage tech-
nologies like super-capacitors and batteries, were also developed to enhance system perfor-
mance [14, 15].

In this work, 2-D simulations were done to examine the operation of a liquid piston
during the compression process. The effect of piston speed, compression ratio, and cylinder
geometry on energy efficiency and required power for compression stage was investigated. It
is found that, higher piston speeds and compression ratios increase required power and de-
crease efficiency. Variable piston speeds as a function of cylinder pressure are also studied
and it is seen that working with variable piston speeds has a slight effect on system efficiency
and required power. When the effect of cylinder geometry was examined it is found that effi-
ciency is highly related to L/D ratio and power is highly related to D only.

Compression stage is one of the important
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Basic concepts of a CAES system
with liquid pistons

The main objective of a CAES system
with liquid pistons is to compress air under iso-
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! for compression and system, and compression
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Figure 1. Components of a small scale CAES control valves (fig. 1). The fluid (oil, water,

system with liquid pistons etc.) is pumped by an electric motor driven
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pump into the pistons where the piston air is at atmospheric pressure. The air pressure in-
creases with the fluid level increment in the pistons up to tank pressure. When the piston pres-
sure balanced with the tank pressure, the valve between the piston and the storage tank is
opened and compression process continues till fluid level in pistons reaches the upper limit.
While one piston compresses air the other one is filled with air by opening the valve between
the piston and ambient air and the fluid level decreases since the fluid is pumped into the oth-
er piston. The electrical energy, consumed in electric motor to drive the pump, is converted to
mechanical energy and stored in a tank by compressing air. The storage capacity of the sys-
tem can be easily improved by increasing the tank pressure or tank volume. The piston speed,
which is highly effective on air pressure and temperature inside the piston, can be set by ad-
justing flow rate of the pump. The piston speed is relatively slower compared to a reciprocat-
ing compressor in order to obtain iso-thermal conditions. Piston speed is assumed around 0.2
m/s in both numerical and experimental studies to investigate the iso-thermal compression
process [12, 16]. Lower piston speeds also reduce the power input and allow high compres-
sion ratios with less energy consumption.

Material and method

In this study the commercial CFD code ANSYS FLUENT software was used for the
transient 2-D fluid flow and heat transfer field analysis with the moving mesh. FLUENT
software solves continuum, momentum, energy, and transport equations numerically. A com-
plete details of the mathematical model is not given here for the sake of brevity, instead, a
brief account is given only. However,

the details of the mathematical model STy — Rigid wall Deforming wall - Moving wall
can be found in [12, 17]. In the nu- % C\ conetant gRe S SRR Sonn: SR
merical solution, second order dis- =/ \ \
cretization method was used for con- [ |
vection terms. The PISO scheme was Zy,_,x e N Symetry axis

applied for pressure-velocity cou- - Solution domain and

pling and PRESTO! was used for A boundary conditions

spatial discretization of pressure term S ititon dormain

[12, 17]. Since the piston geometry is after compression

symmetric with respect to the axis in
the cylinder as seen in fig. 2, the nu-  Liquid’sid
merical computations were per-
formed by using the 2-D axisymmet-
ric cylindrical co-ordinates. Because
of low piston speeds, laminar flow model was used as viscous model. Air was assumed as an
ideal gas. Convergence criteria were set to 1-10° for continuity, x-momentum and y-
momentum and it was set to 1-107° for energy. Time step size was adjusted to 0.01 seconds
and was kept constant during calculations.

We assumed that all walls were kept at 300 K constant temperature during simulations
because the cylinder boundaries do not warm up due to large wall thickness and long compres-
sion time that provides enough time to heat transfer. Boundary conditions are shown in fig. 2.
Piston surface which is an interface between air and liquid was assumed as a moving wall and
movement of the wall was defined using user defined functions tool of the FLUENT.

The system performance was investigated by calculating two significant parameters
system efficiency and required power for compression stage. The system efficiency was de-

Figure 2. Solution domain and the boundary conditions of
the model
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fined as ratio of ideal required work which occurs in iso-thermal compression to actual work
done by piston:

= 1
=1 (1)

a

The iso-thermal compression work, ;, was calculated by [18]:

W =Py, In -2 )
Vi
where v; and v; are the initial and final cylinder volume during compression, respectively, P;
— the initial cylinder pressure, the value was 101325 Pa for all cases. Actual piston work, W,
was calculated by sum of P,Av product:

W, =2 BAv 3)

Power is defined by dividing actual piston work, ¥, to total required time for com-
pression, :

Power = % 4)

In simulations, six different constant piston speeds are determined to investigate the
piston speed effect on system performance. The results are given by non-dimensionalized
speeds, V*, which are divided to minimum speed, 0.01 m/s. The V* values used in the simula-
tions are 1, 3, 6, 9, and 12. Other important parameter that affects system performance signifi-
cantly is the compression ratio, eq. (5). Five different compression ratios are studied in this
work, which are 5, 10, 20, 40, and 80. Different combinations of length and diameter are stud-
ied to investigate the geometry effect of the cylinder. Three different cylinder lengths (0.6 m,
1.2 m, and 2.4 m), and diameters (0.1 m, 0.2 m, and 0.3 m), were used. In this study, dimen-
sions of the cylinder was selected as L = 1.2 m and D = 0.2 m, and compression ratio was taken

as 10:
b
r=—= 5
P (5)

Variable piston speeds, which are the function of the cylinder air pressure, are also
investigated. Two functions are used to define piston speed. One is the linear function, eq. (6),
and the other one is quartic function, eq. (7):

VooV
V:V ‘ max min (PX_P) (6)
ma Pmax _ Pmin ma a
Vo V..
V= Vmax - n;a n;m (Pniax _Pa4) (7)
Pmax ~ “min

where Vp.x and P,y represent the maximum piston speed and cylinder pressure, respectively,
and the V, and P, — the minimum piston speed and cylinder pressure, respectively. Com-
pression processes were started at atmospheric pressure, thus P, was 1.01325-10° Pa for all
cases, and P,x was changed according to compression ratio. Seven different Vy, and Vi.x
combinations were tested to compare results with constant piston speed (tab. 1).
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Four different mesh sizes are used Table 1. The Vmax and Vi, combinations for variable
to determine the suitable grid for prob- piston speeds

lem. Number of grid points for both axi- - -
al and radial direction of these mesh siz- = =
es are given in tab. 2. Case 1 0.15 0.01
Figure 3 represents the pressure so- Case 2 0.12 0.01
lution of. these four different mesh sizes. Case 3 0.09 0.0
As seen in the figure, pressure data were
very close to each other, thus a five sec- Case 4 0.15 0.03
ond period of the compression was given Case 5 0.15 0.06
for better comparison between grids. Case 6 018 0.01
Grid 3 was used in simulations to reduce i i
computation time and more accurate re- Case 7 0.21 0.01

sults. This mesh sizes were applied to
simulations where cylinder length, L, Table 2. Number of grid points of different mesh sizes

and diameter, D, were 1.2 m and 0.2 m, ) .
. . . . Grid Number of points
respectively. For different sized cylinder
geometry, ratio of grld points to length Radial direction Axial direction
based on grid 3 was used for meshing. Grid 1 10 120
Simulation results were validated -

b . . Grid 2 20 240

y an experimental set-up with a 1.2 m
length and 0.2 m diameter cylinder. In Grid 3 40 480
experiments piston speed was set to 0.03 | i 4 30 960

m/s and remains constant during com-
pression. Pressure data were recorded by a transducer which is located at top of the cylinder.
As seen in fig. 4, simulation results showed a good agreement with experimental data.

— 14.61 -8 Grid 1 (10 x 120) —14.6{ « Simulation result
g —— Grid 2 (20 x 40) s Experimental results "
2 13.61 & Grid 3 (40 x 480) o 126 .
£ 12,6{ o~ Grid 4 (80 x 960) s g
8 116 g 108 :
o o
10.6 1 8.6 1
=61 6.6 1 s
8.6 o
7.64 A I
6.6 & - v v y 2.6 - - -
20 22 24 26 29 30 0 10 20 30
Time [s] Time [s]
Figure 3. Pressure values of different mesh sizes Figure 4. Comparison of experimental data
during compression with simulation results
Results
Effect of piston speed

It is obvious that faster compression process needs more power, however, required
piston work in a compression process does not show a remarkable change with speed. Thus
power is only relevant to compression time so variation of the piston work with speed is line-
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ar, figs. 5(a)-(b). On the other hand, efficiency decreases despite piston work does not change
remarkably because W, is decreasing according to eq. (2). The compression process is being
closer to isentropic process while increasing piston speed, thus it can be reached to final pres-
sure that is defined by compression ratio, at bigger cylinder volume, and W, decreases. Condi-
tions in the cylinder do not vary considerably at faster than 0.05 m/s piston speeds so piston
work remains constant.

95 4 r1.6 -
- Efficiency g 9.05
= L14 = Work [kJ]
> = === Power 1 5 -
o 90 4 4 ] 9 4 PR il bl T
2 -
@ F1.2 2 Pee
5 o ’
= » o ,/
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0.8 ’
’
4
L06 8.9 )
[
0.4 !
8.85 I’
0.2 U
0 88 T T T T T T 1
15 1 3 5 7 9 1 13 15
(a) (b) v

Figure 5. Variation of energy efficiency, power (a) and piston work (b) with non-dimensioned speed

The main purpose of using variable piston speeds is to reduce compression work and
increase efficiency by decelerating piston speed at higher pressure. With this approach, com-
pression starts at maximum speed, Vi.x, While piston pressure is P, (101325 Pa), and ends at
minimum speed, Vi, While piston pressure is P, Speed variation is defined by two func-
tions a linear, eq. (6), and a quartic, eq. (7), which their input is cylinder pressure. Starting
piston speed, Vi, 18 very important in both cases, and decreasing V;,.x improves system effi-
ciency considerably, fig. 6. But the change in efficiency is not remarkable compared to the
constant piston speed, furthermore, efficiency decreases when variable piston speed is defined
by a quartic function. On the other hand, using variable piston speeds reduces the piston work
while efficiency is decreasing due to final cylinder volume, v,, as mentioned previously.

78 1 9-1 77 1

9 Vimax [ms~1] - Vimin [ms™1] = 9-1 Vimax [ms~1] - Vmin [ms™]
= n %] = n [%]
) 77 4 > 76
@ £
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E . e J
o 76 5™ 151 15-315-6
15-1 15-3 15.6 74.9374.74
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73 72 A
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Figure 6. System efficiencies for variable piston speeds that calculated by the linear function (a) and
quartic function (b)
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Effect of compression ratio __100 600
. .. S S
The compression ratio is one of the ma- 5 oo 1500 5
jor parameter that defines system performance. g §
Higher compression ratios mean more stored & & 400
energy, but lower efficiencies due to rise in 70 200
work done by piston according to eq. (3),
fig. 7. 601" —— Efficiency | 200
The required power is highly related to 5 T Power 100
piston speed and has a linear relation with 5 20 35 50 65 80
speed. The power is not affected significantly Compression ratio, r

by compression ratio in low piston speeds, Figure 7. Efficiency and power variation with
fig. 8(a). The reason is that compression time is compression ratio

long enough, even the piston work is quite dif-

ferent in low piston speeds where power is defined by total compression time, fig. 8(b). Com-
pression process has slightly varied by the piston speed at low compression ratios, and it can be
said that compressing air with higher piston speeds will be useful at under compression ratio 20.
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Figure 8. Power and piston work variation with J'*

Effect of cylinder geometry

System performance is highly concerned with cylinder geometry while piston work is
a function of the air mass, therefore, compressing more air needs more energy. Cylinder length,
L, can be represented by piston speed since volume derivation, Av, is constant when piston
speed is constant. Hence the required power varies only with cylinder diameter, D, and piston
speed, fig. 9(a). The piston work is higher in long cylinders, on the other hand, in short cylin-
ders required work is lower, but time is also shorter than long cylinders then the power remains
constant. It is seen that, system efficiency is related to L/D which affects heat transfer rates from
surfaces, fig. 9(b). The principally heat transfer rate can be defined by using air volume per heat
transfer area which is close to D/4. In other words, heat can be transferred from surfaces more
effectively in small diameter cylinders. The L is also important for surface area and then it is
clear that efficiency, temperature and heat transfer rates are significantly related with L/D.

Conclusions

One of the useful tools to compress air iso-thermally is liquid piston where air is
pressed by a liquid like water or oil in a tank. Many parameters affect the iso-thermal process,
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Figure 9. Power and efficiency variation with geometric parameters

hence system performance is likewise determined. In this work, the effect of piston speed,
compression ratio, and cylinder geometry on compression efficiency and required power is
investigated by 2-D CFD simulations. The CFD model of the compression process shows a
full correspondence with experimental data and can be employed to determine the liquid pis-
ton characteristics confidently.

The primary parameter that affects the efficiency directly is the piston speed where
efficiency decreases at higher piston speeds despite little changes in work. On the other hand,
work does not remain constant at higher compression ratios and more power is required at
higher speeds to accomplish the compression process in a shorter time. Variable piston speeds
that defined by pressure is not an effective way to improve system performance, while only an
average 0.533 point rise was shown in efficiency.

System efficiency and power is significantly connected to compression ratio where
higher compression ratios cause a reduction in efficiency from 87.93 % to 68.89 %, and power is
increasing by 2.55 times. The effect of compression ratio is increasing with high piston speeds.

It is also found that the cylinder geometry is very important parameter where effi-
ciency, power and work alter by L/D, D, and cylinder volume, respectively. It is recommend-
ed to use long cylinders with small diameters for better compression efficiency. Efficiency
can be improved up to 91.42 % by only modifying the cylinder dimensions.
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Nomenclature

D — cylinder diameter, [m] V* — non-dimensionalized speed, [—]
L — cylinder length, [m] Vewx ~— maximum piston speed, [ms ']
P, — initial cylinder pressure, [Pa] Viin ~ — minimum piston speed, [ms]
P, — actual cylinder pressure, [Pa] v — initial cylinder volume, [m*]
Pyn  — atmospheric pressure, [Pa] vy — final cylinder volume, [m’]
P..x — maximum cylinder pressure, [Pa] W, — actual work done by piston, [J]
P, — minimum cylinder pressure, [Pa] W; — iso-thermal compression work, [J]
r — compression ratio, [—] Greek symbol

t — time, [s]

V — piston speed, [ms '] n — system efficiency, [%]



Mutlu, M., et al.: Effects of Piston Speed, Compression Ratio, and ...
THERMAL SCIENCE, Year 2016, Vol. 20, No. 6, pp. 1953-1961 1961

References

[1] Pickard, W. F., et. al., Can Large-Scale Advanced-Adiabatic Compressed Air Energy Storage Be Justi-
fied Economically in an Age of Sustainable Energy?, Journal of Renewable and Sustainable Energy, 1
(2009), Nov., 033102-1

[2] Kim, Y. M., Novel Concepts of Compressed Air Energy Storage and Thermo-Electric Energy Storage,
Ph. D. thesis, Swiss Federal Institute of Technology in Lausanne, Lausanne, Switzerland, 2012

[3] Steta, F. S., Modeling of an Advanced Adiabatic Compressed Air Energy Storage (AA-CAES) Unit and
an Optimal Model-Based Operation Strategy for Its Integration into Power Markets. M. Sc. Thesis,
Swiss Federal Institute of Technology, Zurich, Switzerland, 2010

[4] Zunft, S. et. al., Adiabatic Compressed Air Energy Storage for the Grid Integration of Wind Power, Pro-
ceedings, 6™ International Workshop on Large-Scale Integration of Wind Power and Transmission Net-
works for Offshore Windfarms, Delft, The Netherlands, 2006

[S] Bullough, C., et. al., Advanced Adiabatic Compressed Air Energy Storage for the Integration of Wind
Energy, Proceedings, European Wind Energy Conference, London, 2004

[6] Saniel, D., et. al., Conceptual Design of Ocean Compressed Air Energy Storage System, Marine Tech-
nology Society Journal, 47 (2012), 2, pp. 1-8

[71 Kim, Y. M, et. al., Potential and Evolution of Compressed Air Energy Storage: Energy and Exergy
Analyses, Entropy, 14 (2012), 8, pp. 1501-1521

[8] Foley, A., Lobera, I. D., Impacts of Compressed Air Energy Storage Plant on an Electricity Market with
a Large Renewable Energy Portfolio, Energy, 57 (2013), Aug., pp. 85-94

[9] ***, SustainX, http://www.sustainx.com/technology-iso-thermal-caes.htm

[10] ***, Enairys Powertech Ltd., http://www.enairys.com/en/products/technology

[11] Saadat, M., et. al., Optimal Trajectories for a Liquid Piston Compressor/Expander in a Compressed Air
Energy Storage System with Consideration of Heat Transfer and Friction, Proceedings, American Con-
trol Conference, Montreal, Canada, 2012

[12] Zhang, C., et. al., Heat Transfer in a Long, Thin Tube Section of an Air Compressor: An Empirical Cor-
relation from CFD and a Thermodynamic Modeling, Proceedings, International Mechanical Engineering
Congress & Exposition, Houston, Tex., USA, 2012

[13] Van de Ven, J. D, Li, P. Y., Liquid Piston Gas Compression, Applied Energy, 86 (2009), 10, pp. 2183-
2191

[14] Lemofouet, S., Investigation and Optimisation of Hybrid Electricity Storage Systems Based on Com-
pressed Air and Supercapacitors, Ph. D. thesis, Swiss Federal Institute of Technology in Lausanne, Lau-
sanne, Switzerland, 2006

[15] Lemofouet, S., Rufer, A., A Hybrid Energy Storage System Based on Compressed Air and Supercapaci-
tors with Maximum Efficiency Point Tracking (MEPT), IEEE Transactions on Industrial Electronics,
53, (2006), 4, pp. 1105-1115

[16] Simon, T., Li, P., Compression/Expansion within a Cylinder Chamber: Application of a Liquid Piston
and Various Porous Inserts, M. Sc. thesis, University of Minnesota, Minneapolis, Minn., USA, 2013

[17] ***, Ansys Fluent 13.0 Tutorial Guide, Ansys Inc. 2011

[18] Cengel, Y. A., Boles, M. A., Thermodynamics: An engineering Approach, McGraw-Hill, Boston, Mass.,
USA, 1994

Paper submitted: September 26, 2014
Paper revised: November 24, 2014
Paper accepted: November 28, 2014




<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

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

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages false

  /DownsampleGrayImages false

  /DownsampleMonoImages false

  /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 -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /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 false

  /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 true

  /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 ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /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 (None)

  /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 false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



