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Analysis has been carried out for the magnetohydrodynamic boundary layer flow
of nanofluid. The flow is caused by a permeable stretching sheet. Convective type
boundary conditions are employed in modeling the heat and mass transfer pro-
cess. Appropriate transformations reduce the non-linear partial differential equa-
tions to ordinary differential equations. The convergent series solutions are con-
structed. Graphical results of different parameters are discussed. The behaviors
of Brownian motion and thermophoretic diffusion of nanoparticles have been ex-
amined. The dimensionless expressions of local Nusselt and local Sherwood
numbers have been evaluated and discussed.
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Introduction

In recent times, the convective heat transfer through nanoparticles has been the topic
of extensive research. The nanoparticles (nanometer sized particles) are made up of metals, car-
bides, oxides, or carbon nanotubes. The nanofluids are formed by adding nanoparticles into
many conventional fluids like water, ethylene glycol, and engine oil. The use of additive is a
process which enhances the heat transfer performance of base fluids. Choi [1] experimentally
found that addition of nanoparticles in conventional/base fluid appreciably enhances the thermal
conductivity of the fluid. Cooling is one of the technical challenges faced in many industries.
Use of nanofluids as coolants allows for smaller size and better positioning of the radiators
which eventually consumes less energy for overcoming resistance on the road. Nanoparticles in
refrigerant/lubricant mixtures could enable a cost effective technology for improving the effi-
ciency of chillers that cool buildings. Analysis of fluid flow in presence of magnetic field has
promising applications in engineering, chemistry, physics, polymer industry, and metallurgy.
Rate of heat cooling has key role in improving the desired characteristics of end product in such
applications. An electrically conducting fluid subject to magnetic field is useful in controlling
the rate of cooling. The magnetohydrodynamic (MHD) flow is also of great interest in problems
associated with physiological fluids, for instance, blood plasma and blood pump machines.
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Having such salient features in mind, numerous articles have been written for the MHD flows in
different flow configurations. The MHD nanofluids are further important in hyperthermia, can-
cer therapy, and safer surgery by cooling sink float separation, magnetic cell separation, and
contrast enhancement in magnetic resonance imaging. At present, the literature on theoretical
and experimental attempts about nanofluids is quite extensive. The comprehensive review on
nanofluids can be found in [2-8]. Detailed review on this topic up to 2012 has been made re-
cently in [9, 10]. Besides these, a comprehensive survey of convective transport in nanofluids is
presented by Buongiorno [11]. He developed a non-homogeneous equilibrium model for con-
vective transport to describe the heat transfer enhancement of nanofluids. Such abnormal in-
crease in thermal conductivity occurs due to the presence of two main velocity-slip effects,
namely, the Brownian diffusion and the thermophoretic diffusion of the nanoparticles. Later,
Buongiorno et al. [12] conducted novel investigations which show no anomalous thermal con-
ductivity enhancement in the considered fluids. Some recent research articles on the topic can
be seen through the studies, [13-23] and many refs. therein.

In the polymer industry, the flow over a stretching surface has important applica-
tions. Glass blowing, continuous casting and spinning of fibres also involve the flow due to
stretching surface. Crane [24] provided the classical solution for the boundary layer flow of
viscous fluid over a sheet moving with velocity varying linearly with distance from a fixed
point. The classical work of Crane [24] has been undertaken for the stretching flows in differ-
ent configurations. Mukhopadhyay [25] investigated the slip effects on MHD boundary layer
flow by an exponentially stretching sheet with suction/blowing and thermal radiation. Effects
of thermal radiation on micropolar fluid flow and heat transfer over a porous shrinking sheet
have been investigated by Bhattacharyya et al. [26]. Exact solutions for 2-D laminar flow
over a continuously stretching or shrinking sheet in an electrically conducting quiescent cou-
ple stress fluid have been derived by Turkyilmazoglu [27]. Turkyilmazoglu [28] presented a
note on micropolar fluid flow and heat transfer over a porous shrinking sheet. Effect of heat
transfer in flow of nanofluids over a permeable stretching wall in a porous medium is ana-
lyzed by Sheikholeslami ef al. [29]. Sheikholeslami and Ganji [30] discussed the 3-D flow of
nanofluid in a rotating system. Ibrahim ef al. [31] analyzed the MHD stagnation point flow of
nanofluid towards a stretching sheet. Effect of slip on unsteady stagnation point flow of
nanofluid over a stretching sheet is investigated by Malvandi et al. [32].

The purpose of present paper is to examine the nanofluid flow over a stretching sur-
face by homotopy analysis method (HAM) [33-39]. The surface is taken permeable and ex-
hibits convective type boundary conditions [40, 41]. In fact the nanoparticles are used to en-
hance the thermal conductivity of the fluid. On the other hand the convective boundary condi-
tion in dimensionless form is appeared as Biot number. Increase in Biot number give rise to
the temperature. Increase in temperature corresponds to an enhancement in the thermal con-
ductivity. So the nanofluid with convective boundary condition is more appropriate model in
comparison to the constant surface temperature conditions. Convective boundary conditions
represent the heat transfer rate through the surface being proportional to the local difference in
temperature with the ambient conditions. Such configuration occurs in several engineering
devices for instance in heat exchangers, where the conduction in the solid tube wall is greatly
influenced by the condition in the fluid flowing over it.

Mathematical analysis

We consider the 2-D flow of nanofluid bounded by a permeable stretching sheet. The
x-axis is taken along the stretching surface in the direction of motion, and y-axis is perpendicu-
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lar to it. A uniform transverse magnetic field of strength, B,, is applied parallel to the y-axis. It
is assumed that the effects of induced magnetic and electric fields are negligible. Salient fea-
tures of Brownian motion and thermophoresis are present. The temperature, 7', and the nano-
particle fraction, C, at the surface have constant values T, and C,, respectively. The ambient
values of T and C attained as y tends to infinity are denoted by T, and C., respectively. The
conservation of mass, momentum, energy, and nanoparticles equations for nanofluids are:
Ou Ov
L
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2 2
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where u and v are the velocity components along the x- and y-directions, respectively,
pr is the fluid density, v — the kinematic viscosity, (pc); — the heat capacity of the fluid,
t=(pc),/(pc); — the ratio between the effective heat capacity of the nanoparticle material
and heat capacity of the fluid, Dy — the Brownian diffusion coefficient, D; — the thermo-
phoretic diffusion coefficient, & — the thermal diffusivity, o — the electrical conductivity of
the base fluid, and ¢, — the specific heat at constant pressure.

We assume the bottom surface of the plate is heated by convection from a hot fluid
at temperature, 7y, which provides a heat transfer coefficient, 4. The boundary conditions are
prescribed:

u=u,(x)=ax, v=v, —k(’a—T=h(Tf -T), —-D a—C=km(Cf -C) at y=0,
oy oy

u=0, T->T7T,, C>C, as y—>w (5)

in which v,, is the wall heat transfer velocity, & — the thermal conductivity of fluid, 4 — the
convective heat transfer coefficient, D, — the molecular diffusivity of the species concentra-
tion, and k,,, — the wall mass transfer coefficient. Using the transformations:

a T-T, c-C
=—,u=ax’,v:—\/% , 0(n) = © — ® 6
n \fv Y (1) S, o) T T, ¢01) c-cC, (6)
eq. (1) is satisfied automatically, and eqs. (2)-(5) take the forms:
fm_f'Z +ffv_Mfr:0 (7)
Pi 0"+ f0'+ Ngg'0' + NyO* =0 (®)
r
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where prime indicates the differentiation with respect to 77. Moreover, Prandtl number, ther-

mal Biot number, y,, concentration Biot number, y,, mass transfer parameter, S with § >0

for suction, and S <0 for injection, Schmidt number, Hartman number, Brownian motion pa-
rameter, Vg, and thermophoresis parameter, N1, are defined by the definitions:

2
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, (11)
5 (po)ev ! (po)e T v
The local Nusselt number, Nu, and Sherwood number, Sh, are:

Nu=—"F—, Sh=
k(Tf_Too) DB(Cf_Coo)
where ¢, and ¢, denote the wall heat and mass fluxes, respectively. In dimensionless form:
NuRe."? =-0'(0),  ShRe;"? = —¢'(0) (13)

where Re, =u, (x)x/v is the local Reynolds number.
We choose the initial guesses f,(77), 6,(77) and ¢,(17) and the linear operators L,
L, and L, in the forms:

fo() =S +1—exp(-n) (14)

60 () = f ]7 exp(—7) (15)
1

h) =+ f Zy exp(—7) (16)
2

L (f)=/"—f (17)

L,(0)=6"-6 (18)

Ly(#)=¢"—¢ (19)

where the convergence depends upon the non-zero auxiliary parameters 7, #,, and 7.
Analysis of the results

Convergence of the derived series solutions

The solution of problem contained in egs. (7)-(10) is computed employing HAM.
The convergence region and rate of approximations for the functions £, 6, and ¢ can be con-
trolled and adjusted through the auxiliary parameters 7, 7,, and %, (tab. 1). For the admis-
sible values of 7, 7y, and 7, the hi-curves of f"(17), 6'(17), and ¢'(n) for 14™ order of
approximations are displayed. Figure 1 shows that the admissible values of 7 is
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—1.5<hy <-0.4. Figure 2 displays that the range for 8 is —1.7< /i, <-0.6, and similarly
for ¢ is —1.6<h, <-0.7. Further, the series solutions converge in the whole region of 7

when fip =hy=h,=-12.

M=05,Pr=y;=Sc=1,y,=009, f7(0)
Ng=04,N;=03,5=05 -12

-1.3
-14

-1.5
-1.5
17
-1.8
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-20 -1.5 -1.0 -0.5 0.0

Figure 1. The A-curve for f

Results and discussion

The effects of various parameters on the
velocity, temperature, and concentration pro-
files are discussed. Figures 3 and 4 are plotted
to show the effects of Hartman number and
mass transfer parameter, S, on the velocity
profile, /. Figure 3 shows the effects of
Hartman number on . Application of magnet-
ic field has the tendency to slow down the
movement of the fluid particles and conse-
quently the velocity decreases. Figure 4 dis-
plays the effect of S on /" In this figure the ve-
locity field /' decreases when S increases. In
fact applying suction leads to draw the amount
of fluid particles into the wall and hence the
velocity boundary layer decreases.

Effects of the Brownian motion parame-
ter, N, thermophoresis parameter, Nr,
Schmidt number, Prandtl number, Hartman
number, mass transfer parameter, S, thermal
Biot number, y;, and concentration Biot num-
ber, y,, on the temperature profile, 6, and the
concentration profile, ¢, are shown in figs. 5-
9. It is noted that an increase in the Brownian
motion parameter, Ng, thermophoresis param-
eter, Ny, and Schmidt number, increase the
temperature profile, 6, as shown in figs. 5-7.
The effects of Prandtl number, on the temper-
ature profile are depicted in fig. 8. This graph
shows that the temperature profile 6, decreases

—04
8))' M=05,Pr=yy=Sc=1, =09,
0.2} Ng=04, Ny =03, S=05

—0'(0)
AL

hg N
Figure 2. The A-curve for 6 and ¢
1.0
' (n)
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0.3
04

0.2

Figure 3. Influence of M on f”

Table 1. Convergence of HAM solutions for dif-
ferent order of approximations when Vg = 0.4, Ny
=03,S¢c=1,Pr=1,M=04,5=0.5, y, =1, and
7= 0.9

appg)fiflrle?tfons S0 ) —$'10)
1 1.54000 | 0.441053 | 0.344668
5 1.45883 | 0.431349 | 0.319776
10 1.45934 | 0.430920 | 0.318765
15 1.45934 | 0.430912 | 0.318750
20 1.45934 | 0.430912 | 0.318750
25 1.45934 | 0.430912 | 0.318750
30 1.45934 | 0.430912 | 0.318750
35 1.45934 | 0.430912 | 0.318750
40 1.45934 | 0.430912 | 0.318750
50 1.45934 | 0.430912 | 0.318750
60 1.45934 | 0.430912 | 0.318750
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when Prandtl number increases. In fact, the thermal diffusivity decreases by increasing
Prandtl number and thus the heat diffused away slowly from the heated surface. Figure 9 il-
lustrates the effects of Hartman number on temperature profile . The Lorentz force is a resis-
tive force which opposes the fluid motion. As a sequence the heat is produced and thus ther-
mal boundary layer thickness increases. Further, the temperature profile 6 decreases when S is
increased, fig. 10. The temperature profile # also increases when the thermal Biot number, 7,
increases (fig. 11). Figure 12 illustrates the effects of Ng on ¢. The concentration profile, ¢,
decreases by increasing the Brownian motion parameter, Np. Influence of Nt on ¢ can be seen
in fig. 13. There is an increase in ¢ when Nt is increased. Figures 14-17 display the effects of
Schmidt number, Prandtl number, Hartman number, and S on the concentration profile ¢. It is
observed that concentration profile, ¢, decreases by increasing these parameters.
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f(n) () S=05 N7=03,Sc=y =Pr=1,
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It is observed from fig. 18 that the mass fraction field ¢, increases when thermal Biot number,
71, 1s increased. Also the concentration profile, ¢, increases by increasing concentration Biot
number, y,, as depicted in fig. 19.

Figures 20 and 21 describe the variations of the Nusselt number Nu(Rex)_l/2 for Ng,
Nr, and Scmidt number. It is noticed that heat transfer rate decreases as Ny and Nt increase
for Scmidt number. Figure 22 shows the effects of y; and S on the Nusselt number. In this fig-
ure, heat transfer rate increases as y; increases for S. Figures 23 and 24 illustrate the variation
in dimensionless mass transfer rate Sh(Rex)_l/2 vs. Ng and Nr. Here, the mass transfer rate in-
creases with an increas in Ng and decreases with an increase in Nr. Effects of y, and mass
transfer parameter S on the Scmidt numberare displayed in fig. 25. It is noted that mass trans-
fer rate increases for higher ..
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The flow of nanofluid generated by a permeable stretching sheet is studied. Effects
of different parameters on the velocity, temperature, and concentration distributions are ex-
plored. The following observations are worth mentioning.

o The effects of Hartman number and S are similar on the velocity profile f'.
e Increase in N, N1, Schmidt number, M, and y, enhances the temperature profile while in-
crease in Prandtl number and S decreases the temperature profiles.
There is enhancement of concentration for increasing Nr, y;, and y,.
Local Nusselt number increases by larger y;.
Local Sherwood number increases by increasing Ng and ..

Nomenclature

a - stretching constant, [s™]

B,y — uniform magnetic field strength, [kgs 'A™"]

C — concentration

C,, — ambient fluid concentration

C¢ — convective fluid concentration

¢, — specific heat, [m’s7]

Dy — Brownian diffusion coefficient, [kgm's™']

D,, — molecular diffusivity of the species
concentration

Dy — thermophoretic diffusion coefficient,
[kegm 's K]

— convective heat transfer coefficient, [WK ™ 'm™]

— thermal conductivity, [WK 'm™']

— wall mass transfer coefficient

— Hartman number

Np — Brownian motion parameter

Nr — thermophoresis parameter

Nu — local Nusselt number

Pr — Prandtl number

gm — surface mass flux, [Wm 2]

Z;“R“k‘
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g, — surface heat flux, [Wm™]
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S — mass transfer parameter
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Sh —local Sherwood number

T - temperature, [K]

T,, — ambient fluid temperature, [K]

Ty — convective fluid temperature, [K]
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Greek symbols
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7 —ratio between the effective heat capacity of the
nanoparticles and fluid

v —kinematic viscosity, [m’s™']

[1] Choi, S. U. S., Enhancing Thermal Conductivity of Fluids with Nanoparticles, ASME Int. Mech. Eng., 66

(1995), Jan., pp. 99-105

[2] Das, S. K., et al., Science and Technology, John Wiley and Sons, N. J., USA, 2007



Hayat, T., et al.: Magnetohydrodynamic Flow of Nanofluid over ...
1844 THERMAL SCIENCE, Year 2016, Vol. 20, No. 6, pp. 1835-1845

[3] Daungthongsuk, W., Wongwises, S., A Critical Review of Convective Heat Transfer Nanofluids, Renew.
Sustain. Eng. Rev., 11 (2007), 5, pp. 797-817

[4] Trisaksri, V., Wongwises, S., Critical Review of Heat Transfer Characteristics of Nanofluids, Renew.
Sustain. Eng. Rev., 11 (2007), 3, pp. 512-523

[5] Wang, X. Q., Mujumdar, A. S., Heat Transfer Characteristics of Nanofluids: a Review, Int. J. Therm.
Sci., 46 (2007), 1, pp. 1-16

[6] Wang, X. Q., Mujumdar, A. S., A Review on Nanofluids — Part I: Theoretical and Numerical Investiga-
tions, Brazilian J. Chem. Eng., 25 (2008), 4, pp. 613-630

[71 Wang, X. Q., Mujumdar, A. S., A Review on Nanofluids — Part II: Experiments and Applications, Bra-
zilian J. Chem. Eng., 25 (2008), 4, pp. 631-648

[8] Kakac, S., Pramuanjaroenkij, A., Review of Convective Heat Transfer Enhancement with Nanofluids,
Int. J. Heat Mass Transfer, 52 (2009), 13-14, pp. 3187-3196

[9] Mohammed, H. A., et al, Heat Transfer and Fluid Flow Characteristics in Microchannels Heat Ex-
changer Using Nanofluids: A review, Renew. Sustain. Eng. Rev., 15 (2011), 3, pp. 1502-1512

[10] Dalkilic, A. S., et al., Forced Convective Heat Transfer of Nanofluids: A Review of the Recent Litera-
ture, Current Nanoscience, 8§ (2012), 6, pp. 949-969

[11] Buongiorno, J., Convective Transport in Nanofluids, ASME J. Heat Transf., 128 (2006), 3, pp. 240-250

[12] Buongiorno, J. et al., A Benchmark Study on the Thermal Conductivity of Nanofluids, J. Appl. Phys.
106 (2009), ID 094312

[13] Turkyilmazoglu, M., Nanofluid Flow and Heat Transfer due to a Rotating Disk, Computers and Fluids,
94 (2014), 1, pp. 139-146

[14] Turkyilmazoglu, M., Unsteady Convection Flow of Some Nanofluids Past a Moving Vertical Flat Plate
with Heat Transfer, J. Heat Transfer, 136 (2013), 3, ID 031704

[15] Sheikholeslami, M., Ganji, D. D., Heat Transfer of Cu-Water Nanofluid Flow between Parallel Plates,
Powder Technology, 235 (2013), Feb., pp. 873-879

[16] Sheikholeslami, M., et al., Analytical Investigation of MHD Nanofluid Flow in a Semi-Porous Channel,
Powder Technology, 246 (2013), Sep., pp. 327-336

[17] Xu, H., et al., Flow and Heat Transfer in a Nano-Liquid Film over an Unsteady Stretching Surface, Int.
J. Heat and Mass Transfer, 60 (2013), May, pp. 646-652

[18] Rashidi, M. M., et al., Entropy Generation in Steady MHD Flow due to a Rotating Porous Disk in a
Nanofluid, Int. J. Heat and Mass Transfer, 62 (2013), July, pp. 515-525

[19] Niu, J., et al., Slip Flow and Heat Transfer of a Non-Newtonian Nanofluid in a Microtube, Plos One, 7
(2012), 5,1D ¢37274

[20] Khalili, S., et al, Unsteady MHD Flow and Heat Transfer Near Stagnation Point over a Stretch-
ing/Shrinking Sheet in Porous Medium Filled with a Nanofluid, Chinese Phy., B, 23 (2014), 4, ID
048203

[21] Sheikholeslami, M., et al., Effects of Heat Transfer in Flow of Nanofluids over a Permeable Stretching
Wall in a Porous Medium, J. Comp. Theo. Nanosci., 11 (2014), 2, pp. 486-496

[22] Alsaedi, A., et al., Effects of Heat Generation/Absorption on Stagnation Point Flow of Nanofluid over a
Surface with Convective Boundary Conditions, Comm. Nonlinear Sci. Num. Simul., 17 (2012), 11, pp.
4210-4223

[23] Khan, J. A, et al., On Model for Three-Dimensional Flow of Nanofluid: An Application to Solar Ener-
gy, J. Molecular Liquids, 194 (2014), June. pp. 41-47

[24] Crane, L. J., Flow Past a Stretching Plate, J. Appl. Math. Phys. (ZAMP), 21 (1970), 4, pp. 645-647

[25] Mukhopadhyay, S., Slip Effects on MHD Boundary Layer Flow over an Exponentially Stretching Sheet
with Suction/Blowing and Thermal Radiation, Ain Shams Eng. J., 4 (2013), 3, pp. 485-491

[26] Bhattacharyya, K., et al., Effects of Thermal Radiation on Micropolar Fluid Flow and Heat Transfer over
a Porous Shrinking Sheet, Int. J. Heat Mass Transfer, 55 (2012), 11-12, pp. 2945-2952

[27] Turkyilmazoglu, M., Exact Solutions for Two-Dimensional Laminar Flow over a Continuously Stretch-
ing or Shrinking Sheet in an Electrically Conducting Quiescent Couple Stress Fluid, /nt. J. Heat Mass
Transfer, 72 (2014), May, pp. 1-8

[28] Turkyilmazoglu, M., A Note on Micropolar Fluid Flow and Heat Transfer over a Porous Shrinking
Sheet, Int. J. Heat and Mass Transfer, 72 (2014), May, pp. 388-391

[29] Sheikholeslami, M., et al., Effects of Heat Transfer in Flow of Nanofluids over a Permeable Stretching
Wall in a Porous Medium, J. Comp. Theo. Nanosci., 11 (2014), 2, pp. 486-496



Hayat, T., et al.: Magnetohydrodynamic Flow of Nanofluid over ...
THERMAL SCIENCE, Year 2016, Vol. 20, No. 6, pp. 1835-1845 1845

[30] Sheikholeslami, M., Ganji, D. D., Three Dimensional Heat and Mass Transfer in a Rotating System Us-
ing Nanofluid, Powder Technology, 253 (2014), Feb., pp. 789-796

[31] Ibrahim, W., et al., MHD Stagnation Point Flow and Heat Transfer due to Nanofluid towards a Stretch-
ing Sheet, Int. J. Heat and Mass Transfer, 56 (2013), 1-2, pp. 1-9

[32] Malvandi, A., et al., Slip Effects on Unsteady Stagnation Point Flow of a Nanofluid over a Stretching
Sheet, Powder Technology, 253 (2014), Feb., pp. 377-384

[33] Rashidi, M. M., et al., Mixed Convection Heat Transfer for Viscoelastic Fluid Flow over a Porous
Wedge with Thermal Radiation, Adv. Mech. Eng., 2014 (2014), 10, ID 735939

[34] Farooq, U., et al., Heat and Mass Transfer of Two-Layer Flows of Third-Grade Nanofluids in a Vertical
Channel, Appl. Mathe. Comp., 242 (2014), Sep., pp. 528-540

[35] Shehzad, S. A., et al., Thermophoresis Particle Deposition in Mixed Convection Three-Dimensional Ra-
diative Flow of an Oldroyd-B Fluid, J. Taiwan Institute of Chemical Engineers, 45 (2014), 3, pp. 787-
794

[36] Awais, M., et al., Time-Dependent Three-Dimensional Boundary Layer Flow of a Maxwell Fluid, Com-
puters and Fluids, 91 (2014), Mar., pp. 21-27

[37] Hayat, T., et al., MHD Axisymmetric Flow of Third Grade Fluid between Stretching Sheets with Heat
Transfer, Computers and Fluids, 86 (2013), Nov., pp. 103-108

[38] Turkyilmazoglu, M., Solution of the Thomas-Fermi Equation with a Convergent Approach, Comm. Non-
linear Sci. Num. Simul., 17 (2012), 11, pp. 4097-4103

[39] Abbasbandy, S., et al., On Convergence of Homotopy Analysis Method and Its Application to Fractional
Integro-Differential Equations, Quaestiones Math., 36 (2013), 1, pp. 93-105

[40] Aziz, A., A Similarity Solution for Laminar Thermal Boundary Layer over a Flat Plate with a Convec-
tive Surface Boundary Condition, Comm. Non-linear Sci. Num. Simul., 14 (2009), 4, pp. 1064-1068

[41] Ishak, A., Similarity Solutions for Flow and Heat Transfer over a Permeable Surface with Convective
Boundary Condition, Appl. Math. Comp., 217 (2010), 2, pp. 837-842

Paper submitted: August 19, 2014
Paper revised: October 23, 2014
Paper accepted: November 04, 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



