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EFFECTS OF VISCOUS DISSIPATION AND HEAT GENERATION (ABSORPTION)
IN A THERMAL BOUNDARY LAYER OF A NON-NEWTONIAN FLUID OVER
A CONTINUOUSLY MOVING PERMEABLE FLAT PLATE

M. A. A. Mahmoud and A. M. Megahed UDC 532.528

The problem of boundary-layer flow and heatl transfer of a non-Newtonian power-law fluid over a
moving porous infinite flat plate in the presence of viscous dissipation and heat generation or ab-
sorption is investigated analytically. It is assumed that both the momentum and the energy equations
are coupled by the stress friction factor, and an assumption is introduced regarding the heat-transfer
index. It is found that exact analytical solutions for velocity and temperature exist only for pseudo-
plastic fluids in the presence of suction at the surface. The effects of the suction parameter, Eckert
number, and the heat generation or absorption parameter on the velocity and temperature profiles,
as well as on the skin-friction coefficient and Nusselt number are discussed.
Key words: non-Newtonian power-law fluids, moving surface, heat generation or absorption.

Introduction. Flow and heat transfer associated with a continuously moving surface in an otherwise
quiescent fluid is of relevance in many manufacturing processes, such as hot rolling, wire drawing, continuous
casting, paper production, and extrusion of metallic, glass, and polymeric materials. Sakiadis [1, 2] initiated the
study of boundary layer flow over a continuous solid surface moving with constant speed. Erickson et al. [3]
extended Sakiadis’ problem to the case in which the transverse velocity at the moving surface is non-zero, with
heat and mass transfer in the boundary layer being taken into account. Tsou et al. [4] confirmed the results of
Sakiadis experimentally and investigated the heat-transfer effects of a moving sheet with constant surface velocity
and temperature. Chen [5] studied the problem of forced convection flow and heat transfer about a flat sheet with
suction or injection, continuously moving in a quiescent or flowing fluid. The thermal boundary-layer problem of
a semi-infinite flat plate moving in a constant-velocity free stream was studied by Fang [6]. Cortell [7] examined
numerically the momentum and heat transfer of an incompressible viscous moving fluid over a moving flat surface.

All the above-mentioned investigations were restricted to flows of a Newtonian fluid. Many important
fluids, however, such as molten plastics, polymers, printing ink, food stuff, etc., are non-Newtonian in their flow
characteristics. The interest in studying flow and heat-transfer characteristics of non-Newtonian fluids has increased
in the last four decades because of their importance in many industries. Schowalter [8] was the first one who studied
the boundary-layer flow of a non-Newtonian fluid. Similarity solutions were obtained by Acrivos et al. [9], Kapur
and Srivastava [10], Lee and Ames [11], Berkoveskii [12], Hansen and Na [13], and others. Thomson and Snyder
[14-15] studied the effect of injection on the flow of a non-Newtonian power-law fluid over a flat plate. Liu [16]
presented a class of asymptotic solutions for the flow of power-law fluids over a flat plate with suction.

Forced convective flow over a flat plate in non-Newtonian power-law fluids was studied by Huang and Lin [17].
Howell et al. [18] applied the Merk—Chao series expansion method to solve the problem of combined momentum and
heat transfer in the boundary layer of the moving surface in a power-law fluid. Rao et al. [19] studied the problem
of momentum and heat transfer in a power-law fluid with arbitrary injection (suction) at a moving wall using the
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Fig. 1. Flow geometry and coordinate system.

Merk-Chao series. Momentum and heat transfer from a continuous moving surface to a power-law fluid was studied
by Sahu et al. [20]. Ariel [21] studied the problem of non-Newtonian power-law fluids over a continuously stretching
surface. Gupta et al. [22] analyzed the problem of steady flow of a non-Newtonian fluid past an infinite porous flat
plate subject to suction. Cortell [23] analyzed the flow of an electrically conducting power-law fluid in the presence
of a uniform transverse magnetic field over a stretching sheet. Mahmoud and Mahmoud [24] studied the laminar
boundary-layer flow over a continuously moving surface in a non-Newtonian power-law fluid in the presence of a
transverse magnetic field analytically, using the successive approximations method. Mahmoud and Megahed [25]
presented the problem of flow and heat transfer of an electrically conducting non-Newtonian power-law fluid with
low electrical conductivity on a continuously moving infinite porous plate in the presence of a uniform magnetic
field. The problem of boundary-layer flow and heat transfer of a non-Newtonian power-law fluid over a continuously
moving permeable surface in the presence of viscous dissipation and heat generation or absorption has not been
considered within available literature.

The aim of the present work is to study the effects of the suction parameter and the heat generation or
absorption parameter on the velocity and temperature profiles, as well as on the skin-friction coefficient and the
Nusselt number.

1. Formulation of the Problem. We consider a flat plate, which is emerged from a slot at a fixed
temperature Ts and is continuously moving with a steady velocity us in an otherwise quiescent non-Newtonian
power-law fluid with a temperature 7T.,. The physical model and the coordinate system are shown in Fig. 1. The
origin is located at the slot; x and y are Cartesian coordinates along and normal to the surface, respectively.

We assume that the fluid has the following transport properties [26-33]:

Tij = =P8y + K|L/2| "V ey (1)

q= —x|L,/2|" V2 grad T.

Here 7;; and e;; are the stress and strain-rate tensors, d;; is the unit tensor, Iy is the second invariant of the
strain-rate tensor, P and T are the pressure and temperature of the fluid, respectively, ¢ is the heat flux, s is the
modified thermal conductivity, K > 0 is the fluid consistency index, and n > 0 is a rheological index known as the
power-law index. When n = 1, Eq. (1) reduces to a constitutive equation for a viscous Newtonian fluid with K =
(1 is the coefficient of viscosity). Fluids with n < 1 are called pseudo-plastic fluids and fluids with n > 1 are called
dilatant fluids.

The governing equations for the problem taking into account the viscous dissipation and the heat generation
or absorption effects in the energy equation can be written as
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where v and v are the velocity components in the x and y directions, respectively, p is the fluid density, @ is the
internal heat generation or absorption rate per unit volume, a = s¢/(pcp) is the thermal diffusivity, and ¢, is the
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specific heat at constant pressure. Since the plate is considered to be of infinite extent, all derivatives with respect

to x vanish:
dv

dy = 0; (2)
5 o
O (B Rl (0 B G R

The boundary conditions for Egs. (2), (3) are
y=0 u=wus, T=Ts, y—oo:r u—0, T=T.

The solution of Eq. (2) is
U = —Us, (4)

where vs > 0 is the constant normal velocity at the plate.
The following dimensionless variables are introduced:

u Vs T pl/nqu—”)/n
f_usv C_US’ H_Toov T]_ Kl/n y (5)
The dependence of the internal heat generation or absorption rate on the space coordinate can be taken in the form
Q=Qoe". ()
Substituting Eqs. (4)—(6) into Eqs. (3) yields the following dimensionless governing equations:
d df \» d,
(-7 e~ (7)
dn\ dn dn
d? df \n—1 df \n=2d>f db df \ntl
- 1- (— ) P) EP(— ) -1 = 0. 8
d772( dﬂ) +(( n) dn i +c¢Pr d77+ cPr d +ve (8)

Here Pr = puc, /5 is the non-Newtonian Prandtl number, Ec = u?/(c,Tx) is the Eckert number, ¢ is the constant
suction parameter, and v = QQK(”H)/”/(%Toop(”ﬂ)/”ug/") is the heat generation (y > 0) or absorption (y < 0)
parameter.
The dimensionless boundary conditions for Egs. (7), (8) are
n=0: f=1, 60=80,, n—oo: f—0, 6—1, (9)

where 6, = T, /Tw.
The surface shear stress is defined as

o (K du "*1dU) .
dy dy/ y=0
In terms of the dimensionless variables, the skin-friction coefficient is given by
Cy =27,/ (pul) = 2|f'(0)[". (10)
The rate of heat transfer at the plate is T
s = —x dy ‘y:07

and the Nusselt number is determined by the expression
Nu = —6'(0).

2. Exact Solutions for the Momentum and Energy Equations. Integrating Eq. (7) and using the
boundary conditions (9), we obtain

f=(a(n+ )" Ve, (11)
where co = n/((1 —n)ct/") and a = ¢(1 —n)/n (0 <n < 1).
821



TABLE 1
Values of —0’(0) and |f/(0)|™ for Various Values of n, ¢, Pr, 7, and Ec

n c Ec Pr vy [/ (0)|™ —0'(0)
0.6 2.0 0.1 3 0.5 2.0 8.2545
0.7 2.0 0.1 3 0.5 2.0 6.9987
0.8 2.0 0.1 3 0.5 2.0 6.1839
0.9 2.0 0.1 3 0.5 2.0 5.6167
0.8 0.5 0.1 3 0.5 0.5 0.7778
0.8 1.0 0.1 3 0.5 1.0 2.3500
0.8 1.5 0.1 3 0.5 1.5 4.1777
0.8 2.0 0.1 3 0.5 2.0 6.1839
0.8 1.0 0.1 3 0.5 1.0 2.3500
0.8 1.0 0.3 3 0.5 1.0 2.0500
0.8 1.0 0.5 3 0.5 1.0 1.7500
0.8 1.0 0.1 1 0.5 1.0 0.4500
0.8 1.0 0.1 3 0.5 1.0 2.3500
0.8 1.0 0.1 7 0.5 1.0 6.1466
0.8 1.0 0.5 3 —0.3 1.0 2.5500
0.8 1.0 0.5 3 —0.2 1.0 2.4500
0.8 1.0 0.5 3 0 1.0 2.2500
0.8 1.0 0.5 3 0.5 1.0 1.7500
0.8 1.0 0.5 3 1.0 1.0 1.2500
0.8 1.0 0.5 3 2.0 1.0 0.2500

Substituting Eq. (11) into Eq. (8), we obtain the following final form of the energy equation:

d*6

dn?

Integrating Eq. (12) under the boundary conditions (9) with 6, = 2, we obtain

0= {(n+c2) 7/ [a(4an>( " + -+ 2)”/) + (0 = 1) {25 "np

(a(n+c2)) + (a+ cPr) ;lz + EcPr(a(n + ¢)) D/ (=1 4y 671 = 0, (12)

+ 5% (acy) D D (0 — 1)b — o (n = 1)b(y + €2)P/* (a(n + ¢z)) H/ (D

+ (0 + 2"/ [2np + bn(a(n + ¢2)) ™V 7D — nbyp(a( + ez)) /D] )

+ 2 (2na + (n = Vp)yT(p/a, c2) = 2n e (2na+ (n— Dp)T(p/a,n + cz)| }/[2an(2an + (n = 1)p)],

where p = ¢Pr, b = PrEc, and I is the gamma function.

3. Results and Discussion. Examples of the velocity and temperature distributions for various values of ¢,
n, Pr, v, Ec, and 6, = 2 are shown in Figs. 2-6. Figures 2 and 3 display the effect of the suction parameter ¢ on the
velocity and temperature distributions at n = 0.8. It is seen from these figures that imposition of the wall suction
has the tendency to reduce both the hydrodynamic and thermal boundary layers, resulting in a decrease in fluid
velocity and temperature. Figure 4 depicts the effect of the non-Newtonian Prandtl number Pr on the temperature
profiles. It is evident from this figure that the temperature decreases as Pr increases. This is in agreement with
the physical fact that the thermal boundary-layer thickness decreases with increasing Pr. Figure 5 displays the
temperature as a function of the Eckert number Ec. It is clear from this figure that the temperature of the fluid is
at a higher level when viscous dissipation is considered than when it is neglected. Figure 6 illustrates the influence
of the heat generation or absorption parameter v on the temperature profiles. In the case of heat generation (y > 0),
an increase in the values of 4 has a tendency to increase the temperature, while the temperature decreases with
increasing absolute value of v in the case of heat absorption (v < 0). Table 1 illustrates the effects of the power-law
index n, the suction parameter ¢, the Eckert number Ec, the heat generation or absorption parameter ~, and the
Prandtl number Pr on the skin-friction coefficient Cy and the Nusselt number Nu. It follows from Egs. (10) and
(11) that the skin-friction coefficient depends only on the suction parameter. As is shown in Table 1, an increase
in the suction parameter leads to an increase in the skin-friction coefficient. It is also observed from Table 1 that
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10 0 8 n
Fig. 2 Fig. 3
Fig. 2. Velocity distributions for n = 0.8 and ¢ = 0.5 (1), 1 (2), 1.5 (3), and 2 (4).

Fig. 3. Temperature distributions for n = 0.8, v = 0.5, Pr = 3, Ec = 0.1, and ¢ = 0.5 (1), 1 (2), 1.5 (3), and 2 (4).

10 ' 5 6 7 n
Fig. 4 Fig. 5
Fig. 4. Temperature distributions for n = 0.8, v = 0.5, ¢ = 1, Ec = 0.1, and Pr =1 (1), 3 (2), and 7 (3).

Fig. 5. Temperature distributions for n = 0.8, v = 0.5, Pr = 3, ¢ = 1, and Ec = 0.1 (1), 0.3 (2), and 0.5 (3).
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Fig. 6. Temperature distributions for n = 0.8, Ec = 0.5, Pr = 3, ¢ = 1, and v =
—0.3 (1), 0.2 (2), 0 (3), 0.5 (4), 1 (5), and 2 (6).

the Nusselt number decreases with increasing n and increases with increasing Prandtl number. This is because a
fluid with a higher value of Pr possesses a larger heat capacity and, hence, intensifies the heat transfer. Therefore,
cooling of the heated surface can be improved by choosing a coolant having a larger Prandtl number. Also, as the
suction parameter increases, the Nusselt number increases. In the case v > 0, the Nusselt number decreases with
increasing 7; in the case with v < 0, vice versa, the Nusselt number increases with increasing |y|. An increase in
the Eckert number, however, reduces the Nusselt number, because the effectiveness of plate cooling decreases with
increasing Eckert number, which is the measure of heat produced by friction. This behavior is consistent with the
dimensionless temperature profiles shown in Fig. 5.

Conclusions. An exact solution of the problem of boundary-layer flow of a non-Newtonian power-law fluid
over a continuously moving infinite permeable plate with heat generation or absorption is obtained. The solution
exists only for pseudo-plastic fluids (n < 1), provided that there is suction at the plate. The skin-friction coefficient
and the Nusselt number are found to increase as the suction parameter increases. It is found, however, that the
Nusselt number increases as either the Prandtl number or the heat absorption parameter increases, while it decreases
as the Eckert number, the power-law index, or the heat generation parameter increases.

REFERENCES

1. B. C. Sakiadis, “Boundary-layer behavior on continuous solid surfaces. 1. Boundary-layer equations for two-
dimensional and axisymmetric flow,” AIChE J., 7, 26-28 (1961).

2. B. C. Sakiadis, “Boundary-layer behavior on continuous solid surfaces. 2. Boundary-layer on a continuous flat
surface,” AIChE J., 7, 221-225 (1961).

3. L. E. Erickson, L. T. Fan, and V. G. Fox, “Heat and mass transfer on a moving continuous flat plate with
suction or injection,” Ind. Eng. Chem. Fundam., 5, 19-25 (1966).

4. F. K. Tsou, E. M. Sparrow, and R. J. Goldestein, “Flow and heat transfer in the boundary-layer on a continuous
moving surface,” Int. J. Heat Mass Transfer, 10, 219-235 (1967).

5. C.-H. Chen, “Forced convection over a continuous sheet with suction or injection moving in a flowing fluid,”
Acta Mech., 138, 1-11 (1999).

6. T. Fang, “Similarity solutions for a moving-flat plate thermal boundary layer,” Acta Mech., 163, 161-172
(2003).

7. R. Cortell, “Flow and heat transfer in a moving fluid over a moving flat surface,” Theor. Comput. Fluid Dyn.,
21, 435-446 (2007).

8. W. R. Schowalter, “The application of boundary layer theory to power-law pseudoplastic fluid: Similar solu-
tions,” AICLE J., 6, 24-28 (1960).

9. A. Acrivos, M. J. Shah, and E. E. Petersen, “Momentum and heat transfer in laminar boundary layer flows of
non-Newtonian fluids past external surfaces,” AICRE J., 6, 312-317 (1960).

824



10

11
12

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. J. N. Kapur and R. C. Srivastava, “Similar solutions of the boundary layer equations for power-law fluids,”
Z. Angew. Math. Phys., 14, 383—-388 (1963).

. S.Y. Lee and W. F. Ames, “Similarity solutions for non-Newtonian fluids,” AIChE J., 12, 700-708 (1966).

. B. M. Berkovskii, “A class of self-similar boundary layer problems for rheological power-law fluids,” Int. Chem.

Eng., 6, 187-201 (1966).

A. G. Hansen and R. Y. Na, “Similarity solutions of laminar incompressible boundary layer equations of non-

Newtonian fluids,” Trans. ASME, J. Basic Eng., 40, 71-74 (1968).

E. R. Thompson and W. T. Snyder, “Drag reduction of a non-Newtonian fluid by fluid injection at the wall,”

J. Hydronaut., 2, 177-180 (1968).

E. R. Thompson and W. T. Snyder, “Laminar boundary-layer flows of Newtonian fluids with non-Newtonian

fluid injections,” J. Hydronaut., 4, 86-91 (1970).

C. Y. Liu, “Asymptotic suction flow of power-law fluids,” J. Hydronaut., 7, 135-136 (1973).

M. J. Huang and B. L. Lin, “Forced convective flow over a flat plate in non-Newtonian power-law fluids,”

Warme- und Stoffibrtragung, 27, 399-404 (1992).

T. G. Howell, D. R. Jeng, and K. J. De Witt, “Momentum and heat transfer on a continuous moving surface

in a power law fluid,” Int. J. Heat Mass Transfer, 40, 1853-1861 (1997).

J. H. Rao, D. R. Jeng, and K. J. De Witt, “Momentum and heat transfer in a power-law fluid with arbitrary

injection/suction at a moving wall,” Int. J. Heat Mass Transfer, 42, 28372847 (1999).

A. K. Sahu, M. N. Mathur, P. Chaturani, and S. Saxena Bharatiya, “Momentum and heat transfer from a

continuous moving surface to a power-law fluid,” Acta Mech., 142, 119-131 (2000).

P. D. Ariel, “On the flow of power-law fluid over a stretching sheet-techniques and solutions,” Acta Mech., 156,

13-27 (2002).

A. S. Gupta, J. C. Misra, and M. Reza, “Effects of suction or blowing on the velocity and temperature distri-

bution in the flow past a porous flat plate of a power-law fluid,” Fluid Dyn. Res., 32, 283-294 (2003).

R. Cortell, “A note on magnetohydrodynamic flow of a power-law fluid over a stretching sheet,” Appl. Math.

Comput., 168, 557-566 (2005).

M. A. A. Mahmoud and M. A.-E. Mahmoud, “Analytical solutions of hydromagnetic boundary-layer flow of a

non-Newtonian power-law fluid past a continuously moving surface,” Acta Mech., 181, 83-89 (2006).

A. A. M. Mahmoud amd A. M. Megahed, “On steady hydromagnetic boundary-layer flow of a non-Newtonian

power-law fluid over a continuously moving surface with suction,” Chem. Eng. Comm., 194, 1457-1469 (2007).

I. Pop and R. S. R. Gorla, “Mixed convection similarity solutions of a non-Newtonian fluid on a horizontal

surface,” Warme- und Stoffibertragung, 26, 57-63 (1990).

R. S. R. Gorla, J. K. Lee, S. Nakamura, I. Pop, “Effects of transverse magnetic field on mixed convection in

wall plume of power-law fluids,” Int. J. Eng. Sci., 31, 1035-1045 (1993).

J. K. Lee, R. S. R. Gorla, S. Nakamura, and I. Pop, “Mixed convection in wall plume of power-law fluids,” Acta

Mech., 102, 47-58 (1994).

A. Chamkha, “Similarity solution for thermal boundary layer on a stretched surface of a non-Newtonian fluid,”

Int. Comm. Heat Mass Transfer, 24, 643-652 (1997).

M. C. Ece and E. Biiyiik, “Similarity solutions for free convection to power-law fluids from a heated vertical

plate,” Appl. Math. Lett., 15, 1-5 (2002).

L. Zheng, X. Zhang, and J. He, “Suitable heat transfer model for self-similar laminar boundary in power law

fluids,” J. Thermal Sci., 13, 150-154 (2004).

L. C. Zheng, X. Zhang, and C. Q. Lu, “Heat transfer for power-law non-Newtonian fluids,” Chinese Phys. Lett.,

23, 3301-3304 (2006).

H. Zhang, X. Zhang, and L. Zheng, “Numerical study of thermal boundary layer on a continuous moving surface

in power law fluids,” J. Thermal Sci., 16, 243-247 (2007).

825




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 225
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


