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Abstract The unsteady two-dimensional transient
heat transfer problem referring to a fully laminar flow
developing in a parallel-plane channel exposed to a
periodic variation surface temperature with distance
is numerically studied. The effects of channel thick-
ness, Péclet number, wall-to-fluid conductivity ratio,
thermal diffusivity ratio, angular frequency and the
viscous dissipation parameter are determined in the
solutions. The non-linear equations are discretized by
means an implicit finite difference scheme and the
electric analogy to the resulting system is applied
to convert these equations into a network-electrical
model that was solved using a computer code (electric
circuits simulator). In this scheme, only spatial dis-
cretization is necessary, while time remains as a real
continuous variable, and its programming does not re-
quire manipulation of the sophisticated mathematical
software that is inherent in other numerical methods.
The network simulation method, which satisfies the
conservation law for the heat flux variable and the
uniqueness law for temperature, also permits the di-
rect visualization of the local and/or integrated trans-
port variables at any point or section of the medium.

J. Zueco (�)
Department of Engineering Thermal and Fluids,
University Politechnique of Cartagena,
Campus Muralla del Mar, 30203 Cartagena, Spain
e-mail: joaquin.zueco@upct.es

Keywords Transient heat conduction · Conjugate
problem · Viscous dissipation · Network method ·
Heat transfer

Abbreviations

A Ratio of diffusivities, αs/αf

B Dimensionless angular frequency
Br Brinkman number
ce Specific heat
C Capacitor
k Thermal conductivity
G Control-voltage current-source
L0 Half distance between the channel

walls
L1 Thickness of the pipe
N Number of cells
Nu Nusselt number
Pe Péclet number
q Heat flux
R Resistor
t Time
T Temperature
u Velocity
U Dimensionless velocity
x Axial co-ordinate
y Vertical co-ordinate

Greek symbols

α Diffusivity
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β Angular frequency
�T Oscillation amplitude temperature
�X Axial thickness of the cell
�Y Vertical thickness of the cell
Γ Dimensionless geometric parameter
θ Dimensionless temperature
μ Dynamic viscosity
ρ Density
τ Dimensionless time

Subscripts

f Associated to fluid
i, j Associated with i, j nodal point
i, i − �, i + � Associated to the centre, left and

right position on the cell
m Medium value
mea Associated to measurement
s Associated to solid
w Solid-fluid interface

1 Introduction

In recent years, numerous authors have published pa-
pers on the stationary conjugate (conduction-convec-
tion) heat transfer problem in laminar flow in pipes
under different sets of boundary conditions. Pagliarini
[1], Vick and Özisik [2] studied Graetz’s problem
with axial conduction in the pipe and fluid, and de-
termined the range of Péclet numbers for which axial
conduction is negligible. For the same problem, Wi-
jeysundera [3] and Guedes et al. [4] obtained solutions
for a convective boundary condition. Barletta et al.
[5] studied analytically and numerically the problem
of the conjugate forced convection heat transfer in a
plane channel with longitudinally periodic regime. For
transient problems, Cotta et al. [6] and Weigong and
Kakac [7] obtained solutions for a periodic variation
of the input temperature in ducts of constant thickness,
which had previously been studied by Olek et al. [8]
and Yan [9], the latter including a convective boundary
condition. Yan and Lee [10] solved the unsteady con-
jugated mixed convection in a vertical channel, Lee
and [11] studied the unsteady conjugated mixed con-
vection inside ducts with convection from the ambient.
Zueco et al. [12] studied the laminar forced convec-
tion with network simulation in the thermal entrance
region of ducts. Zueco et al. [13] studied the effect of
viscous dissipation on a vertical channel for a laminar

flow. Barletta and Magyari [14] solved the problem of
forced convection with viscous dissipation in the ther-
mal entrance region of a circular duct with prescribed
wall.

The behavior of fluid motion and temperature dur-
ing the transient regime is useful for understanding the
physical situation in many engineering applications.
In addition, the effect of the viscous dissipation must
be taken into account to obtain real solutions to en-
gineering problems. In this paper, we study the two-
dimensional unsteady heat transfer related to a fully
development laminar forced convection flow in a rec-
tangular channel submitted to a periodic variation sur-
face temperature with constant thermal properties, tak-
ing into account viscous dissipation. The axial con-
duction in fluid is not considered (because the Péclet
number is large), and the influence of the Brinkman
number, the pipe thickness, ratio of diffusivities and
the ratio thermal conductivities on the heat transfer in
the horizontal channel is analyzed.

A numerical technique based on electrical analogy,
the Network Simulation Method (NSM hereafter), is
used to obtain the numerical solution of the problem.
First a spatial discretization is applied to the transient
boundary-layer equations, and a set of ordinary differ-
ential equations is obtained, one for each control vol-
ume. The main advantage of the method is that time
derivatives are not replaced by finite differences (simi-
lar to the method of lines [15]), but only require finite-
difference schemes for the spatial variable. In this way,
the time remains as a continuous variable, which re-
sults in greater accuracy and no time interval needs to
be established by the programmer. The simulation is
carried out in a PC using suitable software, PSPICE in
this work [16].

2 Physical and mathematical model

Figure 1 illustrates an infinite rectangular channel
whose outer surface temperature is oscillating. The
fluid flow is considered to be the hydro-dynamically
developed forced convection of a Newtonian fluid with
constant thermal properties of the fluid and pipe; the
longitudinal heat conduction effect can be neglected,
but the effect of the viscous dissipation is taken into
account. Under these conditions, the set of governing
equations or mathematical model can be formulated as
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Fig. 1 Geometry of the problem

follows:

ks∂
2Ts/∂x2 + ks∂

2Ts/∂y
2 = (ρce)s∂Ts/∂t, (1)

kf ∂2Tf /∂y2 + μ(∂u/∂y)2

= ux(ρce)f ∂Tf /∂x + (ρce)f ∂Tf /∂t (2)

where ux is the Poiseuille velocity profile,

ux(y) = 1.5um[1 − (y/L0)
2] (3)

with the initially and boundary conditions,

Tf = Ts = 0 ∀x, y, t = 0, (4a)

∂Tf /∂y = 0 at y = 0, (4b)

Ts = Tf , ks∂Ts/∂y = kf ∂Tf /∂y (4c)

at y = ±L0,

Ts = T0 + �T sin(βx) at y = ±L1. (4d)

Equations (1) and (2) refer to the solid and liquid re-
gions, respectively. In order to generalize the solution,
the above equations and the initial and boundary con-
ditions may be written in dimensionless form, result-
ing in

∂2θs/∂X2 + ∂2θs/∂Y 2 = 1/A∂θs/∂τ,

for 1 < Y < Γ, (5)

∂2θf /∂Y 2 + 9BrY 2 = UxPe∂θf /∂X + ∂θf /∂τ,

for 0 < Y < 1 (6)

with the initially and boundary conditions,

θf = θs = 0 ∀X,Y, τ = 0, (7a)

∂θf /∂Y = 0 at Y = 0, (7b)

θs = θf , ksf ∂θs/∂Y = ∂θf /∂Y at Y = 1, (7c)

θs = sin(BX/Pe) at Y = Γ (7d)

where

θ = (T − T0)/�T ; X = x/L0; Y = y/L0;
Γ = L1/L0, τ = tαf /L2

0,

Ux = 1.5[1 − Y 2],
Br = μu2

m/kf �T, B = PeβL0,

P e = umL0/αf ,

ksf = ks/kf , A = αs/αf

(8)

where α is the diffusivity, α = k(ρce)
−1, ksf the ra-

tio thermal conductivities and Br the Brinkman num-
ber. For most practical applications, the dimensionless
heat flux at the solid-fluid interface (qw,x ), the bulk
temperature (θb) and local Nusselt number (Nux ) are
required. These values may be computed from

qw,x = ∂θ/∂Y |Y=0, (9)

θb(X) = 1.5
∫ 1

0
θ(X,Y )(1 − Y 2)dY , (10)

Nux = −qw,x

θw(X,1) − θb(X)
. (11)

3 Numerical solution

A second-order central difference scheme has been
used to discretize the energy equation in both solid
and fluid domain. The numerical method is based on
the existing analogy between electric circuit theory
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and heat conduction theory, which, it should be em-
phasized, has nothing to do with the classical thermo-
electrical analogy. This method uses discrete inter-
vals for the spatial variable (the time variable being
a continuous function), a development that is also
adopted by the mathematically oriented Method of
Lines [15]. For time-domain circuit simulation, Pspice
uses a numerical implicit integration formula (for ex-
ample, trapezoidal integration, with a truncation-error
time-step, is employed in the Spice2 program) to
form companion models for capacitors and inductors
at each time-point, and applies the Newton-Raphson
method to linearize non-linear devices. The circuit
is simulated at each time-point by iteratively solv-
ing a system of linearized equations in the form of
Ax = b, where A is typically the so-called modified
nodal analysis circuit matrix, or Quasi-Newton itera-
tion matrix (see Nagel [17]).

The total time interval that is specified by the
user is divided into discrete time-points and the pro-
gram determines the circuit solution at each successive
time-point starting from time zero. The spacing be-
tween successive time-points (time-step) is controlled
by Pspice to ensure the accuracy of the solution.

The set of ordinary differential equations is ob-
tained by spatial discretization of the mathematical
model, which is defined by a set of equations that
includes: (i) heat conduction equation, (ii) boundary
conditions, (iii) initial condition and (iv) special condi-
tions. With this end in view, the whole 2-D region is di-
vided into a number of volume elements, which are not
necessarily similar. A network model for an elemen-
tary cell is designed from this set of equations, associ-
ating different kinds of electrical ports to each one of
the terms that make up the differential equations: resis-
tors, capacitors, and non-linear electrical devices. The
model for the whole medium is obtained by connect-
ing N elemental networks in series. Boundary condi-
tions are implemented by additional electrical devices
connected to the boundaries. This numerical method
has been used by Zueco [18] to solve the problem of a
semi-infinite vertical flat plate submitted to a constant
heat flux in the presence of a magnetic field and by
Zueco and Alhama [19] to develop an iterative algo-
rithm to estimate the temperature-dependent thermo-
physical properties of fluids.

As regards the problem studied here, the cells are
rectangular, with, a surface section dimension of �Yf ,
�Ys and �X. The numbers of cells in the radial

and axial directions are NY,f , NY,s and NX . The
following expressions are applied: �Yf = L0/NY,f ,
�Ys = Y/NY,s , and �X = L/NX , where NY,f = 30,
NY,s = 10 and NX = 150.

Discretization of (1) for the channel and (2) for
the fluid yield the following ordinary differential equa-
tions in dimensionless form
Solid:

[θi,j−�Y/2 − θi,j ]/(�Ys/2ksf )

− [θi,j − θi,j+�Y/2]/(�Ys/2ksf )

+ [θi−�X/2,j − θi,j ]/�X2/(2ksf /�Ys)

− [θi,j − θi+�X/2,j ]/�X2/(2ksf /�Ys)

= �Ysksf /Adθi,j /dτ. (12)

Fluid:

[θi,j−�Y/2 − θi,j ]/(�Yf /2)

− [θi,j − θi,j+�Y/2]/(�Yf /2) + 9Bry2�Yf

= 1.5[1 − Y 2]Pe�Yf [θi+1,j − θi,j ]/�X

+ Pe�Yf dθi,j /dτ (13)

where θi,j , θi,j+�Y/2, θi,j−�Y/2, θi+�X/2,j , θi−�X/2,j ,
are the temperatures in the centre and ends of the
cell, respectively. Each cell is electrically connected
to contiguous cells to make up the whole model of the
medium. Figure 2 shows the cells for the wall and the
fluid in Y = 1, where the boundary conditions θs = θf

and ksf ∂θs/∂Y = ∂θf /∂Y are applied. The first condi-
tion is implemented directly with the union of the solid
and the fluid, while the condition second is imple-
mented by means of a measurement-current (Imea,i,j )
and a voltage-control current-generator (Gw,i,j ).

Finally, to implement the other boundary condi-
tions, voltage sources are used for the constant and
variable temperature values. As regards the initial con-
dition, voltages θs = θf = 0 are applied to the capaci-
tors Cs,i,j and Cf,i,j .

4 Numerical results

The prime objective of the present investigation is
to study the combined effects of the viscous dis-
sipation (Br, Brinkman number), wall thickness ra-
tio (Γ = L1/L0) and thermo-physical properties ra-
tio ksf = ks/kf and A = αs/αf , when the surface
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Fig. 2 Network model for channel and fluid and boundary condition in the interface

temperature of the horizontal channel varies with the
axial distance. The Brinkman number represents a
measure of the effect of the viscous dissipation. In
all the computations presented in this paper we have
taken Pr (Prandtl number) = B (dimensionless angu-
lar frequency) = 100. The following physically real-
istic range of values of the parameters was consid-
ered: Br = 0–1.0, Γ = 0.2–0.5, ksf = 0.5–3.0 and
A = 0.01–1.0. The numerical values employed in each
case are included in each figure. To obtain the station-
ary response, the condenser of the network is merely
omitted. The effects of the parameters B and Pe were
studied by Barletta et al. [5], and so are not studied in
this paper.

The effects of Br (viscous dissipation) and Γ (wall
thickness) on the axial steady dimensionless tempera-
ture profiles in the solid-fluid interface are depicted in
Fig. 3 for ksf = 0.5. It can be seen that the temperature
increases when the Brinkman number increases and
Γ decreases. Beside, the oscillation amplitude of the
dimensionless interface temperature is greater when
fewer values of Γ are used. In Fig. 4, the dimension-
less temperature profiles in steady-state at the solid-
fluid interface is reported for Γ = 0.2 and different
values of Br and ksf . This case confirms that the pres-
ence of viscous dissipation increases the temperature.
The oscillation amplitude of the interface dimension-
less temperature increases when ksf increases.

The effects of Br and Γ on axial steady local heat
flux profiles in the solid-fluid interface are studied in
Fig. 5 for ksf = 0.5. It can be seen that the local heat
flux values obtained become negative as Br increases
(the opposite of the case of temperature). Besides, the
oscillation amplitude of the dimensionless interface
temperature increases the fewer the values of Γ used
(as in the case of the temperature in Fig. 3). In Fig. 4,
the local heat flux profiles in steady-state at the solid-
fluid interface is reported for Γ = 0.2 and different
values of Br and ksf . This case confirms that as vis-
cous dissipation increases negative values of the lo-
cal heat flux are obtained. The oscillation amplitude
of the interface local heat flux increases when ksf in-
creases.

One conclusion that can be reached from the above
is that the oscillation amplitude of both interface tem-
perature and heat flux does not depend on Brinkman
number. Figure 7 shows the steady axial evolution
of Nux for different values of Br for Γ = 0.2 and
ksf = 2.0. We can see that the local Nusselt number
has vertical asymptotes (singularities) due to the dis-
appearance of the difference (θw − θb) at an axial dis-
tance from the entrance cross-section, which depends
on the Brinkman number. For the cases plotted, the
singularity that first appears is for Br = 1.0, and so, as
Br increases, the singularity appears closer to the en-
try of the channel. For an axial position approximately
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Fig. 3 Interfacial temperature θw at the steady-state for B = Pe = 100, ksf = 0.5 and different values of Br (0, 0.5 and 1.0) and Γ

(0.2 and 0.5)

Fig. 4 Interfacial temperature θw at the steady-state for B = Pe = 100, Γ = 0.2 and different values of ksf (1.0, 2.0 and 3.0) and Br
(0 and 1.0)

Fig. 5 Interfacial heat flux qw,x at the steady-state for B = Pe = 100, ksf = 0.5 and different values of Br (0, 0.5 and 1.0) and Γ

(0.2 and 0.5)
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Fig. 6 Interfacial heat flux qw,x at the steady-state for B = Pe = 100, Γ = 0.2 and different values of ksf (1.0, 2.0 and 3.0) and Br
(0 and 1.0)

Fig. 7 Local Nusselt number Nux at the steady-state for B = Pe = 100, Γ = 0.2, ksf = 2.0 and different values of Br (0, 0.5 and 1.0)

0 < X < 7/8π , the greater the local Nusselt number,
the fewer the values of Br that are used, while the op-
posite occurs for approximately 9/8π < X < 2π .

The transient dimensionless temperature profiles
(various values of τ and steady-state) are shown in
Fig. 8, for Br = 0, Γ = 0.2 and 0.5, ksf = 0.5 and
3.0, and A = 0.01 and 1.0. The magnitude achieved in
steady-state is always independent of the value of the
diffusivity ratio. However, when A increases, the value
of the wall capacitor Cs,i,j = �Ysksf /A decreases, the
energy storage capacity of the wall decreases and the
time required to reach the steady-state also decreases.
The time required to reach the steady-state increases
for smaller values of ksf (because of the great thermal

capacity of the channel) and for greater values of Γ .
For the case Γ = 0.5 and ksf = 3.0, the times required
to reach the steady-state are 34 for A = 0.01 and 9
for A = 1. This case shows the greatest difference be-
tween times, and, for Γ = 0.2 and ksf = 3.0 the times
are 8 for A = 0.01 and 5 for A = 1.

Figure 9 shows the axial evolution of the local heat
flux qw,x in steady-state and in transient situation,
for Br = 0, Γ = 0.2 and 0.5, ksf = 0.5 and 3.0, and
A = 0.01 and 1.0. The local heat flux decreases as
the time necessary to reach the steady-state increases
for the case of A = 1.0. However, for the case of
A = 0.01, the local heat flux increases as the time
to reach the steady-state increases. Furthermore, the
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Fig. 8 Transient interfacial temperature θw for B = Pe = 100, Br = 0 and different values of A (0.01 and 1.0): a ksf = 0.5 and
Γ = 0.5; b ksf = 3.0 and Γ = 0.5; c ksf = 3.0 and Γ = 0.2

magnitude achieved in steady-state is always indepen-
dent of the value of the diffusivity ratio. For the case
Γ = 0.2 and ksf = 3.0, the times required to reach the
steady-state are 12 for A = 0.01 and 11 for A = 1.
This case shows the least difference between times, as
in the previous case.

When A increases, the time required to reach the
steady-state decreases. This time increases for larger

values of ksf (the opposite of the case of tempera-
ture) and of Γ . An exact knowledge of the transient
evolution is important for designing devices for engi-
neering applications, for example in heat exchange,
heat recovery steam generation, . . . , because in a
non-stationary situation strong local heat flux may be
extremely dangerous for the operation of such de-
vices.
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Fig. 9 Transient interfacial heat flux qw,x for B = Pe = 100, Br = 0 and different values of A (0.01 and 1.0): a ksf = 0.5 and Γ = 0.5;
b ksf = 3.0 and Γ = 0.5; c ksf = 3.0 and Γ = 0.2

5 Concluding remarks

The unsteady conjugated heat transfer problem for
laminar flows in a horizontal channel (including bi-
dimensional conduction in the wall and viscous dissi-

pation) is studied. This study uses the network simu-

lation method, which is especially useful when hard

non-linearities are present in the equations of the

process. This numerical tool requires none of math-

ematical manipulations inherent in the resolution of
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finite-difference equations. Instead, the software se-
lected to solve the circuits does this work. In this work,
the computation time was a few seconds. Furthermore
it is very easy and rapid to make changes in the bound-
ary and initial conditions of the problem. The main re-
sults of the investigation may be briefly summarized
as follows:

– It is important to consider wall conduction because
it plays a significant role in unsteady conjugated
heat transfer in a horizontal channel.

– Exact knowledge of transient evolution is necessary
for the design of devices in engineering applica-
tions.

– The time required to reach the steady-state of the
temperature is longer as the values of ksf and A de-
crease or the values of Γ increase.

– The time required to reach the steady-state of the
local heat flux is longer as the values of A decrease
or the values of Γ and ksf increase.

– The effect of wall conduction on heat transfer in-
creases as ksf decreases and Γ increases.

– The presence of viscous dissipation leads to an in-
crease in the temperature profile, but values more
negative of the local heat flux.

– The oscillation amplitude of both interface tempera-
ture and heat flux does not depend on the Brinkman
number, and the amplitude increases when ksf in-
creases in both cases.

References

1. Pagliriani G (1988) Effect of axial conduction in the wall
and the fluid on conjugate heat transfer in thick-walled cir-
cular tubes. Int Commun Heat Mass Transfer 55:5881–591

2. Vick B, Özisik MN (1981) An exact analysis of low Péclet
number heat transfer in laminar flow with axial conduction.
Lett Heat Transfer 8:1–10

3. Wijeysundera NJ (1986) Laminar forced convection in cir-
cular and flat ducts with wall axial conduction and external
convection. Int J Heat Mass Transfer 29:797–807

4. Guedes ROC, Cotta RM, Brum NCL (1990) Heat trans-
fer in laminar flow with wall axial conduction and external
convection. J Thermophys 5:4

5. Barletta A, Rossi di Schio E, Comini G, Agaro PD (2007)
Conjugate forced convection heat transfer in a plane chan-
nel: Longitudinally periodic regime. Int J Thermal Sci (in
press)

6. Cotta RM, Mikhailov MD, Özisik MN (1986) Tran-
sient conjugated forced convection in ducts with periodi-
cally varying inlet temperature. Int J Heat Mass Transfer
30(10):2073–2082

7. Weigong L, Kakac S (1991) Unsteady thermal entrance
heat transfer in laminar with a periodic variation inlet tem-
perature. Int J Heat Mass Transfer 34(10):2581–2592

8. Olek S, Elias E, Wacholder E, Kaizerman S (1991) Un-
steady conjugated heat transfer in laminar pipe flow. Int J
Heat Mass Transfer 34(6):1443–1450

9. Yan WM (1993) Transient conjugated heat transfer in chan-
nel flows with convection from the ambient. Int J Heat Mass
Transfer 36(5):1295–1301

10. Yan WM, Lee KT (1995) Unsteady conjugated mixed
convection in a vertical channel. ASME J Heat Transfer
117:234–238

11. Lee KT, Yan WM (1996) Transient conjugated mixed con-
vection inside Ducts with convection from the ambient. Int
J Heat Mass Transfer 39:1203–1211

12. Zueco J, Alhama F, González-Fernández CF (2004) Analy-
sis of laminar forced convection with network simulation in
thermal entrance region of ducts. Int J Thermal Sci 43:443–
451

13. Zueco JJ (2006) Network model to study the transient heat
transfer problem in a vertical channel with viscous dissipa-
tion. Int Commun Heat Mass Transfer 33:1079–1087

14. Barletta A, Magyari E (2007) Forced convection with vis-
cous dissipation in the thermal entrance region of a circular
duct with prescribed wall heat flux. Int J Heat Mass Trans-
fer 50:26–35

15. Liskovets OA (1965) The method of lines (review). Differ
Equ 1:1308–1323

16. Microsim Corporation (1994) PSPICE, versión 6.0: 20
Fairbanks, Irvine, CA 92718

17. L.W. Nagel, SPICE, a computer program to simulate semi-
conductor circuits. Memo UCB/ERL M520, University of
California, Chaps. 4, 5, 6

18. Zueco JJ (2006) Numerical study of unsteady free con-
vection magneto-hydrodynamic flow of a dissipative fluid
along a vertical plate submitted to a constant heat flux. Int
J Eng Sci 44:1380–1393

19. Zueco J, Alhama F (2007) Simultaneous inverse determi-
nation of the temperature-dependent thermophysical prop-
erties of fluids using the network simulation method. Int J
Heat Mass Transfer 50:3234–3243


	Unsteady conjugate problem of a dissipative fluid  in a horizontal channel with a periodic variation temperature
	Abstract
	Abbreviations
	Greek symbols
	Subscripts
	Introduction
	Physical and mathematical model
	Numerical solution
	Numerical results
	Concluding remarks
	References



<<
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


