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Contrasting the Effect of Electric Current Between
Vertical and Horizontal High-Pressure Mercury

Discharge Lamps
Mohamed Bechir Ben Hamida and Kamel Charrada

Abstract— This paper discusses the thermal behavior of a high-
pressure mercury lamp in a horizontal position compared to that
of a vertical lamp when the supply current varies. The model
adopted is 3-D, steady, and dc powered. After the validation of
the model, pressure of the lamp is kept at 6 × 105 Pa and the
supply current varied from 1 to 10 A. Then, by comparing the
case of the lamp in a horizontal position with that in a vertical
one, the temperature fields, the flow of heat conduction, the flow
of convective heat, and the accumulation of mercury behind the
electrodes are analyzed.

Index Terms— Convection, electric current, energy transfer,
heat conduction, high pressure, mercury discharge lamps, vertical
and horizontal positions.

I. INTRODUCTION

THIS paper describes a 3-D modeling of a high-pressure
discharge plasma. The proposed model is applied to this

paper of the transfer of energy in a dc-powered mercury
discharge lamp (MDL) at constant pressure but which can be
operated in both vertical and horizontal positions.

The choice of this discharge as a medium for the application
of the model is, first, due to the valid possibilities that it offers.
In fact, it serves as a support for numerous experimental and
theoretical works [1], [2]. Then, even if the lamp is replaced
by other systems, it can continue to be extensively used.

In fact, virtually all discharge lamps contain significant
amounts of mercury (they are often the major element in the
discharge), which sometimes plays the role of the buffer gas
and at other times as the active gas or other additives.

In addition, these lamps are characterized by a high lumi-
nous efficiency and a very good color rendering index, which
is why they are used.

Most works have been devoted to the study of lamps placed
in vertical positions [3]–[9]. For example, Charrada et al.
[10]–[12] and Beks [13] have studied the phenomenon of
convection in a vertical high-pressure mercury lamp, supplied
with dc power. Wendelstorf [14] investigated the convection
and the interaction between the plasma of the discharge and
electrodes in a vertical lamp powered in the dc mode.
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For these studies, we can take advantage of the axial
symmetry that can be satisfied with a 2-D model. However,
this symmetry is no longer valid in the case of the horizontal
position. That is why the 2-D configuration will no longer be
sufficient, and we must necessarily use a 3-D model, which
naturally requires a longer calculation time.

Indeed, high-pressure mercury lamps are used in horizontal
operating positions. Currently, very few 3-D models have been
developed for these systems [15]–[17]. So, we feel that it
is appropriate to develop a 3-D numerical code based on
solving “fluid” equations governing the plasma in the local
thermodynamic equilibrium (LTE) state. The commercial sim-
ulation software COMSOL, which is based on finite technical
elements, is used as the computational platform in which the
applied modules are used for solving the physical models. We
choose to study the influence of the electric current on mass
and energy transport phenomena in both vertical and horizontal
positions.

II. MODEL

A. Simplifying Assumptions

The discharge lamp is supposed to be in the LTE state.
The fluid is considered as an ideal gas, and all external forces
other than the gravitational force are neglected. The classical
equations of the fluid mechanics described below are written
for the following conditions.

1) A Newtonian fluid, single phase and homogeneous for
3-D flow, is assumed.

2) The flow is assumed to be dominated by diffusion
phenomena and so it is laminar.

3) The terms of the viscous dissipation in the energy
equation are not taken into account.

The plasma column is assumed to be independent of the
electrode properties or the arc attachment to the electrodes.
This assumption is valid as long as the electrode gap is large
enough. In that case, the properties of the plasma column can
be treated without taking the influence of the electrodes into
account [18]. Therefore, in this paper all phenomena at the
electrode surface and electrode regions are omitted. Thus, our
model results can be considered to be valid for a few mean free
paths away from the electrodes. Note that, for short electrode
gaps, this assumption is already problematic.

As was mentioned earlier, in this paper, we use a time-
dependent 3-D code, thereby solving the coupled momentum,
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mass continuity, energy, and electric field equations in the
coordinate system (x, y, z). It can be described by the following
equations.

B. Equations of the Model

Taking into account the above assumptions, the simplified
system of equations is written as follows:

Mass conservation equation

∂

∂x
(ρu) + ∂

∂y
(ρv) + ∂

∂z
(ρw) = 0 (1)

where ρ is the density of mercury, and u, v, and w are the
velocities along x , y, and z, respectively.

Momentum conservation equation along x
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Momentum conservation equation along y

∂

∂x
(ρuv) + ∂

∂y
(ρvv) + ∂

∂z
(ρvw)

= −∂p

∂y
+

[
∂

∂x

(
η

∂v

∂x

)
+ ∂

∂y

(
η
∂v

∂y

)
+ ∂

∂z

(
η
∂v

∂z

)]

+ρg. (3)

Momentum conservation along z
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(4)

In the above equations, p is the mercury vapor pressure, g
is the gravity, and η is the dynamic viscosity.

Laplace’s equation

∂
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where V is the electric potential distribution.

jx = −σ
∂V

∂x
, jy = −σ
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, and jz = −σ
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. (6)

Energy conservation equation
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+(σ E2 − Urad) (7)

where Cp is the specific heat capacity at constant pressure, σ
is the electrical conductivity, E is the electric field, λ is the
gas thermal conductivity, and Urad is the total radiated power
of the arc.

In (7), the first term on the left-hand side is the time rate
of change in energy, while the second term is related to the

TABLE I

CONSTANTS USED FOR THE DETERMINATION OF THE SEMIEMPIRICAL

FORMULA OF THE NET EMISSION COEFFICIENT

a1 b1 c1 a2 b2 c2

1.08 × 1012 15 500 89 987 2.08 × 1010 73 600 1500

plasma convective flow. The terms on the right-hand side
represent the plasma heat conduction and the source term,
respectively.

The electrical conductivity, thermal conductivity, and vis-
cosity included in this model are assumed to be described
by the local temperature only, and are calculated by using
the first-order approximation of the gas kinetic theory as
developed by Hirchfelder et al. [19] by assuming a Maxwellian
shape for the electron energy distribution function and the
Lennard–Jones’interatomic potential. The value corresponding
to a mono-atomic ideal gas is used for the specific heat Cp
mentioned by Chase et al. [20].

The transport coefficients calculated in the frame of the first-
order approximation are in agreement with those in the plasma
science literature [2], [21], [22].

An alternative method to calculate the radiation energy
transport term is to replace it by a simple function Urad =
Uemit − Uabs representing the difference between the emitted
and absorbed radiation in the lamp [23], [24].

The calculation of the net emission always involves a
number of approximations which limit the field of application
of each method. More recently, Bouaoun et al. [27] have estab-
lished a semiempirical formula for calculating the coefficient
of the net issuance in the following form:

Uabs(T ) = p

T

[
a1 exp

(
b1
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)
exp

(
−c1

T

)
− a2 (β − 1)

× exp

(
−b2

Tc

)
exp

(
−c2

T

)]
(8)

where Tc and β characterize the parabolic profile of the
temperature. The empirical constants (ai , bi , and ci ) were
determined by using an appropriate program applied to the
dataset temperature (Tc, β) and pressure. The values of the
constants are presented in Table I.

The absorption coefficient for the temperature region below
4000 K was assumed to be proportional to both the mercury
pressure (absorber density) and arc power (radiation flux) as
adopted in [25]. The proportionality constant was selected to
be consistent with the Elenbaas results [1]. The net emission
coefficient Uemit at temperature T has been approximately
expressed by a single exponential [1]

Uemit = NgC1e−eV̄ /kT (9)

where V̄ is the average excitation potential, Ng is the gas
density, C1 is a constant (C1 = 0.70 × 10−10), and k is the
Boltzmann constant.

The state equation of the ideal gas is given by

ρ = pM

RT
(10)

where M is the atomic mass and R is the ideal gas constant.
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TABLE II

BOUNDARY CONDITIONS

Border Condition on T Condition on �u Condition on V

1 Not defined Not defined − �n. �j = I/S

2 T = Telec �u = 0 �n.( �jp − �je) = 0

5 T = Telec �u = 0 �n.( �jp − �je) = 0

8 Not defined Not defined V = 0

3-4-6-7 T = T (z) �u = 0 �n.( �jp − �je) = 0

9-10-11-12-13-14 T = T0 = 1000 K �u = 0 �n. �j = 0

Note: �n.( �jp − �je) = 0 and �n. �j = 0 mean, respectively, the continuity and the electric insulation.

Fig. 1. Geometry and boundary conditions.

TABLE III

CHARACTERISTICS OF THE LAMP

Interelectrode length (mm) 72

Internal diameter (mm) 18.5

Length of the electrode (mm) 7.25

Diameter of the electrode (mm) 2

C. Boundary Conditions

Because of the complex geometry of the arc tube, a simpli-
fied configuration is adopted that is believed to be sufficient
to render the global effects of the convective mode on the arc
plasma behavior. The direction of the gravitational effect for
the lamp in the vertical position is along the z-axis while it
is along the y- axis in the horizontal position. This is shown
in Fig. 1.

The boundary conditions used in this model are summarized
with reference to Fig. 1 and Table II.

The characteristics of the studied lamp are given in Table III.

TABLE IV

CHARACTERISTICS OF THE LAMP USED BY ZOLLWEG

Interelectrode length (mm) 80

Internal diameter (mm) 18

Length of the electrode (mm) 10

Diameter of the electrode (mm) 2

Arc (A) 3

Mass of mercury (mg) 100

Fig. 2. Radial profile of temperature halfway between the electrodes in a
vertical lamp.

III. RESULTS AND DISCUSSION

A. Validation

Since we could not find in the literature any experimental
results concerning high-pressure mercury lamps operating in
horizontal positions, we were obliged to validate our 3-D
model by taking a vertical configuration because the charac-
teristics of the lamp used is very close to those of the lamp
used in [25]. Fig. 2 shows the temperature profile calculated by
our 3-D model, in a midway section between the electrodes,
compared to that measured by Zollweg. The characteristics of
the lamp used by Zollweg are given in Table IV.

We can notice the quite satisfactory agreement between
the calculated and the measured values, thereby justifying the
various assumptions adopted in the 3-D model. We notice,
however, that our results are also in good agreement with the
experimental results of other authors (not reported here) [25].

To test the sensitivity of the 3-D code, we chose to
reproduce the effect of the arc current, first vertically and
then horizontally. These results are shown in the following
paragraphs.
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Fig. 3. Distribution of the temperature for different current in a vertical
lamp. (a) I = 1 A. (b) I = 2 A. (c) I = 3 A. (d) I = 4 A. (e) I = 5 A.
(f) I = 6 A. (g) I = 7 A. (h) I = 8 A. (i) I = 9 A. (j) I = 10 A.

Fig. 4. Temperature profile at the midsection of the lamp between electrodes
for different currents in a vertical lamp.

B. Influence of Arc Current

In this section are presented the results showing the influ-
ence of the arc current on the distribution of the temperature
and the transport phenomena. For the pressure and mass of
mercury, respectively, 6 × 105 Pa and 138.5 mg, we vary the
arc current from 1 to 10 A.

1) Spatial Distribution of the Temperature: Fig. 3 shows
the distribution of the temperature for different currents in the
case of a vertical lamp.

Fig. 5. Distribution of the temperature for different current in a horizontal
lamp. (a) I = 1 A. (b) I = 2 A. (c) I = 3 A. (d) I = 4 A. (e) I = 5 A.
(f) I = 6 A. (g) I = 7 A. (h) I = 8 A. (i) I = 9 A. (j) I = 10 A.

From Fig. 3, the arc appears more homogeneous for high
current values. Assuming that the instability of the discharge
is essentially due to convection flow, we conclude that a high
current is a disadvantage for convection.

Fig. 4 shows the radial profiles of temperature midway
between the electrodes for different arc currents for the vertical
lamp. The relative shape of these profiles coincides well with
that found experimentally by Zollweg [25]. This graph also
shows that the hot channel of the arc widens when the current
increases, whereas the central temperature varies only slowly.
This same phenomenon was observed by Stromberg [26].

Fig. 5 shows the distribution of the temperature for different
currents in the case of horizontal lamp.

According to Fig. 5, it is clear that the conductive zone
expanded when the current increased. The “up” zone of the
plasma remains cold and becomes hotter and hotter when the
power injected into the plasma increases.

In reality, more than the half of the mass of mercury initially
introduced into the burner does not participate in the discharge.

For low currents, it is clear that the cold zone of the plasma
has relatively low temperatures, which favors the absorption of
radiation and thereafter the degradation of the efficiency of the
source. With increase in the injected electrical power, this zone
will be increasingly heated and contributes to the discharge,
thereby improving the efficiency of the lamp (Fig. 6).
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Fig. 6. Temperature profile at the midsection of the lamp between electrodes
for different currents in a horizontal lamp.

Fig. 7. Radial profiles of the heat conduction flow halfway between electrodes
for different currents in a vertical lamp.

2) Flow of Conduction: The enlargement of the temperature
profile with the increase in the current, on the one hand,
supports the growth of the radial component of the heat flow
to the edges of the tube and, on the other hand, reduces the
same amount at the center of the arc.

The increase in the current at constant pressure implies
an increase in these heat losses, since the losses are directly
related to the value of heat flux on the wall. The increase in
heat flow in the peripheral regions of the discharge with the
current is shown on Fig. 7 for a vertical lamp.

Fig. 8 shows the profiles of the heat conduction flow
halfway between the electrodes for different currents in a
horizontal lamp.

According to Fig. 8, we see that the heat conduction in a
horizontal lamp differs from that in a vertical lamp [12]. We
also note that the heat flow in the “up” zone is becoming
increasingly important when the current increases.

3) Convective Flow: Fig. 9 shows the profiles of the convec-
tive flow for various arc currents for a vertical lamp. We note
that this convective flow decreases by increasing the current.

Fig. 10 represents the radial profiles of the convective
flow at halfway between electrodes for different currents in
a horizontal lamp.

Fig. 8. Profiles of the heat conduction flow at the midsection of the lamp
between electrodes for different currents in a horizontal lamp.

Fig. 9. Radial profiles of the heat convective flow halfway between electrodes
for different arc currents in a vertical lamp.

Fig. 10. Heat convection flow at the midsection of the lamp between
electrodes for different currents in a horizontal lamp.

From Fig. 10, we see that the heat convection flow in the
“up” zone increases more and more while in the “down” zone
it decreases. The maximum shifts from the “down” to the “up”
zone while the current increases.

4) Accumulation of Mercury Behind the Electrodes: Fig. 11
shows the variation of the amount of mercury trapped behind
the electrodes as a function of arc current. We notice that the
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Fig. 11. Mass of mercury trapped behind the electrodes in a vertical lamp.

Fig. 12. Variation of the percentage of mercury accumulated behind the
electrodes as a function of arc current for a pressure of 6 × 105 Pa.

Fig. 13. Mass of mercury behind the electrodes for different currents in a
horizontal lamp.

amount of mercury accumulated behind the electrodes does
not vary much when the current varies.

A possible explanation for this phenomenon is the effect of
heat from electrodes.

From Fig. 12, it is seen that the percentage of the mass
trapped behind the electrodes is an increasing function of the
arc current and this percentage varies only by 7% when the
current goes from 1 to 10 A.

Fig. 13 shows the mass of mercury behind the electrodes
for different currents.

We observe that the mass of mercury lost behind the lower
electrode is almost the same as that hidden behind the higher

electrode, as the convective transfer in the horizontal lamp is
radial. In addition, the current variation is not a determining
factor because the mercury lost behind the electrodes is
insignificant.

IV. CONCLUSION

This paper presented a 3-D modeling of a high-pressure
discharge plasma. The proposed model was applied to the
study of energy transfer in a mercury discharge lamp powered
by direct and variable current. The designed model made it
possible to solve the coupled system of energy, mass, and
momentum equations, as well as the Laplace equation for the
plasma.

The results obtained from the 3-D model in a vertical con-
figuration of the discharge reproduced perfectly the evolution
characteristics published in the literature. This allowed us to
validate the different assumptions and relations adopted in our
model by comparing our calculations with the corresponding
experimental results. Finally, we examined the effect of elec-
tric current on the behavior of the discharge.

The main results obtained for the case of a mercury lamp in
a horizontal position when the current increases are as follows.

1) For low currents, the cold zone of the plasma has
relatively low temperatures, which favors the absorption
of radiation and consequently the degradation of effi-
ciency of the source. With the increase in the injected
electrical power, the zone is more and more heated and
contributes to the discharge, which is likely to improve
the performance of the lamp.

2) Based on the principle that the heat flux is directed from
the hottest zone to the coldest zone, we deduce that
the heat flux of conduction in the “up” area becomes
increasingly important.

3) The heat convection flow in the “up” zone increases
more and more, while that in the “down” zone decreases
and the maximum shifts from the “down” to “up” zone
as well.

4) The mass of mercury lost behind the “up” electrode is
almost the same as that hidden behind the “down” elec-
trode. Therefore, there is neither a cold zone behind the
left electrode nor a hot zone behind the right electrode.

REFERENCES

[1] W. Elenbaas, The High Pressure Mercury Vapor Discharge. Amsterdam,
The Netherlands: North Holland, 1951.

[2] R. B. Ahmed, S. Kazziz, L. Troudi, K. Charrada, and H. Helali,
“Dynamic thermal and radiative behaviors of a high pressure sodium
lamp plasma,” Phys. Plasmas, vol. 12, no. 8, pp. 083501-1–083501-8,
2005.

[3] K. C. Paul, T. Takemura, T. Hiramoto, M. Yoshioka, and T. Igarashi,
“Three-dimensional modeling of a direct current operated Hg-Ar lamp,”
IEEE Trans. Plasma Sci., vol. 34, no. 2, pp. 254–262, Apr. 2006.

[4] W. Shyy and P. Y. Chang, “Effects of convection and electric field on
thermofluid transport in horizontal high-pressure mercury arcs,” J. Appl.
Phys., vol. 67, no. 4, pp. 1712–1719, 1990.

[5] P. Y. Chang, W. Shyy, and J. T. Dakin, “A study of three-dimensional
natural convection in high-pressure mercury lamps—I. Parametric vari-
ations with horizontal mounting,” Int. J. Heat Mass Transf., vol. 33,
no. 3, pp. 483–493, 1990.



1702 IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 41, NO. 7, JULY 2013

[6] W. Shyy and P. Y. Chang, “A study of three-dimensional natural convec-
tion in high-pressure mercury lamps—II. Wall temperature profiles and
inclination angles,” Int. J. Heat Mass Transf., vol. 33, no. 3, pp. 495–506,
1990.

[7] P. Y. Chang and W. Shyy, “A study of three-dimensional natural con-
vection in high-pressure mercury lamps—III. Arc centering by magnetic
field,” Int. J. Heat Mass Transf., vol. 35, no. 8, pp. 1857–1864, 1992.

[8] P. Flesch and M. Neiger, “Modeling of high-pressure discharge lamps
including electrodes,” IEEE Trans. Plasma Sci., vol. 27, no. 1,
pp. 18–19, Feb. 1999.

[9] E. Fischer, “Modeling of low-power high-pressure gas discharge lamps,”
Phil. J. Res., vol. 42, no. 1, pp. 58–85, 1987.

[10] K. Charrada and G. Zissis, “Spatio-temporal study of the deviations from
thermal equilibrium in a high-pressure mercury plasma working under
an ac power supply,” J. Phys. D, Appl. Phys., vol. 33, no. 8, pp. 968–976,
2000.

[11] K. Charrada, G. Zissis, and M. Aubes, “Two-temperature, two-
dimensional fluid modelling of mercury plasma in high-pressure lamps,”
J. Phys. D, Appl. Phys., vol. 29, no. 9, pp. 2432–2438, 1996.

[12] K. Charrada, G. Zissis, and M. Stambouli, “A study of the convective
flow as a function of external parameters in high-pressure mercury
lamps,” J. Phys. D, Appl. Phys., vol. 29, no. 3, pp. 753–760, 1996.

[13] L. M. Beks, M. Haverlag, and J. J. A. M. van der Mullen, “A model for
additive transport in metal halide lamps containing mercury and dys-
prosium tri-iodide,” J. Phys. D, Appl. Phys., vol. 41, no. 12, p. 125209,
2008.

[14] J. Wendelstorf, “Two-temperature, two-dimensional modeling of
cathode-plasma interaction in electric arcs,” in Proc. 24th Int. Conf.
Phenomena Ionized Gases, vol. 2. 1999, pp. 227–228.

[15] K. C. Paul, T. Takemura, T. Hiramoto, M. Yoshioka, and T. Igarashi,
“Three-dimensional modeling of a direct current operated Hg-Ar lamp,”
IEEE Trans. Plasma Sci., vol. 34, no. 2, pp. 254–262, Apr. 2006.

[16] M. Galvez, “3-D LTE modeling of HID lamps with electrode plasma
interaction,” in Proc. Light Sour., vol. 10. Toulouse, France, 2004,
pp. 219–220.

[17] H. Giese, “3-D lamp model including radiative transfer,” in Proc. Light
Sour., vol. 10. Toulouse, France, 2004, pp. 219–220.

[18] P. Flesch and M. Neiger, “Investigations on the influence of pressure,
current and electrode gap in high-pressure mercury lamps,” J. Phys. D,
Appl. Phys., vol. 38, no. 20, p. 3792, 2005.

[19] J. O. Hirschfelder, Molecular Theory of Gases and Liquids. New York,
NY, USA: Wiley, 1954.

[20] M. W. Chase, JANAF Thermochemical Tables. New York, NY, USA:
American Institute of Physics, 1986, p. 1320.

[21] K. Charrada, G. Zissis, and M. Aubes, “Two-temperature, two-
dimensional fluid modelling of mercury plasma in high-pressure lamps,”
J. Phys. D, Appl. Phys., vol. 29, no. 9, pp. 2432–2438, 1996.

[22] R. S. Devoto, “Transport coefficients of ionized argon,” Phys. Fluids,
vol. 16, no. 5, pp. 616–623, 1973.

[23] M. Stambouli, K. Charrada, and J.-J. Damelincourt, “Thermalization
of the high pressure mercury lamp positive column during the warm-up
phase,” IEEE Trans. Plasma Sci., vol. 23, no. 2, pp. 138–144, Apr. 1995.

[24] R. J. Zollweg, J. J. Lowke, and R. W. Liebermann, “Arc constriction
in lamps containing mercury and iodine,” J. Appl. Phys., vol. 46, no. 9,
pp. 3828–3838, 1975.

[25] R. J. Zollweg, “Convection in vertical high-pressure mercury arcs,”
J. Appl. Phys., vol. 49, no. 3, pp. 1077–1091, 1978.

[26] H. P. Stormberg and R. Schäfer, “Time-dependent behavior of
high-pressure mercury discharges,” J. Appl. Phys., vol. 54, no. 8,
pp. 4338–4347, 1983.

[27] M. M. Bouaoun, H. Elloumi, K. Charrada, M. B. El Hadj Rhouma,
and M. Stambouli, “Discrete ordinates method in the analysis of the
radiative transfer in high intensity discharge lamps,” J. Phys. D, Appl.
Phys., vol. 38, no. 22, pp. 4053–4068, 2005.

Mohamed Bechir Ben Hamida was born in
Moknine, Tunisia, on July 7, 1977. He received
the Diploma of Engineer degree and the D.E.A.
degree in process engineering - chemical engineering
and a Certificate of Higher Education Specialized
in Chemical Engineering and Industrial Chemistry
(C.E.S.S.) from the National School of Engineers,
Gabès, Tunisia, in 2000 and 2002, respectively, and
the Master’s degree and the Ph.D. degree in energy
engineering from the National School of Engineers,
Monastir, Tunisia, in 2005 and 2012, respectively.

Since September 2012, he has been an Assistant Professor with the Graduate
School of Science and Technology (E.S.S.T H.S), Sousse, Tunisia, and a
Researcher with the Unit for the Study of Ionized Gases and Reagents. He
has published five paper and four international communications. His current
research interests include plasma and discharge lamp applications in model
3-D.

Kamel Charrada was born in Sousse, Tunisia, on
February 5, 1967. He received the Master’s degree
in applied physics from High Normal School of
Technical Education (E.N.S.E.T), Tunisia, in 1990,
and the Ph.D. degree in physics science from Paul
Sabatier University, Toulouse, France, in 1995.

He is currently a Professor with the Prepara-
tory Institute for Engineering Studies (I.P.E.I.M),
Monastir, Tunisia, where he is the Director of the
Unit for the Study of Ionized Gases and Reagents.
His current interests include plasma, discharge lamp

applications, and combustion.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


