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ADVECTIVE FLOW IN A ROTATING LIQUID FILM
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Abstract: This paper presents a new exact solution of the Navier–Stokes equations in the Boussinesq

approximation that describes thermocapillary advective flow in a slowly rotating horizontal layer

of incompressible fluid with free boundaries. Such flow occurs in the case of linear temperature

distribution over horizontal coordinates or in the case of heat flux distribution at the layer boundaries.

The influence of the Taylor, Marangoni, Grashof, and Biot numbers on the flow and temperature

velocity profiles is studied.
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INTRODUCTION

Advective flows occur in a flat horizontal layer of fluid under the effect of a longitudinal temperature gradi-

ent [1]. A feature of these flows is the absence of the vertical velocity component, with the flow velocity vector being

directed perpendicularly to the buoyancy force. This property remains unchanged under different boundary condi-

tions for the velocity, as evidenced, for example, by analytical and numerical studies of thermocapillary advective

flow that occurs in horizontal layers of fluid and gas with a free boundary between them in microgravity [2].

In a case where the temperature at the boundary layer is a linear function (T1 = Ax, where x is the

longitudinal coordinate and A is the permanent horizontal temperature gradient at the layer boundaries), the flow

is described analytically, being an exact solution of the Navier–Stokes equations in the Boussinesq approximation.

Advective flow in the presence of gravity was first described analytically in [3]. In [4], advective flows occurring in

a flat horizontal layer with rigid boundaries or with a free upper boundary are presented as an exact solution of

the Navier–Stokes equations. A review of such plane-parallel advective flows under various boundary conditions is

given in [5, 6]. Stationary and usually closed flows with zero consumption are considered therein. Exact solutions

of the Oberbeck–Boussinesq equations that describe motion in a horizontal band and a circular rotating pipe when

the longitudinal temperature gradient is time-dependent are presented in [7].

Advective flows in a rotating layer of fluid directed perpendicular to its axis of rotation were first described

analytically in [8]. The object of that study was a thin flat layer of rotating fluid with a solid lower boundary and

a free nondeformable upper boundary. The exact solution was used to derive quasi-two-dimensional equations for

the velocity and temperature averaged across the layer, and advective waves and solitons were investigated, with

only the case of fast rotation being considered. Generalization to the case of conducting fluid was made in [9].
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A wide class of new advective flows in a rotating flat layer of incompressible fluid is presented in [10], where

a procedure is also proposed for obtaining exact solutions using complex functions both in the case of slow and fast

rotation, i.e., for any value of the Taylor number. Particularly, advective flow in a rotating horizontal layer of fluid

with rigid boundaries whose stability was studied in [11–13] and flow with a free upper boundary whose stability

was touched upon in [14] are described in [10]. A review of the research on the influence of rotation on the stability

of advective flows is given in [15]. As in the case of no rotation, advective flows have no vertical velocity component

and the velocity vector directed along the normal to the buoyancy force has two horizontal components.

Advective flow in a flat layer with a longitudinal temperature gradient emerging in zero-gravity under the

influence of linear high-frequency vibrations is described analytically in [16]. It is shown in [10] that advective flows

formed under the influence of longitudinal vibrations are similar to flows occurring under the effect of rotation.

Plane-parallel thermocapillary flow in a rotating layer of fluid with a free upper boundary, which is a special case

of the solution described in [18, 19], and the stability of this flow are studied in [17]. A theoretical analysis of

two-dimensional stationary axially symmetric thermocapillary convection occurring in a slowly rotating circular

cylindrical container with a free upper boundary with heating of the outer walls under the force of gravity is

presented in [20]. Thermocapillary flow of silicone oil (Prandtl number Pr = 0.011) in a slowly rotating small

circular cell in which with the outer surface of its side wall is heated and the inner surface of its side wall is cooled

has been studied by numerical simulation [21]. The numerical calculation results enable a more complete description

of the formation of wave structures, the vibrational behavior of hydrothermal waves, and the conditions of their

origin.

Advective thermocapillary flow in zero-gravity in a slowly rotating thin layer of an incompressible fluid with

two flat free boundaries whose heat transfer satisfies the Newton law is analytically described in [22]. The object of

the study was the flow stability at Pr = 6.7. The behavior of finite amplitude perturbations outside the stability

region was investigated numerically.

This work is a continuation of [22] and devoted to thermocapillary flow in a slowly rotating layer with free

boundaries under gravity.

1. FORMULATION OF THE PROBLEM

We consider a flat layer of incompressible fluid of thickness 2h that slowly rotates with constant angular

velocity Ω0 in the rotating Cartesian coordinate system Oxyz. The axis of rotation coincides with the vertical

coordinate axis directed upward. The Froude number Ω2
0l/g � 1 (l is the horizontal scale of the fluid motion

and the g is the acceleration of gravity) [23] is assumed to be small so that the centrifugal force is negligible at

a sufficiently large distance from the vertical axis. Both layer boundaries are free, assumed to be flat during slow

rotation, and under the effect of the Marangoni tangential thermocapillary force.

The surface tension coefficient depends linearly on the fluid temperature T :

σ = σ0 − γ(T − T1)

(γ is the temperature coefficient of surface tension).

Choosing h, h2/ν, γAh/(ρ0ν), Ah, and γA (ν is the kinematic viscosity and ρ0 is the average density)

as the size scales of the size, time, velocity, temperature, and pressure, respectively, we obtain equations for the

thermocapillary flows in dimensionless form
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with the boundary conditions

z = ±1:
∂u

∂z
= −∂T

∂x
,

∂v

∂z
= −∂T

∂y
, w = 0, p = 0, (6)

where p is the deviation of the external pressure from the hydrostatic pressure, u, v, and w are the velocity vector

components, t is time, Mn = γAh2/(ρ0ν
2) is the Marangoni number, Ta = (2Ω0h

2/ν)2 is the Taylor number,

W = Gr/Mn, Pr = ν/χ, Gr = gβAh4/ν2 is the Grashof number, β is the thermal expansion coefficient, and χ is

the thermal diffusivity. The boundary conditions for the temperature are determined below.

2. ADVECTIVE FLOW

Accounting for boundary conditions (6), the exact solution of system (1)–(5) is sought in the form

u = u0(z), v = v0(z), w ≡ 0, T = T0 ≡ xτ0(z) + τ1(z), p = p0(x, z). (7)

Substituting expressions (7) into system(1)–(5), we obtain the following system of partial differential equations for

the pressure and the horizontal velocity and temperature components:

∂p0
∂z

= WT0; (8)

−
√
Ta v0(z) = −∂p0

∂x
+ u′′

0(z); (9)

√
Tau0(z) = v′′0 (z); (10)

MnPru0(z)τ0(z) = xτ ′′0 (z) + τ ′′1 (z). (11)

The boundary conditions are written in the form

z = −1: u′
0 = 1, v′0 = 0, p0 = 0; (12)

z = 1: u′
0 = −1, v′0 = 0, p0 = 0. (13)

Integrating the pressure equation (8) across the layer and taking into account the boundary conditions (12), (13),

we obtain

p0 = W

z∫

−1

T0 dζ.

This equation is valid only if the temperature averaged across the layer is zero:

1∫

−1

T0 dζ = 0, i.e.,

1∫

−1

τ0(ζ) dζ = 0,

and

1∫

−1

τ1(ζ) dζ = 0. It follows from Eq. (11) that

τ ′′0 (z) = 0, MnPru0(z)τ0(z) = τ ′′1 (z). (14)

Here, in view of vanishing of the temperature averaged across the layer, τ0(z) = z. This means that there are several

possible boundary conditions for T0 and, accordingly, for τ0(z) and τ1(z).

1. The temperature at the boundaries along the layer can be determined in the form of a linear function in

the set coordinate system:

z = ∓1: T0 = ∓x (15)

[in this case τ0(∓1) = ∓1, τ1(∓1) = 0, and T1 = ∓x].
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Fig. 1. Profiles of the velocity components u0(z) (1 and 3) and v0(z) (2): (1, 2) with rotation
(W = 3, Ta = 10); (3) without rotation.

2. Heat fluxes are set at the boundaries in the form

z = ∓1:
∂T0

∂z
= x. (16)

Then, τ ′0(∓1) = 1, τ ′1(∓1) = 0, and T1 = ∓x+ τ1(∓1).

3. Heat transfer occurs at the boundaries according to Newton’s law:

z = ∓1:
∂T0

∂z
= ±Bi (T0 ±A1x). (17)

Here Bi = bh/κ is the Biot number, b is the heat transfer coefficient, and κ is the thermal conductivity. Then,

τ ′1(∓1) = ±Bi τ1(∓1), if Bi �= 0, A1 = (1 + Bi)/Bi, and T1 = ±(1 + Bi)x/Bi+τ1(∓1).

In all cases, the pressure is

p0(x, z) = W
(
x
z2 − 1

2
+

z∫

−1

τ1(ζ) dζ
)
.

To determine the horizontal velocity components u and v, we introduce a complex function M(z) = u0(z)+

iv0(z) (i is the imaginary unit). We multiply Eq. (10) by the imaginary unit and combine the result with Eq. (9).

The result is a boundary-value problem for ordinary differential equations with respect to the complex velocity

M ′′(z)− i
√
TaM(z) = W

z2 − 1

2
, M ′(∓1) = ±1. (18)

Solving problem (18), we obtain an analytical expression for the two nonzero velocity components of the thermo-

capillary flow:

M(z) = u0(z) + iv0(z) = − cosh (λz)

λ sinh (λ)
+

W

λ2

( cosh (λz)

λ sinh (λ)
− 1

λ2
− z2 − 1

2

)
, (19)

where λ = 4
√
Ta /4 (1+ i). As in [22], the first term in (19) describes the thermocapillary effect and the second term

the effect of gravity on the motion of the fluid in the rotating horizontal layer. Analysis of the solution of Eq. (19)

showed that the velocity components are parabolic and symmetric with respect to the vertical axis (Fig. 1) and

their profile shape barely changes with slow rotation. On the boundaries of the layer, M(−1) = M(1); a boundary

layer begins to form with increasing Taylor number near the free boundaries. The velocity reaches a maximum in

the middle of the layer where the jet is formed. The maximum velocity is linearly dependent on the parameter W

in this range of the Taylor number 0 � Ta � 10. With increasing Ta, the velocity decreases.
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Without rotation (Ta = 0), the horizontal velocity components are equal to

u0(z) = W
5z4 − 30z2 + 9

120
, v0(z) ≡ 0, (20)

and boundary conditions (12) and (13) are satisfied only if W = 3. Note that, in expression (20), the velocity

function satisfies the closure condition, it is symmetric, u0(z) = 0.225 at the center of the layer, and u0(z) = ±0.4

at the boundaries of the layer. If z = ±
√
3− 6

√
5/5, we have u0(z) = 0.

It follows from expression (10) that the velocity component along the x axis equals u0(z) = v′′0 (z)/
√
Ta.

In order to determine the fluid temperature in the layer, we substitute this expression into the second equation of

system (14). As a result, we obtain the equation

MnPr√
Ta

zv′′0 (z) = τ ′′1 (z).

We introduce the notation f(z) =

∫
v(z) dz. Given that M(−1) = M(1), f(−1) = −f(1),

1∫

−1

f(z) dz = 0,

and

1∫

−1

zv(z) dz = 0, we obtain the following temperature distribution for boundary conditions (15):

T (z) = xz +
MnPr√

Ta
[z(v(z)− v(−1))− 2(f(z) + zf(−1))]. (21)

Without rotation (Ta = 0), expression (21) takes the form

T (z) = xz +MnPr
5z7 − 63z5 + 63z3 − 5z

1680
. (22)

If the heat fluxes at the boundaries of the rotating layer are set in the form (16), the temperature is

T (z) = xz +
MnPr√

Ta
[z(v(z) + v(−1))− 2f(z)].

If Ta = 0,

T (z) = xz +MnPr
5z7 − 63z5 + 63z3 + 91z

1680
.

If the heat transfer at the boundaries obeys Newton’s law in the form (17), we have the formula

T (z) = xz +
MnPr√

Ta

[
z
(
v(z) +

1− Bi

1 + Bi
v(−1)

)
− 2

(
f(z) + z

2Bi

1 + Bi
f(−1)

)]
,

without rotation,

T (z) = xz +MnPr
5z7 − 63z5 + 63z3 + (91− 5Bi)z/(1 + Bi)

1680
.

In all the above-mentioned cases of the boundary conditions, the profile of τ1(z) is antisymmetric (Fig. 2).

In the presence of rotation with increasing parameter W , the temperature monotonically increases in

cases (15) and (21); it monotonically decreases in the considered range of the Taylor number in cases (16) and (17).

The maximum temperature decreases monotonically with increasing Ta. As the Biot number becomes greater, the

temperature peak at the lower boundary of the layer increases and the local maximum in the middle of the layer

reduces and moves toward the middle. This relationship is maintained in the entire considered range of W .

Without rotation of the horizontal layer for the case of boundary conditions for temperature (15) and (22),

the temperature in the upper half of the layer is higher than in the bottom (see Fig. 2b); τ1 = 0 for z = 0, z = ±1,

and z = ±0.294715. Its maximum value 0.000327232MnPr is reached for z = −0.166531. In the case of boundary

conditions (16) and (17), the dependence τ1(z) is almost linear.
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Fig. 2. Profiles of τ1(z) with linear temperature distribution and with a heat flux in the form of
the linear function (2) and with heat exchange (Bi = 0.1) at the layer boundaries (3): (a) W = 3
and Ta = 10; (b) Ta = 0.

3. CONCLUSIONS

We obtained a new exact solution of the Navier–Stokes equations that analytically describes thermocapillary

advective flow in a slowly rotating flat layer of incompressible fluid with free boundaries. It is particularly noteworthy

that the solution can also be described without rotation. In the case of slow rotation, it is possible to neglect the

centrifugal force and to assume that the boundaries remain flat at a relatively large distance from the axis of rotation.

If the outer pressure deviation from the hydrostatic pressure is zero at the free boundaries, the temperature averaged

across the layer should also be zero. The profiles of the velocity components are symmetrical relative to the middle of

the layer and parabolic at the central part of the layer. The temperature profile is antisymmetric. With an increase

in the Taylor number, the maximum velocity and temperature of the thermocapillary flow decrease monotonically.

The work was supported by the Russian Foundation for Basic Research (Grant No. 13-01-96001 p ural as

well).

REFERENCES

1. G. Z. Gershuni, E. M. Zhukhovitskii, and A. A. Nepomnyashchii, Stability of Convective Flows (Nauka, Moscow,
1989) [in Russian].

2. O. N. Goncharova and O. A. Kabov, “Gas Flow and Thermocapillary Effects on Fluid Flow Dynamics in a
Horizontal Layer,” Microgravity Sci. Technol. 21 (1), 129–137 (2009).

3. G. A. Ostroumov, Free Convection under the Conditions of an Internal Problem (Gostekhteoretizdat, Moscow,
1952) [in Russian].

4. R. B. Birikh, “Thermocapillary Convection in a Horizontal Layer of Liquid,” Prikl. Mekh. Tekh. Fiz. 7 (3),
69–72 (1966) [J. Appl. Mech. Tech. Phys. 7 (3), 43–44 (1966)].

5. V. K. Andreev, “Birikh Solution of Convection Equations and Some of Its Generalizations, Preprint No. 1-10
(Inst. of Comput. Model., SB RAS, Krasnoyarsk, 2010).

6. V. K. Andreev and V. B. Bekezhanova, “Stability of Non-Isothermal Fluids (Review),” Prikl. Mekh. Tekh. Fiz.
54 (2), 3–20 (2013) [J. Appl. Mech. Tech. Phys. 54 (2), 171–184 (2013)].

7. V. V. Pukhnachev, “Unsteady Counterparts of the Birikh Solutions,” Izv. Alt. Gos. Univ., Nos. 1–2, 62–69
(2011).

8. S. N. Aristov and V. D. Zimin, “Advective Waves in a Rotating Spherical Layer,” Preprint No. 145 (Institute
of Continuum Mechanics, Ural Branch, USSR Academy of Sciences, Sverdlovsk, 1986).

193



9. S. N. Aristov and A. M. Pichugin, “Flow and Heat Exchange in a Layer of a Viscous Conducting Fluid between
Rotating Plates with Horizontal Gradients of Temperature in a Transverse Magnetic Field,” Prikl. Mekh. Tekh.
Fiz. 31 (4), 124–128 (1990) [J. Appl. Mech. Tech. Phys. 31 (4), 627–630 (1990)].

10. S. N. Aristov and K. G. Shvarts, Vortex Flows of Advective Nature in a Rotating Fluid Layer (Perm University,
Perm, 2006) [in Russian].

11. K. G. Shvarts, “Effect of Rotation on the Stability of Advective Flow in a Horizontal Fluid Layer for Low
Prandtl Number,” Izv. Ros. Akad. Nauk, Mekh. Zhidk. Gaza, No. 2, 29–38 (2005).

12. D. G. Chikulaev and K. G. Shvarts, “Linear Stability of Advective Flow in a Rotating Horizontal Fluid Layer
with Rigid Boundaries by Differential Sweep,” Vestn. Perm. Univ., Mat. Mekh. Inform. 3, 42–46 (2011).

13. D. G. Chikulaev and K. G. Shvarts, “ Effect of Weak Rotation on the Stability of Advective Flow in a Horizontal
Fluid Layer with Rigid Boundaries for Low Prandtl Number,” Vestn. Perm. Univ., Fiz. 4, 188–192 (2012).

14. K. G. Shvarts and A. Boudlal, “Effect of Rotation on Stability of Advective Flow in Horizontal Liquid Layer
with a Free Upper Boundary,” J. Phys. Conf. Ser. 216 (1), 012005 (2010).

15. K. G. Shvarts, “Investigation of the Stability of Advective Flows in a Rotating Fluid Layer,” Vestn. Perm. Univ.
Mat. Mekh. Inform. 1, 54–61 (2013).

16. R. V. Birikh, “Vibrational Convection in a Flat Layer with a Longitudinal Temperature Gradient,” Izv. Akad.
Nauk SSSR, Mekh. Zhidk. Gaza, No. 4, 12–15 (1990).

17. A. Zebib, “Thermocapillary Instabilities with System Rotation,” Phys. Fluids 8 (12), 3209–3211 (1996).
18. S. N. Aristov and P. G. Frik, “Dynamics of Large-Scale Flows in Thin Fluid Layers,” Preprint No. 99 (Ural

Branch of the Academy of Sciences of USSR, Sverdlovsk, 1987).
19. S. N. Aristov and K. G. Shvarts, Vortex Flows in Thin Liquid Layers (Vyatka State University, Kirov, 2011)

[in Russian].
20. H. F. Bauer andW. Eidel, “Axisymmetric Thermocapillary Convection in a Slowly Rotating Annular Cylindrical

Container,” 34 (1), 79–90 (1998).
21. W. Y. Shi and N. Imaishi, “Thermocapillary Convection in a Shallow annular Pool of Silicone Oil,” Eng Sci.

Rep. Kyushu Univ. 28 (1), 1–8 (2006).
22. K. G. Shvarts, “Stability of Thermocapillary Advective Flow in a Slowly Rotating Fluid Layer in Zero-Gravity,”

Izv. Ros. Akad. Nauk, Mekh. Zhidk. Gaza, No. 1, 44–58 (2012).
23. G. Z. Gershuni and E. M. Zhukhovitskii, Convective Stability of Incompressible Fluid (Nauka, Moscow, 1972)

[in Russian].

194


	Abstract
	INTRODUCTION
	1. FORMULATION OF THE PROBLEM
	2. ADVECTIVE FLOW
	3. CONCLUSIONS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2016-04-27T11:52:25+0300
	Preflight Ticket Signature




