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VISCOUS INTERACTION FORCES OF TWO PULSATING SPHERES
IN A FLUID NEAR THEIR CONTACT POINT

S. V. Sanduleanu UDC 532.529.6

Abstract: We consider the interaction between two spherical bubbles of variable radii during their
movement along their centerline in a viscous fluid. The Stokes stream function is found in bispherical
coordinates as an expansion in Gegenbauer polynomials. Viscous forces that act on the sphere are
represented as infinite series. Their asymptotics near the contact point is found.
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INTRODUCTION

The problem of interaction between two solid spheres (with constant radii) in a viscous fluid in the Stokes
approximation was first considered in the exact formulation in [1], where spheres moved along their centerline and
the fluid flow was assumed to be axisymmetric. For the stream function, an expansion in Gegenbauer polynomials in
bispherical coordinates was constructed. This function was used to obtain infinite series expansions for the viscous
forces acting on the spheres, which were later used to determine the main asymptotics of viscous forces at large
distances from the contact zone of the spheres [2] and near this zone [3, 4]. In [3-5], the main asymptotics of the
forces near the contact zone of the spheres were found using lubricating layer theory.

The problem of the interaction between two solid spheres has also been solved using the method of reflec-
tions [6]. In [6], an expansion of viscous forces at large distances was derived, and the interaction force arising
from the motion of two spheres with constant radii and the same velocities in the contact zone was found. Series
obtained by the method of reflections converge much faster than expansions in inverse powers of the distance r
between the centers of the spheres. However, this is insufficient for analyzing the approach of bubbles [7].

The purpose of this work is, using the method of [1], to obtain the exact solution of the problem of viscous in-
teraction between two spheres with arbitrary variable radii under the no-slip condition on the surfaces of the spheres.
Infinite series expressions for viscous forces are used to obtain their asymptotic expansions near the contact zone.

1. FORMULATION OF THE PROBLEM

The interaction between two spherical bubbles with variable radii moving in a viscous fluid along their
centerline is considered in the Stokes approximation. The fluid flow is assumed to be axisymmetric. The centers
of the spheres located on the z axis have coordinates z; and z3 (21 > 2z2), and the velocities of the centers
are u; = —21, ug = 29 and are directed toward each other (see the figure). The rates of change of the radii are R1
and Rg, respectively. The distance between the centers of the spheres is 7 = z; — 29, and the distance between the
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Formulation of the problem.

surfaces of the spheres (gap) is h = r— R; — Rs. It is required to find the viscous friction forces acting on the spheres
as linear functions of uq, us R1, and Rs, whose coefficients depend on the radii of these spheres and the distance
between them.

According to [1], it is reasonable to seek the solution of the problem using the Stokes stream function
in bispherical coordinates, which must satisfy the equation [1]

4 (y) = 0;
g _cosh&—p /0 N 9, 0 e 0
@2 =" (e (o e f )+ 1=y ) ((eosh =) J ). (1)
The bispherical coordinates £, ¢, and 6 are related to the Cartesian coordinates as follows:
sin ¢ sinh & P 00
=c z=c x = pcos = psiné.
P cosh & — cos(’ cosh & — cos(’ P YT P

Furthermore, the surfaces of the spheres are given by the equations (see the figure)
€ = (—1)""'7; = const, ¢elo,7], 6elo,2n], i={1,2},
and the parameters 7, 7o, and ¢ are found from the equations

R;sinh 11 = ¢, Ry sinh 75 = ¢, r = Ri cosh 71 + Ry cosh 7.

2. STREAM FUNCTION IN BISPHERICAL COORDINATES

We will seek the stream function in the form [1]

b= (cosh € — osC)2 3" Un(€)07* cos ),
n=0

(2)
U, (&) = a, cosh (n — 3/2)¢ + by, sinh (n — 3/2)¢ + ¢, cosh (n+ 1/2)€ + d, sinh (n + 1/2)¢,

where C; !/ () (n=0,1,2,...) are Gegenbauer polynomials [8]. When solving the problem for spheres with variable
radii, the summation should be started from n = 0, since, in this case, the set of Gegenbauer polynomials forms a
complete basis [9].

The coefficients ay,, b, ¢,, and d,, are found from the boundary conditions on the surfaces of the spheres for
& =7 and £ = —75. In the case of a viscous fluid, in addition to the condition for the normal velocity component,
we specify the second condition for the tangential velocity or for the shear stress. In this paper, we consider the
case of no-slip at the bubble boundary. This condition is natural in the presence of surfactants in various gas—liquid
technologies.
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3. BOUNDARY CONDITIONS
We formulate the boundary conditions on the surfaces of the spheres.
3.1. Normal Component
The normal component of the fluid velocity v, and the bubble surface velocity w, should coincide:

(v1,n) = (wi,n) on the boundary of the first sphere and (ve,m) = (ws2,n) on the boundary of the second
sphere. In bispherical coordinates, the scalar products (v;,n), (w;,n) are given by the formulas

1 0y cosh 1, — cos( cosh 1 cos( — 1 .
=- — -R
(vi,m) = p OC c (w1, m) ul( cosh 71 — cos¢ ) b
(3)
1 9¢ cosh 12 — cos( _ cosh 7 cos( — 1 .
(v2,m) = p OC c ’ (wg,n)—ug( cosh 15 — cos ) + .

Integrating the boundary conditions (3) over ¢ and choosing the integration constants in such a way that,
on the axis of symmetry, the velocity vector is parallel to this axis, we obtain

11— 2 . 1 Roc?  Ryc®cosh
‘ _ U162 u , —|—R162 ( . 22 . 1C. CC;S 7'1)’
e=m 2 (cosh 7 — ) cosh 71 — sinh “ sinh “ 7
2 1 1-— ILLZ S 9 1 Rlcz R262 cosh T2 (4)
¢‘ = —usC , — Rac —( .19 = .9 )
E=—1s 2 (cosh 7o — p) cosh 79 — p sinh © 7y sinh “ 7
Taking into account the form of the stream function (2), we transform conditions (4) to
Z Un(r)C 2 (cos €) = fo(u) =0, Y Un(=m2)C;(cos ¢) = golp) = 0, (5)
n=0
where
1 1-— ,LLQ - RQC2 Rl 62 cosh T1
_ 2 2 1/2 . 3/2
=ujc + Ryc*(cosh 7 — +( - )COth— ,
folw) o2 (cosh 71 — p)1/2 e 1= #) sinh? 75 sinh ? 7 ( 1 H)
1 1—p? Ric?  Ryc®cosh 0
_ 2 — K S 2/ 1/2 ( 1€ 2C” COS 72) . 3/2
= —usc — Roc®(cosh 75 — — — cosh 75 — .
go(k) > (cosh 5 — p1)1/2 20 2= 1) sinh? 7 sinh % 75 ( 2= )

Next, we expand the functions fo(u) and go(u) in terms of the Gegenbauer polynomials as follows.
According to [1, 8], for 7 > 0, —1 < p < 1, the following identities hold:

(cosh 7 — 1/2 ZC 1/2 7(n71/2)'r,

20—1/2 (n—1/2)v2 e (n=1/2)7

(cosh T —p)i/2 sinh 7

e —(n+1/2)T e—(n—3/2)7’)

3¢2
sh 7 — 3/2 —1/2 _
(cosh 7 ZC ( n+1/2 n—3/2

1/2 _ —(n—1/2)1
(COShT w)3/2 ZO w2v2n(n—1)e ’

1_ 20—1/2 \/2 (n B 1)(6—(11—3/2)7' B e—(n+1/2)7)
(cosh 7 — p)t/2 n—3/2 n+1/2
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3.2. Tangential Component

If the no-slip condition on the boundary is satisfied, the tangential velocity components are v, = w;
[(v1,7) = (w1, T) on the boundary of the first sphere and (vs,7) = (w2, 7) on the boundary of the second
sphere]. In bispherical coordinates, the scalar products (v;, 7) and (w;, T) are given by the formulas

1 0 cosh 1 — cos( sinh 71 sin ¢

(vla T) = p aé- ¢ (wla T) = u1 cosh - COSC’
_ 1 0 cosh 15 — cos( B sinh 75 sin ¢
(v2,7) = S O€ c (w2, 7) = uz cosh 75 — cos ¢’
Hence we have
o N sinh 7y (1 — uQ)’ o e sinh 75(1 — ,uz)' )
0€ lg=m (cosh 71 — p)? O€ lg=—r, (cosh 79 — p)3

Using the stream function 1 (2), we obtain

a o0
o = €O €= S U ) -

Substitution of equality (8) into (7) yields the system of equations

3 sinh ¢

5 Coshg_uw, UL(§) =

, sinh 7y (1 — p?)

3
Ul (r 1/2 — ° inh h 1/2 ‘
Z ) 2 sSimn 7p (Cob T — ¢ f=r (COSh - #)3/2 )

, sinh (1 — p?)

3
/ ~1/2 . _N1/2 .
Z Ul (-m2)C (1) = 5 sinh 73 (cosh 75 — p) %/1‘5:_72 Us (cosh 7 — p)3/2°

Substitution of ( ) into (9) yields

an () = fi(p) =0, ZU Cr () = 91(n) = 0, (10)

where
1 sinh 71 (1 — p?) ; 3 sinh 7
2 1 2 '
o R
fi(w) ey (cosh 71 — p)3/2 e 2 (cosh 7y — p)!/2
S o 5 9 h
o Fad_ Rucoos Tl)3 sinh 74 (cosh 71 — 1)/2,
sinh 2 15 sinh © 7 2 (1)
21 sinh (L —p?) o 53 sinhm

91(n) = —uge” (cosh 75 — 1)3/2 2 (cosh mp — p)t/2

R1 c? R202 cosh 1\ 3
+ ( inh27,  sinh? ) 2
sinh “ sinh “
Next, the functions f1(u) and g1(u) should be expanded in Gegenbauer polynomials as was done above.

The coefficients of the Gegenbauer polynomials cyt* in Egs. (5), (10) must be equal to zero. Hence, for
every four unknowns (X,,)* = {an, bn, cn, dn}, we obtain the system of equations

sinh 75 (cosh 75 — )%/

M,X, — B, =0, n=20,1,2,..., (12)
where the matrix M,, is
- - + +
¢, Ey cjr1 STﬂr
M. — Cry -5, e, —s7
n — —_ —_ =+ + b
n_s; n-c, nist nych
—n_s;, n_c;, n+s+2 n+c+2
n.=n—-3/2,ny =n+1/2, cgt = cosh n1&, and sfg.t = sinh n.&; the column B, is omitted due to its cumber-

someness.
Solving the system of linear equations (12), we obtain expressions for {a,, by, ¢n,d,}, which are then used
to determine the viscous forces and their asymptotics near the contact zone of the spheres.
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4. EXPRESSIONS FOR VISCOUS FORCES

In [1], the following formula for the resulting force acting on each of the solid spheres was obtained:

9 (2*(¥)
_ 3
F,, = Wul/p 3n( 2 ) ds. (13)
Here n is the outward normal to the surface of the sphere; ds is a meridian element; p; is the fluid viscosity; the
integral is taken along the meridian of the corresponding sphere; the operator ®?2 is given by formulas (1).

It is found that formula (13) is also valid for spheres with variable radii. Substituting the stream function (2),
we obtain exact expressions for viscous forces:

o0

87T0R1 2v/2 g
F - — + E an+bn+cn+dna
pl H sinh 2 1 c n:2( )
. IS 14)
8mcRo 2v/2 ] (
F,o= + E Ay, — by + ¢, — dy).
mz = H sinh? 7, c ( )

n=2

5. ASYMPTOTIC EXPRESSIONS FOR VISCOUS FORCES

A method for obtaining asymptotic series up to a constant is proposed in [7]. The infinite sum in the first
equation (14) can be represented as

o 1/(T1+72)
2v/2 2/2
. n§:2(a + by +cpn +dy) . n§:2 (an + by +cn +dy) +0(1) (15)

For the finite sum in (15), we obtain an expansion in the small parameter 7 + 7o:

2y (™ VAT 384n(n — 1) RIR(ur + us + By + Ro)

o2y (thetetdd =2 {0 1o 3p(n+ 12+ Rayie?

n=2 n=

24R\ R, 32n(n — 1)R1 Ry
2n+1)2n—-3)11  (2n—1)(2n—3)2(2n+ 1)2(Ry + R2)3

x {(uy + uz2)[3(4n? — 4n + 15)R? + 3(28n? — 28n — 15)R1 Ry + (12n* — 12n 4 25) R3]
+ Ry[3(4n* — 4n + 15)R? — 9(4n® — 4n — 5)R1 Ry — (48n? — 48n — 55)R3)c

+ Ry[(12n% — 12n + 25)R2 — 9(4n? — 4n — 5)R1 Ry — (48n% — 48n — T5) R3]} + O(m + Tg)). (16)

Interchanging the subscripts 1 and 2 and changing the sign before the sum sign, we find a similar expression
for the force Fj, 2.
Substituting (16) into (15) and then into (14) and taking into account that

R2 \/2h 3 Rl \/2h
= =L Ok, — L O3,
n R+ R» R + ( ) 72 R+ R> R + ( )

c=V2hR+O0(*?), R=RiRs/(R\+Ro),
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we obtain the expansion of viscous forces near the contact zone of the spheres in the final form

1 RiR> )h

__h _ /R
~ __ = — 2 -
Fu1~ —Fu 6mu R L 6 R In (h) (5 + (Ry + Rs)?

R)(RQ(RHle) . Ri(Ri+2Ry)

— R1
67pu R In ( h (R1 + R2)2 Fat (R1 + R2)2

By) +0(1) (17)
[h = —(Ry + Ra + uy +u)].

In the case of constant radii (R1 =Ry = 0), the expansions of viscous forces coincide with the expansions
obtained in [4, 5].

For bubbles with variable radii,the main part of the asymptotic expression, proportional to the expression 1/h
in formula (17), was obtained in [7, 10] using lubricating layer theory. In [11], thin layer theory was used for the
case of bubble growth near the wall to obtain a logarithmic singularity of the asymptotic expression

F,, = —GMth(IZl +0(1n };‘1)) +67rmR1R1(ln 121 +0(1)).

For Ry — oo in formula (17) we obtain a more exact expansion containing the logarithmic singularity at h:

/R 1. h . h
F, = —67rmR1h( S - 5 +O(1)) +67r/uR1R1(1n 5 +O(1)).

At large distances between the centers of the spheres r, the asymptotics of viscous forces (14) take the form

F, 9 RiR 3 Ry 3. RIR R?
wl ~u1(1+ 12)+ 2 . 1412 2

~ R ;
6 Ry 4 72 2u2 r + 2 r3 r2

+ R,
R?

F 9 RiR 3 R 3 . R2R .
2 ~2(1_|_ 12)+ 1 221+R1r2’

- ~ R
67 Ro v 4 r2 2 “ r + 2 r3
which for Ry = R, = 0 agrees with the results of [6].

CONCLUSIONS

The motion of two spheres with variable radii in a viscous fluid is considered in the Stokes approximation.
An exact expression for hydrodynamic interaction forces was found. A two-term expansion for these forces under the
no-slip boundary conditions was obtained. The first term is proportional to 1/h, and the second term is proportional
to Inh. The logarithmic asymptotics, which is essential for the study of bubble coalescence problems [7], was first
obtained. For solid spheres, the logarithmic asymptotics agrees with the asymptotic expressions [4, 5]. In the case
of the interaction between a sphere with a variable radius and a plane, the obtained the result agrees with the result
of [10]. The obtained exact expression for the interaction forces can be used to obtain expansions in inverse powers
of r.

The author is grateful to A. G. Petrov for useful comments and fruitful discussions.
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REFERENCES

1. M. Stimson and G. B. Jeffery, “The Motion of Two Spheres in a Viscous Fluid,” Proc. Roy. Soc. London, Ser. A
111 (757), 110-116 (1926).

2. H. Brenner, “The Slow Motion of a Sphere through a Viscous Fluid towards a Plane Surface,” Chem. Eng. Sci.
16 (3/4), 242-251 (1961).

3. R. G. Cox and H. Brenner, “The Slow Motion of a Sphere through a Viscous Fluid towards a Plane Surface.
2. Small Gap Widths, Including Inertial Effects,” Chem. Eng. Sci. 22 (12), 17531777 (1967).

4. M. D. A. Cooley and M. E. O’Neill, “On the Slow Motion Generated in a Viscous Fluid by the Approach of a
Sphere to a Plane Wall or Stationary Sphere,” Mathematika 16 (1), 37-49 (1969).

937



ot

. D. J. Jeffrey, “Low-Reynolds Number Flow between Converging Spheres,” Mathematika 29 (1), 58-66 (1982).
. J. Happel and H. Brenner, Low-Reynolds Number Hydrodynamics: With Special Applications to Particulate
Media (Martinus Nijhoff, Dordrecht, 1983), Vol. 1.

7. A. G. Petrov, “Forced Oscillations of Two Gas Bubbles in a Fluid in the Vicinity of Bubble Contact,” Fluid
Dyn. 46 (4), 81-99 (2011).

8. E. T. Whittaker, and G. N. Watson, A Course of Modern Analysis (Cambridge Univ. Press, 1927).

9. S. V. Sanduleanu, “Fluid Kinetic Energy Asymptotic Expansion for Two Variable Radii Moving Spherical
Bubbles at Small Separation Distance,” Prikl. Mat. Mekh. 84 (3), 311-326 (2020).

10. A. G. Petrov and A. A. Kharlamov, “Three-Dimensional Problems of the Hydrodynamic Interaction between
Bodies in a Viscous Fluid in the vicinity of Their Contact,” Izv. Ross. Akad. Nauk, Mekh. Zhidk. Gaza 48 (5),
14-25 (2013) [Fluid Dyn. 48 (5), 577-587 (2013).

11. S. Michelin, G. Gallino, F. Gallaire, and E. Lauga, “Viscous Growth and Rebound of a Bubble Near a Rigid

Surface,” J. Fluid Mech. 860, 172-199 (2019).

[=p}

538




<<
  /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


