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Abstract We present here a Godunov-type scheme to simulate one-dimensional
flows in a nozzle with variable cross-section. The method relies on the construction
of a relaxation Riemann solver designed to handle all types of flow regimes, from
subsonic to supersonic flows, as well as resonant transonic flows. Some computa-
tional results are also provided, in which this relaxation method is compared with
the classical Rusanov scheme and a modified Rusanov scheme.
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1 Introduction

In this paper, we are interested in the numerical approximation of the solutions of
a model describing one-dimensional barotropic flows in a nozzle. In this model, �

and w are respectively the density and the velocity of the fluid while ˛ stands for
the cross-section of the nozzle, which is assumed to be constant in time. Under
the classical assumption that ˛ is small with respect to a characteristic length in the
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mainstream direction, the flow can be supposed to be one-dimensional and described
by the following set of partial differential equations:

@t ˛ D 0;

@t .˛�/ C @x.˛�w/ D 0; t > 0; x 2 R;

@t .˛�w/ C @x.˛�w2 C ˛p.�// � p.�/@x˛ D 0;

(1)

where � D ��1 is the specific volume and � 7! p.�/ is a barotropic pressure law
(satisfying p0.�/ < 0 and p00.�/ > 0). System (1) takes the condensed form:

@tU C @xf.U/ C c.U/@xU D 0; (2)

where the state vector is U D .˛; ˛�; ˛�w/T . The solutions are sought in the phase
space of positive solutions defined as

˝ D fU D .˛; ˛�; ˛�w/T 2 R
3; ˛ > 0; ˛� > 0g: (3)

We recall the properties of this model:

• Property 1.1 (Hyperbolicity) System (1) admits, for U in ˝ , the following
eigenvalues

�0.U/ D 0; �1.U/ D w � c.�/; �2.U/ D w C c.�/; (4)

where c.�/ D �
p�p0.�/. The system is hyperbolic (i.e. the corresponding

eigenvectors span R
3) if and only if jwj ¤ c.�/. Besides, the fields associated

with the �1 and �2 eigenvalues are genuinely non-linear while the field associated
with �0 is linearly degenerate.

• Property 1.2 (Entropy) The entropy solutions of system (1) satisfy the follow-
ing inequality in the weak sense

@t .˛�E / C @x .˛�E w C ˛p.�/w/ � 0 (5)

where E D w2

2
C e.�/ is the total energy and where the function � 7! e.�/ is

given by e0.�/ D �p.�/.

The Godunov scheme for this model is difficult to implement because the
Riemann problem for system (1) is hard to solve due to the non linearities of
the pressure law (giving rise to the genuinely non-linear acoustic fields), to the
absence of a satisfactory definition of the non-conservative product p.�/@x˛ and
to the resonance phenomenon that appears for transonic flows causing the model to
lose hyperbolicity [5]. For these reasons, we rather follow the classical approach of
[7] and design an approximate Riemann solver, relying on a relaxation method. With
this end in view, the solutions of system (1) are approximated by the solutions of the
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following enlarged relaxation system in the limit of a vanishing positive parameter ":

@t ˛
" D 0;

@t .˛�/" C @x.˛�w/" D 0; t > 0; x 2 R;

@t .˛�w/" C @x.˛�w2 C ˛�.�; T //" � �.�; T /"@x˛" D 0;

@t .˛�T /" C @x.˛�T w/" D 1

"
.˛�/".� � T /";

(6)
with a linearization of the pressure law given by �.�; T / D p.T / C a2.T � �/.
The variable T is an additionnal unknown relaxing towards the specific volume � in
the limit " & 0, and the constant a is a numerical parameter that must be taken large
enough so as to guarantee the non-linear stability of the numerical approximation.
The state vector for the relaxation system is W D .˛; ˛�; ˛�w; ˛�T /T and the
solutions are sought in the phase space

˝r D fW D .˛; ˛�; ˛�w; ˛�T /T 2 R
4; ˛ > 0; ˛� > 0; ˛�T > 0g: (7)

The following property motivates the introduction of this relaxation system

Property 1.3 (Hyperbolicity) The convective part of (6) admits, for W in ˝r , the
following eigenvalues

�0.W/ D 0; �1.W/ D w � a�; �2.W/ D w; �3.W/ D w C a�: (8)

The system is hyperbolic (i.e. the corresponding eigenvectors span R
4) if and only

if jwj ¤ a� , and all the fields are linearly degenerate.

2 The Riemann problem for the relaxation system

In this section, we give the main ideas leading to the construction of solutions to the
Riemann problem for the convective part of the relaxation system (6). Being given
WL and WR two states in ˝r , we look for solutions of

�
@tW C @xg.W/ C d.W/@xW D 0;

W.x; 0/ D WL if x < 0 and WR if x > 0:
(9)

As all the characteristic fields are linearly degenerate, the solution turns out to be
simpler to construct than a solution of the Riemann problem for the equilibrium
system (1). Indeed, the solution is sought in the form of a self-similar function
consisting in constant intermediate states separated by contact discontinuities.
The linear degeneracy of the fields provides natural jump relations across each
discontinuity and yields a set of equations eventually leading to the expessions of the
wave speeds and intermediate states. However, some issues related to the resonance
phenomenon still need to be handled with care (see [2] for details).
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We show that the solutions can be expressed in terms of the physical data VL D
.�L; wL; TL/ and VR D .�R; wR; TR/ (i.e. all the initial data excluding the cross-
section ˛) and of the ratio of left and right initial sections � WD ˛L

˛R
. More precisely,

we introduce the following quantities depending only on .VL; VR/

w] WD 1

2
.wL C wR/ � 1

2a
.�R � �L/; (10)

�
]
L WD �L C 1

a
.w] � wL/ D �L C 1

2a
.wR � wL/ � 1

2a2
.�R � �L/; (11)

�
]
R WD �R � 1

a
.w] � wR/ D �R C 1

2a
.wR � wL/ C 1

2a2
.�R � �L/; (12)

where w] has the dimension of a speed and �
]
L; �

]
R the dimension of specific volumes.

These quantities appear in the explicit expressions of the solutions and it can be
proved that these specific volumes need to be positive in order to guarantee the
positivity of the solutions. In the numerical applications however, a will be chosen
large for stability matters (see Sect. 4) and it will always be possible to impose the
positivity of �

]
L and �

]
R by taking a large enough.

The main result of this section is the existence theorem for the Riemann problem.

Theorem 2.1 Let WL and WR be two positive states in ˝r . Assume that a is such
that �

]
L > 0 and �

]
R > 0. Then the Riemann problem (9) admits a positive self-similar

solution whatever the ratio � D ˛L

˛R
is.

Sketch of the proof (see [2] for details). The proof consists in the effective con-
struction of a solution. For the relaxation system, the eigenvalues are not naturally
ordered because of the existence of a standing wave, and a resonance phenomenon
does appear for transonic flows. Therefore, in order to construct solutions, we
investigate all admissible wave configurations (including sonic and supersonic
ones) and for each admissible ordering of the eigenvalues, we determine sufficient
conditions on the initial states WL and WR for the solution to have this particular
ordering. Eventually, we check a posteriori that the determined conditions totally
cover the whole space of initial conditions ˝r � ˝r . ut

Figure 1 represents the map of the admissible solutions given by Theorem 2.1
with respect to the initial states WL and WR. The right part of the chart corresponds
to the solutions with positive material speed, while the left part depicts the
symmetric configurations with negative material speed.
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Fig. 1 Wave configuration of the solution of the Riemann problem (9) with respect to WL and
WR. ML D wL

a�L
and MR D wR

a�R
are the Mach numbers of the initial left and right states WL and

WR. The material wave is represented by a dashed line

3 Numerical approximation

In this section, we derive a numerical scheme from the relaxation approximation
introduced in Sect. 1, the aim being to approximate the weak solutions of a Cauchy
problem associated with system (1):

�
@t U C @xf.U/ C c.U/@xU D 0;

U.x; 0/ D U0.x/:
(13)

Let �x be a space step and �t a time step. The space is partitioned into cells R DS

j 2Z

Cj with Cj D Œxj � 1
2
; xj C 1

2
Œ, where xj C 1

2
D .j C 1

2
/�x are the cell interfaces.

At the discrete times tn D n�t , the solution of (13) is approximated on each cell

Cj by a constant value denoted by U
n
j D

�
˛n

j ; .˛�/n
j ; .˛�w/n

j

�T

. We now describe

the two-step splitting method associated with the relaxation system (6) in order to
calculate the values of the approximate solution at time tnC1 .UnC1

j /j 2Z from those
at time tn.

Step 1: Time evolution .tn ! tnC1;�/

We first introduce the piecewise constant approximate solution of the relax-
ation system at time tn: x 7! W.x; tn/ D W

n
j in Cj with W

n
j D�

˛n
j ; .˛�/n

j ; .˛�w/n
j ; .˛�T /n

j

�
, where T n

j WD �n
j , i.e. W

n
j is at equilibrium. Then,

the following Cauchy problem is exactly solved for t 2 Œ0; �t	 with �t small
enough (see condition (15) below)
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�
@t

eW C @xg.eW/ C d.eW/@x
eW D 0;

eW.x; 0/ D W.x; tn/:
(14)

Since the initial condition x 7! W.x; tn/ is piecewise constant, the exact solution
of (14) is obtained by gluing together the solutions of the Riemann problems set
at each cell interface xj C 1

2
, provided that these solutions do not interact during the

period �t , i.e. provided the following classical CFL condition

�t

�x
max

W

j�i .W/j <
1

2
; i 2 f0; :::; 3g; (15)

for all W under consideration. More precisely, if .x; t/ is in Œxj ; xj C1	 � Œ0; �t	,
then

eW.x; t/ D Wr

�x � xj C1=2

t
I aj C1=2; W

n
j ; W

n
j C1

�
; (16)

where .x; t/ 7! Wr

�
x
t
I a; WL; WR

�
is the self-similar solution of the Riemann

problem constructed in Sect. 1, which clearly depends on the local choice of the
parameter a. Then, in order to define a piecewise constant approximate solution at
time tnC1;�, the solution eW.x; t/ is averaged on each cell Cj at time �t :

W.x; tnC1;�/ D W
nC1;�
j WD 1

�x

Z x
j C 1

2

x
j � 1

2

eW.x; �t/dx; 8x 2 Cj ; 8j 2 Z:

(17)

Step 2: Instantaneous relaxation .tnC1;� ! tnC1/

The second step consists in sending " to zero instantaneously in the piecewise
constant function W.x; tnC1;�/ obtained at the end of the first step. This amounts to
imposing T nC1

j WD �nC1
j , thus we have

W
nC1
j D

�
˛nC1;�

j ; .˛�/nC1;�
j ; .˛�w/nC1;�

j ; ˛nC1;�
j

�T

: (18)

Finally, the new cell value at time tnC1 of the approximate solution reads

U
nC1
j D

�
˛

nC1;�
j ; .˛�/

nC1;�
j ; .˛�w/

nC1;�
j

�T

: (19)

We can prove that this two-step relaxation method can be equivalently rewritten in
the form of a Godunov-type finite volume scheme [7].
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4 Non-linear stability of the scheme

Non-linear stability issues are usually dealt with through a so-called discrete entropy
inequality, which is the discrete counterpart of the entropy inequality (5) satisfied
by the weak solutions of the model. We have the following definition:

Definition 4.1 We say that a numerical scheme satisfies a discrete entropy inequal-
ity if there exists a numerical entropy flux G.UL; UR/ which is consistent with the
exact entropy flux G D ˛�E w C ˛p.�/w (in the sense that G.U; U/ D G .U/ for all
U) such that, under some CFL condition, the discrete values .Un

j /j 2Z;n2N computed
by the scheme automatically satisfy

.˛�E /.UnC1
j / � .˛�E /.Un

j / C �t

�x
.G.Un

j ; U
n
j C1/ � G.Un

j �1; U
n
j // � 0: (20)

As seen in Sect. 3, under the CFL condition (15), the different Riemann problems
at each interface do not interact and the parameter a D aj C 1

2
can be chosen locally

interface by interface. Usually, if aj C 1
2

is large enough, so as to satisfy a so-called
Whitham condition (see [1]), then a discrete entropy inequality (20) is guaranteed.
In order to define aj C 1

2
, we propose a weak Whitham-like condition that handles

the resonance phenomenon and still guarantees a discrete entropy inequality under
the CFL condition (15) (see [2] for details).

5 Numerical tests

In this section, we run the relaxation scheme described in Sect. 3 on a Riemann
problem that contains the standing wave associated with the constant cross-section
˛, a left-going �1-rarefaction wave, a sonic right-going �1-rarefaction wave and a
right-going �2-shock. The chosen pressure law is an ideal gas barotropic pressure
law p.�/ D ��
 , with 
 D 3. The left and right initial conditions are given by
˛L D 3:0, �L D 1:0, wL D 0, ˛R D 1:0, �R D 0:1, and wR D 0. The outcome of
the relaxation method is compared with two other numerical schemes. The first one
is the classical Rusanov scheme where the cross-section ˛ is preserved throughout
time:

˛nC1
j WD ˛n

j : (21)

The second one is a modification of the Rusanov scheme that consists in applying
the scheme to the whole state vector U (including the cross-section ˛) causing ˛ to
be dissipated:

˛nC1
j WD ˛n

j � �t

�x

�
qn

j C 1
2

� qn

j � 1
2

�
; (22)

with qn

j C 1
2

D �r.Un
j /.˛n

j C1 � ˛n
j / where the scalar r.Un

j / is the maximal value

of the spectral radius of the Jacobian matrices .rf C c/.Un
k/ for k D j; j C 1.
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Fig. 2 Solution of the Riemann problem at time T D 0:2. Space step �x D 10�5. Straight line:
relaxation scheme, circles: classical Rusanov scheme, triangles: Rusanov scheme with dissipation
of the cross-section

In Fig. 2, we can see that, due to a smoothing effect, the dissipation of the cross-
section ˛ provides a notable improvement for the Rusanov scheme (see [4] and [8]
for different approaches to improve the Rusanov scheme). The L1-norm of the error
on ˛, at the final time T , vanishes as the space step �x goes to zero (with �t=�x

constant) with the order O.�x1=2/.
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8. D. Kröner, M.D. Thanh. Numerical solution to compressible flows in a nozzle with variable
cross-section. SIAM J. Numer. Anal., Vol 43(2), pp 796-824, 2006.

9. P.G. LeFloch, M.D. Thanh. The Riemann problem for fluid flows in a nozzle with discontinuous
cross-section. Comm. Math. Sci. Vol 1, pp 763-796, 2003.

The paper is in final form and no similar paper has been or is being submitted elsewhere.


	A Relaxation Approach for Simulating Fluid Flows in a Nozzle
	1 Introduction
	2 The Riemann problem for the relaxation system
	3 Numerical approximation
	4 Non-linear stability of the scheme
	5 Numerical tests
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


