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Abstract The most efficient system for converting heat to electricity, AMTEC (Alkali Metal Thermal-to-Electric
Convertor), is a device that directly converts heat energy to electricity using an alkali metal (sodium) as the working
fluid. The AMTEC consists of a low pressure chamber, high pressure chamber, BASE (Beta-Alumina Solid
Electrolyte), and artery wick. The main heat loss of the AMTEC system occurs in the low pressure chamber. A high
power generation rate is thought to be obtainable by using a high temperature in the BASE. Therefore, to reduce the
radiation heat loss, 6 types of radiation shields were examined to reduce the radiative heat loss in the low pressure
chamber. The power generation rate of the AMTEC varied depending on the shape of the radiation shield. CFD
(Computational Fluid Dynamics) analyses were carried out to optimize the shape of the radiation shield. As a result,
the optimum radiation shield was found to consist of a curvature formed at the vertical point, in which case the
dimensionless temperature (condenser temperature/BASE temperature) is approximately 0.665 and the maximum
power generated is calculated to be 17.69W. Increasing the distance beween the BASE and condenser leads to an
increase in the power generated, and the power generated with the longest distance was 17.58 W. The shields with
multiple holes and multiple horizontal layers showed power reduction rates of 0.91 W and 2.06 W, respectively.
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—Nomenclature—

A, : Area of BASE, m?
F : Faraday’s constant, C/mole
G : Dimensionless shape factor

h,; : Specific total enthalpy, kJ/kg

Iy : Total cell current

A : Blackbody emission intensity

1 : Mean radiation intensity

I, : Radiation intensity leaving the boundary
J . Electrode current density, A/cm”

M : Molecular weight of sodium, g/mole

P, : Pressure drop in low pressure chamber, N/m*
P, : Saturated pressure of sodium, N/m?

R : Electric resistance, {2

T : Static temperature, K

Ty  : Temperature of BASE, K

T ona - Temperature of condenser, K

tp : Thickness of BASE, mm
Vz @ Voltage of BASE, V

Greek Letters.

u : Dynamic viscosity, Ns/m?
p : Density, kg/m®
T : Shear stress, N/m?

1. ME

& g&0] 30% °l
ol o) 3T, WIAIAE s Age

= ol4el 9l

UEF ]9 o]Fo] dojupA Hr} #el 4Fn|
Est o] 252 A8 ARt AAF o
& Aet A YEF $71E $EFAA &5
s, ZAlgE o] 2-gah= Yol ofg) oA SRR 3
At €k o] W FHFEE 0720 V ol AFE
0.7-12 A/em® AE2A A Ak, 2l AF7F AR, 3

BASES At e wo] 1715 dAs] s
A F9H] 1000-1300 K, 3550+ 600K =2
2E7b dasiy BASES 257t BE A 94T
w F2 W ES ek spARF BASEZF 119187
Aefg71el AHA AA 7] el 4 SEE f
AANNE e vl ofFe) w2 ﬂ%‘wl LHToﬂH%
BASEEHE]e] 9B
S5l oFEgE F ﬂowxﬂA %%01 %%ﬂxl 2

#rt[4]

o 2 T
N

N

[

2o

_ Condenser section

Sodium Vapor
(Low pressure flow)

Capillary artery wick—

\
[
Sodium Liquid Flow :

BASE

Sodium Vapor
(High pressure flow)

|
| |
=15

™~ Evaporator section

(a) Interrelationship of oboc AMTEC

Sodium Vapor

(Low pressure) _ Sodium Liquid

k—Cathode
[Toad

<~BASE Capillary artery wick

Ion [<Anode

—

odium Vapor
(High pressure)

(b) Schematic diagram

Fig. 1. Schemematics of AMTEC



FRAE & =EA AT ATE, 2016

The problem of
thermal radiative

Increasing
temperature of
condenser

) {

~
Stop circulation
of working fluid

J

Increasing heat

loss

1
Obstruct )
sodium
condensing )

Decreasing

efficiency

[
Increasing
Gheat

J

[ Increasing BASE

temperature
difference

Breakage

BASE

Fig. 2. Thermal radiative problems in AMTEC

Fig. 2% 9

qe
el A3

ek, o8 warsel %%71 SELR
Agreto] moksgle, AwH o

GEAARAE- BASE
4 A 2544
SAIZITL[S]
CFD(Computatlonal Fluid Dynamics)
o AuAATrLo] gl 4 9e] e B
QuAGES AT BEsh vlwstel 4y

| 298 89 A 99T I3 ARAS

of

(¢3

Eﬂ% §11-0] 3}

=

At B

k1
N

2. AMTECS| diX™ZF ol

2.1 AMTEC 22| At
AMTECOH/H BASE?] &%

R i#u el
]t} AMTEC®] &

PN R
91L 820

T
]

_'_
PANe)
11—

N
o o
rlo

L

—JR

1/2
) + (27 MT )" x %* P,

(M

56

o}7]ol| M, Tp= BASES] koW, 7, & =5 &
=, F= dgdle] 4424 2F 96500 Coulombs/mole, J
= AFULoH 05 amp/em?e] e 7H7Ith P+
Folzl LR WEF £3} deol 4 )T B
TR 3]

InP, =11.9463 — 1263378 serom T (2)

2 (DelA P AAg-87] ol A Eitell &3k 9=
A EA T Ao ARRT[3]

p (0.75GJ)(MRTB)1/2 3

i\ F o )
R RB + RC'unmd + Rﬂe C + R(uble (4)

2 (3)lA M YEF EAHSZA °F 23 g/mole

o, G 1A EF @ Fakel oI TR G4
FEA dggel 408 Al AddNn RE

AMTEC 78’ ] A X‘“/] A 7] 21 } o i&-] 1 %} )\1 (4);
3 5= 9tk R, BASES] A&l thgo] Ao
AL 4 SITh[3]

._L
pul

4725

A

Ry=t,T,% {4.03 x10 1 X exp|

1420 )+ 3241077 Xexp(
TB

(5)

9] HollA f & BASE F7olth

WAY W, o A o] HARCY

Wr’y(‘le = V;>>< JX AB: V;>><]B (6)

9191 2 (@141 A, BASES] Wl

2.2 AMTECU EEAIEAS| FA A

ARFAES 23 Pl WA el 222
2~ W 2(Navier-Stokes Equation)S ¢+ A i2-3}e] o]
2+8}e FVM(Finite Volume Method)S AH&-31H, a4
P AXE A3t o) 7o R FAIE At
AWbHl  ateld g FEZE Fluent, CFX,



AMTECY A-&7]oA2 &

EAE B e s

STAR-CCM+ 5-¢] glom
Fr9]

e

B g 4ol A= ANSYS A&
Fluent V16.25 ©]&3F1th
AHEE 4] elre Al
2 G4E st of AL SAS $lsl w3t
sle] @ 71x] 1AL A}45) o
Aol A Hols2y FHFS
2 ALE3HA] eket) o] AMTEC
YEF] 7t 7] 1.1149E-5 kg/s 3
7¥A 7] wio|t}, =3 AMTECS] 94T
7F43H, AMTEC®] 98 djA Fxo|=n
%= ARgate] A st [6]
Ui 29871 AeHer] i UrE% <7
2 V5 Adval spgaiden, AiksiAS sk

al
Table. 13} 22 AES A3t

ox

o
=
jec

o du =N
AN

Mo rlo rlr
Fkl

e
EEE
o
AMTEC

fU 2 N

Z(symmetry)=

Table 1. Boundary condition of CFD

Numerical Model Boundary Condition

Heating : 1200K
Cooling : 700K
Adiabatic wall

Symmetric analysis

Beta-Alumina emissivity

j

A Ao AF&3F Fluent V16.2 o4 9
2tk [3]

102

Stainless Steel emissivity
1 0.66

Artery wick emissivity

: 0.05

RTE Model : DO

Ald7g 4

™

71, p= FAC BE YERY = fA i Y

—(pui)-l-v . (pui><uj) ==V e p+V e 7'ij+5w

2
T:,uv-u-i-(v-u)T—EdV-u ®

57

A
=1

dAolw, p= Al
o AHHE ekt

(®)°A p= Ask, 7= Al

]
A4

OEEREEE

2]

_(phtot) -

0
Piv .
ot

ot (pU‘htat )

VeAVD+V e (usr)+ue S,+5,

h h+

1,
Su )

tot
o714, hy, & HA A,
Oﬂ ‘46]— TrO, u ® SW% T'(_)_—
(4) oﬂE/\} ul—zoqé}

dr,(r, a)

ds

— (K, +K,)I(rs)+ K, L (v.T)+

/ [ r,s' )2+ 8

(10)

41

1,(r,s) (K, +K,)8+1,

=1,exp[~ (1= exp(- K8+ K, 1,

L
L

A7, L=
ol A
th[6]
Fluentell A= 57F4 8] @EAF REAl-& ATkl o)
o] Surface-to-Surface (S2S),
(DO), Discrete Transfer Radiation Model (DTRM), P-1

(Spherical Harmonics Model), Rosseland Model ©]

9179} ol nhe BT WAL, [

WEEE PANRE, L

Discrete  Ordinates

Ch7] GEAL R mRlAE BT ofa) 2e
o Agolnrt AgHE[8], B ANl E BE BT
Aol Ago] 5 DO KUE ALBE A4 4

A3 A7)

B Xoll 4= Fig. 3] OBOC(One BASE in One
Case) 9] AMTECS 7|2 o0& 3lo] ndys 3190
m, JBALApube] W wE 98k 7]F 0 R Type AS A
xgs}air/} 713 2pgrate] gake Fig 39 Q2% 914
afm, A}Z}E}“‘A HAA A3l oS @]
x}%‘z}g

Fig. 494 Type A2 IEARxIHat
Type BollX= s adtdel] 85
IR A7) Type C Type A%
2Pt 0 24 Type ARTE 10 mm 3Shetel] £
Type D= Type ART} 10 mm Jetol| X33t

=
=



LERL TPt

=EA Ard ATE

, 2016

15.8(2t)

Y
1

A: Artéry wick (1/4")

B : BASE tube ®6.35 100 20
> |«

202

206

110

T

Fig. 3. Numerical model of OBOC

(a) No rad

(b) Type A

(c) Type B

(e) Type D

() Type E
Fig. 4. CFD modeling of various type

(g) Type F

Hlal] o 7je]
ype FE Type A2 @ &3
x‘l_]jrul—()i e

<
2
=
i
mloﬁ
>
%*"
_OL
R Z 0
Jé
B
tH
o
L
Té
E g %
e
g i
2
B,
N

ER
o

2 HZE AR A Z‘.X}(Tetrahedron)_é’ /\]-4‘1 }
AR A T AR 746 M 2 IS WA

*J(Orthogonal quality)¥} 5-H/d(Skewness)°ll
2 AARE stk gy o
0.010]Fo]m, A FA9 79 0.950]5}0]
Aol 9lojA] A7} §1Ch[9] Table. 2014 &

BE e Augdd A F4o] BF

QoA A §l& Aow AeE ik

lo 5‘; rlr
o = i

iy

o Ay FAe

L <o o Rl

el
E5)

=3

—l> rﬂ

o,
D [

=)

=

2
2
I

Fig. 5. Tetrahedron mesh

Table 2. Grid quality of the geometry of OBOC

N | Siewes | Ohosonl
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Type D 870426 0.79906 0.22458
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Table 3. Comparison of quantity of heat and power

Ty ase By eat Volt Power
No shield 1025.73K 39.41W 0.68V 15.09W
Type A 1056.69K 27.92W 0.78V 17.41W
Type B 1060.93K 26.71W 0.79V 17.69W
Type C 1052.16K 28.94W 0.77V 17.09W
Type D 1058.75K 28.08W 0.79v 17.58W
Type E 1028.36K 38.80W 0.69V 15.35W
Type F 1043.11K 31.81W 0.74V 16.50W

61

4. AR

=

e

314 AMTEC Al2~gle] e e 9jsko]
7] 2] 671 FEje] fuApAbehet] o

148 Sstel wysllch e

o

@)
s
w)

oo o =zl

Rui I
K3
$_‘
O

N
N
o M
o
3
%
oty ME
ox M
o
o
)
o
=
rir

2

i
= o
&)
o,
o
s
)
i
[
ol
rlo
3

i

T e
vy

2
=

b9

5

el AololAE 43Rl
1

dif o 1%
k
HU K H

2)

=
i

E

3

s
v
=
Lo
DL
rlo
ot
=)
i)
ofy
&
o,
Y

4) A%

References

[1] S. K. Woo et al., “Development of core and system
technology for AMTEC by solar thermal,”, Research
Report, KIER B22436, Korea Institute of Energy
Research, pp. 185-207, 2012.

K. W. Lee, W. H. Lee, S. H. RHI, K. B. Lee, “Analysis
of Pressure Drop and Heat Loss in Liquid Sodium
Circulation Wick of AMTEC”, KSME Journal B, Vol.
36, No. 9, pp. 953-954, 2012.

DOI: http://dx.doi.org/10.3795/KSME-B.2012.36.9.953

S. H. Rhi, K. B. Lee, K.L. Chai, Y. W. Kim, S. H. Lim,
J. S. Lee, H. C. Hwang, “Study on the capillary
circulation and Condenser performance of AMTEC
system ”, Research Report, KIER B32436, Korea
Institute of Energy Research, 2013.

C. S. Mayberry, D. Radzykewycz, K. Reinhardt, Alkali
metal  thermal-to-electric ~ converter  development,
Renewable energy 23, pp. 451-461, 2003.

DOI: http://dx.doi.org/10.1016/S0960-1481(00)00150-6

[51 J. M. Tournier, M. S. El-Genk, Lianmin Huang,

[2]

[4]




A 71Ee 8 =2 A ATd ATE, 2016

Experimental Investigations, Modeling, And Analyses Of
High-Temperature Devices For Space Applications, Us
Air Force and Institute for Space and Nuclear Power
Studies Department of Chemical and Nuclear
Engineering, University of New Mexico, 1999.

[6] J. S. Lee, Characteristic Study of Thermal Radiative
Effect on Low Pressure Chamber in AMTEC, A thesis
for the degree of Master in Chungbuk National

University, 2015.

0| £ & (Wook Hyun Lee) [Hal#]
01997 29 : BAUSw thky

WE3et (%ZM—W)

02000 7€ : AW gy
W53t (33 ‘ﬂ%})

©2000% 8¢¥ ~ 20024 5¢ : LGHA

[7] ANSYS, Inc, ANSYS CFD FLUENT Heat Transfer & =\ Aol N
Multiphase Theory Guide, USA, 2013. A A
969 ~ dA : o x
[8] P. Asinari, Radiation Heat Transfer : Basic Physics and .20(/)\2&‘ 6021 olo] 4 o =
Engineering Modeling, POLITECNICO DI, TORINO, e Addrd
2007.
FIAI B
[9] ANSYS, Inc, ANSYS Fluent Theory guide, R-17, USA, <o 8¥°F )
2016. dushiby, A9E7 9 dwd, YEIE
d & A{(Won Sik Chung) (B3l 0| Al E(Kye-Bock Lee) E<EEE
2016 2¢ : FEOighw FH e} 01981 24 : Agoigtul 71458
71AE 83 (71A1E 8Ah 3} (FA)
02016 3¢ : FEOgtw ) 01983 2¢ : =8 7]=d 7|7
o 7Est st (1AFsAL 2} (B
o) 01987\ 29 : §EFE|Ed 7)A
—-—31—4,]. (J—sltﬂ—,x]_)
019961 89 ~ &AA : FEUE L
7| AE - ag
<o <#Aliop
71488, Exd, 84938 WA, AZA, AARA
CHI RIGUANG (M52 0| A S(Seok-Ho Rhi) [H3] 28]
20104 7€ : S stAwlTgs 0199611 39 : Furt QERetdsh
i (SHAh 71 A} (7] 784D
02015 8 : = FHTSHA (4] 02000 10€ : Hych SEbeleEt
7% b Al ) AFET} (7] 7413@}‘”*})
~ 02003 39 ~ @A : FHUTN
{ 7| AZ - A
/{E’/
AR A
<TAFol> <P Rol
a oA of Ay, s|Evo|Z dHuy, 433

62




<<
  /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


