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Effect of Air Admission on Pressure Pulsation
in a Francis Turbine

Yunheung Jeon*, Sihoon Park, Hansu Choi and Jungwan Park**

In this study pressure and shaft torque pulsation were measured with variation of head and flow during the model
test for a 15 MW Francis Turbine. Pressure pulsations were measured at the inlet of the spiral casing and 4 points in the cone
of the diffuser and shaft torque pulsation at the upper position of the turbine. The maximum amplitude of pressure pulsation
appeared 2.03% of the maximum rated head with the frequency of 25% of the rated revolution and at the guide vane opening
of 10°. Shaft torque pulsation appeared 0.01% of the rated shaft torque, fairly low value. Air was admitted through the cone
and pressure pulsation gradually decreased with increase of air flow and kept nearly constant after 5% of the rated flow. A new
Francis turbine of which specific speed is 115 m-kW had been designed to rehabilitate the old one and the model test was
performed at EPFL. The commercial code, STAR-CCM" was used for numerical simulation of flow.
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Nomenclature

n : rotational speed (vpm) T : torque (N-m)

D : reference diameter (m) « : guide vane opening (degree)
Q . discharge (m’/s) f : frequency (Hz)

H : head (m) Vo volt

2014. 12 Vol.10, No.4 | 9



subscript

m : model

1. &2

1
T
~

2o

fr
1)

AAALI A BE ol 83tel FYolriAS
po2A oA A 22 24l &
Astol HEAAYE] ol et A7 HEA
Yool LHEE o] Uck. weby i

4
:
o
il

} %

42 o i 2 ox

-

ol

Hu 2 YE o
2 1

rLéru

if;;

(o]

Ho >

B2 0] Aol Aulgo] A
a %4&% EEIEC REREE
H319] 50~60%01| A Z=7} 75|
S e B
29 AeA HR A4
5

C

4" o
1\‘ o
N,
U
oZ
o
okt
,ﬂ

[e]

o
“H mE l)’ r_lo mlo r_O'lJ

Mr ok

2
o
oAy
of

ol

o

_lﬁ

e
03: O:>E1

)
=
rlu
[
o
:;_I‘

1
o 1o
k1
Jo
2

[
2
~N
ro
<t o
[o o 22 o
o ocﬁ =) o
I 2
o L& rok
242
o
g =
g o
o 10
OI,\_>‘4_’
e o
flo iOL
N
L p
i
o L
o, N

5
%
e
@
[>
il

it
>.
r
=3
[e]
JS
N
ox
_°|l',
2
K
U

53} AU oA 2] StuES Oﬂéﬂ ©1], Rammohan E‘8>
© IEC 609949 m}a} #Jéﬂr, 2ol Aol ), EezE
é@ﬁ]—‘ﬁﬂ Albert %‘”2 CFD

9lte] EH‘—’FZP— AA|, A=t ?
SAeh R WAAA THEA e S5 ”“% =4

t
-
M
gi
>,

et
A;

o
2
o)

10 | Alxidol| LA x|

BELA AHE 22 42744 Y A EPFL 1M
A Sasigon, 4IMES 242 93] % 5709 PeB ¢
A AN AL, 3 e Avtold Fol4] 1], v
A 7 2% 13k o] By BT UFEA 2o Axshnh
s 24 AlA+= 1 bar/V AIR1S.&2 0,294 500Hz Hi=

o4 Z4eln, 258 WE-L W] 2o HBM TI0 9.2
WEE A%, EA59T, dlolg HE sehule R 1o] 4
efh ola dlole) 5 Ao Ade 19 29} e}, o
AAH(ADE tololzlo] 4851t Jele Aagdon ¥
A7), B0 HE (A S0 48t Eoas 24w
o 2278 AL YT WHSHTL, FRT(Fast

Fourier Transform) "I’_ﬂﬁ SAA|
7H 9 B QIR HlolEE AlsRith
S A4 1L, 71E, 4 YA N Huax, Hoor, Hun oA 242}
O] ZHE AlTmf 2704 117]9] [ A|RellA S48k,

_.- Cone Right

Cone . . Cone

Downstream Upstream
" Cone Left
Section B-B
J3 1. 22 J S35 Y MM X
E 1. +UUS CI0[E] FS HE20|E
ME F0pp 1 kHz
S AR 8s
us 24 8000




F717t mRHAIA 2xte] 29 B0 0ll= T

FUHEY S5 e A (1), (294 Zol ZEAA A 3. BAZXA 91 S=k|ojM
49t 9 £o 0| diet WRgR 717 st S4%E
= 27 95% AlE|E 204 £0.196, 0.190%0]ch, 42 2Et AL E7ol A9 35514 $lste] STAR-CCM
QFol A2 ekt Ukt §F AW 371 8 version 8 CFD AZEYOI2 ALestel ARAA. HA
S Aerglon, 19 3 go] FARE FRZOREA - sae sqerqn, dRRES Ao ool el
9 B S Fatol $7IFe 2AAHEA SHett 57 N&}F 2712 Ao EaHs sst k-0R DS AR
F2 Aol disto] 7749] w0, 0.05, 0.1, 0.15, 0.2, Azto]g Ao, Ado[H|l, ZrolEH[Ql, ¥y 4 &
0.25, 0.3 & Fgotort. 18 4= B4 29271 WA E Eudo| 23} A4 Pk tiate] WARrelS sl A
Aol e §7] Ads ol otk A Q) (W)= =Y —93) 7+ 2 Amo]d Aol AT} Aolu|el, AgOl H|ol]
wA S A FASS B deratet E%!Ai} 7hol= Mol Zhol= WRla Y, Ll EgjRE BB 7
of Hape} f5F 219 AAE A8 fIg FAk o= In—place SAE Hgatlrt @Y siMo] HeE Ar}
Nu, Qug @%}i glch. 1EC 60193¢] oj3hdl ﬂr*l* T L mo9gou, AARAL & o Ueht 9w 1Y sk
el 71E HADE WY &7 AEom gefut. FANYE Skl $AE BLUYF YA oz,
‘ AH NuTt Qu WA FHA medga) ERe FHA O] §
Amplitudep, . = H (1) =9 sttt mulsals ABsato] el 3,434 4619
2131, 2Hel H|Q, 7hol= HjQl, # Befol= wiar= 47} 10,
Amplitude Shaft Torque = AT; (2)
E 2. Bl ZR He
Ny =2 L 3) : :
VH A e TRy )
9,34t 5" oot polyhedral
Q
YR W g5 anma
7 94| z71
o1 5 & " U Amjof FHoly o HEUE 5%
&7 cizE £5 57 Aher2] oPa
M_.__ Amplifier s Px |— % & 2H Smoothed

Amplifier _I
A2
a8 2. HolE| HS Fx] H
Air admission
(3) &l 2
Q8 3. 27| B4 a8 4, foHE &3 32 5. 15MW ZBHIA 47 e

2014. 12 Vol.10, No.4 | 11



20, 17mjo]ar

AAGA9} S22 717} 30m, 0,405m’/s0]T},

4, 2X|}% 2}

4.1 71424 Ay

NIN'
:|o

b B4 T9 603 2ol ARF F(a=1070l4E
Y T JSEY gast AT W HHLE 4F
0% TUst 2 WO AT FHHT, T 6(F 2
o] THF(a=18,5) A ik vie) o] HaIFTH Y
A Hoj2w ek, et A BRHIN f3) S
o] AYP4E SYTE Fu 2L Au

42 YR A dY 27 $5

A AHNy=44.5) 0| A 9] 3 HAgof et

(1) «=10.0° (2) a=14.4° (3) =18.5°

38 6. 7IEHAHN:=49.5) B E7 RS

fogritude (/)

Voo (m/s) Vel ver
. 00 P s . 00 P 5 fe 00 p) 5
m [ |

(1) «=10.0° (2) a=14.4° (3) a=18.5°

A ST AE HojFa glon], AR a=10°)9]A]
+ 28 T2 o] | et 22 e M3lF7t FAE,
AAte] whE feF F7F AR Qs AA7EeA 2ok A
3159 F=7t oFsfAA £ A7) Hashe, T 7(3)
T o] G (a=18.5°) o A= T 9] AT} whejel wWaF
o A3|F7t FAEY, At WE 7% 57k 4471E
Uzl Bt AgEo] Jrsl ZeAs SYTE BEHoA 9]
£49 27]E SR,

4.3 AN dY 27 ¥

[
o,
oo
rlo

N

YA AL Nu=54. 501K 2] §2F 187 uf}
1% S 2312 ol 0w, 18 80) m o] 4
$% Qo(a=10°)0] N drie} 2 rre] 48R B4
E, AdAo] 2§ e Gike 4A71E0H) 4
T} 55 ZE7 Aol EHRE FuoAo] &0l
27 e, 19 8(9)7 2] 36 delold Sl &
7¥erol wek AuAjol 7]ela $7 7t Rato] s @ 9
A o] M550 2wt ok HA EYLE FHolxe)
NS §o 270 e} g,

(1) a=10.0°

(2) a=14.8° (3) a=18.5°

8! 7. a4xHNy(=44.5) Bl &7 /S

12 | AxHofAX|

J3 8. X:RHNK=54.5) Bl £ /S




Ao A sUE2 FFe] Wetol #A Gl AT e
AR -/F—%P‘?ﬂ%i’—] ZFES Cone Left FojlA] 1,78%0]
o, LAY Fup4t oF 0,25(f/n) 2 UET $9uE 2
ot Zﬂr*t AT Ane} dxshe ATE BT},

5.0 TR 24 95

g Aol °‘:rL°ﬂ/\1—4 TUUES o] He 471"‘”0]
AHE S AR U —4 Z|h gk Cone Left o
A 2 03%0]“1 FueE 0.25(f/n) 2 Yebgt, J471EY

et ool S1LR, A B9 0

Amplitude

frecency[%] Hnom

F717t mRHAIA 2xte] 29 B0 0ll= T

Y9 Z7to] 71918l Aoz wotEc)

5.3 AUAAN 49 95

Sol vt 23 ol 9lonl o 0 236) ko
0,394 (4 24 2) oF 55m)ol4 22t FHolgr KoL o

5 3ES A3, 27}l Aol
A AT SUNEE AR G SR, SAE] Ao
XS Cone Upstream F-0J| 4] 1,14%0|H, FFak= 0,25(f/n)
2 Ukt 9AHT, 71Z9A9) vwalel Ao SeulE
o] gro] gastet, ol HAk Hae] thE oy A<
o] 71908 Ao wetE)

5.4 7]

>
d

d 23}

9 195 Sobmzo] HjE Uehdd &4 A A (Ny=48 1,
Qu=0.32)0A 27|62 WA 71HA APt Z7]AE
2s EOV"’ Qlom 2z F7]83F 5%0A s 2

’

I

[

2
D— Zo| FA3] Fastgon, o]F F7FS ZAAE A9
=H=2.Cone Upstream__ . “
e w3, Cone Right O]X‘]—d}'}” ‘ITX]E] 7/i = 1’]'E}_1}d:—9-tq, _/’E(?:]—lgl'l%‘,] Z:I]——/-‘Y\—‘C
: S et F7lol ofg el 2930 HBEE o] 71UT AL
2 B Ho) o] e Cone Left 2|7 0)A
M £ AuE ol F718F 5%0lA 1.55%0141 0.21% H=7HA]
" oF 86%7} ZHAEIQITE 13 13 B0 B 3} 58]
ariims/sl WIS HojEl 9o, S} 680 BV 2l et
8! 9. AT |IEAHN.1=49.5)0A £ U=
Amplitude Amplitude o
frecency[%] Hmax frecency[%] Hmin

2.5

w1 Upstream
w=fi=2.Cone Upstream
==l==3.Cone Right
===/ Cone Downstream
=¥=5_Cone Left

2

1.5

1

0.5

0 0.2 0.4 0.6 0.8
Q11[m3/s]

15
w1, Upstream

={ll=2.Cone Upstream
=== 3.Cone Right
w4, Cone Downstream
==¥e=5_.Cone Left

0.5

Q11[m3/s]

8! 10. A TRHNG=48.1) 0 22 WS

38 1, FHE|KRHNG=53.0)0M ¢} WS

2014. 12 Vol.10, No.4 |13



Amplitude Amplitude

frecency[%] Air Injection Hmax frecency[%] Shaft Torque Fluctuation
2
e 1. Upstream 0014 A === H max
s =jll=2.Cone Upstream 0.012 ‘ wfil=H nom
’ =3, Cone Right 0.01 \ aiy=H min
=== 4.Cone Downstream 0.008
1 ==l 5. Cone Left 0.006
os § 0.004
4 ~ 0.002
0 0
0 0.1 0.2 03 0.4 0 0.2 0.4 0.6 0.8
Qs/Qnom[-] Ql1[m3/s]
28 12. 0] mE Sots W 2% 14, SN 2 552 U
Efficiency[% . e
vI%] Efficiency 6. ja:l E
0.875
\
0.87 -
- — s -
\ =33 15MW ZeA| A pAE o= MEA AAR
0.865

0.86 \_\ e
0.855 29
o

535to] %ﬂﬂ T WA 7HHA 55
ke qs

stol 17} 25

oft o

Y

0 0.1 0.2 03 0.4
Qs/Qnom[-]

0.85

22 13, 271920 TE 43S WY 1) ZFA| A ELE FROIAY S A Y 43
<l

o] Mot I Ay S0 Ao A 2eI WY 7]

Gas ehith SR8 TeR 449 A48 T e e, i, A e

5% AER GA|3t0] BRI oF 2= olth 27] A 2qluE S27F 9y SR e, fg, adAeA=
- : : 2o wpon Wi,

o) 2ugiol AL 2915 AlHolAg] 2ouE 2

YEpe pashe Auoido] Het SuAYol cha gy 2 e i WA I 98 S el =

o t2 Aoz gherEc o ehut ghgo] e RS Boli glon Quol o

0,324 E(4 A5 oF 5% HAB=0) of 1/4 %
w2 Foghe Bolm WAt AY4E 1 gho] Axch
3) Seruise] Hoh WAL EEE Foolq 24w

e Pe) ARF GoolA Belx 2oy o} =

R
-

7Y 14k 7 IR §3F Mol mE SEEY uE S
_ e HIE FH e Agshs ByelAe) o4 B8] 4
2 o] Zrh AR WG A5 Holal glon fafe] 5
e : o QuFo] GRS T A0 HerEn, ofof Tt 2
BAFSE F5Y WES F/KI ABERY 559 ) e s
Q3
W U1 AY Leole] HgaH Seke] WEot 2 0 smold S el a5 has
D Az F718%, 5904 ST AFo| FA3| gas
A]o] A g HA7]e] WEe] U0 UelA gl e e
_ _ : . 0w, o|F F71%S Z7HIAR A Qe 445
W, 0] FATHE 1 G 27 A4H A0 B o B8 g mel 2 ol A8kl 5
i AFAAE 25 wEe Hrjgk] HALAAHAA TS o S I AR
sk
2529) o 0.01% JERA v 2L Zh WolHR 7 = AR
o APL % AW Ao BEEr

14 | Aol X|



—

71T “0MW F o4 A& Zeap

L.
A7) A 9 AF Ao R SaE sy

References

[11 S. C. Li, 2000, “Cavitation of Hydraulic Machinery”,
University of Warwick, U. K.

[2] Papillon, B., Kirejczyk J., and Sabourn, M., 2000,
“Atmospheric air admission in htdro turbines”, Proceedings
of the Hydrovision, Charlotte, North Carolina, USA, 8—11
August, paper no. 3C.

[38] Romeo S. R, Thi C. VU S.M., Garbiel D. C., Bernd N.,
“Jet Control of the Draft Tube Vortex Rope in Francis
Turbines at Partial Discharge”, 2006, 23" IAHR.

[4] Fernando C. G., Carlos A. M. V., “Experimental analysis
of the vibration on the draft tube of a Francis hydraulic
turbine during operation at different power levels”, 2010,
Rev. Fac. Ing. Univ. Antioquia N. ° 55 PP. 90—98.

F717t mRHAIA 2xte] 29 B0 0ll= T

[5] Qian Z. D., Li W, Huai W. X., Wu Y. L., “The effect of
runner cone design on pressure oscillation characteristics
in a Francis hydraulic turbine”, Proc. IMechE Vol. 226
Part A, j. Power and Energy.

[6] Qian, Z. D., Yang, J. D., and Huai, W. X., “Numerical
simulation and analysis of pressure pulsation in Francis
hydraulic turbine with gas admission”, 2007, J. Hrdrodyn.
Ser B, 19(4), 467—-472.

[7]1 Wang, F., Liao, C., and Tang, X., “Numerical Simulation
of Pressure Fluctuations in a Large Francis Turbine Runner”,
2012, Chinese Journal of Mechanical Engineering, Vol.
25.

[8] Rammohan S., Manikandan S., Saseedran S., “On Site
Pressure Pulse Measurement of Hydraulic Machine”, 2010,
IGHEM, Oct. 21-23, AHEC, IIT Brookee, India.

[9] Albert R., Thomas H., Thomas A., Thomas S., “Simulation
of vortex rope in a turbine draft tube”, 2002, Proceedings
of the Hydraulic Machinery and Systems 21%' IAHR
Symposium, Lausanne.

[10] Xiao R., Wang Z., Luo Y., “Dynamic stresses in a Francis
turbine based on fluids—structure interaction analysis”,
2008, Tsinghua science and technology ISSN 1007-0214
02/25 PP 587-592 Vol. 13.

Hes

19843 FAldjsh G4 w3kt ot
5 At FeHAL

2003yl FAkdistal 7]
stal 71A1 58t Fshabat

7
20099 AAhsta 7

A A (G YA A

(E-mail : jeonyh@khnp, co, kr)

ut A

=
==

s =)

f

. 20079l ST EHE 371 A AR Fokt

A7 =g d= () FYaT g
(E-mail : pureysh@khnp,co kr)

s

£

ek

A
T

W BESRUAYE) FUAFY TR
(E-mail : hansu@khnp,co, kr)

=13

-
| J-l‘

(=]

=
=

-~

19964 Fotefak 71 Agatat Faht
199840 Solefota 7)Aokt Fehat

v &
5 ol 2007 Ohio State University 339558k}
dAdh
)

) RGN FUATY MYATY
(E-mail : jungwan, park@khnp,co kr)

2014. 12 Vol.10, No.4 | 15




<<
  /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


