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The Effect of Roughness inside the Circular Part of Fan—Shaped
Film Cooling Hole on the Change in Film Cooling Effectiveness

Min Seok Kang’, Yu Jin Song’, Jae Su Kwak'
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ABSTRACT

An experimental study on the effect of surface roughness inside a fan-shaped film cooling hole on the film cooling
performance was conducted. The inside roughness was modeled using a groove pattern and the test plate with film cooling hole
was manufactured by an additive manufacturing technique. The film cooling effectiveness was measured using the pressure
sensitive paint technique. Considered hole was a fan-shaped film cooling hole with the diameter of 4.5 mm, the forward
expansion angle of 3.54 degrees, the lateral expansion angle of 12.64 degrees, and the injection angle of 30 degrees. The
density ratio was 1.5 and the blowing ratio was ranged from 0.5 to 2.0. Tests were conducted in a low speed wind tunnel,
and the mainstream speed was 20 m/s and the turbulence intensity was measured to be 4 %. The experimental results showed
that the best film cooling effectiveness was achieved when the groove pattern was not applied inside the film cooling hole.
If the blowing ratio was 1.0 or higher, the closely distributed groove cases showed higher film cooling effectiveness near the
hole exit. When the blowing ratio was 1.5 or less, the sparsely distributed grooves resulted in higher film cooling effectiveness

in the downstream region.

.M E whazt Fo) W7 Asol viAle 93E ATsiges
Saumweber 9L 2 o= s 7lro] agko| gt o 1LE
ZhE BNl QT SE(TIT) 7L AMsdtol whet 7hAEN 288k}t Goldstein 598 =9 = 0] AA 23} Wzt 9
o] 1e REo FpAE ARAtE YH F/BET vk ¥ o Wwulsl @ 4 why7E Bo) W7k Ao] 2 RS £
2 gisks 7HAEN FEO] uhd W S TS of7|stE L A9 3915191, Chen =60 17} oxo] BEapulel 1l
2 o|2 wx3hy] Y3 thokst Wz 7]sSo] AAELt  wmuh|o] dsko] tiste] AFA oz HASIATE Lee SO0
uhZ e Al o) W2k /Mow el elAgl g Ak uhiz Bl UiRel Fule] $5S slHoR AT
oul, go]= Fule] Y2k fAE BAste] 1L ATt ST, §F F4S RG] 4R Aek wualct
ARRE 7hAEH] 1L BES HEF) Y Olof| 4] oIt vlel Zro] o uhzk LS o] o4
P aEe et 2 A TRt 2E 2l g AAEe] thakst oA Y E Fle Ao Ay
P o, 53] whyz & Ao 2 JFS Wtk w2 A8k, oleet 2RSS v o R shof A4 7hA
2P, Z2E e BRI sz 45 YA 9 el whiZt F1e A8 S8 Uz 3L HY 2
% ofe] QA7) vhazt mgol wlAks ARl oiE ST Fel Agab] Sl B 1S 9 chakt A% 3A
A7} AHELE Gritsch 57L& 20% Aol W P4 ko] gist A7l WHEQT, T UEo] A2y Wi}
* Stralaista a5 2 7| A58 (Korea Aerospace University, School of Aerospace and Mechanical Engineering)

T WAIA A}, E-mail : jskwak@kau, ac, kr

The KSFM Journal of Fluid Machinery: Vol. 25, No. 6, December 2022, pp.5~10(Received 20 Oct. 2022; revised 16 Nov. 2022; accepted for publication 21 Nov. 2022)
SRRV HER] =28 H253, M6S, pp.5~10, 2022(=28 =Xk 2022.10.20, =248 LUXE: 2022.11.16, AARASLUXL: 2022.11.21) 5



Yzt mgel ¥ A A st
Zhang 57 Tzt & Az T ??l ‘E = leﬁﬁ}

3}o15}99t}l, Schroeder S92 CNC(Computer Numeric
Control) 7159 o] &£xE X4ste Zg2Agd
(polystyrene) 29| M F4 whdzt o W7 AZV|E
AASFRAIL, ARZ7Y 245 Pzt ago] fgasks As
AdH o=z gRlIskTh

2 aToAt @ W Bz 3 e AL Wt
ool mAe e 8] sk =
ol == A 23 A P4
ot AlE A|HE SLA(Stereolithography) ZZA|ZHMA] S
2 Asigton, izt & 712 Al BAlshe & vl )

153

A71E mAksl] 13 Bz 2] AR U o))
IRHE HgSgn, IRHe fReh TR R 21 W
B8 ol W B4 Uhyz BO) W2 A e AgAe
2 elshlc.

2. M8 0|2 W MY HR|

2.1 &2

ook
0

x|

Fig. 12 Ad A9 7jgreo|rt, CCD 7HH|2HPCO
edge)?} 400 nmo] A HIE3H= 3 /51‘ LED(ISSI)E At
goto] A skt 2 AES Xgstrol oA A
&5 (Dantec) & A& 759 7 l 271& 74319
T} F685 &% 20 m/s 2ANA UE JEl ok 4 %, A
% A= o 6 mmE ASEUY (Fig. 2). oMElaas
B7F GA= ARgste] W2k §A419) DEnl(n/p,) 1.6 2
AR, A ((pu,)/ (pey,,)) 0.5, 1,0, 1.5, 2.0 27
oA AES st W7t =& Sl BAtEE 719t
ojAtgeta: 5O W7 fAl fS A fiske] AAHA
A=F 5 Alo]7](FMA-2600A)E AM§-3F9ATE,

Fig. 32 W 4 izt 23 W 4 gzt 29
Fol 1FHE A8t AlHe] AFwolrt A
22 A%(D) 4.5 mm, YAHHa) 30 °, FFF2] 2
o] dou|(z/D)= 20w, eF 2 74(6 ) 12,64 °
WEF SA7H(B,,,)2 8,54 o[tk (¥ UF R jro] AR

ZB 0] Zo|(d)E 0.6 mmE 1A & 1FHO| 714
(p)= 0.6 mm {FA 02 AT, Aol 8% 1FH
PO MR AFF Table 13} Fig, 4ol Uehf gl

O
Z:
ot o
=
NN N oS e
fr o o N oft

CCD Camera

AIR

co2

Fig. 1 Schematic of test section

7 Turbulence Intensity : 4% | Boundary layer thickness : 6mm | |

| |_Boundary fayer thickness : bmm.
404 o 40 .
30 + 30

. £

[ £
24 . >

1
104 ‘,\ 104

‘\

4| =
4 il 12 1 1“1 1 17 19 X 2 2
Ti(%) VELO(m's)

Fig. 2 Boundary condition of mainstream

a) Experimental OPT hole

b) Smooth hole

c) Groove pattern hole

Fig. 3 Schematic of fan—shaped hole

=R AR

=28 253, M6, 2022



T OEA o2t S0 AR R ATl ezt 28 #stol Dl ¥
Table 1 Design variables of fan—shaped hole Table 2 Image collecting conditions
Parameter d(mm) p(mm) Lroug/D Images LED Light Wind Tunnel Coolant

Ref 0 0 0 Black OFF OFF OFF

Casel 0.6 0.6 2 Ref ON OFF OFF

Case2 0.6 1.2 2 Air ON ON AIR

Case3 0.6 1.8 2 Foreign Gas ON ON Foreign Gas
g AR Bol7b] $15te] 600 nm sbgrhe] We b
L 542 sHAth o]k Abdo] MHgHe PSPO| MEA}

57 SEAl 2= o] 7] WiZelH, pspe| WAt
7F HhARSHE Wlo] bl O] AkA o] whagdic)

PSP7} WAKShE Y] Fieg o] 8sto] EHe| 4l Fi=
= Foto] ®He ¢
o= gHike 4= Qlrt. oA l*—l (1> = *PA et EH o
FE 28-S vk Ao, r= AY, = 25k, I= PSP
of g =g Auiddth A 0,9} refe A7 Ak}
FEol ¢lE we] AEE Anidteh A ()& vl
2o RS S-S & 4 don, B ddE s

< REF >

o2 tu=a 2 T AMA— o Eu=s U
WA A AT FUT 2= 24 9] PSP A AHS
sttt

ol ZdH vl Fe on|
< casel > A& ARgSt whyzt 582 ALt o]F7| A (foregion
gas)= ATV 2R R] ok 7A|(2 Al olA= olAlEte
2E 94‘3]3”/} %7‘ %iﬂi Abael o] F71AE 4 B
AL (DT B ARgste] 2t
—E‘?:]"% Tekar, ZF oA 9] Aba F9F

szt BEE AR ck A

Table 2] LelH Zkz}o

< case2 >

P (Poz) )
‘Pref (‘POZ)ref
Iref Iref :
=AD+BD| 7 [FAD| =75 +eee e
GG, Py~ ()
n= C = (P ) (2)
< case3 > Osi O, air
G 1
=1-—2t=1-
Fig. 4 Detail view of groove pattern Q’;W [(Paz)air _IJ Prg 4
(POZ)f Pair
2.2 PSP(Pressure Sensitive Paint) 7| ()t = [m s )2+ on Ulfg )2 ( M Orres
61@” V]v;mage \% zmage Tef V]v;mage
2
B Aola mael B2 A 71 Fo] st ole o ( o A( r ))
a5t oly, /N, mage aP/‘Pref Py
[e)

72|91 E (Pressure Sensitive Paint, PSP)7|¥<& A
o WYzt § 88 =AYt PSP= X 2AME dhalRk
pEr-y
E

o JAL AF gl al
S B AR A S, A es el dst

S=EFAIIASE =28

M253, Mes, 2022 7



S o HAYsH= A E8 = (Uncertainty) ol st 945
Aslgict, 2 Ao A= PSP7L HARSHS Hlo] 74wt ¢F
g 34 AlAo Egtes e BAA (9)F ol8ste] |
W7k ago] Bges Altsiglen, 1=0.8 4 i} 4=0.3
A wjo] B3 247t 1.38 %2} 4.05 %= AXFEQICH

Fig, 5= W g4 1hyzr 20| g J7HE g3t
FAro diste] shte] WnH|(1.5
(0.5, 1.0, 1.5, 2.0) ZiHOM 3&

ok

7t &9 2}1
U RN E °F71HE¥ 0 B} 28wl Yz &
dgo] F7bsle etz -5 vhe] Yoz @

| Y2t fA19) Ff(ift—off) @7

A2 of7]ste] w2 w7t a8 Fxrh vepdt), A

Zog HAl7l 3 wl= YWz §419) mulgo] h4stol]

Z

4 %

A9l

\=' Q
1__‘—:'_/\0

¢}

FHET B AT web okf delom 148
B2 GAE Rl ofs) BarEo] e szt A g B
7} Uperdt

Fig. 62 Y7 5& 34 Qelon 3o S7RE &
A 55 Hﬁz} Zolul(x/D) = 0~30, EAZ ] 2

Fig. 72 fw Pyt 53 3 o] AA7)E wajl
o n|R|= FES AIgFHoz
‘% ezt ursko g
& ESTEFE X/D=3071A
2 O8H7F AGEA| o2 3
EPSEA|EE, Fig, 8 b), c), d) “Lej
Ho ]/\1 a2r7L A8y FAko] uhyz)
gelskeint. 3L, Fig. 8 a), b), ) L
IR Ao Qg uhYZt B

i s
T
_lZi
|o

/D@ 2EH
Fome szt Aol 7 el AL sl 8

F 9H@TX/DB0) oA e 2FHY ZHA o] We4E uhy
7} Eel =74 vt 2 gelsieict

T 7 F2olA BARIZE 0.5 w2 fA19 2l
Blo] Ao g Lo} 12 H o] ko] uju|atdA|ul, EAF
H|7} 1.0 oY wje 2B 71A0] HLE4E =0 uhy

2 Ego| BEHYIT}, ol TN o] FL4E 1T
o} Yz 4219 A5 2-go) F7Fste] W e e
R B S, oli W) T EF RN W
Ae) BHato] A4 uhyst Fge] F7lsHs Jo R WekEr,

n
005 02 035 05 065 08 095

0 ] 10 1: 20 2 - 0 10 1! 20 5 "
X/D XD
M=0.5 M=1.0

S/ID

1 1 2 5
XD

M=2.0

a) Ref

D % n
- i 10 1 20 2 - 0 10 1! 20 25
XD XD
M=0.5 M=1.0
Dm g u%
- i 1 1 2 2t - 10 1 2 25
XD XD
M=1.5 M=2.0
b) Casel (d=0.6,p=0.6)
Dw % n
- o N 1 1 2 - 0 10 1! 20 t- 3
XD XD
M=0.5 M=1.0
ﬁ %
M=1.5

c) Casel (d=0.6 p—1.2)

S/ID

S/ID

S/ID

S/ID

(%D gu%
1 1 2! -} 1! 5
X/D XiD
M=0.5 M=1.0

S/ID

M 1.5 M= 2.0

d) Casel (d=0.6,p=1.8)

Fig. 5 Distribution of film cooling effectiveness

30D

1
X/D

Fig. 6 Region of film cooling effectiveness measurement

84S T el TN Qg Wt A9 Shitol 2
ashi BAL & 30 vhep B7kK W7 §A7t 2
Zrjo] AHOE o Bzt BES Mol AoE Bl
A},

=SS =28

D MI253, M6z, 2022



045
Groove Pattern_M = 0.5
0.40 - REF
+  CASE1(p=0.6mm)
et - CASE2(p=1.2mm)
0304y, « CASE3(p=1.8mm)
.II

3025" "an
8 1
®0.20 4 l.:

L B
0.15 4 g,
.fi!t;;;.__
0.10 4 Tretiniiigre.... .
""" B
0.05 Hiilg
Om T T T T T
0 5 10 15 20 25 30
X
a) M=0.5
0.45
Groove Pattern_M = 1.0
040 + REF
y - CASE1(p=0.6mm)
03511, + CASE2(p=1.2mm)
i _
0.30 "; +« - CASE3(p=1.8mm)
025+

o
®0.20

=
0.15 4
0.10 4
0.05 4
0.00 . - ; ;

0 5 10 15 20 25 30
XD
b) M=1.0
045
Groove Pattern_M = 1.5
040 » REF
L +  CASE1(p=0.6mm)
“5"-:! « CASE2(p=1.2mm)
0.30 4 '_':.. +« CASE3(p=1.8mm)
A

70251 “Hit...

5 teiss
0.20 .

0.15 o
0.10 4
0.05 4
0.00 - T . T N
i} 5 10 15 20 25 30
XD
¢ M=15

045

Groove Pattern_M = 2.0
040 - REF

«  CASE1(p=0.6mm)
e \ «— CASE2(p=1.2mm)
0:m_._l} + CASE3(p=1.8mm)

I..

025+ ‘—,..ff:!f!y;,"_

o]

5 R i ee
0154 tergglt
0.10 4
0.05
Om T T T T T

0 5 10 15 20 25 30
XD
d) M=2.0

Fig. 7 Lateral averaged film cooling effectiveness

S=ERHMDIHSE =28 M25d, Me=, 2022

0.

0.

T‘loverall

0.
0.

0.

§ gus) oYzt & S70Ae] BRHQl 3
7 [e)

0.

do
24 Hu
1o |z
o
{ oo
o ok
. 2
£ 5%
2
ooﬁili
b ox
I =
¥Q (R o
oo
8
s E
2 Ho
o

25

=<1 -
5 o ////? —m
15 /////

10
Groove Pattern

—=— REF

054 —=— CASE1(p=0.6mm)
—=— CASE2(p=1.2mm)
0 —=— CASE3(p=1.8mm)

T T
0.0 0.5 1.0 1.5 20 25
M

Fig. 8 Area averaged film cooling effectiveness

A
ox
of
12
2
__)&4
uj
ol
£l
et
re
iy
> o
N

.

g}
o
N
&
o
g
e o
I St
L'y
H
R i
& jﬁ
o
)
i >
S
: 2
£z
NS
Tﬂ
fllo
il

2 2
rﬂi

. Mo
©
N
o
i

f
o

1 JE‘ l:ot’
;
o

N

N

o

1o g

o I

ot H
e I

=2

>~
o oo

£ r i
o i oof > o

=
N

b
2,

[‘_.>"-" ot
l
2
ol
o)

J

of W uhdzt B Hol ZOE W

2
|

2

¥ROE 1 ofh of
e o 4o

2)

3)

o s & R A7)}

ol
i

2

(m

Aol A= A 7RER FEol 2f
g
dolE7] s e e} H 7
285 Al 7] @Al 1REe}
AFstRe WY 58 =
ARESHAAL, ofefiel 22

{

ok
S
Ho i
filo
N
o

=
2
>

T

|=}
N

_I
J

o
o,
)
N
ot
10

= g
O:
B
O oo O o rfr wt

o [-
o
("]
o)
L

il
ot
iy

~{
]
11

jid
1§
-

o
=

LN
o

N
>~

o
My d

N
ik i
o

o] 5l o R o ye whyzt

ol WAYsH= Aotk

H Aol TAQlo] 212 H ) HLE|R] oke Aol uf
7t agol 7P w7 SR = o= <lsto] W
ozt ZojlA & Wi AL ezt a8S

A7) A FAskh

ST F0X/D)oNA &EAM]ZE 1.0 o] o,

o

10| 7H0] £I4F £ thyz ko] B

.

ox of
ot

N
A

Mo o
1o

-
-
1=]

I

©



4) 3%

A0 olel AT EA T U 1REE ¢
Heol mule Ws} szl M) vzt &

Pl a2 AU

ftfo r__

Agiolct

t
e

T ARSI LR (MOTIE) @t gkl 2] 7]4%

7}FU(KETEP) 2] A Y(THA] 3 20193310100050)T}F 2022

= AR(ER) o APor Aol A (THA H
2022R1A6A1A03056784)2 Hro} 43 %] l5U ),

r*° r

=]
3
References

Goldstein, R. J., 1971, “Film Cooling,” Advances in Heat
Transfer, Vol. 7, pp. 321~379.

Gritsch, M., Schulz, A., Wittig, S., 1998, “Adiabatic Wall
Effectiveness Measurements of Film—Cooling Holes With
Expanded Exits,” ASME Journal of Turbomachinery, Vol.
120, NO. 3, pp. 549~556.

Saumweber, C., Schulz, A., Wittig, S., 2003, “Free=Stream
Turbulence Effects on Film Cooling With Shaped Holes,”
ASME Journal of Turbomachinery, Vol. 125, NO. 1, pp.
65~73.

Goldstein, R. J., Eckert, E. R. G., Burggraf, F,
“Effects  of  hole density
three~dimensional film cooling,” International Journal of
Heat and Mass Transfer, Vol. 17, NO. 5, pp. 595~607.
Chen, A. F, Li, S. ], Han, J. C, 2015, “Film Cooling
for Cylindrical and Fan—Shaped Holes Using Pressure—
Sensitive Paint Measurement Technique,” Journal —of
Thermophysics and Heat Transfer(JTHT), Vol. 29, NO.
4, pp. T75~784.

Lee, K. D, Kim, K Y,

2

©)

@ 1974,

geometry  and on

®

©) 2011, “Surrogate based

a for

of laidback  fan—shaped  hole
film—cooling,” International Journal of Heat and Fluid
Flow, Vol. 32, NO. 1, pp. 226~238.

Zhang, Y., Xu, Z, Zhu, D.,, Qu, N.,, Zhu, Y., 2016,
“Drilling of film cooling holes by a EDM/ECM in situ

combined process using internal and side flushing of

optimization

™

tubular electrode,” The International Journal of Advanced
Manufacturing Technology, Vol. 83, pp. 505~517.

Park, S. H., Kwak, J. S., Kang, Y. S., 2020, “The Fffect
of Roughness Distribution inside Cylindrical Hole on Film
Cooling  Effectiveness,” The KSFM Journal of Fluid
Machinery, Vol. 23 pp 30~34.

Schroeder, R. P., Thole, K. A., 2017, “Effect of In—Hole
Roughness on Film Cooling From a Shaped Hole,” ASME
Jounal of Turbomachinery, Vol. 139, Paper NO. TURBO
16-1195.

Park. S. H.,, Kang, Y. J., Seo, H. J., Kwak, J. S., Kang,
Y. S., 2019, “Experimental optimization of a fan—shaped

®

©

(10)

film cooling hole with 30 degrees—injection angle and
6-hole length—to—diameter ratio,” International Journal of
Heat and Mass Transfer, Vol. 144, Paper NO. 118652.
Han, J. C, Rallabandi, A. P., 2010, “Turbine Blade Film
Cooling Using PSP Technique,” Frontiers in Heat and
Mass Transfer(FHMT), 1-013001.7
(12) Song, Y. J., Park, S. H., Kang, Y. J., Kwak, J. S., 2021,
“Bffects of trench configuration on the film cooling

(1D

effectiveness of a fan—shaped hole,” International Journal
of Heat and Mass Transfer, Vol. 178, Paper No. 121655.
(13) Park, S. S., Kim, Y. J., Kwak, J. S., 2017, “Film—Cooling
of Antivortex Holes at Three Different
Mainstream Turbulence Levels,” Journal of Propulsion and
Power, Vol. 33, No. 6, pp. 1561-1569.
(14) Seo, H. ], Kang, Y. J., Lee, H. C., Kwak, J. S., Park, J.
S., Lee, K. D., 2019, “Optimization of the configuration
of the laidback fan—shaped film cooling hole with a
Applied Thermal

Effectiveness

lateral expansion angle of 10 degrees,”
Engineering, Vol. 153, pp. 379-389.

(15) Johnson, B., Hu, H. 2016, “Measurement Uncertainty
Analysis Film  Cooling
Effectiveness by Using Pressure Sensitive Paint Technique,”
ASME Journal of Turbomachinery, Vol. 138, Paper No.
121004.

(16) Saumweber, C., Schulz, A., 2008, “Free—stream effects on
the cooling performance of cylindrical and fan— shaped

ASME Paper, GT2008-51030.

in  Determining  Adiabatic

cooling holes,”

(=P~

(=}

S=ERHMDIHEE =28 253, H6S, 2022




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




