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SiO; Nanofluids under Laminar Flow Conditions

Hyun-Ah Park”, Ji-Hyun Park”’, Rag-Gyo Jeong', Seok-Won Kang"*
]Metmpolitan Transportation Research Center, Korea Railroad Research Institute
2Depmtment of Energy and Environmental Engineering, University of Science & Technology
*School of Chemical Engineering, Sungkyunkwan University

R o ¥ AToIAE MHozRH #UT I & 2N hef A FHAE @ UF Ga Pt Bzl
FET W SRS hedd AFS] Gl thE AR L 4 AT thaiA =gk S0, hefAle] B4 daE
S 2Eolelz 98 #(de] 1m L A% 175 mm)e) SIWe] $3E T A0S Beste] Z4ekelr) A9l A8
he Al 270] 24 nm) 9] Si0; the YRS 2ol BAAA Az U A9 49 SAREE, A
7.9 %2 F7he NERAF, 2E5 et 2 FEIA HE L Wk 4] nagtoms Fasii. A
B, SAA Asl A Ao RRE WA Aol WAA R, ol £ Helo] |EA 0 A%AIe %
QPgE Fzol= ool the G Xaek HEEAO 792 F7) o R, olol e, A EWoIA Lhe
QAs vy 7 BEAG(e: kgl ngE Bl o HASA Nsleh 2o Ak Al Ao waE e
detel, thefAle] 55 2% AAFE B89 TIPS Fasio

Abstract The effect of the migration of nanoparticles near the wall of a channel on the convective heat transfer in
a laminar flow of SiO, nanoparticle suspensions (nanofluids) under constant wall heat flux boundary conditions was
numerically and experimentally investigated in this study. The dynamic thermal conductivity of the aqueous SiO»
nanofluids was measured using T-type thermocouples attached to the outer surface of a stainless steel circular tube
(with a length of / m and diameter of /.75 mm). The nanofluids used in this study were synthesized by dispersing
SiO; spherical nanoparticles with a diameter of 24 nm in de-ionized water (DIW). The enhancement of the thermal
conductivity of the nanofluids (e.g., an increase of up to 7.9 %) was demonstrated by comparing the temperature
profiles in the flow of the nanofluids with that in the flow of the basefluids (i.e., DIW). However, this trend was
not demonstrated in the computational analysis, because the numerical models were based on continuum assumptions
and flow features involving nanoparticles in a stable colloidal solution. Thus, to explore the non-continuum effects,
such as the modification of the morphology caused by nanoparticle-wall interactions on the heat exchanging surfaces
(e.g., the isolated and dispersed precipitation of the nanoparticles), additional experiments were performed using DIW
right after the measurements using the nanofluids.
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Fig. 2. DLS analysis results for 7 vol. % SiO, nanofluids
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Table 1. Experimental conditions for measurements of
dynamic thermal conductivity

Fluids Flow rate Heat flux
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w

wx N
o
W
[
02
MHI
ol

I=(Measurement uncertainty)

40 Ao 7 1 ¢

o]
fru
J

Ho
oft
:>|4:"4
i)

(e}
Lg
N

of
o

S
e
o
)

ul

o [
off
)
o2
o
o
rO
lo,
o2

o 1
1

£ 1o

NP o o ox
to 2 X
o
offt ot I py
B
Eﬁf 3o ol
k1
H o
2
[

ot

N

McClintoc
. HEFAew
A= ATH11].

[

lo & o
o
1>

e
=

w8
=2,
k=)
O
ey}
S
—
[\)
N
T
m
S
2
2
_O|L
32

ok 2 12
Wy = (6(Tuut_]1m)w(Tout7]’m))
ok 2
Ham iy

M

3. &XIsiA

=
=fAE b=y PgE BAEA
el @ AR gt olel wh v fr Ao -
3 } 214 &E(Particle volume fraction)2] &
53], WX(Density, g, HI<E
(Specific heat, c,,)- oFellet o] EFE 72 (Mixture
rule)ol] 93l 13| ALt

Py = (1= d)ps+ dp, 3)
(pey),; = (L= 0)(pc,), + d(pc,), “

A71A, P& YA FIF5E[%], ot HAL nf=
A, 2 R, s UedAE 24 Yepdoh

Bgk Ve RS fE HA(Viscosity, 1) BHEE
(Thermal conductivity, k)= 22} Nielsenol <]3l #|<k
% Einstein ¥744]2] MR 9[9]3} Feng-Kleinstreuer(F-K)
Ld[14]2 &8ato] ARtEA F-K 2o e
L Eq. (6)7F #Zo] &3t 72 (Mixture rule)l 9]g+ 1
AR EGA 3 EFEAY SAEE (ki) B FHR
o7 Bikg egate] Hale o5l o3 nlo]aw
T3 (Micromixing) & ksrownian) S T/t T2 Tl
3 AxkALy dukA o w350 K olsle] 2ol A7
o] 20 ~ 50 nme] Wl A& FEAIEE ezt
5vol. % olste] wjg- W A FEF 7H Y frA 9

4
150 BEdo] = o= duelA k4]

A=
b (1—¢
Mg = uf(l + 1.5¢p)e(’)”( o) %)
knf = kstatic + kBrownian (6)
o17]A,

2k +2(k, —ky)o
kstatic_ kb+2kf_(kb_kf)¢ !




FEAS71E8 8] =g A AlTd A9E, 2016

C ) &(ﬁn}, 7“)

B
=4 _z
000G T (pey) ¢

K Brownian
A, dye hedAe] AAm], Te ANHTE &=
[C1E 27 JEdT

HAS Y3 AFLEE 5% Ade A nde A
Poll AFS-E A7)9F FLsHAl FAEHAeH, Ade o
HE FU3 A F25(Constant heat flux) F710] 285
QI &t AAZALE NAZXAY =Y DG4
T-(Mass flow inlet) 2 t7]9+ET(Pressure outlet) =71
o] A&F AUk

3.2 43184 e
TR S 98l & FAAE A
v16.00] AR&E AL, A2l (Governing
equations)< H| S (Incompressible), &7 =& 7|5k
O 3 ALY A s S18) okl Eq. (7)<
Eq. (8) 7] &3t

Fluent™

(v« V);:—%v;ﬁ%v?; )
(ve V)T=av?r ®)

A7NA, v féms), pi SHEPaS 27t el

TR S =ol7] flal DAl o7 H7]
A 74 B fFEAde] A9 2l
AE Oé’ﬂ%}(Conductlve heat transfer) 4
d o oadEskA F%a, WA fA4 o
(Convective heat transfer)“* ket a2
A Adabe Wi 25(T)ol7] wwell A3
Fobe] AHA9l vt Erbssith w4
ANE uleo 2 Fig, 69l Kol kel o] 1D A
1249 (Thermal-electrical analogy)< %38 2% ¥ <

LE(T)E Eq. 9)3 2ol oZ3k5ich

W
uf

|
il

rn Y2
M 12 o
e &

Sy,

i)
Y
N
Hroo%h oMy N pfl O po

(
==

" P T — T
ka%_%:% 9)
S

ky

o174, q" £ DfS(Heat flux, [Wim']), 5,5 A9
FAmIE 2H7 ekt

[ 100mm

(b)
Fig. 6. Detailed experimental apparatus:
(a) Schematic of electrical analogy for calculation
of one-dimensional heat transfer
(b) T-type thermocouple soldered on a tube that
has been uniformly coiled by electric
resistance wire
(c) Test section surrounded by thermal insulator
(i.e., polyethylene resin and spun ceramic fiber)

4, F=RIM/AE Aot 2 2M
41 ™ M =5 Hn}
Table 19] A&E Y&zt o] E7 dAEE =4
NEe ¥ 7HA(Z, 9.4 2 34.1 ki) B9 445 =
2ol daiA] et 1 A Mo FHerE o

gH o 26 T % 41 T2 AL o]0l Fig. 77}
o] F 2o A KD2-ProE #4310 Si0; LhefA
o} 7| EGA(DIW)] A4 4=

F-KEE[14]0] 9 Azt v
Abe ol 23k fAkgor, Ve Ko
I RE 7‘7401]"1 SiO,

ko
i
A
ox,
_0|L
b4t
H
o

ﬂ-"{ﬂ: 1

r B
A
Jo o o

ot
rO
=
32
=
R
=

Ak



i

T 234 Si0; W=RA tdiF Y Sl tE A+

B Static thermal conductivity
O F-K model

Thermal Conductivity Ratio, k /k

0.0

9.4 kW/m* (26 C) 34.1 kW/m* (41°C)
Temperature

Fig. 7. Comparison of static thermal conductivity values
at different temperatures (The subscripts nf and
bf refer to the nanofluid and the basefluid,
respectively.)

8o Kol uie} Zo] {A|7E ¢l wake AEl(Fully
developed flow)E UERNE XM= &7 7+ &
Aol F2(AA, T ddde] F4 dolE (=
A8, T,) F REAZE AAY A2 H3AE o] F A
"ok o] Fig. 89 Al@Ael® & e Qi

40
O DIW at 30ml/min, 9.4kW/nr’|
. o
S 35h o
=t o
= Outlet
e
28
<
3
o
5 3ot
=
Inlet
25 1 1 1 1
0 200 400 600 800 1000

Length, L(mm)

Fig. 8. Measured wall temperatures at 5 axial distances
(700, 800, and 900 mm), and the mean fluid
temperatures at inlet (x = 0 mm) and outlet (x
= 1,000 mm) of tube for DIW

i‘: i

- " H

S :

3 10 L

2

Z

g

=

o

s

O 08F

= = Static thermal conductivity

g ® Dynamic thermal conductivity at 30ml/min

= 4 Dynamic thermal conductivity at 35ml/min
v Dynamic thermal conductivity at 40ml/min

0.6

9.4 kW/m® 34.1 kW/m’

Heat Flux
Fig. 9. Comparison of static and dynamic thermal

conductivity ratio (knt'knr) between DIW and
SiO, nanofluids at different heat fluxes

Fig. 99l SiO, Wi=frAle] 44 Grrel 54 47
E% ZFHAE JERIQITE BE A 2244 544
AEE gho] AHEAEERT =4 24U o]&

<
o
S
&
g
a
<
@,
8
=,
&
=2,
1o
ol
rg
e o
o2
offt
IB
i
§
rir
o

&3} o] AelH),

v T
T

Vi==p (10)
1A,
B=0.26ky;/2 (ks + k)

vr1r=(1,-1T,)/(r,—r,)

rlo
ne
o
I
N
Y
N
X

= 1 kWYl A v e
EQ,]— -H%‘q %‘/1\3101]}\19/] —ﬁ—f(ﬂ,cq %E;‘(}.(é_’ Tw _ Tm)_g_
= & o f&dAe] . 2 Oyl ) =

1k
R

2 Aoz ZA4Et Lo w2 -5 gk Wge
i

EELEEEE S E REOEE
& AOR BUF = gk ol Wk Aol



FFAVE &8 =B AT A9B, 2016

F1
ry
B\
%
=

1.20 T

I High heat flux(34.1 kW/m’)
9 Low heat flux (9.4 kW/m’)

115 F

1.05

1.00 [

0.95

Thermal conductivity ratio, k, /k,

0.90

30 35 40
Flow rate, ml/min

Fig. 10. Dynamic thermal conductivity ratio (Kqni'kapr)
between DIW and SiO; nanofluids at different
heat fluxes

Fig. 102 B Algdz7edA ] Y9t DIW zF
AL el nluE vepdth 718 {§A(DIW) iy
s

%
7.9 %A e} AR S Helod TH =
=

a7, 2
A FEG41 kW/im') D FrEH40 mlmin) 214 % 7]
A HlE) GHEES] dsEe] Aastdh o] &
dol o 4% HEI}APY 2 SR QA L] B
Pk opje} Qae) P ¢80 e 24 PUE
o ASKFH, E FEWHE @ /M geloz AdEn

4.3 Y SX=Zo| £X[5H4 ZAnt

A, iAo ddd a3 38ly] Ao 4]
34 elle] Jeds ER18k] Adte] 7[EFAR] 2
ol sl FA & Faste] APAAe} Blastgict
Fig. 11(a)2] Z3h= Fig. 6(a)oll Yebd 1D G4 24
Holl o3t AtE 2E579 T4 dAER e ®, A

1.0 T T T

0.8 k

0.6} 1

"""""" Experiment at 9.4kW/m’

= Simulation at 9.4kW/m’
- Experiment at 34.1kW/m’] |
e Simulation at 34.1kW/m’

02

Dynamic Thermal Conductivity, W/m-K

005 30 35 40 45
Mass flow rate, ml/min
(a)
1.2
3 v
1.0 . ¥

0.8

e Dynamic thermal conductivity at 30ml/min
4 Dynamic thermal conductivity at 35ml/min
v Dynamic thermal conductivity at 40ml/min

Thermal Conductivity Ratio, k /k,

0.6
9.4 kW/m’ 34.1 kW/m’
Heat Flux
(b)

Fig. 11. Numerical predictions of dynamic thermal
conductivity values for DIW and SiO
nanofluids
(a) Comparison of dynamic thermal conductivity

values between experiments and simulations
for DIW
(b) Dynamic thermal conductivity enhancement
gk FAEAS BElA Si0, vefAle] THEH

ELg ARlate] Fig. 11(b)¥ 22 Z3ks A9dt) o,

tefrAle] D-EA43E Eq. (3) - (6)9] 21 o]&3lA

ArtE o, AR} Hdl 2 % Free] =R )

Aol gelEglt, o= A A Hr) 7.9 %ol w3

LA pA2, B SRS E A%A] 98 Ao

Aol wek GAke] ARl FEs MER 1A

7] WEow dddt. 5, ofs ¥ A w9

e Ale] ARE AR aef Al e A2 a4

Ll el SJeliAnt A Er]E ofel e, fre ol

A kel wAEel Sl A v wuste] 4%



i

T 234 Si0; W=RA tdiF Y Sl tE A+

0.

4.4 LHzQX-HD 7t 45X 2
5

AR &% Yol A eglate] Azl o3 dA 7|
f5

Of

o
—_ OX-u‘-t
o
N
2l
ol
o,
N
e
2
i
uf
iui
=

)
b
finc

S
;(], 7.]5 ExOo Al

g o

=
>

Kl

tgl

of Fehx HAE T FgAT ol o
AE S0, Yx=fAle] @ 4% 34 °|F DIWE ThA|
Z3S ) AALLEE Fig. 129} o] =48 Byt) F
Zo| M3 FHoM DIWY dALEE =43 uf
B} 2A7k0] =A(HY 43.6 %2 ) vgt) o=
WicfAe] a8l o Ad HwdAe] A 239

; ;
= —=— High heat flux (34.1 kW/m?)]
=3 P = Low heat flux (9.4 kW/m?)
_‘\4‘3 ' 4
s
s | I ]
s 14 ' S |
= e
b5 -
3 12}
=1 4
o
Q
= J
E 10} |
L
&=
E J
0.8 . . .
30 35 40

Flow Rate, ml/min

Fig. 12. Enhanced thermal performance in flow of
DIW (after experiments using nanofluids) at
different heat fluxes

Lull 5681321 712cts gursor. D.§DU kev
(b
Fig. 13. Surface analysis results after nanofluids experiments
(a) SEM images showing precipitation of SiO»
nanoparticles on the heat exchanging surface
(b) EDS analysis results for the precipitated
nanoparticles

Fig. 13(a)T WAl A% A3 43 59 A2 ¢
%] Wi 9] 213381 m] 7 (Scanning Electron Microscopy,
SEM) &4 A telt}, 41 50000 <] wil&= 7=
o VefAE EHF7] A A & F glE Y
27F AlE $9] Ao A= EAE AT 4R RS
ol 7] $J3  EDS(Energy
spectroscopy) w21t A3+ Fig. 13(b)2 2tk Ade
23 sivt AEEHNem, o

dispersive  x-ray

ol 2EA S

= Wi Aol =g Axle} Buzte] Jaate
o= ) W] F2E AoR FA Ty A5 o]9f &
& QAke] 1Y% A H(Isolated precipitation)S EHE
d Hsk(F, frE EXg WA Z7hE op1ds Ao
2 A9k vE YrefAY] se57h B oeked AY
o= Qg als nHsH L, YAt W A
o ogt Y-F(Nanofin) P42 AHIAEE A%
(% 3.4 %)olt} o] &of 23t oAZ(F 1 %) F =AY
o ofgt FA AT 2 %) v w2 EAT

(1) B2 AqolA wg g3} FU3HA Sio, Y
A 712 FADIW)ETH A2} =284
F e AREE Yehdith
A
[ez]

bl £F oA/ Mwd He 3R
5

(o]
o
=}

o o

)

fo o

(if)
F% 2 f) 2N YA

A2

E

-

=

[} =

W 2 Be Aol o3 A WE, /R
fe:]

=

=

f J& o

Thell egk & A% jAe] 7}

(iii) sHAIR,



HERE TP

ol
i

3| =24 A17d A9ZE, 2016

A7) Ned AEL2 YefAE 83 ddg
ol A YimfrAl| 2| 2] d-EA4 Wit olyzt -5 Ul
oAl AT 4= = YA wAIHR] AF A o] wlg-
FAFS ougitt &5 gt 4 2 AARARE,
5 )X W s S flste] Bl ¢
A Aol Wit o] 24 A7 2 A AFE AL F
Y3t oot}

References

(1]

(2]

(3]

(3]

(6]

(7]

(9]

H. Masuda, A. Ebata, K. Teramae, N. Hishinuma,
“Alteration of thermal conductivity and viscosity of
liquid by dispersing ultra-fine particles (Dispersion of y
-AlLO;, SiO, and TiO, ultra-fine particles)”, Netsu
Bussei, vol. 7, pp. 227-233, 1993.

DOI: http://dx.doi.org/10.2963/jjtp.7.227

S. Ozering, S. Kakag, A.G. Yazicioglu, “Enhanced
thermal conductivity of nanofluids: a state-of-the-art
review”, Microfluid. Nanofluid., vol. 8, pp. 145-170, 2010.
DOI: http://dx.doi.org/10.1007/s10404-009-0524-4

A. Vatani, P. L. Woodfield, D.V. Dao, ”A Survey of
practical equations for prediction of effective thermal
conductivity of spherical-particle nanofluids”, J. Mol
Lig., vol. 211, pp. 712-733, 2015.

DOI: http://dx.doi.org/10.1016/j.molliq.2015.07.043

L. Godson, B. Raja, D. Mohan Lal, S. Wongwises,
“Enhancement of heat transfer using nanofluids-An
overview”, Renew. Sust. Energ. Rev., vol. 14, pp.
629-641, 2010.

DOI: http://dx.doi.org/10.1016/j.rser.2009.10.004

J. T. Kwon, T. H. Nahm, T. W. Kim, Y.C. Kwon, “An
Experimental Study on Pressure Drop and Heat Transfer
Coefficient of Laminar Ag Nanofluid flow in Mini
Tubes”, Journal of the Korea Academia-Industrial
cooperation Society, vol. 10, pp. 3525-3532, 2009.

Y. G. Kim, S. H. Jo, Y. J. Seong, H. S. Chung, HM.
Jeong, “Experimental investigation of heat transfer
characteristics of alumina nanofluid”, Journal of the
Korean Society of Marine Engineering, vol. 37, pp.
16-21, 2013.

DOI: http://dx.doi.org/10.5916/jkosme.2013.37.1.16

L. Yu-Hua, Q. Wei, F. Jian-Chao, F., “Temperature
Dependence of Thermal Conductivity of Nanofluids”,
Chinese. Phys. Lett., vol. 25, pp. 3319-3322, 2008.
DOIL: http://dx.doi.org/10.1088/0256-307X/25/9/060

C.H. Li, G.P. Peterson, “Experimental investigation of
temperature and volume fraction variations on the
effective thermal conductivity of nanoparticle suspensions
(nanofluids),” J. Appl. Phys., vol. 99, pp. 084314, 2006.
DOI: http://dx.doi.org/10.1063/1.2191571

M. Chopkar, S. Sudarshan, P.K. Das, 1. Manna, “Effect
of particle size on thermal conductivity of nanofluid”,
Metall. Mater. Trans. A, vol. 39, pp.1535-1542, 2008.
DOL: http://dx.doi.org/10.1007/s11661-007-9444-7

10

[10] H. Xie, J. Wang, T. Xi, Y. Liu, “Thermal Conductivity
of Suspensions Containing Nanosized SiC Particles,” Int.
J. Thermophys., vol. 23, pp.571-580, 2002.

DOI: http://dx.doi.org/10.1023/A:1015121805842

Y.S. Na, K.D. Kihm, J.S. Lee, "ReD-dependence of
Dynamic Thermal Conductivities of Nanofluids," Int. J.
Heat Mass Tran., vol. 55, pp. 7933-7940, 2012.

DOI: http:/dx.doi.org/10.1016/j.ijheatmasstransfer.2012.08.026

[11]

[12] S.J. Kline, F.A. McClintock, “Describing uncertainties in
single sample experiments”, Mechanical Engineering,

vol. 75, pp. 3-8, 1953.

S.M.S. Murshed, K.C. Leong, C. Yang, “Investigations
of thermal conductivity and viscosity of nanofluids”, Int.
J. Therm. Sci., vol. 47, pp. 560-568, 2008.

DOI: http://dx.doi.org/10.1016/j.ijthermalsci.2007.05.004

[13]

[14] C. Kleinstreuer, Y. Feng, “Thermal nanofluid property
model with application to nanofluid flow in a
parallel-disk system-Part I: A new thermal conductivity
model for nanofluid flow”, J. Heat Transf., vol. 134, pp.
051002, 2012.

DOI: http://dx.doi.org/10.1115/1.4005632

G.S. McNab, A. Meisen, "Thermophoresis in Liquids" J.
Colloid Interf. Sci., vol. 44, pp. 339-346, 1973.
DOI: http://dx.doi.org/10.1016/0021-9797(73)90225-7

[15]

& Ol(Hyun-Ah Park) ESE]
*20154d 24 :
3} (FEAh
20164 3€ ~ &4 : H3r|jed
St A B w(UST)  AUIAEA

S (M)

CEEEEEL e

1=

X| $4(Ji-Hyun Park)

2014 8¢ : HA gt
3} (Fh

020153 99 ~ AA : Avrdoie
a ghebgatat (AAk)

SIREDS

A Ao A7 3 7 AT E, HE )



f5 2004 810, U=fAY] diF EXdg B4l

i

3

gl

i

a7

A 2 1W(Rag-Gyo Jeong) [(Hsl#]

019994 84 : At w H7|Est
3} (FAAh
02005 2¢ : dstgw HW7|Eet

¥} (F8HAh
01990 129 ~ 1994 12¢ : &
AFE A

01995 19 ~ dA : ALY
EATY AdA T

<¥AEop

A7NAAY, dapAe], A=A Vel

Z M 2l(Seok-Won Kang) [H3| &
20079 29¥ e
(KAIST) 71AIZ-EA == (&
SH4Ah

e2012:d 59 @ S Texas A&M
University, College Station 7|42
33t (3t

020129 59 ~ Al : FHHEY]
AT AdA7
*20161d 3¥Y ~ Al : iAo Adista(usT) ol
YA A g3 et (F-al)

<#Eok

N/MEMS, ttolaz G-, ol|A A3, tsEa a4

11




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


