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Thermal Conductivities of Nanofluids
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Abstract

Nanofluids have anomalously high thermal conductivities at very low fraction, strongly temperature-
dependent and size-dependent conductivities, and three-fold higher critical heat flux than that of base fluids.
Traditional conductivity theories such as the Maxwell or other macroscale approaches cannot explain why
nanofluids have these intriguing features. So in this paper, we devise a theoretical model that accounts for the
fundamental tole of dynamic nanoparticles in nanofluids. The proposed model not only captures the
concentration and temperature-dependent conductivity, but also predicts strongly size-dependent conductivity.
Furthermore, we physically explain the new phenomena for nanofluids. In addition, based on a proposed
model, the effects of various parameters such as the ratio of thermal conductivity of nanofluids to that of a
base fluid, volume fraction, nanoparticle size, and temperature on the thermal conductivities of nanofluids are
investigated.

) k dAEE
_ 7=y k, : Bolzmann 3%
A

g ;B 5= ) Hd A+ 73 Z(mean free path)
Crpy i Y 449 random §= M Bz}
C, Uk A9 translation &% M, = A9 EAF
&, . wel wug e My : Base 5091 #A4%
d =7} x= Nu : Nusselt 5
D Brownian diffusion Al Pr Prandtl T
D, : Einstein diffusion 1% ﬁe + Reynolds 1T‘J

: Kaptiza A%

R=S] k
DC EAO QO] T ‘%E
D,,: the 933 &4 2 S
f H 3]y Y AHAA EE Lattice wave £ &
h aAg AF
J %E I REIPSE Y
U =
@ : ¥ transmission probability
* ol J B =L S )} 3L O =% arElre 5 : 7374]% -‘-T-"”‘“
37‘]‘?_, ’Q}'-_’v"q}’otﬂ ‘%o‘r‘l"ﬂzﬂoﬂ"‘r 57' . Cé 76‘7‘1]’%‘ 5,.7}“

E-mail: spjang@hau.ac.kr

TEL:(02)300-0112  FAX:(02)3158-2191

Ao : U= 279 B FE A

nano



Y FA(Nanofluids)®] dAELE

VST,
9 offt o

BF . Base f7

eff @ Y= A
[ &4
nano: Yx= 4

1. A B

42 A% 350l 3455 2PAsEd et
w9 WY BdFol 343 F7t%n Yovl o

Eol ¥z 7l&e FaAol MEA dAF1 Yot

i ZAQ o £ Intel Microprocessors 2| g
o] HZ 100W F7HA &uhstx flon #HolA F
vy BA717) 4 oA = 1000w o) de] HE
2 W4 4+ dE 4% YFriec] a7Hn
Q0D mrepa] A Bz FA LS A
Be A7 e an gont) griel o
TFE0] F 7tA W& AFEAA 37 FA 9
adg AsrE 57]”‘]7]-1—2} &gk F kA
HEL A (1)E ol fto g o] 49
At}

_ Nukf
= D,

)

4714 Do, h, k, 2831 Nue 47 544
o] dAd A, FA9 dAEE, Nusselt o]t}
AMAE Nusselt & F7HA7]¢ WHez 53
Wzt A9 4L HHg gozy 44D AF
g F7MNE Yoy T A Wy 37
Aol B4 Aol(D)E AA FoEH A A
£ 7M1 dyoltt e o] £ Jlx] Wy E
25 Z43 dE3H 971 24 agd A
F Q7o Al2E $ e mlolaz Ay 3
’b 6)01‘:}.
2 AT E 42 AAd ¥ AR g5
Ror Izt AF o) M2 YHES A
Alghe Y A9 d43 EA4E 28T, Yx
FAle AEEE 958 e oEF 2dS
MABaA o)k agln B Ao AAF o

\m_._NIO-DoT-
Aﬂi

2

}:I

969

£ 292 wWgoz AN 4¥™eE 22
8 vx fA9 28 S4e Agstnd woh

2. Lt f7H|(Nanofiuids)

Ve $A QA fAl0 239 THE
= e AA4E Yol BE FAIDO Figl
2 TEM(Transmission Electron Micrographs)2 2 A
2 Base 2 Ethylene Glycol & A}8-3+il 6nm
719 v GRAE 056%2 FIuE ¥ T
U fA (copper nanofluids)E HoF3 Ut} &

AR G A A E-A A =% %3’.{
4 Fig. 29 & vehd ok Fig. 29 ¢jsd H
2 2003 Ux o]F F43] Y= fAld i A7

.>i

7 ARHR Aee & 4 Aok 2 ofE
of Lelolg E& vho]2
A9 97 243
E4e N5y BE

FAe] 4 FAo) 7|
2 g 379 dAE 9L

£ A8 ge o th®

Fig. 1 Nanofluids: Copper based ethylene glycol

1 | SC/ Papers

1} Int. J. Heat Mass Transfer: 7
1 2)Applied Physics Letter: 4
104 3)ASME J. Heat Transfer: 2

] 4) Physics Letter A:1

5) J. Chemical Physics:1

8 6)Int. J. Heat Fluid Flow:1

7) J. Nanoparticle Research:1
8) Heat and Mass Tranfser:1

9) AIChE J. Thermodynamics:1

Number

1999 2000 2001 2002 2003
Year

Fig. 2 Research trend for nanofluids



970

AS7A AgR e ‘%}74 Urlz A9 €3
BL 4 7HAR 8
Ao Fujol s 239 T»l(u, the
Ui a2 #Aslsgads vxe 419 %@EE
7b = 10% A= AdsadctE RAojoh®
Ae AAEEs 25 Z7td uel F2 3|
o Rolrh.t? o] At 1t FAE 3z
A2 AHEY B 227 SUtetE 2x2 4

TE F7MNAAN A4S gol ‘24_0?1E§~ @D}
£ Aol Al MAls Yx Uzt FoldsE
AEE7L Fedctes Aog®™ o)y 493 2
e 71&Y Yx 3719 gete) GAEE 4
T vt Adfoltk & Ux F7)9) wivtel dAdw
=& vt 37| 4Abe Z7))7t FHold4
5 vioto] dAREs 343 EoiEdh npxgt
Ui fAld 4 EAL dA d-RS(critical heat
fluxyo] 3 ¥} B FYAGE AP G5 o)A

Ux F39 938 EXHL v|& B Alge o
ATEZ d35F £ U= Maxwell 2D

Maxwell 292 ¥gg 2092 ojgsir= A
8 AdusolAx Fech tﬂr?)r/ﬁ 2 dFdANE
71&9 Bdie A3 oE FJ2 WY, & 71E9
Maxwell Z98®0) 1} 7 ¥ g E‘é“”& Vi 4zt
b fA SolA ARHO AdokE M shelA @
ATEE dFsded, £ d7ddes Ux gz
0] FA FolA Het 25 A 20
= 7R §lA Yk fAe EAER 2SS o
gdo2 fEsnny ok

3. Lix R L =Y

22 dAst Rz He
A& Alole] A5 FEd dsia Do) AdHE
Aol o & EH HAA A E Lattice Wave(E
Phonon Wave)ol] 9)3jA Ho] AdxEn TXAE=
A4AA M dol AGHo At §3] 7]
AV FAdHE ERESA 53 2xE9
F50 9aia o] AYALP) B dAFgME
Yie F3A19 YEA Y ARED B EAE59

FE oEiA Lol olFFTU JHATI Kinetic

A= oAt

Theory, Kapitza Resistance®™ 12j3 Hgg £52
Algste dAEE REE FE&Q0
gutrog 7]H R FA AL ME FE

92 A% AT 92 AFEN g8 2
g 59 2 oz dust o

4
=~dl _ 1, —dl
Jy =16, CE =—21C,C = @
dZ 3 14 d ()
°‘17W C,GC, Jy, 1,283 T 2% 37
99l 2ug wd, A&, 20 dF #
# %’ﬁ exolnk 4 el 5w A4 2 A

A dAREE olgF oz v} Zo] Y
F ey

6)
dAEEoY. 1A BRe BF

@

ANA k, =1.3087x107J/K = Boltzman 44
o3 M & ExpFoln).

olg} FAlsHAl B AFNME
nEo 2 Ux fA9 AAELEE 4
REZ o] o]g2Foz fEwd.

F M Adg
A ddg
AAA A

< ux A5 FA EXREHRY FEo o
Bale 252 Fdui= Aot} o] AL Base &
Aol Rfe1 Q= AAEL 2% F Ui
Waks wEda €2k Einstein®o] o] s A

ARHYT 5 AA AL e g o) &
A A5 3 79 Y4 doe Aol of
AL Yu £ ojala sl AbAolt. Fig. 3
Y 44 delA g 4 AR 2R dAAUZ
wolF 1 gt

= 0

‘o=

KX
L.
o

=2

Fig. 3 Modes of energy transport in nanofluids



Y f3(Nanofluids)?] HAEE 971

First Mode (Thermal diffusion in nanoparticles)
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