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e Lee and Choi: :.
F]:Ier_'(fjormance of microchannel heat exchangers with water, liquid nitrogen and nanofluids as the werking
uid.
e Pak and Cho:
Co(r)wective heat transfer in the turbulent flow regime using the mixing fluids of water-Al,O, and water-
TiO,.

e Xuan and Roetzel:
Effects of transport properties of the nanofluid.
e XuanandLi:
Convective heat transfer of water-Cu nanofluids.
e Wen and Ding:
Convective heat transfer of nanofluids made of water and g-Al,O, nanoparticles in the laminar flow

region. @

e Dingetal.:
Heat transfer behavior of aqueous suspensions of multi-walled carbon nanotubes(CNT) in the laminar

tube flow. @

Enhancement of the convective heat transfer is ascribed to particle re-arrangement, shear induced
thermal conduction enhancement, reduction of thermal boundary layer thickness, and the higher aspect

ratio of CNTs.




Experimental investigation into convective heat transfer of nanofluids at the
entrance region under laminar flow conditions

Dongsheng Wen, Yulong Ding

International Journal of Heat and Mass Transfer 47 (2004) 5181-5188
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Heat transfer of aqueous suspensions of carbon nanotubes (CNT nanofluids)
Yulong Ding *, Hajar Alias, Dongsheng Wen, Richard A. Williams
International Journal of Heat and Mass Transfer 49 (2006) 240-250

b

TEM image of carbon nanotubes.
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Shah equation for laminar flows:

Heat transfer and flow behaviour of aqueous suspensions of TiO2

: : : ) : 1.953(RePr)  (RePr2) > 333
nanoparticles (nanofluids) flowing upward through a vertical pipe M 4360072 (RePHD) < B3
Yurong He a, Yi Jin b, Haisheng Chen c, Yulong Ding a,*, Dagiang Cang Y X
b. Huilin Lu d Gnielinski equation for turbulent flows:

1+ 127(7/2) (e - 1)
|

International Journal of Heat and Mass Transfer 50 (2007) 2272—2281 Na = — Y 2ARe 10
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Assessment of the effectiveness of nanofluids for single-phase
and two-phase heat transfer in micro-channels
Jaeseon Lee, Issam Mudawar

International Journal of Heat and Mass Transfer 50 (2007) 452-463| ©
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Investigation on Convective HeatTransfer and Flow Features of Nanofluids (Y X )
Yimin Xuan, Qiang Li . ©0060
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Thermal conductivity and particle agglomeration in alumina nanofluids:

0000
Experiment and theory o000
Elena V. Timofeeva, Alexei N. Gavrilov, James M. McCloskey, and Yuriy V. ::.
Tolmachev* o

Department of Chemistry, Kent State University, Kent, Ohio 44242, USA

PHYSICAL REVIEW E 76, 061203 , 2007
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Effect of nanofluid on the heat transport capability in an oscillating heat pipe 0000
H. B. Ma,ar C. Wilson, B. Borgmeyer, K. Park, and Q. Yu :::‘
University of Missouri—Columbia, Columbia, Missouri 65211 o0
S. U. S. Choi ®
Argonne National Laboratory, Argonne, lllinois 60439
APPLIED PHYSICS LETTERS 88, 143116, 2006
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Steve Choi
Energy Systems Division
Argonne National Laboratory

The thermal conductivity enhancement of the nanoparticle-water

increases with both nanoparticle concentration and temperature.
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Choi. Stephen,

“Nanofluid Technology: Current Status and Future Research”
theSecond Korean-American Scientists and Engineers Association

Research Trend Study,Vienna, 1998
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Prof. M. Kostic
Mechanical Engineering
NORTHERN ILLINOIS UNIVERSITY
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A new model that accounts for the
Brownian motion of nanoparticles in
nanofluids captures the concentration
and temperature-dependent
conductivity.

In contrast, conventional theories with
motionless nanoparticles fail to predict
this behaviour (horizontal dashed line).

The model predicts that water-based
nanofluids containing 6-nm Cu
nanoparticles (curve with triangles) are
much more temperature sensitive than
those containing 38-nm Al,O, particles,
with an increase in conductivity of
nearly a factor of two at 325 K.
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Pool boiling characteristics of nano-fluids o0
Sarit K. Das a, Nandy Putra b, Wilfried Roetzel °
International Journal of Heat and Mass Transfer 46 (2003)
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(a) Diamond (b) ALO;

TEM image of nanoparticles
Table Physical property of nanoparticles

: Particle diameter Thermal conductivity :
Nanoparticle [nm] [W/mk] Particle shape
Diamond 2~10 2000 Sphere
Al,O; 33 36 Sphere

CuO 47 20 Polyhedron




(a) Diamond (b) ALLO, (c) CuO

Photographs of nanofluids
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International Journal of
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Nanofluid settling over 30-day period.
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j-/iﬁi% d) %{Eﬁg Hamilton, R.L. and Crosser, O.K.,

Thermal conductivity of heterogenenous
two-component system
I&EC Fundamentals , 1(1962), 182-191.

Hamilton and crosser® =\ /

ki+(n—Dk, —(n=DV(k, —k,)
ki+(n—=Dk, +V(k, —k,)

k=k,

Table Thermal conductivity of test materials

Thermal conductivity coefficient
k [W/m-K]
Water 0.589
Diamond 2000
AL, O, 36
CuO 20
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Heat transfer coefficient ratio
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