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Abstract

Nanofluids are advanced concept fluid that solid particles of nanometer size are stably dispersed in fluid likes water,
ethylene glycol and others. They have higher thermal conductivities than base fluids. If using this characteristic,
efficiencies of heat exchangers can be increased. Therefore in this study, we measured thermal conductivity and viscosity
of carbon nanofluids. They were made to ultra sonic dispersed oxidized multi-walled carbon nanotubes(OMWCNTS) in
distilled water and ethanol, respectively. The mixture ratios of OMWCNT's were from 0.0005 vol% ~ 0.1 vol%. Thermal
conductivity and viscosity was measured by transient hot-wire method and rotational viscometer. The results of an
experiment are as in the following : thermal conductivity of the 0.1 vol% pure-water nanofluid improved 7.98% (107C),
8.34% (25C), and 9.14% (70C), and its viscosity increased by 37.08% (107C), 33.96% (25°C) and 21.64% (70°C) than the
base fluids. Thermal conductivity of the 0.1 vol% ethanol nanofluids improved 33.72% (10°C), 33.14% (25°C), and 32.25%
(707C), and its viscosity increased by 35.12% (107C), 32.01% (25C) and 19.12% (70C) than the base fluids.
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Table 1. Properties of MWCNTs (CM-100).
Properties CM-100
Diameter(nm) 10~15
Length(zm) ~200
Purity (wt.%) 95
Bulk Density(g/cm®) 0.05
Surface Area(m?/g) 225

(b) Oxidizied CM-100
Fig. 1. SEM photos of Carbon nanotubes.
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Fig. 2. Schematic diagram of Wheatstone Bridge.
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Fig. 5. Comparison of the thermal conductivity as
Temperature(10C, 25C, 707C).
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Fig. 6. Comparison of the viscosity as
Temperature(10C, 25C, 70C).

33.72% 2 7V =A FU1elew, 25T Y
o 33.14%, 70CY W 32.25%°] 3 &7}

[e)ye]
9ee e

& shed,



(=] e deldAes =2

Sy :klr i
o oy
i ol 1% 4o
- O
= o B e
ﬂp‘(\'l' mlm _\|I_, r\l —L
N oo
L
Iz |z
= |
o
o g
oo -

ofp T Ok
el |
o|\ 2
B 29
LT o
N
gl
rot
KU
[
T
b

EPA
roh
p

e L
T
b
Ho
2
lo
o
q r

o rr

HSL = pg HI
2o o o

L

A
= K H ooy Ju
H
N

2
dn = 8

(morr S to o g
rlo ol

o
lo
N

ML o
o flo
o

0005 vol% ol A 0.02 vol% 74 ¢ #
2 wko wet ved aefzoln,
1 vol%7hA AARES FAse] A
}E e g Zor,

o YrfAle 257 57t u
#radn. 53 gay=Ro9
°] 0.1 vol% ¥ W, &5 =49
Td o T/ div] 37.08%9 A=
}etsion, 25T W 33.96%, 70T
J uj= 21.64% =718k} ol EFe AbslE
rhefAe FEE e g 10T o
35.1%%2 7ME =4 Z7te9om, 25T Y
32.01%, 70CY ® 19.12%7} Z7+&e &9

3
o

L

r

o & R L oo

=T o ool o
3 ome N Fu

A

ﬁ\l_, o flof
N

4. 2 E
HEd 4d71e] 28 Fde 98, s En
ojZel e fAR AEANE v =, A&
st Al AR B HdE 54
& SAT 2L A9 Ade ve 2k
() Y=fAe ddrx FAA, 0.1 vol%
AL &R EFstds W, =5 = A3t
Sgav=fAE 10Cd W SRS

7.98%, 25CY W& 8.34%, 70CY w+=
9.14% ZF7tetom, o &g Abstein
EHAY EAEEE o S v 10T Y
w 33.72%, 25C wj 33.14%, 70C Y
32.25%7} S 7}aH ok

Be st fAe] o
zrol Zubgtel weh =4 @ v
Aol AUEE WEHIE A Yo &

B) T4 AHT LM e fA L] A=
Ee VAl dAdRE 549 w3
MR e ' defAe] A 257
S7beell whet A mErE Skl e,
e it fAe] B SR
S7Hgel wet ddERTt e g
A3k

4) darvdefAe des 2271 F71stel
wet fHache AEgs BIow, AR
£ 01 vol%9 ¢4 & 23 Bhyef
A= F57F el 10Tl A 37.08%, 25C
of| A 33.96%, 70 Coll A= 21.64%7F &7}
Atk w3 o g-g Abat e AU A 9
Are 712FA9 ek thu] 10Tl
A1 35.12%, 25Coll A 32.01%, 70C ol A=
19.124%7} S 7}akd

o
N

FATATE] AN o} FAE AT
(NO. 2011-0029820)

R

o

=
[L

i

1. BP, Statistical Review of World Energy
1986. 6.

2. Jung E G, Boo J. H, Performance Characteristics
of a Heat Pope Having Water-Ethanol

SHREfYOlILIRIELE] =EF Vol. 32, No. 3, 2012



Mixture as Working fluid for Evacuated
Solar Collectors, Journal of the Korean
Solar Energy Society, 2006, Vol. 28, No.
5 pp. 78-84.

.HaH. ], Kong Y. C, Do K. H, Jang S. P,
Experimental Investigation on Thermal
Characteristics of Heat Pipes Using
Water-based MWCNT Nanofluids. Korean
Journal of Air—Conditioning and Refrigeration
Engineering, 2011, Vol. 23, No. 7, pp.
528-534.

. Lifei Chen, Huaqing Xie, Silicon oil based
multiwalled carbon nanotubes nanofluid
with optimized thermal conductivity enhancement,
Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2009, Vol. 352,
pp. 136-140.

. Min-Sheng Liu, Mark Ching-Cheng Lin,
I-Te Hunang, Chi-Chuan Wang, Enhancement
of thermal conductivity with carbon
nanotube for nanofluids, Heat and Mass
Transfer, 2005 Vol. 32, pp. 1202-1210.

. Wensel, Jesse, Enhanced thermal conductivity
by aggregation in heat transfer nanofluids
containing metal oxide nanoparticles and
carbon nanotubes, Applied Physics Letters,
2008, Vol. 92, Issue 2, pp. 23110-23113
. M. Rafati, A.A. Hamidi, M. Shariati Niaser,
Application of nanofluids in computer
cooling systems (heat transfer performance
of nanofluids), Applied Thermal Engineering,
2012, Vol. 45-46, pp. 9-14.

. Sung Seek Park, Eoung Jin An, Kyung
Soo Lee, Youn Chul Park, Nam Jin Kim,
A comparative study on the characteristics
of carbon nanofluids for efficiency enhancement
of low temperature heat exchanger, Journal
of Energy Engineering, 2011, Vol. 20, No.
3, pp. 209-215

9.

10.

11.

12.

Journal of the Korean Solar Energy Society Vol. 32, No. 3, 2012

Bently, J. P., Temperature sensor characteristics
and measurement system design, Journal
of Physics E: Scientific Instruments, 1984,
Vol. 17, pp. 430-435.
Nagasaka, Y. and Nagashima, A., Absolute
Measurement of the thermal conductivity
of electrically conducting liquids by the
transient hot-wire method, Journal of
Physics E: Scientific Instruments, 1981,
Vol. 14, pp. 1435-1440.
Lide, David R, CRC Handbook of Chemistry
and Physics 90/e, 2009.
Chemical Engineering Research Information
Center, http://www.cheric.org/research/
kdb/hcprop/showcef. php?cmpid=818&pr
op=THL

219



