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Abstract — In this study, for efficiency enhancement of low temperature heat exchanger, the thermal conductivity
and the viscosity of carbon nanofluids and oxidized carbon nanofluids were measured at 10°C and 25C,
respectively. Carbon nanofluids were made by ultrasonic-dispersing ones in distilled water after Multi-Walled
Carbon Nanotubes (MWCNTSs) mixed Sodium Dodecyl Sulfate (SDS, 100 wt%), Polyvinyl pyrrolidone (PVP,
300 wt%) each. Oxidized carbon nanofluids were made by ultrasonic-dispersing Oxidized Carbon Nanotubes
(OMWCNTs) in distilled water. The thermal conductivity of carbon nanofluids was measured by using a transient
hot-wire method. The viscosity was measured by using a digital viscometer. As a result, the thermal conductivity of
oxidized carbon nanofluids was the highest of those compared and the other carbon nanofluids at the same mixture ratio
and temperature, and the viscosity was measured the lowest of those compared and the other carbon nanofluids.
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Table 1. Properties of MWCNTs.

Properties CM-95 CM-100

Diameter (nm) 10~15 10~15

Length (zm) 10~20 ~200
Purity (wt.%) 95 95
Bulk Density (g/cm’) 0.1 0.05
Surface Area (mz/g) 200 225

(b) CM-100

Fig. 1. SEM microphoto of MWCNTs.
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Fig. 2. SEM microphoto of OMWCNTs.
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Fig. 3. Schematic diagram of thermal conductivity experimental
apparatus.
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Fig. 4. Comparison of the thermal conductivity as a function
of the dispersion method at 25C.
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Fig. 5. Comparison of the thermal conductivity as a function
of particle volume fraction at 25C.
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Fig. 6. Comparison of the thermal conductivity as a
function of particle volume fraction at 25C, 10C.

FE uRtE 2AE gt

Fig. 62 S fAIE FolA 7MY 2 g3

S H9W CM-100 AStetibuiefA|e] dHee
£ A2250) 7 A(10C)oflA] nlagt efazoly.
O89S By g 4= o] Aok Ak tef
Ao] AHEET} gasidieh E3), AR2olA 0.1 vol%
AR R A0 GAE T SRR 8.34% 5
7Vet ot Aeoas 7.98%2 AHEET} 0.36%
sl ol A2olA] ERAel ghAvieFE 9
Aol Z2Qlo] Hasto] EEA W ghALeRE ¢
A7re] AR FH HefAe dHErEE S
= 8 82 F Sl Bk 50| das] o
o R Ty SN Ao E GAEEE V]
Boz) tiy] 7.98% Zvlgonz A& dwdly] o

68 e A% gAY 54 vlal A7t 213

9 6
s ——HF— Oxidized CM-100 0.01 vol%(25°C)
o
=i 5.5 1| —o— Oxidized CM-100 0.005 vol%(25°C)
= 5 —<—— Oxidized CM-100 0.001 vol%(25°C)
g —=2—— Oxidized CM-100 0.0005 vol%(25°C)
3 4.5 {| - - W~ - Oxidized CM-100 0.01 vol%(10°C)
:"E 4 - — @- — Oxidized CM-100 0.005 vol%(10°C)
GE) — — - — Oxidized CM-100 0.001 vol%(10°C)
8 3.5 {| - — A— - Oxidized CM-100 0.0005 vol%(10°C)
=
§  Sl0—8a— —a
5 | -
25
z e e
= 2
B $—$———————————3
ke 1.5
C
A
S h A 3
[}
£ 0.5
£ 0
'_ T T T T T T T
0 2 4 6 8 10 12

Time(hour)

Fig. 7. Comparison of the thermal conductivity as a
function of time at 25°C, 10C.

WpAEA FE5] Fold S vehd Zlolekn
S,

Fig. 7-& AF2(25C)a} #2(10°C)ofl A CM-100
st bie gAY Al7tel T GHEE WakE ]
sfo] ekl Tefzolck e WYl & 4 9
A A5 AR b GAIS B3t A 2olA] ST
AL 1247k0] B HoE A WabE gl
2 o 4 glom, ol 1241710] AbE ABhbef
Ae] 24 QPgAo] A% fAE] TRl AoE A}
R o] ARAIE AsheAhe A RS Ju]
o guiAE AGE ) S| felst 2oleky B
S,

=)

SR

o)

PALNA

32, Mz

Fig. 8:& & Aol Al Al ghatiefA419} A3t
Sate iAol FEE 225 0)olA Hlaste]
ehdl Tefzolry O8E BH o 4 Qo] gal
EiREO ShEo] SR wet Hr= o] F
7Rt A& o 4= otk B3 22 EgH|EolA
AR GA| SDSEtE 184} BekE PVPE 7t
gatefAle Ae 7P H Ere 2 o 5
e, F TR ASEate i A7} thE gt
E=RAE Bk HEr s WS elsielch ot
ZhA] 7P Fe AT E Hl CM-959F CM-100 At
St {9 HEE Fig. 90l eIt THE
B oF 4» gQl%o] Lk Qixjo] Zolr} B CM-95
AdehtiefAlel Aert 21 o Yo 2e o 5

Journal of Energy Engineering, Vol. 20, No. 3 (2011)



214

35

1| —2— CM95+SDS(100 wt%)
—©— CM100+SDS(100 wt%)
30 9| —o— CM95+PVP(300 wt%)
1| -8B~ CM100+PVP(300 wt%)
—8— Oxidized CM-95
| - Oxidized CM-100

25

20 H

Viscosity Enhancement((n,—n,)/7, (%))

T T T T T T T T T T T
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Particle Volume Fraction(%)

Fig. 8. Comparison of the viscosity as a function of the
dispersion method at 25C.
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