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Onset of Natural Convection in Transient Hot Wire Device
for Measuring Thermal Conductivity of Nanofluids
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Abstract: We perform a numerical study to determine the time of onset of natural convection in a transient hot wire (THW)
device for measuring the thermal conductivity of nanofluids. The samples used in this simulation are water-based Al,O3
nanofluids with volume fractions of 1%, 4%, and 10%, and the properties are calculated by theoretical models and
experimental correlations. The THW apparatus using coated wire is modeled by the control-volume-based finite difference
method, and the start of natural convection is determined by observing the temperature rise of the wire under a gravity field.
The onset time is 11.5 s for water and 41.6 s for water-based Al,0; nanofluids predicted by Maxwell thermal conductivity
model with a 10% volume fraction. We confirm that the onset time of natural convection of nanofluids in the cylinder
increases with the nanoparticle volume fraction. We suggest a correlation for predicting the onset time on the basis of the
numerical results. Finally, it is shown that the measurement error due to natural convection is negligible if the measurement
using the transient hot wire method is completed before the onset of natural convection in the base fluid.

-7lsMYy - d U ak A4 [m]
g D TEHEE (s
a Aol BHE [m] k o 9HEE [WmK]
b A-H ] v [m] K : Kapiza HEZEA &
Aod Ao WHE [m] Pr : A9 Prandtl 57
Cp Ml [kgK] p o S EE [N’
C o HEEE(E: 7.2}107) q c T dold 4 gk [Wim]
r L R i

T Corresponding Author, spjang@kau.ac.kr
© 2011 The Korean Society of Mechanical Engineers Re, U=l xte] Reynolds I




280 ol5d - A
T =% [K]
t Al ZE [sec]
u SEME [m/s]
Ra =4 419] Rayleigh
2| AZ2R}
a %‘2}& A4 [m*/s]
B AT [1K]
y Euler “ﬁ? 0.5772157
p % [kg/m’]
T <9 A [N/m’]
¢ -394
u HAE(N-s /m?)
CIE=PN;
eff LA
w =R
A A
c A=Y
ch 340
p U9 2k (Bulk =7])
nanop : “He=@AXb (Ol F7))
1. M
Ui fAld Ao YeygxE =o|u Ethylene
Glycol ¥ 7 7]% A 2FEfAo] Bal 84
cn

71 F4& FAZA Stephen U. S. Choi ol 2]3)] F oyt
A3 deo] By o]F, yYwiA d4 S o
gk @e A5l ]16!35]01 ST *O] LA 9
QALEEE 7]E o|EoR 58 gl Hojd &
g B wel v fA] Bofl e 744 &
k. A= wopolth® Y frAle] 9=
54 A= 1999 W W= Argonne National
Laboratory o] Lee 5@o] H] Xq’\“’aﬂ’ﬂ“d% o]-g-ato] A
Lo Hi FYgon 1 T @BE A4ztEo] HA

e 2 B R A

4 QAN ol gate] thef Ao dAEES S44
2k Bl R e Ale] GRS o
98w AN olgste] 27] AFAEHY
B A7 AAEo] FAED Fig. 1 oA Bol%
T3k Bau]oA vddstd gqﬂo] B 7] E
ahal ek o)E WiefAle] dHrwrt Az, o

= 4] A7, pH, H7HAl Sl whel GebA] 7] “H"f
o]7]% 3}*%H® International Nanofluid Properties
Benchmark Exercise (INPBE)?¢] A3l5 B FA3
YefAddE Esta 2F A5 15mtet Aol gt
Ayso] Huxia = AS & 5 o oy

ALO +Water
135 O Leeet al.(z’, 38nm, T=Room temp.
i m Eastmanetal.?), 33nm
130 A Xie etal.” 60nm
g <4 Zhang et al.”), 20nm, T=30°C -
T | ,s ]| ¥ Lietal® 47nm, T=27.5C
3 v Beck etal.”, 12nm, T=24-29°C
© [ ]
<. 1.20 A
= u
©
3 1154 .
8 = ¥
— 1.104 o
©
5] - )
S 1.054 4 o1 9 v
X o
1.00 T T T T T T
0 1 2 3 4 5 6

Volume fraction(%)

Fig. 1 Previous thermal conductivities of water based-Al,O;
nanofluids using transient hot wire method
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Fig. 3 Comparison between numerical and theoretical
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Table 3 Critical Rayleigh number and onset time of
natural convection
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Fig. 4 Temperature and velocity profiles under the
different gravity field (at t=100sec)
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