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Abstract 
 
Most of the previous convection experiments for nanofluids have been performed for internal tube flow with constant heat flux bound-

ary condition. In contrast, a simple experimental apparatus measuring convective heat transfer coefficient from a heated wire to external 
nanofluids is proposed and its working principles are explained in detail. The convective heat transfer coefficient provided by the present 
system might be used as a useful indication justifying the adoption of prepared nanofluids as new efficient heat transfer fluids. Validation 
experiments by comparing convective heat transfer coefficients between the conventional correlation and measured values are carried out 
for base fluids. Also the effect of increased thermal conductivity of nano lubrication oil on the enhancement of convective heat transfer 
coefficient is investigated. 
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1. Introduction 

Nanofluids have attracted research interest during the past 
decade due to their potential advantage in increasing the heat 
transfer performance of a thermal system. The idea of nan-
ofluids was proposed by Choi [1] about 15 years ago as a col-
loidal mixture of pure heat transfer fluids and nanometer-sized 
metallic particles. Metal particles have orders of magnitude 
larger thermal conductivities than pure fluids, from which we 
can easily expect that the thermal conductivity of a mixture of 
particles and fluids may be much higher than that of pure flu-
ids only. 

Early researches mainly focused on the enhancement of 
thermal conductivity of nanofluids. Lee et al. [2] reported 
maximum increase in thermal conductivity of 20% in the 
study for 4% CuO particles with average diameter 35nm dis-
persed in ethylene glycol by using a transient hot wire method. 
An even greater enhancement was reported for pure metal Cu 
nanofluids, where only a 0.3% volume concentration of 10nm 
particles led to an increase of 40% in thermal conductivity [3]. 
Choi et al. [4] observed that the dispersion of a very small 
amount of carbon nanotubes produces a remarkable change in 
the effective thermal conductivity of the base fluid, with the 
thermal conductivity ratio exceeding 250% at just 1% volume 

concentration. Das et al. [5] examined the effect of fluid tem-
perature on the enhancement of thermal conductivity. Other 
papers [6-8] discussed that the level of increase in thermal 
conductivity is more than an order of magnitude above the 
increase predicted by the traditional macroscopic theories of 
Hamilton and Crosser [9]. 

Convection researches of nanofluids have discussed the rela-
tions between the enhancement of thermal conductivity and 
the increased convection heat transfer. Yang et al. [10] per-
formed a laminar flow convective heat transfer experiment 
through a circular tube with graphite nanoparticles in water. 
The experimental results show that the nanoparticle increases 
the heat transfer coefficient, but the increase is much less than 
that predicted by the correlation of Xuan and Li [11]. Wen and 
Ding [12] showed 47 % increase in the convective heat trans-
fer coefficient for an aqueous based 1.6% of alumina nanoflu-
ids. This value is also greater than the thermal conductivity 
increase of 10%. Ding et al. [13] studied the heat transfer be-
havior of aqueous suspensions of multi-walled CNT nanoflu-
ids flowing through a horizontal tube. They observed 350% 
increase of the convective heat transfer coefficient and this 
enhancement depends on the Reynolds number and CNT con-
centration.  

Most of the previous convection experiments were per-
formed in the internal tube flow with constant heat flux boun-
dary condition. They show similar conclusions that the use of 
nanofluids significantly enhances the heat transfer perform-
ance and this enhancement increases along with the flow ve-
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locity and the volume concentration of particles. Moreover, 
the amount of this convective heat transfer enhancement al-
ways exceeds the thermal conductivity increase of nanofluids.  

On the other hand, the related research of the convection 
from a heated surface by the external flow of nanofluids is 
relatively scarce, despite the importance of engineering appli-
cations such as cooling in high power electronics or high 
speed rotational machinery. To diversify the application of 
nanofluids to real industrial fields, the related researches need 
to be expanded in the near future.  

Based on the above-mentioned literature review, the objec-
tive of this paper is to find the relationship between the en-
hancement of thermal conductivity of nanofluids and the in-
crease of convective heat transfer coefficient where this con-
vection happens from a heated fine wire to external nanofluids. 
Operating principles of the apparatus are explained in detail 
and typical measurements for base fluids are carried out for 
the validation of the proposed system. Comparisons between 
convective heat transfer coefficient and thermal conductivity 
are made for base as well as nanofluids and the relation of 
those two variables is investigated.  
 

2. Working principles of experimental apparatus 

The present experimental apparatus employs forced convec-
tion heat transfer from a heated cylinder to ambient fluid (see 
Fig. 1 for schematic). The heated cylinder in this paper is ac-
tually a platinum fine wire whose diameter is 25 μm. Similar 
use of metal fine wire as a sensor can be found for a hot-wire 
anemometer, where the sensor works both as a heater and a 
temperature sensor [14]. 

Joule heating is generated if some electric current i is applied 
across this resistive fine wire. If the flow velocity is kept con-
stant, there exists a heat balance between the heat generation 
from the wire and the heat dissipation by convection. Under 
this condition, the working temperature of the wire would 
have the constant value which satisfies Eq. (1). 

 
( )fww TThARi −=2

 
 (1) 

 
Here i, Rw, h, A, Tw and Tf designate the electric current, the 
working resistance of the wire, convective heat transfer coef-
ficient, surface area of the sensor, working temperature of the 
wire and fluid temperature respectively. Any changes in the 

above variables will lead to some variation in Tw. For example, 
if the flow velocity increases, the convection instantaneously 
exceeds the heat generation; as a result, Tw decreases. Simi-
larly, if the heat dissipating ability of a nanofluid is better than 
that of a base fluid, then the wire working temperature of the 
sensor Tw will have a lower value.  

It is possible to calculate the heat generation from a wire 
with high accuracy by measuring current and voltage across 
the wire. Also Tw can be estimated by the temperature-
resistance relation (Eq. (2) below) if the working resistance of 
the wire Rw is known. Inserting i, Rw, A, Tw and Tf into Eq. (1) 
finally gives the convective heat transfer coefficient h. 
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The convective heat transfer coefficient changes depending 

on the properties of the fluids (density, viscosity, thermal con-
ductivity and specific heat, etc.) and also the flow parameters 
(velocity, fluid temperature, pressure, etc.). In addition to 
these variables, h of nanofluids may vary depending on the 
particle material, particle size, particle concentration and base 
fluids. If h from a nanofluids proves to be higher than that 
obtained from the base fluid experiment at the same speed, 
adopting nanofluids as a new heat transfer fluid will give more 
plausible possibility of enhanced heat transfer performance in 
a real system than just expecting its effectiveness based on the 
thermal conductivity k alone. 
 

3. Operational features of two types of experimental 
apparatus 

A typical example of convective heat transfer experimental 
system would be the internal tube flow composed of pipes, 
pumps, reservoirs and so on. In general, the system is some-
times complex and large. Perhaps it needs a large amount of 

  
Fig. 1. Convection from a heated cylinder in cross flow. 
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Fig. 2. Experimental apparatus composed of a tube and a heated wire.
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fluid for operation. Producing nanofluids at lab-based level is 
still expensive and time consuming. In case the introduction of 
newly developed nanofluids proves to be useless, it will retard 
the whole development plans. Hence, this approach is not 
suitable for the early stage of test level of nanofluids devel-
opment.  

Therefore, it is necessary to develop a new type of convec-
tion apparatus for nanofluids, which should be simple, accu-
rate and it does not need a large amount of fluid. The present 
author proposes two different experimental apparatuses. They 
operate under the principle of external convection cooling 
over a heated cylinder in cross flow as discussed in Sec. 2. 
However, the working principles are slightly different from 
each other. While the first one has a stationary heated wire 
with the fluid flow over it, the second one has a moving 
heated wire in the stationary fluid. Therefore the net effects 
that the wire experiences are identical. A schematic diagram 
of the first apparatus is shown in Fig. 2 [15]. 

This apparatus can be divided into two main parts: tube and 
sensor part. The heated wire is located at the end of the sensor 
part. It is soldered to the thick copper wires so that the sensor 
is kept fixed at that location and maintained stationary during 
experiments. The fluid in the tube begins to flow downward 
by gravity with the start of experiment and takes heat away 
from the wire by convection. The long and short pipe are 
1000mm and 150mm, respectively, with the same inside di-
ameter of 7mm. The diameter of the wire sensor is 50μm and 
its length is 7mm.  

A hot-wire sensor indicated as Rw is connected in series with 
the standard resistor Rstd. Ends of this resistor circuit are con-
nected to a DC power supply, which supplies electric current 
to the wire sensor. The schematic of the circuit is shown in Fig. 
3 and it satisfies following Eq. (3) at every moment. Here Vp, 
Vstd and Vw denote the power supply voltage, the voltage from 
the standard resistor and voltage from the wire sensor respec-
tively. 

 

wstdp VVV +=
 

 (3) 
 

This circuit is often called the voltage divider because two 
resistors Rstd and Rw divide the constant voltage Vp into Vstd and 
Vw depending on their magnitude of resistance. The standard 
resistor has a fixed value of resistance: here it is 10 ohms. 
However, the sensor resistance Rw changes according to sev-
eral factors such as current, fluid temperature, and most im-
portantly the convective heat transfer coefficient h in the pre-
sent study. This can be easily expected by the use of Eqs. (1)- 
(2). When Rw rises, the voltage from this sensor Vw also rises. 
Accordingly, the voltage across the standard resistor Vstd 
should be decreased since the total voltage Vp is kept constant. 
Current i can be calculated by measuring Vstd as explained 
below in Eq. (4). Since it is a serial circuit, the same current i 
flows through both the standard resistor and the wire sensor, 
so the working resistance of the wire can be obtained as indi-
cated in Eq. (5), which is Ohm’s law. 
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With this Rw, the wire working temperature Tw can be calcu-
lated by Eq. (2). Inserting all these data into Eq. (1) finally 
gives the convective heat transfer coefficient h. The flow ve-
locity in the tube can be changed by varying the slope of the 
tube. When a pure fluid and a nanofluid are tested at the same 
slope and if h of the nanofluid shows greater value than that of 
the pure fluid, it could be said that the nanofluid has better 
heat transfer capability than the pure fluid. The higher h re-
sults in the lower working temperature of the wire Tw; it also 
appears as a reduced sensor resistance Rw and reduced voltage 
of Vw. Since Rw or Tw are secondary variables converted from 
Vw, measured voltage Vw can be regarded as a primary or di-
rect indicator of heat transfer augmentation in practice. More 
details of experimental procedures and comparisons of h be-
tween nano and pure lubrication oils are found in reference 
[15]. Though this apparatus works as a useful tool to directly 
compare the thermal performance of fluids in terms of con-
vection, it has several technical inconveniences. Since the 
viscosity of nanofluids varies along with the concentration of 
particle loading, the flow velocity of each nanofluid with dif-
ferent concentration shows different value though the tube is 
set at the same slope. Accordingly setting the flow velocity 
exactly to a specific value is difficult. In addition to this, a 
nanofluid becomes stickier at thicker concentration. Some of 
the fluid adheres to the inside wall of the tube after an experi-
ment so, it is difficult to clean out all the remains from the 
inner wall for the next test. 

To avoid the above-mentioned inconveniences, another im-
proved experimental apparatus is proposed as indicated in Fig. 
4. This apparatus consists of a linear traversing system (con-
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Fig. 3. Voltage divider circuit detecting the temperature variation of 
the wire sensor. 
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troller, motor, linear guide from Robostar, Korea) the sensor, 
stationary test fluid and fluid container. Fig. 5 is a detailed 
drawing of the sensor part, which includes the wire sensor, 
sensor supporter, the ceramic tube holding the wire supporter, 
linkage to the linear guide and electric wires. The sensor 
length is 12mm and its resistance is 2.573 ohm at 18oC. The 
sensor can move exactly at the preset value of velocity be-
cause the servo motor and the controller enable the linear 
guide to move precisely. The sensor can be cleaned easily 
after an experiment by moving the sensor several times in the 
ethyl alcohol. The same electric circuit in Fig. 3 and the same 
data processing steps to obtain the convective heat transfer 
coefficient h are used again for the new system. 

The design concept of the present sensor is based mainly on 
the dimension of the sensor used for hot-wire anemometry, 
where the most common configuration includes 2mm of the 
sensor length, 5μm of the sensor diameter, so its length to 
diameter ratio is 400. Considering this aspect ratio, commer-
cially available 25μm platinum wire (OMEGA, SPPL-001) 
with a length of 12mm has been used as a sensor. The length-
to-diameter ratio is 480 (> 400), so it can be accepted large 
enough to insure 2-dimensional external flow. However, the 
aspect ratio of the sensor for the previous tube apparatus is 
140 (< 400), which is not enough to guarantee 2-dimensional 
flow. To overcome this weakness, I designed a new sensor 
module with large aspect ratio and applied it to the new sys-
tem shown in Fig. 4. All experimental data of this paper were 
obtained by using the second apparatus. The principle of the 
second apparatus is similar to that of the first one. However, to 
explain the improvement from the first system to the second 
one, the working principles and its technical difficulties of the 
previous system are explained in detail.  

 

4. Results and discussion 

Fig. 6 shows a typical example of voltage signals from 
power supply, standard resistor and the wire sensor when the 
sensor travels back and forth two times in a nanofluids. From 
s/w on to s/w off, the power supply applies constant voltage Vp 
to the series resistor circuit. Fig. 7 is a magnified drawing of 

 
Fig. 4. Experimental apparatus composed of a traversing mechanism
and a heated wire. 
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Fig. 5. Enlarged schematic of the sensor part. 
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Fig. 6. Voltage signals from power supply, standard resistor and wire 
sensor. 
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Vstd and Vw of Fig. 6, where the left and right vertical axes are 
for  

Vw and Vstd respectively. It is interesting to note that as Vw 
goes up, Vstd goes down and the opposite happens at every 
moment. Moreover, it can be realized that the sum of two 
signals always becomes constant voltage Vp as predicted by 
Eq. (3). 

Section A in Fig. 7 indicates the period without power to the 
circuit. Section B is the period of no motion of traversing sys-
tem while the electric current is being applied to the circuit 
after period A. Joule heating raises the temperature of the wire, 
which makes the rise of wire voltage Vw up to about 0.68V. At 
the end of period B, the traversing system begins to move and 
Vw falls down to 0.63V. This indicates that the motion of the 
wire cools the heated wire and results in lowered value of Vw. 
Vw is maintained nearly constant during C1, which means that 
the sensor moves at constant speed but it rises again during C2, 
which indicates that the speed of the sensor is reduced due to 
the change of direction. Fig. 7 shows that section C has two 
round trip movements of the sensor in 4 seconds. Therefore it 
is possible to evaluate the sensor speed accurately based on 
this signal. The total number of movements of the sensor and 

its speed can be set by programming the controller of the 
servo motor. Section D shows that Vw rises again due to the 
electric heating after stopping of the traversing system. 

Fig. 8 shows the variation of wire voltage according to the 
change of sensor velocity and the kind of base fluids (glycerin 
and engine oil). The Vw from the glycerin experiment always 
has lower value than that of engine oil for the range of tested 
velocity. Twofold higher thermal conductivity of glycerin than 
engine oil might be attributed to more efficient cooling of the 
wire sensor at the same power supply voltage. Fig. 9 shows 
the variations of convective heat transfer coefficients of the 
base fluids with the flow velocity. Glycerin has about 1.89 
times higher value of h than that of engine oil. The ratio of 
thermal conductivities of glycerin and engine oil is 1.97 at 
300K [16], which coincides almost with the above ratio of h 
of the two fluids. Here again, the fluid with higher k shows 
better convective performance than the other one as previous 
papers discussed [1-5]. The tested velocity range of this article 
(0.05m /s to 0.3m /s) corresponds to Re number range from 
0.002 to 0.013. Churchill and Bernstein’s equation [17], which 
has been widely adopted for predicting external convective 
heat transfer from a heated cylinder, was used to confirm the 
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Fig. 8. Variation of wire voltages from the test of base fluids. 
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Fig. 9. Convective heat transfer coefficients from the test of base flu-
ids. 
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Fig. 10. Thermal conductivity data of nano oil by transient hot-wire 
technique. 
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validity of the present experimental measurement. The crite-
rion for application of the relation is RePr>0.2. Though the Re 
itself is less than 0.013, its multiplication with Pr covers from 
14.5 to 87.2, which is large enough to satisfy the application 
criterion. Moreover, the experimental results coincided well 
with the prediction of Churchill and Bernstein’s relation. 
Therefore, I inferred that the current apparatus is satisfactory 
to the external convective heat transfer phenomena. 

Fig. 10 shows the measured value of the thermal conductiv-
ity of graphite nano lubrication oil at 295K together with the 
associated standard deviations. The measurement was per-
formed by the transient hot wire method [2]. The average size 
of graphite particle is 55nm and the base fluid is Supergear 
EP220 from SK energy, Korea. Technical information for 
base lubricant oil and graphite particles can be found in Lee et 
al. [18]. The thermal conductivity of nanofluids increases al-
most linearly with volume fraction of particle loading, which 
agrees well with previous results [2-5]. Fig. 11 compares the 
present ratio of thermal conductivity enhancement with the 
conventional theory by Hamilton-Crosser model [9] and re-
cent experimental results of graphite nanofluids by Yang et al. 

[10]. Measured thermal conductivities lie above the prediction 
of the Hamilton-Crosser model for cylindrical shape of parti-
cle but lie far below the value presented by Yang et al.  

To use nanofluids as successful engineering heat transfer flu-
ids, it is necessary to maintain the volume concentration of the 
nano particles as low as possible. The viscosity of nanofluids 
rises rapidly with the increase in the concentration of particle 
mixing, which leads to the increase in pumping power for 
fluid flow in heat exchanger. Based on the previous researches, 
the nanofluid with 1% concentration is already regarded as a 
thick or high viscose fluid. For this reason, nanofluids samples 
under 1% concentration (pure, 0.4%, 0.8%, 1.0%) were tested 
in this paper. 

Comparisons of the enhancement of convective heat transfer 
coefficient between base and nano oil are made as shown in 
Fig. 12. It explains that there exists distinct tendency of in-
crease in h according to the increase in volume fraction at 
each tested velocity. Fig. 13 represents the results of quantita-
tive estimation of increase of h shown in Fig. 12. It is a differ-
ent presentation of the same data from Fig. 12 in terms of the 
ratio of heat transfer coefficients h/h0 instead of h itself. The 
ratio of h/h0 was made by dividing the heat transfer coefficient 
of nanofluids (h) from the concentrations of 0.4%, 0.8%, 1% 
with that of pure fluid (h0) at a specified velocity. For example, 
there are four convective heat transfer coefficient data (from 
three nanofluids and one pure fluid) at 0.2m/s in Fig. 12. The 
three ratios of h/h0 at 0.2m/s in Fig. 13 were made by dividing 
the three heat transfer coefficient data of nanofluids with that 
of the pure fluid. Fig. 13 shows the final results of h/h0 after 
repeating a similar calculation for the other velocities. The 
ratio h/h0 has greater value as the increase of the concentration 
of nanofluids; however, it is hard to find a tendency of any 
increase or decrease of h/h0 with velocity for a given concen-
tration. In conclusion, h/h0 is irrelevant to the velocity and 
varies only with the volume concentration.  

Since the thermal conductivity of nanofluids changes line-
arly with the particle volume fraction as indicated in Fig. 10, it 
can be restated that h is simply proportional to the thermal 
conductivity in this study. This finding looks somewhat dif-
ferent from the previous researches [10-13] which claim that 
the enhancement of h grows bigger as velocity increases. 
However, it should be realized that the experimental condition 
of the present study is at the range of low velocity, where the 
effect of velocity on h is not so strong than that at high veloc-
ity. Therefore the result of present study can be accepted as a 
limiting case of convection experiment of nanofluids where h 
shows strong dependency on k but shows weak dependency 
on fluid velocity. The convective heat transfer coefficient 
provided by the present system might be used as a primary 
indicator which guarantees the minimum enhancement of heat 
transfer by nanofluids. 

Final representative value of h was obtained by averaging 50 
instantaneous measured data of convective heat transfer coef-
ficient. It can be justified that the random error might be ig-
nored because 50 data are used in the averaging process of h. 
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Fig. 12. Comparison of convective heat transfer coefficients of the 
base and nano oil. 
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The calculating formula for convective heat transfer coeffi-
cient can be derived from Eq. (1), where the current i, resis-
tance Rw and the wire working temperature Tw (derived from 
these i, Rw) are very accurate, so these variables do not seem to 
cause a serious amount of uncertainty. However, the fluid 
temperature Tf seems to be the major source of the error be-
cause it is difficult to measure Tf accurately; moreover it is 
hard to keep the fluid temperature at a constant value inde-
pendent of environmental variation. The uncertainty related 
with the variation of Tf can be obtained as follows; 
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This equation tells us that the uncertainty from the drift of the 
fluid temperature can be minimized when the variation of the 
fluid temperature is small and the temperature difference be-
tween the wire working temperature and fluid temperature is 
large. From Fig. 13, it can be estimated that the uncertainties 
of convective heat transfer coefficients from the 0.4% and 
1.0% nanofluids are about 1% however, 2% for 0.8%. 
 

5. Conclusions 

A simple experimental apparatus measuring convective heat 
transfer coefficient from a heated wire to nanofluids is pro-
posed in this article. Experimental data provided by the pre-
sent apparatus with base fluids agree well with the empirical 
correlation, which verifies the secure operation of the present 
system. The present apparatus has the feature that it does not 
need a large volume of working fluid in contrast to traditional 
convection equipment. Comparison of convective heat trans-
fer coefficients from base and nanofluids has been made in 
terms of the ratio of those two values. There exists a strong 
dependence of this ratio on the volume fraction of nanoparti-
cles but it is hard to find any meaningful variation of this ratio 
with velocity. This finding looks somewhat different from the 
previous results; however, this result can be accepted as a 
limiting case of convection experiment of nanofluids where h 
shows strong dependency only on k. The convective heat 
transfer coefficient h or as a more practical variable, the wire 
voltage Vw provided by the present system might be used as a 
primary indicator which guarantees the minimum enhance-
ment of heat transfer by nanofluids. 
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Nomenclature------------------------------------------------------------------------ 

A  : Surface area of a wire sensor 

h  : Convective heat transfer coefficient  
i  : Electric current 
k  : Thermal conductivity 
Pr  : Prandtl number 
Re  : Reynolds number 
R0  : Resistance of a wire sensor at 0oC 
Rstd : Resistance of a standard resistor 
Rw  :  Working resistance of the wire sensor 
t  :  Time 
Tw  :  Working temperature of the wire sensor 
Tf  :  Fluid temperature  
U  :  Fluid velocity 
Vp  :  Power supply voltage 
Vstd :  Voltage from the standard resistor 
Vw  :  Voltage from the wire sensor 
 
Greek symbol 

α  :  Temperature resistance coefficient of the wire sensor 
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