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Abstract

The present study was conducted a two-step synthesis assisted by an ultrasound technique to prepare
Al203 nanofluids for the thermal-electrochemistry experiment [1,2]. In addition, a sedimentation
experiment verified suspensibility, stability, and thermal conductivity to determine the best mixing
method. 0.5-2.5 wt.% single nanofluids were added into a battery cell with copper and Aluminium
electrodes for an oxidation reduction reaction to test the generating capacity between 20 and 40 °C. The
derived two empirical formulas of thermal conductivity and generating capacity for alumina nanofluids
using the innovation dimensional analysis to examine the functional relationships between experimental
parameters. The results of the property verification and experimentation indicated that Al,0, nanofluid
and emulsifying agent mixture at a concentration of 1wt.% had the best thermal conductivity, and that
this decreases as the concentration increases. At 40 °C, 2.5 wt.% nanofluid also had the highest electric
charge density; however, the rate of increase was less than 7% higher than that for 2 wt.% nanofluid.
The 0.5-2.5wt.% Al O, nanofluid between 20 and 40 °C, inserting the temperature and concentration
parameters can estimate the thermal conductivity and the electric charge density using the empirical
formulas in the present study.

Keywords: Single nanofluid; Two-step synthesis; Thermal performance; Electrical performance;
Dimensional analysis

Introduction

Single nano liquids are a type of working fluid that contain suspended nanoparticles that
have a strong size effect for thermal conductivity and fluid behaviour on the micro-scale. They
are widely used with regard to continuous physical measures such as temperature, pressure,
internal energy, entropy and enthalpy, and thermal properties such as thermal conductivity,
specific heat capacity, and viscosity. The geometry, cohesion situation, and surface obstruction
of nanoparticles are the main variables controlling thermal conductivity enhancement in
nanofluids. The particles in the liquid are not easily affected by gravity and do not aggregate
or precipitate [3-5]. A two-step synthesis method, also known as the direct mixing method,
was used to prepare Al,0, nanofluid, adding nanoparticles into the working fluid. However,
directly adding nanoparticles often results in clumping, reducing suspendibility. Therefore,
the three following methods were used to stabilize the suspended matter: (1) The pH value
of the nanofluid was changed to prevent sedimentation due to isoelectric points (IEP); (2) An
ultrasonicate was used to disperse the particles; (3) A surfactant/dispersant was added (such
as sodium Lauretha sulcate or oleic acid) to promote dispersal and suspension. Selection of
the surfactant and dispersant was based on solvent and particle properties. The advantage
of the two-step synthesis method is that the grain size and concentration can be better
controlled as they can be selected based on usage needs [6-10]. In addition, this study also
used emulsifying agent to increase the suspendibility of the particles in the aluminium oxide
nanofluid. However, higher concentrations of the emulsifying agent reduce the zeta potential
of the suspended particles and the thermal conductivity coefficient for the nanofluid.
According to past literature, with a fixed 2% concentration of aluminium oxide powder and
dispersant, an emulsifying agent concentration of 2% is optimal [11].
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In 1799, Alessandro Volta invented the first power source,
the voltaic pile (also called the voltaic cell), which was the first
power source to store and provide a steady current. Volta used
a damp cloth containing salt water to separate copper and zinc
discs, then arranged them into a circular cylinder and used a wire
to connect silver and zinc discs at both ends to generate a current
[12-14]. In 1833, Michael Faraday [15] introduced two basic laws
of electrolysis which defined the exchange relationship between
electric energy and chemical energy. Afterward, the Nernst-Einstein
equation of diffusion and electric conductivity, Bronsted-Lowry
acid-base theory, and Nernst equation for electrode potential were
introduced [15-17]. Because of these efforts in electrochemistry,
a good foundation for battery development was built. Later,
batteries have been improved, from a primary cell to rechargeable
batteries and the common lithium-ion battery. Now nanofluid
is used as a battery electrolyte and as nanofluid temperature
increases, the current and output electrical quantity steadily rise
[18-20]. Nanofluid is also another prospective cooling liquid with
advantageous performances compared to conventional cooling
liquid [21-23]. Heris et al. [24] showed that Alumina nanofluid
had better thermophysical properties and thermal performances
compared to CuO nanofluid using ultrasonic vibration method
in heat-pipe thermosyphon system. Wu et al. [25] verified the
effectiveness of nanofluid on improving the overall performance
of MCHS on electronic cooling system. They found that Al,0,/H,0
nanofluid exhibit dramatically enhanced thermal conductivity as
well as strong temperature- and size-dependent thermophysical
properties and can be achieved by adding solid particles with
diameters below 100 nm in the traditional liquid working fluid.

Moraveji and Razvarz [26] investigated the thermal efficiency
enhancement of a heat pipe using aluminium oxide nanofluid
compared with pure water under the different operating state.
Zhao et al. [27] present a three-dimensional numerical analysis
to study the thermal conductivity and viscosity of Al,0,-water
nanofluids through flat and circular tubes at constant heat flux
boundary condition. Wang [28] used the alumina nanofluid as an
electrolyte compared with the other aqueous solutions according
to the Zeta potential, pH value, thermal conductivity, and viscosity
to demonstrate the most favourable stability, particle fraction,
thermal conductivity, and stable current output. The electrical
performance of nanofluids has not been widely investigated.
However, it is an important property. Only a few studies of electrical
conductivity of nanofluids took into consideration. The electrical
conductivity of nanofluids including metallic and ceramic particles
(Cu, ALO, and CuO) has been conducted. The enhancement
mechanism for electrical conductivity is completely different from
that of thermal conductivity in nanofluids [29]. An experimental
work on effective electrical conductivity of aqueous suspensions
of aluminium oxide nanoparticles (nanofluids) indicated that the
dependence of the effective electrical conductivity on temperature
is much less than the volume fraction [30]. Minea and Luciu [31]
obtained an empirical correlation of the electrical conductivity
with volume fractions through a 3D statistical analysis. Zakaria et

al. [32] established the thermo-electrical conductivity ratio (TEC)
based on both thermal and electrical conductivity findings. The
same researchers published another work the next year. Abdolbaqi
et al. [33] also studied the thermal conductivity and electrical
conductivity of Bio Glycol (BG)-water (W) mixed nanofluids
containing Al,O, nanoparticles using the two-step method. They
found that electrical conductivity was observed to decrease as the
volume concentration increased.

However, this study had two goals. First, use a microemulsion
ultrasoundtechniquetoprepareAl,0,nanofluid.Asthesuspendibility
of the particles in the nanofluid determine the properties of the
nanofluid, if the nanofluid used in a heat exchanger does not have
good suspendibility, it may cause obstruction or wear. Manipulation
of Van Der Waals’ force, electrostatic force, stochastic force, and
hydrodynamics can change the surface area of the particles and the
collision frequency. Second, two empirical formulas were derived
via dimensional analysis [34-41] of experimental data. Because
there has been no theoretical formula regarding nanofluid thermal
conductivity and generation characteristics with emulsifying agent
in past studies, this study aimed to derive two empirical formulas
using dimensionless parameters and dimensional analysis and to
verify the formulas. Future studies can use the empirical formulas
to obtain the nanofluids thermal conductivity and generation
characteristics under specific conditions [1,2].

Research Methods

A nanofluid preparation method to test the comprehensive
performances will be introduced in this section. During the process,
a dispersant and an emulsifying agent were incorporated using
ultrasonic vibration. Figure 1 shows the preparation procedure.
Five nanofluids with different weight percent concentrations were
utilized. The nanofluid preparation procedure is shown below [1,2].
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Figure 1: Single Nanofluid preparation procedure.
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Mix Tween20 (HLB=16.7) and Span20 (HLB=8.6) intoa HLB=12
emulsifying agent. (Firstuse a stirrer at 200rpm. When the emulsion
becomes less viscous, adjust the rotation speedily to 400rpm. Use
the stirrer for 120 minutes until the emulsion becomes clear. Do
not heat.) Mix the emulsifying agent and deionized water and then
heat while stirring (80 °C with a rotational speed of 500rpm for
approximately 40-60 minutes). Use a constant temperature bath
at 25 °C or a natural cooling to cool the samples. (Attention must
be paid to whether the water surface is over condensing tube or
not and the water flow must not contaminate the samples.) Add
the nanoparticles into the mixed and cooled emulsified deionized
water (a respirator and gloves must be worn to avoid inhalation of
nanoparticles or remnants on hands.) Stir the samples from step 4
for 10 minutes. Do not heat. While waiting for step 5 to be complete,
add the dispersant into the samples and stir for approximately 10
minutes. Move the stirred samples into a so nicator acoustic hood
(make sure the probe is below the sample surface or it might
break.) Fix the probe and start oscillation at 80% power output.
Because accumulated heat will generate charring in the nanofluid,
the oscillation time should not last over 30 minutes. The nanofluid
can be cooled to continue oscillation. The total oscillation time is
approximately 60 minutes. Repeat these seven steps to prepare
mixtures with concentrations of 0.5 to 2.5% Al,0, nanoparticle
powder, emulsifying agentand dispersant. The thermal conductivity
coefficient is a numerical value that determines the thermal
conductivity of the nanofluid. Theoretical models from which
parameters can be obtained for this experiment were selected
from past literature and incorporated to calculate the results in
order to confirm these formulas and the differences in the thermal
conductivities obtained for the aluminium oxide nanofluid in the

NB

LT

present study. These are the basic nanofluid thermal conductivity
model developed by Maxwell [42] and the model modified by
Xuan [43] to consider stochastic force, grain size, concentration,
and temperature. In those models, K . is the thermal conductivity
for the nanofluid, K ; is the thermal conductivity for the base fluid,
Kp is the thermal conductivity for the particles, ¢ is the particle
volume fraction, P, is particle density, Cp’p is particle specific heat,
k, is Boltzmann'’s constant, T ; is the nanofluid temperature, p  is
viscosity, and r is the particle radius [1,2].

Figure 2 shows the electrochemical experiment framework.
The nanofluid currents and outputs were explored and the
performance of the nanofluid as an electrolyte was verified. The
experiment procedure was as follows [1,2]: Place the battery cell
upon a heat source and apply thermal grease on the battery cell
bottom for uniform heat transmission. Add the nanofluid (around
50ml) into the battery cell. Connect the anode (aluminium) and
cathode (red brass) with a desktop ammeter respectively. Use
thermocouples to monitor the electrolyte temperature. Turn on
the constant temperature bath and set the temperature at 15 °C.
For measurements below the ambient temperature, first place
the samples in the constant temperature bath. After the samples
cool, add the samples into the battery cell, wait for a few minutes
and measure the temperature. Record the data when the current
or output electrical quantity is steady. For measurements above
ambient temperature, heat the battery cell with the heat source.
When the electrolyte temperatures reach the target temperature,
record the data and collate data on a computer. Clean the electrolytic
cell and prepare the next sample. Repeat steps 2 to 7 to measure
nanofluids with different concentrations.

Thermocouples

Desktop ammeter

Power Generation Facility

o -~

l ] /./"‘\ :
Heat source

Electrode

Figure 2: Electricity generation experiment framework [1,2].
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These can be used in Equation (2-1) [1,2].

K, = Function{K ,,C,..d T K, tt..p,W,} (2-1)

nf >

Expression of all variables using M, L, T, and © resulted in the
following.

K,=[MLT?®"]. K, = [MLT™®]. C,

,=[rr70" ) dp = [L]. T, = [6]

K, = [MLT?O') u, =[ML'T™ ), p,, =[ ML™ |. W, =[]
They can be combined into Equation (2-2).

d,-K s pnf-T . (2-2)

K

s
W a{Kﬁ Sy 'lu'z/}
K, Kbf?

- W,y
'u'z/'E

Substituting the nanofluid fluid properties obtained from
the experiment into Equation (2-2) obtains values for «, 3, y and
A; which, after simplification, yields the thermal conductivity

empirical formula for the nanofluid.

For electric charge density output, the present analysis
procedure is shown as follows [1,2]: Definition of correlated
variables: nanofluid specific heat C , nanofluid particle size dp,
nanofluid temperature T , thermal conductivity of base fluid K,
nanofluid viscosity u,,, nanofluid density pn/, output electric
charge density of battery with nanofluid electrolyte p,,, nanofluid
zeta potential V , electric charge density of battery with water
electrolyte below 30 °C I_DW, and diluted AlLO, weight percent
concentration as W _.. Output electric charge density of the battery
cell was determined by these nine variables. Equation (2-3) shows
five independent physical quantities; namely, mass (M), length (L),
time (T), temperature (0), and voltage (V).

Py = Function{V,, K, , tt,0, p,r Vs Ty Pu, Cp W, b (2-3)

Five electric charge density dimensionless m numbers were
determined and five repeated variables (p,,V,, 1 ,pnfand C ) were
chosen. Using the five independent variables to multiply the chosen
five repeated variables, five dimensionless I items were obtained.
Equation (2-4) shows the electric charge density dimensionless
equation.

A
P, Al T"flpﬁ'c"f Ky | (2-4)
—glln i W,y
vV PW§ ,u,,/-C,,f

o

i

e

Substituting the experimental data into the equation above,
values «, 3, y and A were obtained. After arrangement, a nanofluid
generating capacity empirical formula was derived [1,2].

Results and Discussion

This section describes the influence of adding HLB=12
emulsifying agent and dispersant to change the powder
concentration on the particles and the stability of the nanofluid.
Table 1 indicates that when the nanofluid emulsifying agent
concentration increases, the thermal conductivity for the resulting
nanofluid may not increase [1,2]. This is because the thermal
conductivity for the emulsifying agent is only 0.1-0.2 W/m-k;

therefore, while the emulsifying agent can envelope the aluminium
oxide particles, increasing their surface tension so that they do
not aggregate, it does not affect thermal conductivity. The thermal
conductivities for the nanofluids change along with temperature.
The concentration of aluminium oxide powder was the highest
at 2.5%, but because the emulsifying agent concentration also
increased, the increasing trend in thermal conductivity along
with temperature became less apparent. Therefore, the thermal
conductivity measured for the 2.5% nanofluid was the lowest in
the present study. Finally, the experimental results were used in
intelligent dimensional analysis to extrapolate an empirical formula
with emulsifying agents.

Table 1: Nanofluid thermal conductivities at 20-40 °C

[1,2].
0.5% 1% 1.5% 2% 2.5%

20 °C 0.60 0.61 0.60 0.58 0.57
25°C 0.61 0.62 0.60 0.60 0.58
30°C 0.62 0.63 0.62 0.61 0.59
35°C 0.63 0.64 0.63 0.61 0.60

40 °C 0.63 0.64 0.64 0.63 0.60

A microgeneration experiment was conducted using different
concentrations of Al,O, and tap water as electrolytes in aluminium
and red brass battery cells at different temperatures in this section.
The current and voltage were measured to observe generating
capacity. The generating efficiency was determined by electric
current density and electric charge density. An empirical formula
was derived using intelligent dimensional analysis of experimental
data. The goal of the present study was to test the generating
capacity experiment samples when used as electrolytes so that
the results can be applied as a reference for future applications
and studies. Thus, the current and output quantities have no effect
on the outcomes. Tap water was employed as the benchmark in
this microgeneration experiment as it contains a small number of
ions; this benchmark was used to compare the generating capacity
of the Al,0, nanofluids. Al,0, powder is insoluble in water; thus,
the ions in the samples came from dissociation of the dispersant
compounds and Al O,. As such, it can be determined that the AlO,
nanofluid created in this study has limited efficacy as an electrolyte.

Table 2 shows the currents, voltages, and electric quantities
of the tap water electrolyte and 0.5-0.25% nanofluid electrolytes,
respectively. As predicted before the experiment, the current and
electric quantities increased as temperature increased, while the
output quantities were minuscule. The nanofluid current and
electric quantities increased as the temperature and concentration
increased. However, temperature had a more obvious influence on
the current and output electric quantities than the concentration.
For instance, increasing the nanofluid concentration from 1.5% to
2% raised the currentincreased from 0.130 to 0.147 (around 13%),
whereas increasing the temperature from 30 to 35 °C raised the
current output increased from 0.147 to 0.203 (around 39%).
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Table 2: Currents, voltages, and electric quantities of tap water and 0.5%, 1.0%, 1.5%, 2.0%, and 2.5% Al1203 nanofluids

[1,2].
Temperature (°C) Types Current (mA) Voltage (V) Electric quantity (mW)

Tap water 0.098 0.52 0.051

0.50% 0.104 0.57 0.059

1.00% 0.109 0.57 0.062

20 1.50% 0.115 0.56 0.064
2.00% 0.122 0.59 0.071

2.50% 0.142 0.58 0.082

Tap water 0.106 0.54 0.057

0.50% 0.126 0.62 0.078

1.00% 0.16 0.6 0.096

2 1.50% 0.171 0.58 0.099
2.00% 0.182 0.6 0.109

2.50% 0.195 0.59 0.115

Tap water 0.114 0.56 0.064

0.50% 0.138 0.68 0.094

1.00% 0.189 0.64 0.121

30 1.50% 0.216 0.6 0.13
2.00% 0.233 0.63 0.147

2.50% 0.255 0.63 0.161

Tap water 0.126 0.67 0.084

0.50% 0.174 0.7 0.122

1.00% 0.231 0.67 0.155

3 1.50% 0.262 0.65 0.17
2.00% 0.303 0.67 0.203

2.50% 0.313 0.67 0.21

Tap water 0.142 0.7 0.099

0.50% 0.212 0.69 0.146

1.00% 0.27 0.7 0.189

40 1.50% 0.318 0.69 0.219
2.00% 0.352 0.69 0.243

2.50% 0.362 0.69 0.25

Figure 3 shows that electric current densities of both tap
water and the nanofluid were influenced by temperature and
concentration and increased as the temperature rose. However,
the nanofluid output a higher electric current density than tap
water as the battery cell temperature raised. At 20 °C, the tap
water electric current density was 4.255uA/cm? and the 0.5-2.5%
nanofluid electric current densities were 4.516, 4.733, 4.993,
5.297 and 6.166pA/cm? the increase ratios compared to tap
water electric current density were 6%, 12%, 17%, 24% and 45%
higher, respectively. At 40 °C, the tap water electric current density
was 6.166pA/cm? and the 0.5-2.5% nanofluid electric current
densities were 9.205, 11.724, 13.808, 15.284, and 15.719pA/cm?;
the increase ratios compared to tap water electric current density
were 49%, 90%, 124%, 148% and 155% higher, respectively. 2%

nanofluid had the greatest increase ratios compared to tap water.
When the temperature rose from 20 °C to 40 °C, the electric current
density increase ratio rose from 24% to 148% (Table 3).

Table 3: Electric current density ratios for tap water and
Al,O, nanofluids [1,2].

Temperature Electric current density ratios
) 0.50% 1% 1.50% 2% 2.50%
20 1.061 1.112 1.173 1.245 1.449
25 1.189 1.509 1.613 1.717 1.839
30 1.211 1.658 1.895 2.044 2.237
35 1.381 1.833 2.08 2.405 2.484
40 1.493 1.901 2.24 2.479 2.549
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Figure 3: Electric current densities for tap water and Al,O, nanofluids [1,2].

Figure 4 shows the relationship between electric charge density
and temperature for tap water and 0.5-2.5% Al,O, nanofluids. At 20
°C, tap water electric charge density was 2.215uW/cm? and 0.5-
2.5% nanofluid electric charge densities were 2.562, 2.692, 2.779,
3.083, and 3.561pW/cm?, respectively. Compared to tap water, the
nanofluid electric charge density increase ratios were 16%, 22%,
25%, 39%, and 61%, respectively. At 40 °C, tap water electric charge

density was 4.299uW/cm? and 0.5-2.5% nanofluid electric charge
densities were 6.34, 8.207, 9.509, 10.551, and 10.86uW/cm?,
respectively. Compared to tap water, the nanofluid electric charge
density increase ratios were 47%, 91%, 121%, 146%, and 153%,
respectively. 1.5% nanofluid electric charge density increased the
most from 20 to 40 °C. Compared to tap water, the electric charge
density ratio increased from 25% to 121%.
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Figure 4: Electric charge densities for tap water and Al,O, nanofluids [1,2].
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Figure 5 shows the electric charge density ratios between
nanofluid and tap water. After conversion, the ratios for the
nanofluid and tap water could be compared. Figure 5 shows that the
electric charge density ratio trends are similar to those of electric
current density; 0.5% nanofluid had the smallest electric charge
density ratio. Thus, average electric charge densities for the same
concentration between 20 and 40 °C were discussed. The average

electric charge densities for 0.5-2.5% nanofluids were 1.384, 1.709,
1.852, 2.094, and 2.233, respectively. For every 0.5% increase in
concentration, the electric charge density increase ratios were
23%, 8%, 13% and 6%, respectively. The electric charge density
increased the highest when the concentration increased from 0.5%
to 1% and the least from 2% to 2.5%.

3.5
The density of power ratio
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Figure 5: Electric charge density ratios for tap water and Al,O, nanofluids [1,2].

According to the results above, at 20 °C, aside from the 2.5%
nanofluid which had the greatest increase in electric charge density,
the increase ratios for other concentrations were less than 30%.
This may be because theionsin the electrolytes were less active at 20
°C and ions in the electrodes and the electrolytes were dissociable,
such that the concentrations and the electric charge densities were
less correlative. However, as the temperature increased, ions in
the electrolytes were more active; thus, Al,O, concentration had a
greater impacton electric quantities. When the temperature reached
40 °C, there was no significant difference between the generating
efficiencies for the 2.5% and 2% nanofluids. The present study
utilized a battery cell with red brass and aluminium electrodes and
AlLO, nanofluid as an electrolyte to conduct oxidation reduction
reactions in order to test the generating capacity. Figure 5 shows
the electrochemical reaction. The standard reduction potential
of pure copper is 0.34V and the standard reduction potential of
pure aluminium is -1.66V. The standard potential difference Ve of
copper-aluminium electrodes is 2V. Because the main component
of an aluminium alloy is aluminium and the main component of
red brass is copper, for convenience, this study took the aluminium
electrode as pure aluminium and the red brass as pure cooper.

According to their activities, aluminium was used as the anode and
copper as the cathode [1,2].

This study used intelligent dimensional analysis to create a
thermal conductivity empirical formula so that, under certain
conditions, only a few simple parameters are required for insertion
into the formula and there is no need to use instruments in order
to estimate the thermal conductivity of a nanofluid. According to
the formula created using the experimental results, it is applicable
for aluminium oxide nanofluids between 20 °C and 40 °C, with
concentrations between 0.5% and 2.5%, with grain sizes between
170nm and 210 nm, and with an emulsifying agent.

Equation shows that K , is determined by the aluminium oxide
nanofluid temperature and concentration. Concentration was
temporarily not considered. Setting A=0 and using 1% nanofluid
as a benchmark revealed that K ; changed along with temperature
at 1%. The parameters in Refs. [1,2] show that the changes in
temperature and thermal conductivity are similar for nanofluids at
different concentrations. Therefore, 30 °C is used at the benchmark
to find the A values for different concentrations. The concentration
was then a function of A to obtain Equation (3-1):
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K, =(9.8875x107)L,"™' W , (3.1

A ==0.063, ., +0.379W,2 —0.774W,2 +0.57W,, —0.112

Table 4 shows a comparison of the measured and calculated
values for the 0.5-2.5%
estimations show that the calculated and measured values were

aluminium oxide nanofluids. Initial

similar. The largest error rate, 2.82%, was for 2% nanofluid at 20

°C, indicating that the overall error rates were small. Equation
(3-2) shows the formula used to calculate error rates, where EK
is the error of the measured and calculated thermal conductivity,
K. is the measured thermal conductivity, and K, is the calculated

nf.e

thermal conductivity.

K, -K,,
E, =—2 "L %100%

nf e

(3-2)

Table 4: Comparison of measured and calculated thermal conductivities of 0.5%, 1%, 1.5%, 2% and 2.5% nanofluid.

Temperature (°C) 20 30 35 40

. Equipment 0.60 0.61 0.62 0.63 0.63
0.5% Formula 0.6051 0.6126 0.6201 0.6275 0.6349

1% Equipment 0.61 0.62 0.63 0.64 0.64
Formula 0.6148 0.6224 0.6300 0.6375 0.6451

5% Equipment 0.60 0.60 0.62 0.63 0.64
Formula 0.6053 0.6128 0.6203 0.6277 0.6351

2% Equipment 0.58 0.60 0.61 0.61 0.63
Formula 0.5963 0.6037 0.6111 0.6184 0.6257

250 Equipment 0.57 0.58 0.59 0.60 0.60
Formula 0.5800 0.5872 0.5944 0.6015 0.6086

In this section, the measured data was substituted into the
electric charge density empirical formula derived in Section 2. Refs.
[1,2] showed the parameters to be input. Nanofluid density (p )
and specific heat (C ) were calculated using the water and AlO,
nanoparticle weight percent concentration ratios. In this section,
simple parameters in the empirical formula were used in order
to estimate the nanofluid electric charge density generated in the
battery cell. The empirical formula was suitable for Al,O, nanofluids
with the emulsifying agent, particle sizes from 170 to 210nm,
and 0.5-2.5% weight percent concentration, and at temperatures
between 20 °C and 40 °C. The electric charge density was estimated
by substituting the known parameters into Equation (2-4). Finally,
concentration was taken into consideration and 30 °C was adopted
as the benchmark to find the value for 7 . Equation (3-3) shows the
electric charge density empirical formula.

}_)nf — 0_0227;/_1.608 I/anr (3-3)

7=0.119%,4 —1.125W,3 +3.56W, 2 —4.326W,, +1.766

Table 5 compares the values for the 0.5-2.5% Al,0, nanofluids
measured by the output electric charge density equipment and
those derived from the empirical formula. As mentioned above,
many problems still existed in the battery cell reaction process
that caused low and instable current and power output. At low
temperatures, as the concentration increased, the electric charge
density output did not increase correlatively. Equation (3-4) shows
the error rate calculation, where E, is the error value between the
measured value and calculated value, P, is the electric charge
density measured by the equipment, and . is the electric charge
density calculated using the empirical formula.

P, —-P
E =< "7 4100%

p
nf e

(3-4)

Table 5: Comparison between measured and calculated values of 0.5%, 1%, 1.5%, 2% and 2.5% nanofluid.

Temperature (°C) 20 30 35 40
0.5% Equipment 2.562 3.387 4.082 5.297 6.34
Formula 2.1262 3.0440 4.0810 5.2289 6.4813
% Equipment 2.692 4.168 5.254 6.73 8.207
Formula 2.7318 3.9109 5.2433 6.7182 8.3273
155 Equipment 2.779 4.299 5.645 7.382 9.509
Formula 2.8544 4.0865 5.4787 7.0198 8.7012
2% Equipment 3.083 4.733 6.383 8.815 10.551
Formula 3.3308 4.7684 6.3929 8.1912 10.1531
255 Equipment 3.561 4.993 6.991 9.119 10.86
Formula 3.6461 5.2198 6.9981 8.9666 11.1143
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Table 5 shows the error rate. Because the empirical formula
adopted 1% Al,0, nanofluid at 30 °C as the benchmark, the error
rate in the same condition was lower, with maximum error rate of
7.61%. However, at different concentrations and temperatures, the
error rate may be greater than 10%; for 2% AlO, nanofluid at 20
°C, the error rate reached 27.58%.

Conclusion

This study used innovation dimensional analysis to determine
an empirical formula for the thermal conductivity of an AlLO,
nanofluid with an emulsifying agent, kept at temperatures between
20 °C and 40 °C, and an aluminium oxide powder concentration
between 0.5% and 2.5%; the error rate was below 3% [1,2]. At 20 °C,
nanofluid concentration had no obvious influence on the increase
in electric quantity. At 20 °C, 2.5wt.% nanofluid had the highest
electric charge density, with a rate of increase of 60%. However,
when the temperature had risen to 40 °C, as the concentration
increased, the electric quantity increased more noticeably, except
for the slight 3% increase when the concentration increased from
2% to 2.5% (20% higher than tap water). At 20 °C, the electric
charge density output of the 2.5% nanofluid sample was markedly
higher than those for the other nanofluid concentrations and
there were no significant differences in electric charge density
between the 0.5-2% nanofluid samples. At 40 °C, 2.5% nanofluid
also had the greatest electric charge density; however, compared
to the 2% nanofluid, the difference in electric charge density was
only 0.31uW/cm?. After the microgeneration experiment, many
ALO, nanoparticles were found on the copper and aluminium
electrodes and some of them precipitated in the battery cell. Using
dimensionless parameters and a dimensional analysis, this study
derived an empirical formula for electric charge density output for
an aluminium copper battery cell with 0.5-0.25% ALO, electrolyte
between 20 °C and 40 °C. However, the error rates for the calculated
and measured values were high due to unstable power outputs at
low temperatures. Nevertheless, the formula was suitable for an

approximate estimation [1,2].
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