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Abstract
Objectives: To develop efficient models for the prediction of viscosity of nanofluids. Methods/Statistical Analysis: 
Artificial Neural Network (ANN) toolbox for Matlab and an experimental data set of effective viscosity of alumina water-
based nanofluids are used. ANN is mathematical model of artificial intelligence product, inspired by the structure and 
functioning of the human nervous system. Experimental data set are divided into two groups: train and test. The train 
instructed ANN and the results were compared with the test.  Findings: ANN viscosity results were compared with the 
experimental data points. The expected values were in excellent agreement with the measured ones, viewing that the 
developed model is accurate and has the great ability for predicting the viscosity. 0.9994 and 0.9998 are the values of R2 
linear regressions for training and testing data set, respectively and 2.7187*10-4 and 1.2461*10-4 are respective values of 
mean square errors. Applications: Artificial Neural Networks to model thermal characterization of nanofluids.
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1.  Introduction

The correct prediction of Artificial Neural Network (ANN) 
depends by structure of neural network used, and from data 
set used for training. After step of training, the neural net-
work achieves adequate generalization ability and the ability 
to predict an output result as close as possible to the real one, 
without input stimulus is equal to the examples given.

Nowadays ANN is used for thermal characterization 
of nanofluids and in particular for   prediction of non-
linear behavior of viscosity. 

Numerous researches have presented benefits using 
nanofluids in heat transfer tools1-3. After publication of 
two pioneers scientific articles4,5 many researches were 
concentrated on potential applications, nanofluid syn-
thesis and thermal conductivity prediction models6 
only few studies7-9 were conducted on the viscosity of 
nanofluids.  However, increase of viscosity due to the 
suspension of nanoparticles becomes a key issue in 

many engineering application. Therefore, analysis and 
value of viscosity are essential10 and at the same time 
challenging to determine because of hydrodynamic 
interactions and of particle-particle interactions of 
nanoparticles in the dispersions.

This paper was planned in two interconnecting sections. 
In the first section, we presented background of the prin-
cipal theoretic models of viscosity and we discussed about 
different parameters affecting the viscosity as nanoparticle 
volume fraction, size, shape and temperature. However, 
links between these parameters are not yet known, and 
this does not allow preparation of stable nanofluids, with 
characteristics and desired properties. In addition, the ana-
lytical models developed to predict viscosity underestimate 
or overestimates the experimental results and it do not pos-
sible obtain satisfactory predictions. At the end, so far, the 
only method to obtain certain or very reliable results is the 
experimental method, but it is very costly both in terms of 
time and costs. 
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In the second section, for all problems above described, 
we focused about design and use of neural networks as 
efficient tool to characterize nanofluids from viscosity 
standpoint. The experimental data, collected during first 
phase, are used as input to develop the neural network. 
So the network learns to recognize the unknown relation 
between the input variables (volume concentration, size 
and the temperature) and output (viscosity of nanofluid), 
until becoming able to predict the solution also when out-
put does not it is known.

Neural Network Toolbox for Matlab is used in this 
study; it is a software package to design, to train, and to test 
the neural networks performance using the functionality 
of the application Matlab. It provides several functions for 
the development of a variety of networks such as feed for-
ward back propagation, perceptions, self-organized, hop 
field networks, recurrent networks, Elman etc. To speed up 
training and handle large data sets, we distributed compu-
tations and data across multi-core processors, GPUs, and 
computer clusters using Parallel Computing Toolbox.

The objective was to model the viscosity of nanofluids by 
using artificial intelligent techniques as well as optimization 
of convection heat transfer of nanofluids in such a way to 
achieve the maximum heat transfer performance.  Aim was 
to propose accurate model for effective viscosity of nanoflu-
ids by using ANN and input-output experimental data.

2.  Background Studies

Although, analysis of theoretical models  and experimental 
results has been done11 it still needs more attention because 
no theoretical formula is until now able to predict carefully 
the nanofluid viscosity and mostly experimental results did 
not have good agreement with theoretical models. 

Figure 1.  Main theoretical models of nanofluids viscosity.

In fact, it is note that most theoretical models, shown 
in Figure 1, underestimate or overestimate the experi-
mental results and it do not possible obtain satisfactory 
predictions.

Starting by literature critical reading, it was seen that 
nanofluids viscosity depends by numerous parameters12 
as base fluids, nanoparticle volume fraction, particle 
size, particle shape, temperature, surface charge, particle 
material, Brownian motion of nanoparticles, effect of 
clustering, nano-layer and dispersion techniques. 

Among above parameters, the three most important 
that we select as input data in the ANN are particle size, 
volume concentration and temperature. In fact, numer-
ous experimental studies13 shows that these parameters 
are most important identifiers on effects of nanofluids 
viscosity. Below we summarize main experimental tests 
from literature carried out, for each of these parameters.

2.1  Effect of Particle Size 
However, in the literature all experimental results show that 
the viscosity of nanofluids varies with the particle size,

Figure 2.  Increase in viscosity with increase in particle size14.

Figure 3.  Decrease in viscosity with increase in particle 
diameter15.
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Figure 5.  Change in viscosity with rise in volume fraction17

2.3  Effect of Temperature
Clearly, temperature is a parameter of more critical and 
influential for viscosity of nanofluids. Most experimental 
results indicate a descending trend in viscosity with an 
increase in temperature. Figure 618 shows the viscosity vs. 
temperature, in graph viscosity decreases with a rise in 
temperature.

Figure 6.  Viscosity decreases with rise in temperature17.

All experimental results focused in this brief previ-
ous literature review, highlight difficulty to synthesize the 
considered topic. 

We can conclude that viscosity assessment of generic 
nanofluid is complex issue   methodologically and experi-
mentally. It is also true, that the tool is very expensive in 
terms of both cost and time.

Figure 4.  Viscosity is not a function of particle diameter16.

Relationship between the viscosity and the particle 
size is not yet known. Certain authors14 contend that the 
viscosity of nanofluids at different particle sizes increases 
with the increase in particle size (Figure 2), however, some 
contradictions exist parallel to this trend, because others 
authors say15 that viscosity decreases with the increase in 
particle diameter (Figure 3).

The experimental analysis of others16 was also differ-
ent. Their results showed that nanofluid viscosity was not 
a function of nanoparticle diameter (Figure 4).

Nevertheless, in summary, the literature shows that 
it is not possible to find a well-defined relationship 
between the viscosity of a generic nanofluid and the size 
of the nanoparticles dispersed. When you have available 
so many experimental data, a possible way can be use of 
appropriate techniques of soft computing, as neural net-
work.

2.2  Effect of Volume Concentration
A considerable number of papers are published about 
consequences of volume concentration of particle on the 
viscosity. 

Between all of us, we report in Figure 517 effects of 
volume fraction or volume concentration on viscosity of 
Al2O3 nanofluids.

Although, almost all papers showed that increasing 
nanoparticle volume fraction in the fluid increased the 
viscosity, however, a general relationship between vis-
cosity and volumetric concentration is not yet largely 
obvious. Therefore also for the volumetric fraction, use of 
neural networks it seems appropriate.
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 For above reasons, intelligent use of neural networks 
can be valuable support together to experimental test to 
estimate of the viscosity of nanofluids.

3.  Artificial Neural Networks 
(ANN)

Figure 7.  ANN process flow chart.

In this study, ANN is used to predict the effective vis-
cosity of Alumina Water-Based Nanofluid. A computer 
program was executed with Matlab R2014B software.

For modeling, the feed forward multilayer perception 
neural network has been used. This network is very com-
mon in engineering applications and it has a good aptitude 
in estimating non-linear relations. Figure 7 shows the net-
work training process used. Necessary data for training 
were collected from literature. Indeed, between numer-
ous experimental data for Al2O3 water-based nanofluids 
viscosity are reported in literature, we chose those shown 
in Table1.

Table 1.  Physical and operating conditions of used 
experimental data sets.

Temperature (°C)
Volume Fraction
Diameter

Viscosity (mPa.S)
Reference

Number of Experimental data
4°-60°
1.4%.
43nm

0.48-1.41
Pastoriza-Gallego et al.18

42
7.52°-54.40°
2%.
25 nm

0.74-1.51
Kwek et al19

30
13.88°-55.49°
0.5%
30nm

0.64-0.99
Tavman et al20

25
 6.09°-55.84°
2 %
95 nm

0.59-1.05
Anoop et al21

30
23°-54,99°
9%
36nm

1.95-4.25
Nguyen et al.8

23
23°-63,07°
7%
36nm

1-2.43
Nguyen et al.8 

23
22.55-59.99
9,4%
47nm

2.24-4.8
Nguyen et al.8 

15
23.05-64.15
7%
47nm

0.97-2.29
Nguyen et al.8

18

In fact, it denotes physical, operating conditions and 
references for all experimental data sets used.

Out of the 208 data obtained from literature, 166 of 
the data are used for network training, while the remain-
ing 42 data are used for network test and validating.

Finally, for calculating performance of training results 
we used mean square error (MSE) and the linear regres-
sions (R2) using the following equations:

MSE= � (1)

=1- � (2)

Where t is a target value, o is an output value, and N 
is a pattern. 
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The network with minimum MSE and maximum R2 
is proposed as best model. We planned network with 
three layers and algorithm Leven berg-Marquardt back 
propagation is used to train the network; one input layer, 
one hidden layer, and one output layer were used.

The hidden layer performs the computations in the 
network. Table 2 shows the range of the input parameters 
in ANN. Three parameters affecting the viscosity were 
considered as inputs, including temperature, volume 
fraction nanoparticles and diameter nanoparticles. ANN 
was then trained so that to predict the viscosity as out-
puts.

In Figure 8 Neural network architecture is given. In 
feed forward networks, neurons are arranged from input 
to output in order layers and transmission from one level 
to another is only available for the next layer. 

Table 2.  The range of the input parameters in ANN.
Input Range
Temperature 4°-64,15° °C
Volume Fraction Np 0.5%  - 9,4%
Diameter  NP 25 – 47 nm

Figure 8.  The system architecture used in the ANN model.

The data went in the input layer then in the hidden 
layer and finally in the output layer where they were 
processed and the results were combined to the outer 
world. Already it has been shown that a three layers 
feed forward ANN can approximate any continuous 
function at the wanted accuracy level provided that an 
adequate number of neurons are included in the hid-
den layer. 

In the end, all the input data were normalized to the 
range of (0-1) with aim to deal efficiently with the data.

4.  Results and Discussion

For modeling viscosity of alumina water-based nano-
fluids, a three layers ANN with feed forward Leven 
berg-Marquardt back propagation network were used. 
The input layer has three neurons (temperature, volume 
fraction and diameter of nanoparticles) hidden layer has 
nine neurons and output layer has one neuron (viscosity).

As shown in Figures 9 and 10, the R2 values of the 
ANN viscosity model are 0.9994 and 0.9998 for training 
and test data sets respectively. Their mean square error 
(MSE) values are 2.7187*10-4 and 1.2461*10-4.

Accurate predictions based on a high R2 value and a 
low MSE value prove that proposed ANN is an efficient 
model for the design of viscosity of nanofluids; it is reli-
able and easily extensible to different nanofluids from 
those investigated.

Figure 9.  Training for ANN proposed.

Figure 10.  Test for ANN proposed.
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In fact, the proposed ANN viscosity model suc-
cessfully increases the prediction possibility of 
viscosity of alumina water-based nanofluids at vari-
ous conditions.

Figures 11 and 12 show the experimental results 
of experimental data18- 21,5 and correlations for an 
Al2O3– water nanofluid with a particle size, volume con-
centration and temperature shown in Table 1 compared 
with the ANN proposed model. The proposed ANN 
model is well matched with the experimental data for 
all experimental data set. The experimental data were 
divided into two subsets as 80% for training and 20% for 
testing purposes.

Figure 11.  ANN model and experimental data comparison 
for references data18-21.

Figure 12.  ANN model and experimental data comparison 
for reference data8.

5.  Conclusion

Artificial neural networks (ANN) were used to predict 
the viscosity of alumina water-based nanofluids. The 
viscosity is considered one of more significant thermo-
physical properties of a nanofluid, especially in thermal 
applications where heat transfer and fluid flow take 
place.

The ANN approach was used for modelling the vis-
cosity of nanofluids as function of particle size, volume 
concentration and temperature. The objective of this 
paper was to develop an ANN model to predict the 
viscosity of oxide–water nanofluids, based on own exper-
imental data and then validated against data coming also 
from other authors to exploit the consistency of the mod-
elling approach. The ANN modelling techniques work as 
a black box to establish the relation- ship between input 
and output values.

A literature review of experimental data of the vis-
cosity of nanofluids showed that particle size, volume 
concentration and temperature were the three most 
important variables that determined viscosity. Therefore, 
experimental data points for Al2O3, nanoparticles with 
water as base fluid were obtained from literature to model 
the viscosity of nanofluids by using particle size, volume 
concentration and temperature as input for the ANN 
method. 

The viscosity results ANN were compared with the 
experimental data points. The expected values were in 
excellent agreement with the measured ones, viewing 
that the developed model is accurate and has the great 
ability for predicting the viscosity. The linear regressions 
R2 0.9994 and 0.9998 are the values of the ANN viscos-
ity model for training and testing data set, respectively, 
2.7187*10-4 and 1.2461*10-4 are the values of mean 
square error respectively.
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