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         Abstract 

In this presented the results of investigations of the thermos-physical properties of 

nanofluids based on nanoparticles of various materials in order to clarify the prospective ones 

for using as a heat transfer fluid in solar thermal applications. Have been analyzed different 

models for predicting the effective viscosity of nanofluids based on MWCNT and CuO 

nanoparticles. For obtaining the thermal properties of nanofluids, which were prepared based 

on MWCNT (MKN-MWCNT-RG1020) nanoparticles with a diameter of 10-20 nm and a 

length of 10-30 µm, which were measured using the Zetasizer S90. For the preparation of 

suspension used “Two-step method” under an ultra-sonicated mixture. As the results show, 

that the interfacial layer, which is expressed on the Avsec&Oblak model, the effective 

viscosity of nanofluids based on MWCNT nanoparticles enhanced by about 3-4% compared to 

CuO-based ones. The effective viscosity was analyzed with respect to the temperature. In 

terms of Udawattha’s model, the difference between the effective viscosity of nanofluids 

based on MWCNT and CuO decreased with increasing of the temperature. However, this 

result was obtained when the model included nanolayers' effect and nanoparticles' Brownian 

motion. 

 Have been investigated the influence of particle concentration and layer thickness to the 

optical characteristics of nanofluids based on MWCNT. Nanofluids were prepared based on 

MWCNT(MKN-MWCNT-RG1020) nanoparticles with a diameter of 10–20 nm and a length 

of 10–30 µm. The study was carried out for particle concentrations of 0.01%, 0.02% and 

0.05% using water as the base fluid. Optical densities were measured with a 

spectrophotometer METASH V-5000 in cuvettes with a thickness of 5mm, 10mm, 20mm and 

30mm. The measurement data showed that the level of absorption increases with increasing 

concentration and thickness of the absorption layer. At the same time, at a concentration of 

0.05%, the absorption curve was almost the same for the absorption layer thicknesses of 20 

mm and 30 mm, which indicates saturation of the increase in absorption with increasing 

concentration. During the experiments, a difference was found in the change in the curve of 

the absorption spectrum of nanofluids with different concentrations of MWCNT, with a 

change in the thickness of the absorption layer.  

 In addition, presented some results of the validation of the mathematical model of a 

parabolic trough solar collector, where the root mean square error was 0.61 K and the standard 

deviation was 0.99995. According to the results, when using nanofluids based on MWCNT 

(0.05%), the thermal efficiency of the solar collector increases by 14%. 
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1. Introduction 

 

As an expanding the production of technical tools over the world, the demand for 

energy also showing the dramatic increase. Accordingly, the mechanical or thermal problems 

such as cavitation of materials or enhancement of heat transfer conventional fluids also tend 

to be influenced on the using of energy consumable tools. 

Taking into account such problems, proposed new type of heat-transfer fluids, which 

obtained by dispersing nano-sized particles of materials with high thermal conductivity in 

base fluids as water, ethylene glycol etc [1-2].  

In the field of solar energy, the efficiency of using nanofluid with Al2O3 particles 

(volume content up to 1.5%) in solar collectors is substantiated by calculation. It is shown that 

the transition from water to nanofluids will increase the efficiency of such devices by 30%. 

This fact is confirmed by the results of the study, where a nanofluid based on water with 

silver particles was used for the solar collector, the maximum volume content is 0.04%: the 

maximum efficiency of solar collectors when using a nanofluid reaches 70% [3-4]. 

In addition, the optical properties of nanofluids are also considered important in the 

study of thermophysical properties or their efficient use. In these works [5-9], theoretical and 

experimental results were carried out, and from the discussion it turns out that at different 

thicknesses and at different concentrations, the absorption coefficient can increase or decrease 

depending on the wavelength. 

 

Prediction of the effective dynamic viscosity of NF by using empirical models 

Case for NF based on MWCNT and CuO  

As it’s known, that the characteristics of nanofluids, such as thermal conductivity, 

viscosity, density and heat capacity, can impact on their overall thermal performances. The 

viscosity of nanofluids is crucial on the application in thermal systems. Furthermore, viscosity 

influences to heat transfer enhancement of nanofluids from forced convection and natural 

convection and appear in many dimensionless numbers and coefficients such as Prandtl 

number, Brinkman number, Reynolds number, Rayleigh number, and Colburn j-factor used in 

thermal and fluids sciences [10]. On the aim of investigation of effective viscosity of 

nanofluids presented several analytical models by researchers [11-13], which can give 

possibilities of predicting the viscosity of nanofluids respect to volume fraction of 

nanoparticles. Moreover, there are variety of models, which can illustrate the influence of 

interfacial layer [14], Brownian motion of particles [15] in base fluid, size or shape factors on 

effective viscosity. In addition, in [16] work expressed the new analytical model for 

predicting effective viscosity of nanofluids including influences of nanolayers and Brownian 

motion of nanoparticles in base fluid. However, it is still actual difficult that the carrying out 

experimental research for obtaining the kinematic and dynamic viscosity of heat carriers 

namely, nanofluids based on various nanoparticles. On this aim in [17-20], works have been 

carried out on experimental research on obtaining effective dynamic viscosity of nanofluids 

based on CNT and another type of materials. In terms of a hybrid type of nanofluids in [21] 

given some comparisons of effective dynamic viscosity of hybrid nanofluids at various 

concentrations, which carried out theoretically and experimentally. 

According to the above-mentioned models the effective viscosity of nanofluids can be 

predicted for proposed materials at varied volume concentrations of nanoparticles. 
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Objective of this work is an obtaining the curves for predicted effective viscosity of 

nanofluids based on MWCNT (Carbon nanotubes) by using mentioned theoretical models. 

Moreover, to show how interfacial nanolayer will impact to viscosity of nanofluids compare 

to the models, which neglected the effect of layer between particles and base fluid. In 

addition, to illustrate the comparison of viscosity of nanofluid based on MWCNT with 

another type of nanofluid, such as CuO based. 
   

2. Experiments 

 

Preparation of MWCNT based nanofluids 

There are several methods for preparing the nanofluids by the mixture of nanoparticles 

in base fluids, such as the widely used “single-step method” and “two-step method”. 

According to the preference of many researchers, the “two-step method” is considered as a 

widely used and convenient one. Regarding this, was chosen the “two-step method” for 

preparing nanofluids by mixing nanoparticles in deionized water by ultrasonication, which 

can be illustrated in Fig.1(a-f). During the preparation of nanofluids, the working temperature 

fluctuated from 25 ̊C up to 35 ̊C, where sonication time continued for 30 minutes. 
 

 

a) MWCNT 

powder 

 

b) MWCNT 

structure 

 

c) Ultrasonic 

disintegrator 

type UD-11 

 

d) 

MWCNT 

based 

nanofluid 

 

 

e) Zetasizer S90 

 

 

f) Mastersizer-2000 

with dispergator 

Hydro-2000MU    

 
Figure 1. a)-MWCNT nanoparticles; b)-structure of MWCNT nanoparticles; c)-Ultrasonicator; 

d)-prepared nanofluid based on MWCNT; e) Zetasizer S90; f) Mastersizer-2000 with dispergator 

Hydro-2000MU  

 

In Figure 1 illustrated the preparation steps of nanofluids based on MWCNT 

nanoparticles. Apart from this in Figure 1.a) given the MWCNT nanopowder, and in b) 

illustrated the structure of MWCNT nanoparticles, whereas, in c) and d) presented the 

ultrasonic disintegrator for sonication of MWCNT nanoparticles in DI water and prepared 

nanofluids. For obtaining the thermal properties of nanofluids, which were prepared based on 

MWCNT (MKN-MWCNT-RG1020) nanoparticles with a diameter of 10-20 nm and a length 

of 10-30 µm, which were measured using the e) Zetasizer S90 and for analyzing of volume 

distribution used f) Mastersizer-2000 with dispergator Hydro-2000MU (Malvern) available in 

the laboratory of solar thermal applications of the Physical-Technical Institute of the 

Academy of Sciences of the Republic of Uzbekistan.    

 

Realization 
There are presented several analytical models for predicting viscosity of nanofluids by 

different authors which are described Table 1. By analyzing the models done comparison 

between proposed models for predicting the effective viscosity respect to concentration and 

temperature. 
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References Models Description about models 

Einstein [4] µnf=µbf ∙ (1 + 2.5 ∙ ∅) 
Valid for low particle concentration 

∅ < 0.02 

Brinkman [5] µnf=µbf ∙ (1 − ∅)−2.5 
Valid for average volume 

concentration up to 4% 

Batchelor [6] µnf=µbf(1 + 2.5 ∅ + 6.5∅2 ) 
Brownian motion effect and valid for 

homogenous solution 

Avsec et al [7] 
µnf=µbf ∙ (1 + (2.5φe) + (2.5φe)2 + (2.5φe)3

+ (2.5φe)4+. . ) 

Based on statistical approach at 

molecular level and assume liquid 
layer on nanoparticles 

Masoumi et al [8] 

µnf=µbf ∙ (1 +
pp∙VB∙dp

2

72∙δ∙C
 ), VB = √

18∙R∙T

π∙NA∙pp∙dp
3 , δ =

√
π∙dp

3

6∙∅

3

 , 

C = {(−1.133 ∙ dp − 2.771) ∙ ∅ + (0.09 ∙ dp

− 0.393)} ∙ 10−6 

Based on Brownian motion and 

function of particle diameter and 

concentration 

Udawattha et al 

[9] 

µnf=µbf ∙ (1 + 2.5φe

+
pp ∙ VB ∙ dp

2

72 ∙ δ ∙ [T ∙ 10−10 ∙ ∅−0.002T−0.284
 ) 

Based on Brownian motion and 

nanolayer as a function of particle 

diameter, temperature and 

concentration 

 
Table 1. Analytical models for predicting viscosity of nanofluids by different authors 

 

 For obtaining the relation between the effective viscosity of nanofluids and 

concentration have been used data for MWCNT nanoparticles from Table 2. 
 

Material’s class 
Density 

(kg/m3) 

Thermal 

conductivity 

(W/m*K) 

Outer 

diameter 

(nm) 

Inner 

diameter 

(nm) 

Length 

(um) 

Purity 

(%) 

MKN-

MWCNT-

RG1020 

2100 1500-3000 10-20 5-10 10-30 >95 

CuO 6320 18 40(spherical) 40(spherical) - - 

 

Table 2. Physical properties of nanoparticles 

 

According to the models' effective viscosity can be illustrated as a function of physical 

properties, size, and temperature and etc .µ𝑛𝑓=𝑓(𝑑, 𝑝, 𝑉, 𝑇, ∅. . ). 

As given in model of Einstein effective viscosity only depend on volume concentration 

 

µ𝑛𝑓=µ𝑏𝑓 ∙ (1 + 2.5 ∙ ∅)  ,                                                    (1) 

 

where, ∅ =
𝑝𝑙𝜑𝑚

𝑝𝑙𝜑𝑚+𝑝𝑝(1−𝜑𝑚)
    - volume fraction, 𝜑𝑚 -mass fraction of nanoparticles, 𝑝𝑙 and 𝑝𝑝 

-densities of nanoparticles and base liquid, respectively. However, it is important that the 

interfacial layer between particle and fluid also has a great impact on finding the effective 

viscosity of nanofluids. The relation can be expressed by the following equation for getting 

effective viscosity of nanofluids considering interfacial nanolayer. 

 

µ𝑛𝑓=µ𝑏𝑓 ∙ (1 + (2.5𝜑𝑒)  + (2.5𝜑𝑒)2 + (2.5𝜑𝑒)3 + (2.5𝜑𝑒)4+. . )                    (2) 

 

µ𝑛𝑓=µ𝑏𝑓 ∗ (
1

1 − 2.5𝜑𝑒
) 

 

where 𝜑𝑒 = ∅ ∗ (1 +
ℎ

𝑟
)3, ℎ and 𝑟 show the thickness of nanolayer and radius of 
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nanoparticles. Ratio of  
ℎ

𝑟
  can be varied in the interval of [0.03;0.2] as given in work [22]. 

Using the models, given in Table 1. carried out a numerical study of the viscosity of 

nanofluids based on MWCNT nanoparticles. Moreover, obtained the curves of viscosity with 

respect to volume fraction and temperature using four models, which neglected the effect of 

Brownian motion. In addition, realized the difference in viscosities of nanofluids based on 

various nanoparticles, such as MWCNT and CuO by using one marked model.  

 

3. Results and discussion 

 

As a result of the conducted numerical study, below expressed the predicted effective 

viscosity with respect to volume fraction and temperature, respectively Figure 2-4. All 

calculations were carried out for base fluid and nanoparticles at temperature 20℃.  

It is clear from Figure 2. that the effective viscosity of nanofluids based on MWCNT 

nanoparticles increases with the expanding of volume fraction of nanoparticles in the base 

fluid. Here, given a comparison of four models for predicting the effective viscosity of 

nanofluid. Accordingly, three Einstein, Brikman, and Batchelor models approximately 

showed the same result. However, Batchelor’s model illustrated the bulk change from others 

at high volume fractions. When taking into consideration the impact of the interfacial layer 

the difference can reach a 3 % enhancement of viscosity for MWCNT-DI at high volume 

fractions. However, it should be noted that the high viscosity can impact heat transfer in 

nanofluids, due to the reducing the heat convection effect of liquids.  

 

 
 

Figure 2. Comparison of proposed models for effect of volume fraction on effective viscosity 

for MWCNT-DI, average particle size -15 nm 
.  

 
 

Figure 3. Comparison of proposed models for effect of temperature on effective viscosity for   

MWCNT-DI and CuO, average particle size -15 nm 
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As shown in Figure 3 the effective viscosity of nanofluids is reduced with increasing 

temperature. Moreover, the reduction of viscosity was rapidly in intervals of 0-20 ℃ and in 

40-100℃ intervals falling was slow. According to Udawattha’s model, effective viscosity is a 

function of temperature and volume fraction, where the influence of interfacial layer and 

Brownian motion are also considered.  In accordance with the result, the difference between 

effective viscosities of MWCNT and CuO-based nanofluids was approximately 50% at low 

temperatures, but with increasing of temperature, the values were coming closer. To sum up, 

the effective viscosity of nanofluids based on various materials (nanoparticles) can illustrate 

similar results at high temperatures, when the model includes the Brownian and nanolayer’s 

impact on viscosity. 

 
Figure 4. Comparison of viscosity of nanofluids based on MWCNT and CuO by using 

proposed models. 
 

However, the Avsec&Oblak model showed the biggest enhancement compare to other 

models. Moreover, it should be taken into account that the huge increase in viscosity can 

affect the thermal behaviour of coolants, but with respect to the good thermal conductivity of 

materials such as MWCNTs, it is still preferred, even including the effect of nanolayers. 

As illustrated in Figure 4. the effective viscosity fluctuated between 1.01-1.46 when 

volume concentration expanded from 1% up to 5%. 

According to the comparison, the effective viscosity of nanofluids based on MWCNT 

nanoparticles was greater than the viscosity of nanofluids based CuO for all assumed models. 

Regarding of Avsec&Oblak model, the difference between the effective viscosity of 

nanofluids based on MWCNT and CuO was approximately 6% at high volume 

concentrations. In terms of Einstein’s model, the difference was about 3% at 5 % of the 

volume fraction.  

 

Experimental investigations  

We experimentally determined the dynamic viscosity of nanofluids with MWCNT 

nanoparticles (linear size: 10–20 nm in diameter and 10–30 μm in length), in which water was 

used as the base liquid. Figure 5 shows the dependences of the values of the dynamic 

viscosity of nanofluids with MWCNT nanoparticles and the base liquid (water) on frequency 

at different temperatures. 

 
Figure 5. Dependence of the viscosity of a nanofluid with MWCNT nanoparticles and base 

liquid (water), on frequency, at different temperatures 
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It can be seen from Figure 5, the temperature dependence of the dynamic viscosity of 

these nanofluids also repeats a similar dependence for the base liquid, i.e. with increasing 

temperature, the value of the dynamic viscosity of the systems decreases. It should also be 

noted that an increase in the concentration of nanoparticles leads to an increase in the dynamic 

viscosity of nanofluids. The frequency dependence of the viscosity of the system (MWCNT + 

water) indicates that at low concentrations these values are practically independent of 

frequency, i.e. the fluid is Newtonian. As the concentration increases, all liquids exhibit non-

Newtonian behavior. 
 

 
 

Figure 6. Dynamic viscosity of nanofluids based on MWCNT as a function of temperature. 

 

It can be seen from Figure 6, as the temperature increases, the dynamic viscosity of 

nanofluids is reduced. As shown in the graph, the points show the results of the experiments, 

where the discrete lines show the fitted dynamic viscosity polynomial as a function of 

temperature. Based on this, we propose an empirical polynomial formula for dynamic 

viscosity as a function of temperature for the interval 38 ̊ С - 78 ̊С. The mass fraction of 

nanoparticles in dispersed nanofluids is 0.05%, where the base liquid is distilled water. 

 

Optical characteristics of NF   

 Case for NF based on MWCNT (influence of particles concentration and layer 

thickness to the optical properties) 

 It should also be noted that in hybrid nanofluids, the absorption coefficient will be 

different for different thicknesses. These papers [23-26] present a theoretical and 

experimental analysis to determine the optical properties of hybrid types of nanofluids for 

using solar collectors of the DASC (Direct Absorption Solar Collector) type as a coolant, 

where the optical efficiency reached up to 97.3% at an optical path of 1 sm. length. In 

addition, the paper [27] presents the results of modeling the thermodynamic analysis of a 

parabolic trough solar collector using nanofluids based on MWCNT. 

Based on the analysis of the above works, it can be concluded that nanofluids are 

certainly promising coolants, with the help of which it will be possible to significantly reduce 

the metal consumption of aggregates. This requires further complex experimental studies of 

their thermophysical and optical properties. 

With this in mind, we conducted studies to study the effect of particle concentration and 

layer thickness on the optical characteristics of nanofluids based on multi-walled carbon 

nanotubes (MKN-MWCNT-RG1020), which is considered one of the promising materials for 

use as a heat transfer fluid. 
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Methodology 

Nanofluid preparation 

For the experiments, nanoparticles based on multi-walled carbon nanotubes (MKN-

MWCNT-RG1020) with a diameter of 10–20 nm and a length of 10–30 µm were selected, 

and the “two step method” [28] was chosen to prepare the suspension as shown in Figure 7. In 

accordance with the above method, during preparation, the temperature in the ultrasonic bath 

was varied from 25 ̊C to 35 ̊C, and the sonication time lasted 30 minutes. The study was 

carried out for particle concentrations of 0.01%, 0.02% and 0.05% using water as the base 

fluid. 

 

Measurement of absorbance in nanofluids 

Determining the absorption of rays in the nanofluid under consideration, we used the 

METASH V-5000 optical spectrophotometer shown in Figure 7.b, whose measurement range 

is from 320 nm to 1100 nm. For the experiment, 4 types of cuvettes with different thicknesses 

were selected, respectively 5mm, 10mm, 20mm and 30mm. 

The device measures the absorption of rays in the medium depending on the radiation 

spectrum according to the Beer-Lambert law (3) 

 

                                                      𝐴 = 𝜀𝑙𝑐                                                                              (3), 

 

where, A is the intensity of the absorbed radiation, ε is the molar attenuation coefficient or 

absorptivity of the attenuating particles, l is the optical path length in sm], c is the 

concentration of the attenuating particles. In a generalized form, formula (1) can be rephrased 

as given by formula (4) 

 

                                           𝐴 = log10
𝐼0

𝐼
= log10(𝑇)                                                               (4), 

 

where, A is the absorption, I0 is the incident light, I - the transmitted light and T is the 

transmittance. 

 

  

 

 

 

 
а)  Dispersion by ultrasonic 

bath  

 

 
b) Optical spectrophotometer 

METASH V-5000  

 

 
c) Suspencion based on MWCNT 

in cuvettes with different 

thicknesses 
 

Figure 7. Preparation of NF based on MWCNT and measurement of their absorbance 
 

Discussion of experimental results 

Studies have been carried out to determine the optical properties of nanofluids based on 

MWCNT at different concentrations with different layer thicknesses. Figure 8. a, b, c show 

that at different concentrations and layer thicknesses, the absorption rays depending on the 

radiation spectrum will be different. 
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 a) b) 

 

 
c) 

 
Figure 8. a) Optical density at different thicknesses of the absorption layer and concentration of 

MWCNT: 0.01%; b) Optical density at different thicknesses of the absorption layer and MWCNT 

concentration: 0.02%; c) Optical density at different thicknesses of the absorption layer and 

concentration of MWCNT: 0.05% 
 

As can be seen from Figure 8.a, the absorption value increases with increasing layer 

thickness, where the concentration of nanoparticles is 0.01% of the volume fraction. In 

addition, there is a sharp increase in absorption in the visible region of the spectrum with an 

increase in the layer thickness from 5 to 30 mm. 

As shown in Figure 8.b, the absorbance value increases with increasing layer thickness. 

But it should be taken into account that with an increase in the concentration and with an 

increase in the layer thickness, a large increase in absorption in the IR region of the spectrum 

is observed. 

It can be seen from Figure 8.c that the absorption level increases with increasing 

concentration and thickness of the absorption layer at a concentration of nanoparticles of 

0.05%, where peaks were observed in the IR region, which gives the largest part of thermal 

radiation. 

Figure 9 a, b, c shows that when the thickness changes from 5 mm to 10 mm and from 

10 mm to 20 mm, the absolute values of the differences in optical densities are parallel, and 

when the layer thickness changes from 20 mm to 30 mm, there is a tendency for the 

absorption of the visible range of radiation to increase with increasing concentration particles. 
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 a) b) 

 

 
c) 

Figure 9. a) Absolute values of differences in optical densities at different thicknesses of the 

absorption layer: a=5mm, b=10mm, c=20mm and d=30mm at concentrations: 0.01% MWCNT;         

b) Absolute values of differences in optical densities at different thicknesses of the absorption layer: 

a=5mm, b=10mm, c=20mm and d=30mm at concentrations: 0.02% MWCNT; c) Absolute values of 

optical density differences at different thicknesses of the absorption layer: a=5mm, b=10mm, c=20mm 

and d=30mm at concentrations: 0.05% MWCNT. 

Math modeling 

The paper [29] presents the results of studies on determining the effect of the optical 

properties of a nanofluid on the output values of a parabolic trough solar collector. We have 

also created a mathematical model of this parabolic trough solar collector. When 

implementing the considered model, the following conditions were accepted: - the thermal 

conductivity of the absorber tube and the glass shell are constant; - transverse conductivities 

in the absorber and glass are not taken into account; - heat losses through the end surfaces of 

the absorber are insignificant; - incompressible fluid with unidirectional flow. 

In the control volume, the heat balance can be written as follows: 

 

                                �̇�𝑙.𝑖𝑛 + �̇�𝑠𝑜𝑙𝑎𝑟 = �̇�𝑙.𝑜𝑢𝑡 + �̇�𝑙𝑜𝑠𝑠                                   (5) 

 

where �̇�𝑙.𝑖𝑛 is the power of the input liquid, �̇�𝑠𝑜𝑙𝑎𝑟  is the power of solar energy reaching the 

surface of the collector, �̇�𝑙.𝑜𝑢𝑡  is the power of the output liquid, �̇�𝑙𝑜𝑠𝑠  is the power of energy 

loss from the collector. The created mathematical model is entered into the computer and the 

output values are calculated using iterative methods, which is created in Python 3.8. 

 In this case, the incoming values of solar radiation, wind speeds, heat transfer fluid flow 

and output values are shown in Table 3. To verify the created mathematical model, 

experimental data were used, which are given in [30], where TherminolVP-1™ synthetic oil 

was used as a coolant. From the results of the numerical analysis, it can be seen that the 

difference between the output temperatures, the experiment and the model does not differ 

significantly, where the standard error was RMSE=0.61K, and the standard deviation is 

R2=0.99995. 
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𝐼𝑑  (
Вт

м2⁄ ) 𝑚 ̇ (
к𝑞

с)⁄  𝑇𝑖𝑛 (𝐾) 𝑇𝑜𝑢𝑡 (𝐾)𝑒𝑥𝑝 𝑇𝑜𝑢𝑡 (𝐾)𝑚𝑜𝑑𝑒𝑙 
𝑇𝑜𝑢𝑡 (𝐾)𝑚𝑜𝑑𝑒𝑙
− 𝑇𝑜𝑢𝑡 (𝐾)𝑒𝑥𝑝 

933.7 0.6782 375.35 397.15 397.74 0.593742 

937.9 0.6206 570.95 590.05 589.39 0.660655 

920.9 0.5457 652.65 671.154 671.16 0.002665 

880.6 0.6205 572.15 590.35 589.55 0.797054 

909.5 0.658 523.55 542.55 541.54 1.011853 

968.2 0.6536 424.15 446.45 446.41 0.037657 

982.3 0.635 470.65 492.65 492.21 0.432447 

 
Table 3. Calculated and experimental values of temperature at the collector outlet 

 

 A comparative analysis of the thermal efficiency of the considered collector was 

performed using distilled water and nanofluids based on MWCNT (MKN-MWCNT-RG1020) 

(0.05%). To determine the thermophysical properties of a nanofluid, the authors of [27] 

recommended empirical equations, which were also used in this work. All output values are 

presented in Table 4. The total value of the redemption coefficient in this case is 0.98 at 

10mm thickness. At the inlet, the heat transfer fluid temperature is 293 K. 

 
𝐼𝑑  (

𝑤
𝑚2⁄  𝑚 ̇ (

𝑘𝑔
𝑠)⁄  𝑇𝑜𝑢𝑡.𝑤𝑎𝑡𝑒𝑟 (𝐾) 𝑇𝑜𝑢𝑡.MWCNT (𝐾) ∆𝑇𝑤𝑎𝑡𝑒𝑟  ∆𝑇MWCNT 

933.7 0.3391 311.97 315.48 18.97 22.48 

937.9 0.3103 313.82 317.68 20.82 24.68 

920.9 0.27285 316.24 320.55 23.24 27.55 

880.6 0.31025 312.55 316.17 19.55 23.17 

909.5 0.329 312.04 315.57 19.04 22.57 

968.2 0.3268 313.41 317.18 20.41 24.18 

982.3 0.3175 314.31 318.26 21.31 25.26 

 

Table 4. Outlet temperature comparison 

 

From Figure 10. It can be seen that the use of MWCNT-based nanofluids as a coolant 

significantly increases the useful heat release compared to distilled water. At the same time, at 

different flow rates of heat carriers, the indicators were different. The use of nanofluids based 

on (0.05%) MWCNT showed an increase in the useful heat gain by about 18.5%, while the 

thermal efficiency increased from 73.4 to 87.2%. 

 

 
 

Figure 10. Comparison of beneficial heat gains in water and nanofluids based on MWCNT. 
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According to Table 4. temperature differences at the outlet, when using water and 

nanofluid, respectively, was approximately 5K at high solar radiation and the lowest flow rate 

of heat carriers. In addition, it can be concluded that the use of nanofluids as a heat transfer 

fluid can lead to an increase in the thermal efficiency of solar systems than water-based fluids. 

 

4. Conclusion 

 

Based on calculations and also experimental investigations we could conclude that, 

effective viscosity plays an important role to study the heat transfer behaviour of proposed 

nanofluids. According to analysed models, the effective viscosity is almost the same for 

MWCNT-based nanofluids when the interfacial layer is neglecting. However, taking into 

consideration the effect of the interfacial layer namely the Avsec&Oblak model the difference 

was about 3-4% compared to other models. In terms of the influence of temperature on 

effective viscosity for MWCNT-based nanofluids namely Udawattha’s model, the difference 

between models was remarkable. Moreover, it must be emphasized that the effective viscosity 

for CuO-based nanofluids was roughly 5-6% less than MWCNT-based nanofluids at high 

volume fraction. Regarding numerical analyses, the preferably model for obtaining effective 

viscosity at low concentrations was Einstein’s model, but when considering the interfacial 

influence, the Avsec&Oblak model had much more preference. Hence, when using Einstein’s 

or Brinkman’s models should be careful with the volume fraction of nanoparticles. 

Furthermore, it can be advised to take into account the impact of Brownian motion so far as 

Brownian motion of nanoparticles can enhance the effective viscosity of nanofluids as a 

dynamic motion with increasing temperature or particle size. 

The measurement results showed that the absorption level increases with increasing 

concentration and thickness of the absorption layer. But with an increase in concentration, 

saturation of the increase in absorption occurs, so at a concentration of 0.05%, the absorption 

curves for the thicknesses of the absorption layer of 20mm and 30mm are almost the same. 

During the experiments, a difference was established in the change in the curve of the 

absorption spectrum of nanofluids with different concentrations of MWCNT, with a change in 

the thickness of the absorption layer. In particular, the absolute difference of the absorption 

spectrum between the layer thicknesses of 5 mm and 10 mm decreases in the direction of the 

long-wavelength range of the emission spectrum at a particle concentration of 0.01%, and 

increases the particle concentration of 0.02%, and at a particle concentration of 0.05% almost 

unchanged over the entire range of the emission spectrum, the absolute difference of the 

absorption spectrum between the layer thicknesses of 10 mm and 20 mm is almost the same at 

all three concentrations and decreases towards the long-wavelength range of the emission 

spectrum, where the absolute difference of the absorption spectrum between the layer 

thicknesses of 20 mm and 30 mm tends to increase in the visible radiation range and remains 

almost unchanged in the long-wavelength range part of the radiation spectrum range. 

Thus, the use of nanofluids based on (0.05%) MWCNT with high optical properties 

showed better thermal characteristics than distilled water, which increases the thermal 

efficiency of the solar parabolic collector by 14%. 
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