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Abstract
Nanofluid is a better substitute for traditional energy transmission media due to its increased thermal conductivity. Nanoflu-
ids present a hitch for researchers in this area due to their lack of long-term uniformity. To improve the homogeneity of the 
nanofluids, a remarkable mix ratio of Glycerol (G) and Water (W) is determined as the base liquid. Cobalt (Co) nanofluid 
with a maximum volume concentration of 0.24 per cent (2% weight) was produced with the selected G/W mixture ratio. 
The Co nanofluid remained homogeneous during the 50-day observation period. The repeated Zeta potential and electrical 
conductivity tests revealed the nanofluid’s unvarying homogeneity during the observed duration. Following the observation 
time, SEM images also confirmed the homogeneity of Co dispersions. The viscosity and thermal conductivity of nanofluid 
dispersions are investigated experimentally. A typical thermal conductivity and viscosity enrichment of 19.8% and 16.3% 
are obtained at 0.24% concentration. Similarly, the augmentation in electrical conductivity was 340 times greater than the 
base fluid at 0.24% concentration. Within a 10% deviation, empirical correlations are generated for estimating the Viscos-
ity, Electrical and Thermal Conductivities of Co Nanofluids. The heat transfer merit analysis and homogeneity tests on Co 
dispersions suggest that the chosen G/W blend ratio is an excellent medium for producing stable nanofluids.

Nomenclature

Symbols
C  Specific heat, J/kgK
Co  Cobalt
d  Diameter
k  Thermal conductivity, W/mK
Pr  Prandtl number
T  Temperature, 0C
T1  Temparature
T  Time, s
w  Weight of nanoparticles

Greek symbols
α  Thermal diffusivity,  m2/s
ϕ  Volume concentration of Nanoparticle
µ  Base fluid Viscosity, cp
ρ  Nanofluid density, kg/m3

γ  Shear rate,  s−1

τ  Shear stress, Pa
σ  Electrical Conductivity, mS/cm
υBr  Browninan velocity, m/s

Subscripts
bf  Basefluid
nf  Nanofluid
p  Nanoparticle
R  Relative

Abbreviations
BF  Basefluid
EG  Ethylene glycol
G  Glycerol
GON  Graphene Oxide Nanosheets
NP  Nanoparticle
FESEM  Field Emission Scanning Electron Microscope
W  Water

 * T. Rajendra Prasad 
 trajendramech@gmail.com

1 Centre for Energy Studies, JNTUH COE, Hyderabad, India
2 Mechanical Engineering, KLEF, Vaddeswaram, Guntur, 

India
3 Centre for Energy Studies, JNTUH COE, Hyderabad, India
4 Mechanical Engineering, NRI Institute of Technology,  

Pothavarappadu, Agiripalli, India

/ Published online: 26 May 2022

Heat and Mass Transfer (2023) 59:95–112

http://orcid.org/0000-0002-3416-9133
http://crossmark.crossref.org/dialog/?doi=10.1007/s00231-022-03250-x&domain=pdf


1 3

1 Introduction

Thermal transport liquids often employed in various fields 
cannot cope with ever-increasing energy shipping rates. 
Their low competencies are that their heat conductivities 
are comparatively low. Research has focused on enhancing 
heat conductivity in liquids by combining nanometer-sized 
solid particles in the recent past. Comparatively, liquids 
have lower thermal conductance than solids. Therefore, 
suspending sub-micron sized solid particles in liquids can 
amplify the mixture's overall heat conductance The ther-
mal conductivity of nanofluids rises with concentration and 
temperature, according to the literature [1]. The random 
nanoparticle movement and mixing effect of liquid just 
around the nanoparticles induced due to Brownian motion 
are acknowledged for enhancements in thermal conductiv-
ity [2]. The viscosities of the nano-suspensions were found 
to be enhancing with concentration and diminish with tem-
perature [3]. However, the relationship between particle 
diameter and nano-suspension viscosity is unclear. This 
fact was published in a recent review article by Koca et al. 
[4]. Li et al. [5] studied thermal conductivities of 25 nm-
sized copper particles suspended in the water of concentra-
tion 0.1% by weight. They examined the effect of pH and 
the amount of surfactant used in the nanofluid suspension 
on enhancement in thermal conductivity. They reported 
amplification of 10.7% in thermal conductivity by uphold-
ing the choicest pH range and surfactant amount of 8.5–9.5 
and 0.1% SDBS, respectively. Esfe et al. [6] suspended iron 
nanoparticles in the water of 37 nm, 71 nm, and 98 nm 
average diameters and inspected their thermal conductivity 
and viscosity. They notified that iron nanofluid’s thermal 
conductivity and viscosity increases with concentration and 
particle diameter. Ghosh et al. [7] measured the thermal 
conductivity of silver suspended in water. The chemical 
reduction phenomenon synthesizes the silver particles of 
a mean size of 45 nm capped with organic surfactants. A 
significant enhancement in thermal conductivity (> 100%) 
with the prepared nanofluid, which remained homogenous 
for 15 days, was observed.

Paul et al. [8] blended gold nanoparticles in the water 
of varying sizes and concentrations and explored the ther-
mal conductivity of the blends. The researchers prepared 
the mixtures by chemical reduction process and affirmed 
arise in thermal conductivity of 48% at 0.00026% volume 
percentage and particle size of 21 nm. Kim et al. [9] pre-
pared gold nanofluids in water by pulsed laser ablation 
procedure with concentration range 0.00005–0.018% by 
volume. The particle size varied between 7.1 – 12.1 nm 
and claimed an enhancement in thermal conductivity of 
9.3% at 0.018% concentration with 7.1 nm particle size 
with an error of ± 5.4%.In a similar study; Shalkevich et al. 

[10] blended gold nanofluids in the water of particle size 
range 2 – 45 nm. The maximum enhancement in thermal 
conductivity found was only 1.4% at 0.11% concentration 
and 40 nm size. It is worth noting that reports on prop-
erties using identical nano-suspensions show much vari-
ance, and they can be due to the difference in stability of 
the nano-suspensions. Hence, it is essential to determine 
methods to enhance nanoparticle suspension stability.

Sarojini et al. [11] reported electrical conductivities and 
influence concerning parameters of water nanofluids sus-
pended with Cu, Cuo and  Al2O3. The results infer that the 
electrical conductivity rises with particle volume and declines 
with the size of the particle. The impact of temperature on the 
enrichment of electrical conductivity for water-based nanoflu-
ids is nominal. Konakanchi et al. [12] examined the electrical 
conductivity of  Al2O3,  SiO2 and ZnO nanofluids with 40% 
propylene glycol mixed with water. The temperature is found 
to influence the nanofluid’s electrical conductivity. The elec-
trical conductance of the tested nanofluids diminishes with 
particle size and increases with temperature and concentration.

In a significant part of investigations, Water (W) is selected 
as a base liquid. It is reported that the nanofluid suspension 
stability is affected by parameters like pH, particle size, vis-
cosity and relative density of the base liquid. The magnifica-
tion in the viscosity of the base liquid can improve the nano-
fluid stability [13]. Therefore, a blend of W and Glycerol (G) 
can improve viscosity instead of W. At  250C, G has a boiling 
point of 290C, a thermal conductivity of 0.281 W/mK and 
dynamic viscosity of 612cp [14, 15]. For a given nanoparticle, 
if the G and W blend is employed as a base for nanofluid, the 
stability can step up.

Furthermore, because G has a more significant difference 
in freezing and boiling points than water, nanofluids made 
with G and W mixture base have a wide temperature range in 
heat transfer applications. The essential chemical and physi-
cal characteristics of G are shown in Table 1. An outline 
of research works on thermophysical properties concerning 
glycerol or its mixtures as base liquid are shown in Table 2.

Table 1  Properties of Glycerol

Aspect Remark

Chemical formula C3H5(OH)3 [14]
Molecular mass 92.09 g/mol [14]
Density, kg/m.3 1261 [14]
Boiling point, 0C 290 [14]
Melting point, 0C 18.2 [14]
Flash point, 0C 160 [14]
Thermal conductivity, W/mK 0.281[15]
Viscosity, cp 612 [15]
pH Neutral [15]
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Higher pump capacities in heat transport applications are 
required if G is used as a base for nano-suspension. G being 
highly viscous can increase the effective density and subse-
quent pressure drop [22]. Hence, instead of pure G as a base 
liquid, a suitable mixture ratio of G/W blend is selected to 
reduce the pumping capacity with simultaneous enhance-
ment instability of the suspension. It is also to be noted that 
increasing the content of G in W can decrease in thermal 
conductivity of the blend, which can reduce heat transfer 
rates. The present work pinpoints the selection of an opti-
mum blend ratio of G/W as the base for the preparation of 
Cobalt (Co) nanofluids. Optimal mixture selection of W and 
G has not yet been documented in the literature. Therefore, 
this study aims to find the perfect balance between glycerol 
and water to improve the stability of prepared nanofluid.

Nanofluids are also being studied for cooling electronic 
components [23, 24]. Different magnetic fields exist in 
electronic components, across which nanofluid must flow. 
According to Hatami et al. [25], magnetic fields impact 
heat transfer rates in nanofluids containing magnetic par-
ticles. It is worth investigating the effect of magnetic fields 
on the heat transfer rate of ferromagnetic cobalt nanofluid 
in an optimum mixture of glycerol and water. For this 
reason, magnetic Co nanoparticles were utilized to make 
nanofluids in this study. There is virtually little study on 
Co nanofluids in the literature. The first step in assessing 
nanofluid heat transport is to determine their thermophysi-
cal characteristics. This paper attempts to provide data 
on thermal conductivity and viscosity to further investi-
gate heat transfer characteristics. The values of electrical 

Table 2  Outline of the investigations done on glycerol as base fluid

BF NP D (nm) ϕ pH T (.0C) Variability in  
Thermophysical properties

Investigators

G SiO2 15–20 0.5–2% (Volume) 10 30–80 Thermal conductivity 
increased by 11.5% than 
base fluid at 2% by volume 
at  600C, and viscosity 
reduced by 95% at all 
concentrations in the  300 
-800C temperature range

Akilu et al. [15]

G/EG (60%G by 
weight)

SiC 45–65 0.3–1% (Volume) 10 15–75 Thermal conductivity 
increased by 6.8% at 1% 
volume concentration 
between  300 -600C, and 
viscosity reduced by 113% 
at a concentration of 1% 
between  300 -600C  
compared to base liquid

Akilu et al. [16]

G MgO 21.1, 103.8 and 123.7 0.5–4% (Volume) - 20–45 Thermal conductivity 
increased by 19% at 4% by 
volume than base fluid

Tshimanga et al. 
[17]

G-W (4:1weight ratio) GON 0.5-2 μm 0.02–0.1% (Weight) - 25–45 Thermal conductivity 
increased by 11.7% than 
base fluid at 0.1% by volume 
at  450C

Ijam et al. [18]

G Al2O3 31, 55 and 134 0.5–4% (Volume) - 20–45 Thermal conductivity 
increased by 19.5% than 
base fluid at 4% by volume 
at  200C

Sharifpur et al. 
[19]

G Al2O3 19, 139 and 160 0–5% (Volume) - 20–70 Viscosity amplified with 
the rise in volume fraction 
diminished with the boost 
in temperature for all 
particle sizes, and the small 
nanoparticles exhibited 
higher viscosity

Sharifpur et al. 
[20]

G Fe2O3 26 (mean) 0.125–0.75% (Volume) - 30–70 Viscosity augmented with 
volume portion declined 
with the working  
temperature

Abareshi et al. 
[21]
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conductivity are measured which reflects on the nanofluid 
stability.

Despite the fact that numerous relevant parameters have 
been investigated by researchers in modeling nanofluid prop-
erty correlations, generalized correlations that apply to a 
wide range of nanofluids are still lacking. A shortcoming of 
existing models, according to Yang et al. [26], is that they 
are only valid for a limited number of materials in a limited 
range of applications. The models fail to predict viscosity 
and thermal conductivity for other nanofluids. While analyz-
ing nanofluid properties, the practical way is still a primary 
priority. Therefore, regression correlations were developed 
in this study to theoretically predict thermal conductivity, 
viscosity and electrical conductivity of produced nanofluids 
in tested temperature and concentration range. A tempera-
ture range of 30 –  700C and a concentration range of 0.06 
– 0.24% is selected.

2  Materials and methods

2.1  Preparation of glycerol‑water mixtures

In this study, the selection of ideal blend ratio of Glycerol 
and Water (G/W) is based on the thermal conductivity and 
viscosity data of G/W blends of various weight ratios of 
G. To evaluate of properties of G/W blends, six samples 
of 50 ml volume holding 0%—50% by weight in steps of 
10% of G are prepared. The blends are designated as 0:100 
G/W, 10:90 G/W, 20:80 G/W, 30:70 G/W, 40:60 G/W and 
50:50 G/W. The experimental data of the properties for all 
prepared G/W blends is taken.

2.2  Selection of Glycerol and Water (G/W) Ideal 
Blend Ratio

The thermal conductivity and viscosity of G/W blends are 
analyzed, and an ideal blend ratio is identified. The data 
is taken at  300C. The experimental viscosity data of G/W 
combinations are compared with the data reported by Cheng 

[27]. An utmost 7.8% discrepancy is witnessed between the 
data for the 10:90 G/W solution data. A maximum variation 
of 9.7% for 40:60 G/W solution is seen when G/W solution 
is measured thermal conductivity data is compared with data 
disclosed by Bates [28].

Thermal conductivity decline and viscosity escalate as the 
amount of glycerol in the mix increases, according to the 
analysis of measured data. The viscosity of the base liquid 
influences the nanofluid’s suspension stability. The particles 
move around randomly in the base fluid against viscous drag 
forces, preventing sediment formation. As a result, the higher 
viscosity of the base fluid positively impacts the suspension 
stability of nanofluids. However, increased liquid viscosity 
is accompanied by increased pumping capacity requirements 
[22]. So a trade-off between viscosity and pumping capacity 
requirement is made. The viscosity of the 30:70 G/W blend 
is 1.86cp, as shown in Table 3. According to these meas-
urements, 30:70 G/W have roughly twice the viscosity of 
water, enhancing stability compared to water. The increased 
viscosity enhances relatively low stability for G/W blends 
with lower G concentrations than 30:70 G/W. The viscosity 
enhancement grew to higher scales with more excellent concen-
tration blends, requiring more pumping force. When collated 
to water, the thermal conductivity of the 30:70 G/W blend is 
0.491 W/mK as shown in Table 3. Therefore there is not much 
of a reduction in thermal conductivity. As a result, a 30:70 G/W 
blend is chosen as the foundation liquid for the fabrication of 
nanofluids with various cobalt nanoparticle concentrations.

2.3  Preparation and characterization of Cobalt 
Nanofluids

Cobalt nanofluids with particle loadings of 0.5%, 1%, 1.5% 
and 2% by weight are intended to be created in a 30:70 G/W 
blend. The cobalt nanofluids of a mean particle size of 80 nm 
are procured from Nano Wings Private Limited, India. The 
nanofluids were made utilizing a two-step physical proce-
dure previously described by several studies [15, 16]. For 
the ease of comparison with similar works, it is intended 
to convert weight percentages to volume percentages. The 
corresponding volume percentages are 0.06%, 0.12%, 0.18% 

Table 3  The Viscosity and 
Thermal conductivity of G/W 
solutions

Glycerol 
Percentage

Viscosity Results (cp) Thermal Conductivity Results (W/mK)

Reference 
Data [27]

Measured Data % Deviation Reference 
Data [28]

Measured Data % Deviation

0 0.799 0.84 -5.0 0.612 0.626 2.2
10 1.02 1.1 -7.8 0.573 0.533 -7.5
20 1.34 1.29 4.2 0.531 0.484 -9.4
30 1.85 1.86 -0.5 0.489 0.491 -0.4
40 2.7 2.63 2.6 0.452 0.412 -9.7
50 4.22 3.92 7.2 0.418 0.387 -8.0
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and 0.24%. The weight percentages of cobalt nanofluids are 
related to their volume percentages (ϕ), as shown in Eq. (1).

The nano-powder and liquid base weights were meas-
ured using an electronic balance (Model CAS-164, Contech 
Instruments Limited, India) with a precision of 0.0001 g. 
Where  wp is the weight of the particle,  wbf is the weight of 
the base liquid, ρp is the density of the particle and ρbf is 
the density of the base liquid, respectively. Equation (2) is 
utilized to compute the base liquid's density [22].

No chemical dispersants were used during the preparation 
of the nanofluids. In order to lengthen suspension stability, 
ultrasonication and pH control are crucial features of nano-
fluid production. The sonication of a nanofluid enables the 
disintegration of large particle clusters, resulting in a near 
lump-free suspension [15]. Many studies employed sonication 
to create well-dispersed nanofluids that remained sediment-
free for several days [13, 16]. The prepared Co nanofluids 
were sonicated for one hour in this study to ensure steady 
suspension. According to Jamshidi et al. [29], one hour of 
ultrasonic treatment was enough to disaggregate nanoparticles 
and yield stable nanofluids.

FESEM (Thermo Fisher Scientific, USA) is utilized to ana-
lyze the Co nanoparticle shape, size, and dispersion stability. 
Further zeta potential tests are also conducted to establish 
the effect of pH on dispersion stability. For FESEM and zeta 
potential analysis, the 0.24% Co nanofluid is considered. The 
0.24% Co nanofluid is selected for FESEM and zeta potential 
analysis because it has the highest concentration and more 
possibility of particle clustering and sedimentation. The 
increased particle number at higher concentrations reduces 
the distances between the particles, thereby increasing the 
Vander Waal's forces between them. This phenomenon 
increases agglomeration and reduces dispersion stability 
[13, 30]. Krishnan and Nagarajan [31] also claimed about 
reduced stabilities of nanofluids at higher concentrations due 
to enhancement in Vander Waal’s forces between the nanopar-
ticles. Choudhary et al. [32] also reported that the nanofluid 
zeta potential reduces with particle volume in the nanofluids.

The image of the 0.24% nanofluid sample taken after 
50 days of preparation is carried by FESEM. The FESEM 
image in Fig. 1(a) manifests that the cobalt particles are 
nearly globular and well dispersed. From the image, the aver-
age diameter of the particles, 80 nm, affirmed by the manu-
facturer, is in close concurrence. The particle agglomeration 
is not observed, reaffirming that the nanofluids devised have 

(1)� =

(

wp

�p

)

(

wp

�p

)

+
(

wbf

�bf

) × 100

(2)�nf = ��p + (1 − �)�bf

good stability even after 50 days from preparation. In a simi-
lar investigation, Hwang et al. [33] used Transmission Elec-
tron Microscopy (TEM) to study the aggregation behavior 
of carbon black and silver nanofluids in different base media. 
The particle diameter distribution histogram is revealed in 
Fig. 1(b), which concludes an average particle diameter of 
about 80 nm for the used Cobalt particles.

2.4  Measurement of thermal conductivity

The thermal conductivity of G/W blends and nanofluids are 
measured with KD2 Pro thermal properties analyzer (Deca-
gon Devices Inc., USA). KD2 Pro was used by many research-
ers to measure the thermal conductivity of nanofluids [6, 8, 
15–19, 42]. The KD2 Pro gauges the thermal conductivity 
on par with standards put forth by the American Society for 
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Fig. 1  The a FESEM image and b Particle size distribution of cobalt 
nanoparticles
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Testing and Materials (ASTM) and the Institute of Electrical 
and Electronics Engineers Standards Association (IEEE-SA) 
[34]. The device employs a transient line source of heat in 
measuring thermal properties. The thermal conductivity of 
test liquid is approximated by response relative to the tem-
perature of the infinite line of heat source exposed to a sudden 
electric energy pulse. The approximation of the concerned 
parameters of the device is related as follows:

In the above relation, k = thermal conductivity, q = electri-
cal energy pulse/length, ΔT1, ΔT2 are temperature variations 
at time  t1 and  t2, respectively. A cylindrical mono-needle 
type metal probe called KS-1 of 60 mm long and 1.27 mm 
thick is utilized as prescribed for liquids. The KS-1 har-
monizes the heater with the thermistor to accredit thermal 
conductivity testing with an exactness of ± 5%. The measur-
ing range of the device is 0.2 – 2 W/mK. The liquid sample 
under test is filled in a 30 mL glass measuring jar and kept 
in a temperature-controlled water bath (Ilabot Technolo-
gies, Model HPWB5, India). The measuring jar is held in 

(3)k =
qln

(

t2

t1

)

4�
(

ΔT
2
− ΔT

1

)

place utilizing a metal stand. An external flexible probe tem-
perature sensor is utilized to check the thermal equilibrium 
between the water bath and sample. The needle sensor is 
kept perfectly vertical to arrest any chance of convective 
errors inside the fluid sample.

Along with KD2 Pro, the whole arrangement is arranged 
on a table undisturbed to avoid any possible errors caused 
due to external vibrations. The procedure for conducting 
tests by KD2 Pro is shown in Fig. 2(a). The random errors 
associated with the thermal conductivity measurement are 
minimized by repeating the experiment six times, and the 
average of all the iterations is considered the final result. The 
thermal conductivity tests of G/W samples are conducted 
at a room temperature of  300C and compared. The glyc-
erol thermal conductivity data was taken with KD2 Pro and 
compared data with the publicized values in the literature. 
The reliability test results of KD2 Pro are shown in Table 4. 
The maximum percentage deviation in the reliability test is 
found to be within 3%.

2.5  Measurement of viscosity

The viscosity of G/W blends and nanofluids are measured 
with Brookfield rheometer (LVDV-III, Brookfield Engi-
neering Inc., USA). Previously, researchers measured the 
viscosity of nanofluids using a Brookfield rheometer [15, 
16, 21]. The Brookfield LVDV-III rheometer is program-
mable, quantifying shear stress and viscosity under a given 
range of shear rates. This device operates by a power-driven 
spindle surrounded by a liquid being tested. A calibrated 
spring powers the spindle, and the spring slew tests the vis-
cous drag of the solution alongside the spindle. A revolving 
transducer senses the deflection of the spring. The spindle 
rotates in a container in which liquid is placed. The speed of 
the spindle is in the range of 0 to 250 RPM, and the operat-
ing temperature range is -100 to  3000C. A circulating water 
bath controls the temperature of the liquid sample of 15 ml 
approximately in the removable measuring container.

The liquid sample is filled in the measuring chamber and 
reattached to the rheometer. A computer adjusts the required 

Computer
Brookfield
Rheometer

Motor

Calibrated
Spring

Water
Bath

Spindle

Liquid 
Under TestMeasuring 

Chamber

(b)(a)

Water
Bath

KD2 Pro

Electrical
Conductivity 
Gauge

Temperature
Controller

Liquid 
Under Test

Fig. 2  Procedure for Testing of a Thermal Conductivity and Electri-
cal Conductivity b Viscosity

Table 4  The reliability of 
Thermal Conductivity testing 
by KD2 Pro

T, 0C Thermal Conductivity, W/mK

Glycerol Ethylene Glycol

Measured Data Reported 
Data [15]

% Deviation Measured Reported 
Data [15]

% Deviation

30 0.282 0.281 0.35 0.255 0.252 1.17
40 0.286 0.282 1.39 0.259 0.254 1.93
50 0.289 0.283 2.07 0.262 0.256 2.29
60 0.291 0.284 2.40 0.266 0.258 3.01
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temperature and shear rate range of the test. The laptop also 
serves as data acquisition and storage gadget. The proce-
dure for conducting viscosity tests by rheometer is shown in 
Fig. 2(b). The sample reaches the maximum re-set tempera-
ture; the test is conducted in a few minutes. The viscosity 
data of G/W samples are taken at room temperature of  300C 
between the shear rates range of 0 – 200  s−1. Each measure-
ment is repeated six times, and the mean of the outputs is 
used for the analysis. The reported viscosity data of Glycerol 
and Ethylene Glycol is utilized to evaluate the reliability of 
the rheometer, given in Table 5. The maximum percentage 
deviation in the reliability test is found to be within 3%.

2.6  Measurement of electrical conductivity

A standard probe type electrical conductivity gauge (Tech-Ed 
Equipment Company, India) is utilized to test the electrical 
conductivity of Co nanofluids. Previously, various research-
ers employed ordinary probe type electrical conductivity 
meters [11, 12, 42]. The liquid sample under test is filled 
in a 30 mL glass measuring jar and kept in a temperature-
controlled water bath (Ilabot Technologies, Model HPWB5, 
India). The measuring jar is held in place utilizing a metal 
stand. An external flexible probe temperature sensor checks 
the thermal equilibrium between the water bath and sample. 
The procedure for conducting electrical conductivity meas-
urement is revealed in Fig. 2(a). The determination of the 
electrical conductivity of all the prepared nanofluids on day 
1 was undertaken. The electrical conductivity test of 0.24% 
nanofluid is repeated on day 50 after the trial to check for 
suspension stability. The gauge is a linear instrument and can 
be calibrated by the single-point calibration method. Before 
measuring, the electrical conductivity meter is calibrated by 
using a 0.1 M (molar) KCl solution whose electrical con-
ductivity is 1.54mS/cm at  300C [35]. The usage of 0.1 M 
KCl solution for the calibration process is prescribed by the 
supplier of the electrical conductivity gauge. The calibration 
test was conducted five times and found that the deviations 
were within ± 5%. The calibration test results of the electrical 
conductivity gauge are shown in Table 6.

2.7  Measurement of zeta potential

The Zeta potential of Co nanofluids is measured by the Nanopar-
tica SZ-100 series (Horiba Scientific, Spain). The Zeta potential 
reflects electrostatic repulsive forces in-between the suspended 
particles in the nanofluids, and the repulsive forces are affected 
by the pH of the nanofluid. There lies a pH value for every 
nanofluid where zeta potential becomes zero, called Iso-Electric 
Potential (IEP). Hence, adjusting the pH of the nanofluid shifts 
the zeta potential aside from the IEP, enhancing the zeta poten-
tial, thus ensuring the nanofluid's stability. The Zeta potential 
above ± 30 mV represents good suspension stability [13, 36]. 
Hence, it is intended to evaluate the Zeta potentials of Co nano-
fluid stabilities at various pH values. The 0.24% Co nanofluid is 
selected for Zeta potential analysis, and the reason for its selec-
tion is explained earlier. The nanofluid samples of 5 mL each of 
2, 5, 7.5, 9 and 12pH were prepared by mixing tiny droplets of 
Hydrochloric acid (HCl) and Sodium hydroxide (NaOH).

The initial pH of prepared 0.24% Co nanofluid is 8.6. A 
small portion of 0.24% Co nanofluid about 10 mL is taken, 
and the addition of a tiny droplet of concentrated NaOH 
solution and subsequent stirring made the nanofluid reach 
9pH. 5 mL of the nanofluid is stored in a separate glass 
bottle. The nanofluid is made to reach 12pH by adding a 
few more droplets of NaOH solution and constant stirring, 
and 5 mL of it is stored. 15 mL of 0.24% Co nanofluid is 
again separated to make 5 mL samples of 2, 5 and 7.5pH by 

Table 5  The reliability of 
Viscosity measurement by 
Brookfield rheometer

T, 0C Viscosity, cp

Glycerol Ethylene Glycol

Measured Reported [15] % Deviation Measured Reported [15] % Deviation

30 604.2 598 1.02 13.59 13.42 1.25
40 291.6 283 2.94 9.43 9.2 2.43
50 152.1 148 2.69 6.81 6.63 2.64
60 83.5 81.1 2.87 4.92 4.78 2.84

Table 6  The calibration test of the Electrical Conductivity gauge

T, 0C Electrical Conductivity, mS/cm

0.1 M KCl solution

Measured Reported [35] Deviation

30 1.48 1.54 -4.05
30 1.51 1.54 -1.98
30 1.49 1.54 -3.35
30 1.47 1.54 -4.76
30 1.49 1.54 -3.35
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adding tiny droplets of HCl solution. All these 5 mL nano-
fluid samples are used to measure the Zeta potential. The 
Zeta potential tests of these samples were conducted on day 
one and after 50 days of preparation.

3  Results and discussion

3.1  Stability of Co nanofluids

The variation of zeta potential with pH on both iterations is 
shown in Fig. 3. It is observed from Fig. 3 that the cobalt 
nanofluids have the highest zeta potential at 7.5pH on both 
measurement iterations. On Day 1and Day 50, the zeta 
potentials are 36.2 mV and 32.7 mV, respectively, at 7.5pH, 
showing a deviation of 9.6%. Moreover, at both measure-
ment iterations, the zeta potential is more than the stability 
benchmark of 30 mV [13]. Hence, the prepared Co nano-
fluids are stable for 50 days at 7.5pH. Thus, Cobalt nano-
fluids at all concentrations are maintained at 7.5pH while 
measuring the properties to ensure accuracy. Several inves-
tigators probed the outcome of pH on measured thermo-
physical properties. Li et al. [5] also studied the pH influence 
on measured thermal conductivity. They reported that the 
Cu-Water nanofluid exhibited higher enrichment in thermal 
conductivity by maintaining their pH between 8.5 and 9.5.

3.2  Electrical conductivity of cobalt nanofluids

3.2.1  Effect of temperature and concentration on electrical 
conductivity

The nanofluid samples are tested for their electrical conduc-
tivities at different concentrations in the temperature range of 

30—700C, and values are graphically represented in Fig. 4(a). 
An inspection of Fig. 4(a) indicates that the electrical conduc-
tivity of nanofluids improved with 30:70 G/W base liquid. 
The electrical conductivity of the prepared cobalt nanofluids 
improved with concentration and temperature. The physio-
chemical linkages in the nanofluid dispersion like formation 
electrical double layer (EDL) and the culmination of net 
charge on particle are considered factors for improving nano-
fluid's electrical conductivity compared to base liquid [11]. 
When a nanoparticle is suspended in a base liquid, the charge 
formation on the particle surface attracts ions of opposite 
polarity and repels ions of similar polarity. The accumulation 
of ions of opposite polarity at the particle surface creates a 
surplus electric potential near the nanoparticle surface. This 
charged layer is called EDL and constitutes a complex pattern. 
The formation of charge on nanoparticle surface and EDL 
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may be attributed to the improvements in electrical conductiv-
ity of nanofluids [37]. The construction of EDL is a positive 
sign for the suspension stability of the nanofluids, enhanc-
ing the movement of nanoparticles in the suspension due to 
electrophoresis. When nanoparticle concentration increases, it  
creates enhanced charge carriers, resulting in improved elec-
trical conductivity of nanofluids with concentration [38].  
Figure 4(b) shows a significant enrichment of nanofluid electri-
cal conductivity with particle volume. It is also noticed that the  
electrical conductivity ratios enlarged with temperature but 
not to the extent observed with concentration, which agrees 
with the report published by Minea and Luciu [39].

The present trend in improvements of measured cobalt nano-
fluid electrical conductivities contrasts with Konakanchi et al. 
[12], claiming that temperature is predominant compared to 
concentration on electrical conductivity improvements of silica 
and alumina nanofluids in PG/W base mixture. For instance, 
the Cobalt nanofluid electrical conductivity ratio increases from 
84.6 to 126.7 in the temperature range of  300C to  700C for 
0.06% concentration. But electrical conductivity ratio of cobalt 
nanofluids increases from 84.6 to 215.4 between the concentra-
tions of 0.06% to 0.24% at  300C. The maximum enhancement 
in the electrical conductivity is found to be 340 times of base 
liquid at 0.24% concentration and  700C. In an analogous study, 
Baby and Ramaprabhu [40] have shown a maximum improve-
ment of 1400% in electrical conductivity of water-based gra-
phene nanofluids at just 0.03% volume concentration and  250C.

3.2.2  Reproducibility of electrical conductivity

Several researchers looked at the repeatability of measured 
data of nanofluid properties over a specific period to estimate 
the nanofluid suspension stability. For example, Sadri et al. 
[41] tested the repeatability of thermal conductivity values of 
carbon nanotube suspensions over 28 days. Hence, to estab-
lish the Cobalt nanofluid stability, the electrical conductivity 
is measured on Day 1and Day 50 from preparation and the 
deviation in the values is analyzed. The disparity in electrical 
conductivity of cobalt nanofluids with time from the first trial 
is shown in Fig. 5. It is witnessed that the highest deviation 
in electrical conductivity measured on Day 1 and Day 50 is 
4%. The observation of low variation in the measured data 
reflects a good reproducibility, and hence, the prepared cobalt 
nanofluids are stable within the tested time frame.

3.3  Thermal conductivity of cobalt nanofluids

3.3.1  Effect of temperature and concentration on thermal 
conductivity

After analyzing the dispersion stability of prepared cobalt 
nanofluids, the thermal conductivity is measured on Day 50 
of preparation. Thermal conductivity is tested at temperatures 

ranging from 30—700C. The thermal conductivity of cobalt 
nanofluids at various temperatures is tested at 7.5 pH. The 
measurement of nanofluid thermal conductivity was under-
taken with KD2 Pro thermal property analyzer. Previous 
researchers [15, 16, 42] employed the KD2 Pro to assess 
nanofluid thermal conductivity. The accuracy and validity of 
the KD2 Pro's experimental results were tested using stand-
ard liquids such as water, glycerol, and ethylene glycol, all of 
which have known thermal conductivity values. Figure 6(a) 
depicts how the thermal conductivity changes with tempera-
ture rise for varying concentrations of cobalt nanoparticles. 
The nanofluid thermal conductivity is appeared to be more 
than base liquid. Nanofluid has more excellent thermal con-
ductivity than base liquid because of the existence of a sub-
micron layer of base fluid molecules at the particle surface 
[8].

Figure 6(b) depicts the wide fluctuation of nanofluid’s ther-
mal conductivity ratio  (knf/kbf) about the temperature at vari-
ous cobalt concentrations. A close examination of Fig. 6(b) 
reveals that the thermal conductivity ratio improves as con-
centration and temperature rise. The thermal conductivity of 
cobalt nanofluid at 0.06% concentration is 0.517 W/mK at 
 300C and 0.585 W/mK at  600C, suggesting a 5.5% to 10.3% 
improvement over base fluid. The maximum concentration of 
0.24% results in the largest improvement in nanofluid ther-
mal conductivity of 19.8% at  600C. Cobalt nanofluids have 
thermal conductivities of 0.517 W/mK at 0.06% cobalt con-
centration and 0.555 W/mK at 0.24% cobalt concentration 
at  300C, showing a 5.5% to 13.8% improvement in thermal 
conductivity when compared to base fluid. Cobalt nanofluids 
in 30:70 G/W base fluid offer exceptional thermal conduc-
tivity augmentation concerning cobalt particle concentra-
tion and temperature, as evidenced by the measured thermal 
conductivity values. The rise in the thermal conductivity of 
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nanofluids with temperature is due to upraised Brownian 
motion, which depends on the temperature of the suspension 
[15]. The improvement in thermal conductivity with concen-
tration can be due to the collective effect of Brownian motion, 
particle aggregation and development of sub-micron layer at 
particle surface [42].

3.4  Rheology and viscosity of cobalt nanofluids

3.4.1  Rheological behavior

The rheology and viscosities of the produced cobalt nanoflu-
ids were studied using a Brookfield digital rheometer model 
LVDV-III. The Brookfield Rheometer was used by previous 
researchers [15, 42] to examine the rheology and viscosity 

of nanofluids. Cobalt nanofluid rheology was undertaken to 
determine nanofluids' nature for the different concentrations. 
For a Newtonian fluid, the shear stress (τ) and shear rate (γ) 
are given by the well-known equation as shown below:

Figure 7(a) depicts the effect of shear rate on shear stress. 
Similarly, the impact of shear rate on viscosity is illustrated 
in Fig. 7(b). Figure 7(a) shows that shear stress varies lin-
early with the shear rate at all concentrations and tempera-
tures of nanofluids. The range of shear rates considered is 0 
to  2000s−1. The viscosity remained unchanged at the same 
shear rate limits, as shown in Fig. 7(b). Hence, the cobalt 
nanofluids developed for this study behave like Newtonian 
fluids at all tested concentrations and temperatures.

(4)� = ��

(a)

(b)

30 40 50 60 70
0.48

0.51

0.54

0.57

0.60

0.63

0.66
 Base Liquid

 0.06% Co

 0.12% Co

 0.18% Co

 0.24% Co

K
m/

W,ytivitcudno
C

la
mreh

T

Temperature, 
0
C

30 40 50 60 70
1.04

1.06

1.08

1.10

1.12

1.14

1.16

1.18

1.20

1.22
 0.06% Co

 0.12% Co

 0.18% Co

 0.24% Cok,oita
R

ytivitcudno
C

la
mreh

T
nf
/k

bf

Temperature, 
0
C

Fig. 6  Variation of a Thermal Conductivity and b Thermal Conduc-
tivity Ratio with Temperature

(a)

(b)

0 500 1000 1500 2000 2500

0

1

2

3

4

5

 0.06% Co, T=30
0
C

 0.24% Co, T=30
0
C

 0.06% Co, T=70
0
C

 0.24% Co, T=70
0
C

a
P,ssert

S
raeh

S

Shear Rate, s
-1

0 500 1000 1500 2000 2500
0.5

1.0

1.5

2.0

2.5

3.0

3.5
 0.06% Co, T=30

0
C

 0.24% Co, T=30
0
C

 0.06% Co, T=70
0
C

 0.24% Co, T=70
0
C

pc,
ytis

ocsi
V

Shear Rate, s
-1

Fig. 7  Variation of a shear stress and b viscosity with shear rate

104 Heat and Mass Transfer (2023) 59:95–112



1 3

3.4.2  Effect of temperature and concentration on viscosity

The viscosity variation of cobalt nanofluids with concentra-
tion and temperature are graphically represented in Fig. 8(a). 
The viscosities of cobalt nanofluids are more than base liquid 
and increase with concentration. Because of inter-linkages 
between dispersed particles and base liquid molecules, add-
ing the cobalt nanoparticles to the base liquid enhances the 
mixture's viscosity. As the number of cobalt particles in the 
fluid increases, Vander Waal's forces between them cause 
to form larger nano-clusters. As a result of the restricted 
relative motion between the neighboring fluid layers in the 
dispersion, a more significant rise in viscosity was reported 
[42]. The viscosities of cobalt nanofluids decreased with 
a temperature rise. A similar trend in nanofluids concern-
ing temperature and concentration is observed by previous 
researchers [8, 15]. The cobalt nanofluids have viscosities of 

1.86cp and 2.17cp at 0% and 0.24% concentrations, respec-
tively, suggesting a 4%and 16.3% increase in viscosity above 
base fluid at  300C. The viscosity of the nanofluids reduced 
from 2.17cp to 0.88cp for  300C and  700C for the maximum 
cobalt content of 0.24%. The values indicate that the nano-
fluids show a significant decrease in viscosity with tempera-
ture rise. Figure 8(b) shows a graphical representation of the 
viscosity ratio concerning temperature at various cobalt con-
centrations. As shown in Fig. 8(b), there are no significant 
fluctuations in viscosity ratio with temperature. As a result, 
GW30 based nanofluids are more favorable in heat transfer 
equipment as it requires constant pumping power.

4  Development of regression correlations

Hamilton-Crosser [43], Batchelor [44], and Maxwell [45] 
proposed classical models for forecasting thermophysical 
and electrical properties; however, these models were not 
beneficial in estimating properties of produced Co nanofluids 
in this investigation. Few researchers attempted to alter the 
equations, while others attempted to build empirical mod-
els based on their experimental results. There are no com-
prehensive models for predicting properties, and existing 
models for predicting the nanofluid properties are limited 
to the type of nanoparticles and base liquids used and their 
operating range [26, 46]. Many investigators attempted to 
bring the experimental data together and develop thorough 
models for predicting nanofluid characteristics. To develop 
nanofluid property prediction models, some researchers used 
computer-based techniques such as artificial neural networks 
(ANN), genetic algorithms (GA.), fuzzy C-means clustering-
based adaptive neuro-fuzzy system (FCM-ANFIS), group 
method of data handling (GMDH), least-square support 
vector machine (LSSVM) modeling, and machine learning 
algorithms [47].

In the subject of nanofluids, a great deal of experimental 
work is required to produce precise and vast quantities of 
property data that may be used to create more useful empiri-
cal models. However, experience has shown that the available 
models are ineffective for a variety of nanofluids. Lack of 
appropriate data, inaccuracy of available data, non-compliance 
of surfactant impacts on characteristics, and failure to account 
for the effect of microscopic nanoparticle features such as clus-
tering, collision, and charge distribution are all reasons why 
established models are not applicable [26]. Regression equa-
tions are developed to analyze prepared Co nanofluid’s vis-
cosity, electrical, and thermal conductivities in this investiga-
tion. The regression equations work for Co nanofluids with an 
average particle size of 80 nm, volume concentrations ranging 
from 0.06% to 0.24%, and temperatures from 30 to  700C.The 
regression equations found are in terms of the variables that 
influence the specific property. The precision of the regression 
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equations is tested by comparing predicted data to experimen-
tal data, as shown in Figs. 9, 10 and 11. The most considerable 
percentage difference between projected and experimental data 
was between -10 and 10%. Below are the regression equations 
for electrical conductivity, thermal conductivity, and viscosity, 
respectively.

where, TR =
T

80
, �R =

�

100
 , dpR =

dp

80

The measured properties of the synthesized Co nanoflu-
ids could not be compared to similar findings in the litera-
ture due to a lack of comparable reports in the literature. As 
a result, the predicted thermal conductivity and viscosity 
data from the regressed equations at prepared concentra-
tions and  300C is compared to data estimated from classical 
and generalized models provided by other researchers.

The classic model used to compare predicted thermal 
conductivity in this study is Hamilton and Crosser's [43] cor-
relation. The equation proposed by Hamilton and Crosser is

In Eq. (8),  knf represents nanofluid thermal conductivity,  kp 
represents particle thermal conductivity,  kbf represents the base 
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fluid thermal conductivity, and ϕ represents particle volume 
fraction. In the above equation, n = 3 for spherical particles.

Batchelor's classical model [44] is compared to the data 
predicted in the present study. The equation proposed by 
Batchelor is given by

The mixture of the base fluid and suspended solids was 
assumed to be the anisotropic and homogeneous medium 
by Landau and Lifshitz [48], and the power value (n) in the 
mixing rule [49] was set to 1/3. The equation reported by 
Landau and Lifshitz to predict thermal conductivity is

(9)�R =
�nf

�bf

= 1 + 2.5� + 6.5�2
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Hassani et al. [50] built a generalized empirical corre-
lation for  kR using dimensional analysis between different 
π-groups, as indicated in the equation below

In the above equation π1 =  knf /kbf, π2 = ϕ, π3 =  knp/kbf, 
π4 = Pr, π5 =  dref /dp, π6 = νbf /dpυBr, π7 = cp/T1

−1υBr
2, π8 =  T1b, 

υBr = Brownian velocity = (18κbT1/πρpdp
3)0.5, κb = Boltzmann 

constant = 1.3807 ×  10–23 J/K.
Corcione [51] developed equations for thermal conduc-

tivity and viscosity ratios from a wide range of experimen-
tal data relating to nanofluids made up of metal and oxide 
nanoparticles with diameters ranging from 10 to 150 nm sus-
pended in water or ethylene glycol using regression analysis. 
The equations proposed by Corcione are given as

In the above equations, Re is the nanoparticle Reynolds 
number, Pr is the base liquid's Prandtl number,  T1 is the 
nanofluid temperature, and  Tfr is the base liquid's freezing 
point. Reynolds number of nanoparticle is calculated by 
equation Re = 2ρbfkbfT1/πμf

2dp. The equivalent diameter of 
a base fluid molecule  df = 0.1(6 M/Nπρf0)0.333, where M is 
the base fluid's molecular mass, N is the Avogadro num-
ber = 6.022 ×  1023  mol−1, and ρf0 is the base liquid's density 
estimated at  T0 = 293 K.

Like Corcione [51], another researcher, Garoosi [52], 
proposed a generalized empirical equation based on regres-
sion analysis for thermal conductivity and viscosity ratios, 
but with more data and increased variance in particle and 
liquid base materials. The correlation derived by Garoosi 
is given as
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where M and N are the base fluid's molecular weights and the 
Avogadro number, respectively, ω = correction factor = 1 + 
 0.8946ϕ and ρf0 is the base fluid's mass density estimated 
at  T0 = 293 K.

Moghaddam et al. [53] collected data on metal and metal 
oxide nanofluids from the literature to create and gener-
ate the regression correlation of thermal conductivity. In 
order to establish a new thermal conductivity correlation, 
472 experimental data were collected, and all of them were 
incorporated in the regression analysis. The new correlation 
generated is presented below.

Udawattha et al. [54] defined the general viscosity ratio of 
nanofluids as a mix of static and dynamic components. The 
static part depicts the viscosity of composites or mixtures, 
whereas the active part depicts the effectual viscosity due 
to Brownian motion. The proposed equation is as follows:

where δ = distance between nanoparticles = (Πdp
3/6ϕ)0.333.

Figure 12 compares the thermal conductivity predicted 
by the developed correlation in this study to generalized 
equations presented by other researchers. The thermal 
conductivity projected by the developed correlation in this 
work is much higher than the data projected by Hamilton 
and Crosser's [45] classical model. The disparity between 
the tested thermal conductivity ratio and the values esti-
mated by theoretical equations is shown in Fig. 12. The 
discrepancy between measured thermal conductivity values 
and equation-predicted values is because equations do not 
account for the influence of the random motion of particles, 
which promotes energy transmission. Brownian movement 
is inhibited by nanoparticle aggregation, which is always 
present in nanofluids. The thermal conductivity of freshly 
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sonicated nanofluids with equally distributed nanoparticles 
is higher than the theoretical calculations anticipated [15]. 
Hassani et al. [50] and Garoosi [52] provided correlations 
that predicted data with a smaller margin, while the other 
correlations predicted data with a significant deviation. The 
largest deviation discovered between the results projected in 
this analysis and those predicted by Hassani et al. [50] and 
Garoosi [52] is 8% and 7%, respectively. Other generalized 
correlations reported by researchers [48, 51, 53] were unable 
to effectively forecast the data, which might be attributed to 
non-compliance with surfactant impacts on properties, as 
well as failing to account for the effect of tiny nanoparticle 
traits such as clustering, collision, and charge distribution 
[26].

The difference between the data estimated by classical 
and generalized models from literature and the projected 
viscosity via correlation proposed in this work is displayed 
in Fig. 13. In this study, the projected viscosity values are 
much higher than those predicted by Batchelor's [44] clas-
sical model. The concept of molecular bond weakening can 
explain the considerable difference in projected viscosities 
using classical models. Bond weakening is not considered 
in the classical models, and a similar argument has been 
made in the literature [46]. Corcione [51], Garoosi [52], 
and Moghaddam et al. [53] presented correlations that pre-
dicted the viscosity data of produced Co nanofluids with a 
smaller margin, while the other correlations [54] predicted 
data with a considerable divergence. The difference between 
the projected and predicted values by Udawattha et al. [54] 
was revealed to be as high as 42%. In contrast, the variation 
with correlations reported by other researchers [51–53] is 
less than 9%.

The nanofluid electrical conductivities can be estimated 
using the concept of Effective-Medium Theory (EMT). By 
applying EMT, Maxwell [45] generated a classical model to 
assess the electrical conductivities of bi-phase suspensions 
like nanofluids. Because there are no generalized correla-
tions available for predicting the electrical conductivity of 
nanofluids in the literature, the electrical conductivity meas-
ured in this study was compared to relevant data provided 
by other researchers and classical models. This correlation 
is developed based on assumptions like homogeneous nano-
fluid, spherical morphology of the particles, non-interacting 
particles and low concentrations. The correlation proposed 
is formulated as follows:

In the above relation, ϕ represents volume concentra-
tion and σnf, σp and σbf are the electrical conductivities of 
the nanofluid, Nanoparticle and base material, respectively. 
Figure 14 depicts the disparity between experimental elec-
trical conductivity, prediction from classical models and 
similar results published by other researchers [55, 56]. By 
large percentages, classical models underestimated the data. 
The omission of critical factors such as electrical double 
layer interactions, ion concentration, and particle clustering 
from classical models may result in significant discrepancies 
between experimental and theoretical data [12]. Because the 
electrical conductivity of 30:70 G/W based Co nanofluids is 
unknown in the literature, the measured data is compared to 
W-based Ag nanofluid’s [55] and E.G. based Cu nanofluid’s 
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Fig. 12  Comparison between predicted thermal conductivity data in 
this study with other generalized correlations
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[11] electrical conductivities. The comparison is carried out 
at a temperature of  300C. The observed electrical conductivi-
ties of Co nanofluids are higher than those of Ag nanofluids 
and Cu nanofluids, as shown in Fig. 14. It could be because 
the nanofluids in this investigation were mixed with a highly 
concentrated HCl solution to change the pH. The surface 
conductance of the particle and the effective electrical con-
ductivity of nanofluids rise when electrolytes are introduced 
to them [11]. Sarojini et al. [11] demonstrated that raising 
the electrolyte content increases the electrical conductivities 
of W based  Al2O3 nanofluids, as seen in Fig. 14.

5  Heat transfer merit

The influence of nanofluid properties on heat transfer effective-
ness can be predicted with the Mouromtseff correlation given by:

The proportion  Monf/Mobf, also known as the Mouromtseff 
ratio, is a performance criterion for nanofluids. The nanofluid 
is more suited for heat transfer operations if the Mo ratios are 

(20)Mo =
�0.8k0.67C0.33

�0.4

more significant than unity [56]. The values of nanofluid spe-
cific heat and density in the Mouromtseff correlation can be 
calculated using the rule of mixtures [57]. Table 7 shows that 
the Mouromtseff ratio for cobalt nanofluids is more than one 
(Mo > 1) at all concentrations. So, when operated under turbu-
lent range, the cobalt nanofluids exhibit a better heat transfer 
gain than the 30:70 G/W base fluid.The more considerable rise 
in thermal conductivity of nanofluids, which is not shielded by 
a commensurate increase in their viscosity, can be attributed 
to the rationalization of this fact.

6  Uncertainty in property measurement

The experimental approaches for estimating material prop-
erties are invariably coupled with measurement errors. The 
precision of the instruments used is considered when evaluat-
ing uncertainties in the measured data. The accuracy of the 
electrical conductivity gauge, KD2 Pro and the Viscometer 
is ± 1%, as specified by the manufacturers. The temperature 
bath utilized in the constant temperature maintenance and the 
electronic weighing equipment used to measure nanoparticle 
weight is 0.01gms and 0.10C, respectively.

The uncertainty in measuring thermal conductivity and vis-
cosity is evaluated by the relations reported by Teng et al. [58] 
and Prasad et al. [59], which are given by

In above equations, σ, k, w, and T are measured data, 
and Δσ, Δk, Δµ, Δw and ΔT are measurement accuracies 
of thermal conductivity, viscosity, nanoparticle weight, and 
temperatures, respectively, in the relations as mentioned ear-
lier. The above relationships were utilized to determine the 
uncertainties in property measurements and found a maxi-
mum of 2.26% uncertainty.
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Table 7  Mouromtseff ratio of 
cobalt nanofluids

Volume 
Percentage

Density (kg/m.3) Specific heat (J/kg·K) Thermal conductivity 
(W/m·K)

Viscosity 
(mPa·s)

Mo Ratio

0 1078 3566.36 0.491 1.86 1
0.06 1083 3548.851 0.518 1.94 1.02108
0.12 1087 3531.492 0.533 2.03 1.02395
0.18 1092 3514.282 0.541 2.09 1.0241
0.24 1097 3497.218 0.559 2.17 1.03306
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7  Conclusions

The present work addresses the dispersion stability of nano-
fluid by selecting an ideal base liquid mixture. The work 
compares the relative advantages of Glycerol/Water blends 
as base fluid at various percentage weight concentrations 
of Glycerol. The increase in Glycerol percentage in mix 
enhances the viscosity and diminishes thermal conductivity. 
The 30:70 G/W is selected as the best choice for producing 
cobalt nanofluids. The prepared cobalt nanofluids were sta-
ble even after 50 days from the day of preparation. FESEM 
analysis was used to determine the particle morphology and 
suspension stability of cobalt suspensions in 30:70 G/W 
mixture. The uniformity in measured data of Electrical con-
ductivity and Zeta potential over 50 days further confirms 
the stability. The electrical and thermal conductivities of 
cobalt nanofluids increase with concentration and tempera-
ture. Cobalt nanofluid’s viscosities rise with concentration 
and fall with temperature. The maximum improvement in 
nanofluid’s electrical and thermal conductivities is found 
to be 340 times and19.8% at a temperature of  700C, respec-
tively, for the maximum cobalt nanofluid concentration of 
0.24%. The maximum enhancement in cobalt nanofluid’s 
viscosity is determined to be 16.3% at a temperature of  300C 
with 0.24% cobalt concentration. Regression equations are 
developed to estimate cobalt nanofluid’s electrical conduc-
tivity, thermal conductivity, and viscosity. The Mouromtseff 
ratio for cobalt nanofluids is more than one, indicating these 
nanofluids has good effectiveness for thermal transport in 
turbulent flow.
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