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Abstract 
 

This paper attempts to determine thermophysical properties such as density, heat capacity and thermal conductivity for 
four types of nanoparticle suspension in water by using theoretical models. Three concentrations of 0.01, 0.05 and 0.1 wt. % 
nanoparticles were used at temperatures 35, 40 and 45 °C. It also attempts to present the properties of (CNT Taunit M) and the 
method of its preparation. It was observed that thermal conductivity and density increased, and contrariwise, specific heat 
decreased with an increase in volume concentration at various temperatures. 
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Nomenclature 

 

CNTs  Carbon nanotubes; 
MWCNT  Multi Wall Carbon Nanotube; 
DWCNT  Double Wall Carbon Nanotube; 
SWCNT  Single Wall Carbon Nanotube; 
nf    Nanofluid; 
P   Weight, kg; 
np   Nano particle; 
bf   Base fluid; 

φ   Volume concentration, m3/m3; 
c   Mass concentration, kg/m3; 
μ   Dynamic viscosity, N⋅c/m2; 
Cp   Specific heat, J/(kg⋅K); 
ρ   Density, kg/m3; 
λ    Thermal conductivity, W/(m⋅K); 
V    Voltage, V; 
I    Current, A. 

 
Introduction 

 
Improvement of the thermal performance of the 

heat transferring fluids plays a pivotal role because of 
the achieved benefits like reducing surface area of heat 
exchange, minimizing cost, reducing drawn power and 
maintaining on the application life. Generally, the heat 
transfer coefficient of these fluids, such as water, oil, 
ethylene glycol (EG) or ethylene glycol-water is low 
because of their lower thermal conductivity comparison 
with the solid materials that have high thermal 

conductivity by tens or hundred times [1]. Blending a 
little amount of small solid particles with a host fluid 
can push the fluid possibilities to its limitation in the 
heat transferring performance. 

This idea was introduced by Maxwell at (1873) 
when he used micrometer and millimeter particles size 
with a host fluid, but from among the obstacles that 
appeared were the fast settling, channel clogging, parts 
erosion and high pressure drop [2]. At 1995, the 
“Nanofluid” term appeared officially by Choi and 
Eastman [3] when they experimentally investigated the 
suspension of copper oxide-water (CuO–H2O) and 
aluminum oxide-ethylene glycol/water nanofluid (nf) 
(Al2O3–EG/H2O), the results showed a thermal 
augmentation by 20 % in the heat transfer. Also, they 
demonstrated the term "effective thermal conductivity 
(k/k°), which means the ratio between nanofluid to base 
fluid thermal conductivity. So, the nanofluid is a new 
brand of fluids and could be defined as a suspension 
consisting of a host fluid and nanoparticles sized less 
than (100×10−9) meter [4]. As shown in Fig. 1.  
This study will focus on the thermal properties of four 
types of nanofluids (Al2O3, CuO, CNTs (Carbon 
Nanotubes) tauint mand TiO2) in water are measured 
numerical by using theoretical models. Results were 
compared with numerical data available in the 
literature.  



 

 

nan
nit
ran
cha
vis
po
use
in 
the

The type
nofluids are 
tride and the 
ndom proces
aracteristics 
scosity and 
isonous, che
ed material i
spite of high

e metal oxid

Fig

Nanom

es of nano
metal, metal
selection of

ss but it is 
that should b

density i
emical behav
in the nanofl
her thermal 
des character

Advance

g. 1. Length s
commo

Fi

materials 

omaterials 
l oxide, carb
f any type fro

based on 
be met; therm
n addition 

vior and cost
fluid field is 
conductivity
rized by the

Cu

ed Materials 

scales and vol
on micro tech

ig. 2. Nanopa

that form 
bon, carbides
om them is n
some gover

mal conducti
to obtaina

t [6]. The wi
the metal ox

y of metal du
eir lower den

uO 

 

& Technolo

 
lume scales o

hnologies, and
 

 
articles mater

 

the 
s and 
not a 
rning 
ivity, 
able, 
idely 
xides 
ue to 
nsity 

whi
agai
utili
met
ther
 

in c
Ethy
diffe

ogies. No. 1(

of nanofluidic
d common ob

rials types [8,

ch  reduce  t
inst the oxid
izing alumin
tal oxides b
rmal conduct

To create n
certain meth
ylene glycol

ferent volume

A

(17), 2020 

A

cs, microfluid
bjects [5] 

, 9] 

the  settling, 
dation [7]. M
num oxide i
because it h
tivity [6] as s

Base 
 

nanofluid, na
hod withbase
l (EG), Engi
e or weight c

AlN 

 

AM&T 

dics,  

 also they  h
Moreover, m
intensively b
has low den
shown in Fig

fluid 
anoparticles 
e fluid, such
ine Oil (EO
concentration

 

 

have  resistan
most studies 
between all 
nsity and h
g. 2. 

must be mix
h as water, F
O) and others
ns. 

19

nce 
are 
the 

high 

xed 
Fat, 
s at 



 

 

Advanced Materials & Technologies. No. 1(17), 2020 20

 

AM&T 
The advantages of using nanofluids are as follows:  
– minimal pressure drop because of nanoparticles 

dimensions; 
– thermal conductivity has higher value than the 

base fluid and that will increase the heat transfer rate; 
–  small and most efficient heat exchangers can be 

used; 
–  a remarkable change in the properties of the 

base fluid, by suspending the nanoparticles in base 
fluid; 

–  increased heat transfer rate due to the large 
surface area of the nanoparticles in the base fluid; 

–  appropriate for cooling processing systems and 
fast heating; 

–  fluid is considered as integral fluid because of 
nanoparticles size.  

The disadvantages of using nanofluids are as 
follows: 

–  high nanoparticles cost; 
–  toxicity of some types of nanoparticles and the 

risk of exposure to the body due to the nanosized 
particles; 

–  deposition and aggregation of nanotubes 
through nanofluid.  
 

Transport Properties  
and Thermophysical Properties 

 

The thermal conductivity of nanofluids has been 
thoroughly studied and other properties since the 
beginning of nanofluid. The researchers reported 
perfect improvement in this area. Also, other properties 
that could be as essential as the thermal conductivity, 
such as viscosity, heat transfer coefficient, specific 
heat, and heat transfer coefficient. All of them were 
directly influenced by the addition of nanoparticles.  
But this improvement also depends on several 
parameters as (volume fraction (vol. %), thermal 
conductivity of nanoparticles and base fluid, size of 
nanoparticles, shape of the nanoparticles, acidity, 
temperature, aspect ratio, additives, and effect of 
clustering). It worth noting that the improvement may 
occur to one property and other properties could have a 
negative impact. For instance, the thermal conductivity 
could get high improvement, but the viscosity increases 
to inadmissible level and leads to a high-pressure drop 
and high pumping power consumption. Therefore, the 
overall improvement in all relevant properties must be 
balanced and taken into consideration. 

One of the problems in nanofluid technology is the 
agglomeration of nanoparticles after different time 
periods. Three methods have been used to avoid 
sedimentation of nanoparticles and to obtain a stable 
suspension [10 – 13]: 

1) a chemical method by adding surfactants; 
2) a physical method using ultrasonic waves at 

different; 
3) an electrical method by controlling the pH. 

 
Applications of nanofluids 

 

Nanofluids have distinct thermophysical 
properties, to be effective in many various areas and 
industries; there are many examples available in the 
literature [14 – 22] as shown in Table 1. 

 
Safety Precautions 

 

Nanoparticles and nanofluids are small in size, 
making them dangerous to use and touch the human 
body, it is therefore important to protect the body from 
these small particles using gloves as well as breathing 
respirators because of the seriousness of these particles 
and eye protective glasses from the impact of 
nanocrystal, as shown in Fig. 3 [23]. 

 
Mechanisms of Heat Conduction  

in Nanofluids 
 

The reality is that the traditional theory cannot 
predict the substantially higher value thermal 
conductivity of nanofluids. In many experiments, it has 
inspired efforts to identify possible mechanisms based 
on a variety of empirical observations and some 
numerical simulation. The proposed mechanisms are 
usually divided into two groups: dynamic mechanisms 
and static.  

 
Table 1 

Applications of nanofluids 
 

No. Category Application 

1 Electronics  Heat pipe, micro channel  
2 Engines  Automobile radiator, fuel  

3 Tribological Engine oil, lubricants, 
transformers, grinding 

4 Aero and defense Weapons, radars and 
electronics of military 

5 Power plants Boilers, condensers 
6 HVAC Chillers, air conditioning unit 
7 Refrigeration Domestic refrigerator 
8 Alternative energy Solar energy 

9 Biomedical Tumors treatment and drug 
or radiation delivery  

10 Others Industry of textile, printing 
of paper and food 



 

Br
 

the
hea
par
pat
me
Co
par
 

 

car
list
at (

tw
mi
pre

nan

 

 

Fig. 4. Fo
for the r

a – liquid-lay
rownian motio

Two popu
e liquid-laye
at transfer b
rticle aggreg
th is shown 
echanisms in
onvection in
rticle Brown

Prepa

The spec
rbon nanotub
ted in Table 
(NanoTechC

The used n
o step meth
ixture, the fo
eparation sta

1.  Calcula
nopowder fu

a) 

c) 

Fig. 3. S

our potential m
eported cond

yering; b – par
on; d – Brown

ular static o
ering at the 
bridge as sh

gation forms 
in Fig. 4b. F
nclude the 

n the founda
nian motion i

aration of (T

cifications o
bes (FCNT 
2 nanostruct

Center Ltd.) i
nanofluid in 

hod. As the n
ollowing step
ages: 
ation of 
unctionalized

Advance

 
Safety kit 

mechanisms 
ductivity  enh
rticle aggregat
nian-motion-in

r structural 
liquid-parti

hown in Fig
a chainlike t

Figure 4c sho
particle Br

ation liquid
s shown in F

Taunit M) na

of the used
Taunit M) n
tured materia
in Tambov, R
this project 

nanofluid is 
ps are consid

volume fr
d carbon na

b) 

d) 

ed Materials 

responsible 
hancement: 
tion; c – partic
nduced convec

mechanisms
icle interfac
g. 4a. Also,
thermal trans
ows the dyna
rownian mo
 caused by

Fig. 4d [24 –

anofluid 

d functional
nano powder
als manufact
Russia.  
was prepare
not an ordi

dered through

action of 
anotubes (FC

 

& Technolo

 

 

cle 
ction 

s are 
e as 
, the 
sport 
amic 

otion. 
y the 

32].  

lized 
r are 
tured 

ed by 
inary 
h the 

the 
CNT 

Tau
conc

man
for 
(0.0
by C
(0.0
nano

(dis
Fig.

Pr
 

Ou
In
Le
To
%

Bu
Sp
m2

Ad
me
Th
Co

ogies. No. 1(

unit M) an
centration fr

 
 

ϕ

2. An elect
nufactured by

weighing 
00 – 2500.00
Citizen scale
00 – 300.00 
o powder, as
3.  Adding 

tilled water)
. 6. 

 

roperties of 

Param

uter diameter,
nner diameter, 
ength, μm 
otal amount 
, (after purific

ulk density, g/
pecific geome
2/g 
dsorption 
ethylene blue,
hermal stabilit
olor 

 

Fig. 5.  W

(17), 2020 

A

nd the base
om the equat

partinano

partinano

nano

nano

ρ

ρ
=ϕ P

P

partnano

nano=
P

P
с

tronic compa
y BDLT com

the requ
 g), while an
 model CNE
g) was used

s shown in Fi
the nanop

) in the prep

f Taunit M f

meter 

,  nm 
nm 

of impurities
cation) 

/cm 
etrical surface

activity b
, mg/g 
ty, °C 

 

  
 

Water scale an

 

AM&T 

e fluid (H
tion [34]: 

water

water

icle

icle

particleo

particleo

ρ
+

P
; 

waterticle

particleo ×
+ P

act scale BE
mpany – Ger
uired water
nother electro
ETEK (CT-24
d for weighin
ig. 5. 

powder to t
paration can

functionalize

2 a
s, u

u
0.

e, 
1

y 

up

nd nanopowd

H2O) for e

                   

100× .           

URER (KS 
rmany was u
r with ran
onic scale m
460) with ran
ng the requi

the base fl
ns, as shown

Tabl
ed CNTs [33

Value 

8 – 15 
4 – 8 

and more 
up to 5 
up to 1 
03–0.05 

80–200 

207.5 
p to 600 
Black 

der scale 

21

ach 

(1) 

 

(2) 

 

36) 
used 
nge  
ade 
nge 
ired 

luid 
n in 

le 2 
 

3] 

 



 

22

 

(G
as 

 

exp
fun
nan
as 

the
[35

cal

4.  The m
GHM-819) 3

shown in Fig
 

Thermophy

This secti
perimental th
nctionalized 
nofluid with 
volume conc

 

Theoretica
eoretically st
5]: 

Experimen
 

 

Theoretica
lculated acco

 

μ

Experimen
 

 

AM&T

Fig. 6. Prep

Fig. 7.  H

mixture was 
300W for 3
g. 7. 

ysical prope

on includes 
hermophysic

carbon nan
 12 nm parti
centration. 

Density c

ally: The na
traight forwa

npnf ϕρ=ρ

ntally:  
w

nf =ρ

Viscosity 

ally: The 
ording to Bat

(nf ϕ+=μ 5.21

ntally: 

=ϑnf

nf =μ

Advance

T 

 

paration cans
 

 

Hand mixer 

blended m
30 minutes 

erties calcula

a sample fo
cal propertie
notubes (FC
icle size and 

calculation 
 

anofluid dens
ard from the m

( ) bfp ρϕ−+ 1

v

ww 12 − .        

 
calculation 

theoretical
tchelor mode

) bfμϕ+ϕ 22.6

610−×× tc ;  

nfρ×ϑ .       

ed Materials 

 
s 

 

odel GOSO
by the sti

ations samp

or theoretical
es calculation
CNT Taunit 

(0.1, 0.05, 0

sity is calcul
mixture equa

f .                  

                    

l viscosity 
el [35]: 

f .                 

                    

                    

 

& Technolo

ONIC 
irrer,  

le 

l and 
ns of 

M) 
0.01) 

lated 
ation 

  (3) 
 

  (4) 

is 

  (5) 
 

  (6) 
 

  (7) 

was
fam

 

calc

mea
mea

 

diffe
conc
theo
calc
mod
heat
calc
beca
negl
The
(Tau
ther
wer
wate
CuO
at te
cond
nano

ogies. No. 1(

S

Theoretical
s calculated 

miliar relation
 

nfCp

 

Experiment
 

IV

Theoretical
culate the the

 

=nf kk

 

Experiment
asured by 
asurement KD

 

R

The thermo
ferent types 
centration w
oretical mod
culate the the
dels was use
t and density
culate the 
ause of the 
lected it wa

ermophysical
unit M) we
rmophysical 
re given in T
er-based n

O–water, (CN
emperature 3
ductivity an
ofluid was o

(17), 2020 

Specific heat
 

lly: The spe
theoretical

n of mixture p

( )(
( )f

C

ϕ−

ρϕ−
=

1

1

tally: 

CpmVt nfnf Δ=

Thermal co
calcul

 

lly: Maxwel
eoretical ther

(
(⎢⎢⎣

⎡

+

+

bfp

bfp
bf kk

kk
k

2
2

tally: The 
the device 
D2-por [36, 

(
( 2

2

4

ln

T

tq
k

Δπ
=

 
Results and

ophysical pr
of nanopa

were calcu
dels, Maxwe
eoretical ther
ed to calcul
y. The Batch
theoretical 
low concen

as as follow
l properties o
ere shown 
properties o

Table 4. With
nanofluids 
NT taunit M
35, 40 and 4
nd decrease 
bserved (Fig

t calculation

ecific heat o
ly directly 
principles [3

) (
)( ) ( )bf

bf CCp

ϕρ+ρ

ϕρ+

TCpmT vv Δ+Δ

onductivity  
lation 

ll correlation
rmal conduct

) (
) ( −−

−+

bfpbf

bpf

kkс
kkс2

experimen
of therma

37], as show

)
)12

12 ln

TT

t

Δ−

−
.      

d Discussion 

roperties of n
articles as 

ulated. Acco
ell correlatio
rmal conduc
late the theo
elor correlat
viscosity. I

ntrations use
ws: 0.1, 0.0
of oxide nan
in Table 3
f water at 35
h different n
such as 

M) – water a
5 °C an incr

in the he
g. 9 – 11).  

n 

f the nanofl
based on 

3]: 

)
)p

pCp
.          

T .                

n was used
tivity [35]: 

)
) ⎥⎥⎦
⎤

f

bf .           (

nt data w
al conductiv

wn in Fig. 8.

                  (

nanofluids w
a function 

ording to 
on was used
ctivity and ot
oretical spec
ion was used
In this pap
ed that can 
05, and 0.0
noparticles w
3. In additi
5, 40 and 45

nanoparticles
Al2O3–wa

nd TiO2–wa
rease in therm
eat capacity 

luid 
the 

(8) 

(9) 

d to 

(10) 

were 
vity 

(11) 

with 
of 

the 
d to 
ther 
cific 
d to 
per, 

be 
001.  
with 
ion, 
 °C 
, as 

ater,  
ater, 
mal 

of 



 

 

Ther

Copper o

Alumina 

Titanium

Functiona

T
of w

Thermo

rmophysical p

oxide (CuO) 

oxide (Al2O3

m dioxide (TiO

alized CNTs (

Th

Thermophysic
water at 35 an

35

40

45

Advance

ophysical pro

properties 

3) 

O2) 

(Taunit M) 

hermophysic

cal properties 
nd 40 and 45 °

5  

0 

5 

Fig. 9. Dens
1 – C

ed Materials 

Fig

operties of o

Specific h

535

765

686

600

cal propertie

 
°C 

sity for nf vs. 
CuO; 2 – TiO2

 

& Technolo

 
. 8. KD2-por 

oxide nanop
 

heat Cp 

.5 

5 

.2 

0 

 

es of water a

Cp 

4178 

4179 

4180 

 
 

 

vol. % at 35 
; 3 – Al2O3; 4

ogies. No. 1(

[36] 

articles with

Density ρ 

6500 

3970 

4250 

1500 

at 35, 40 and

ρ 

994.0 

992.1 

990.1 

(a), 40 (b) an
4 – CNT (Taun

(17), 2020 

A

h Taunit M 

Therm

d 45°C [41, 

λ 

0.623

0.631

0.637

nd 45 (c), °C: 
nit M)  

 

AM&T 

[38 – 40] 

mal Conductiv

76 

40 

8.5 

3000 

42] 

3 0.720

1 0.653

7 0.596

 

 

Tabl

vity λ  

Tabl

μ 

0 ⋅ 10–3 

3 ⋅ 10–3 

6 ⋅ 10–3 

23

 
le 3 

le 4 

 



 

 

Advanced Materials & Technologies. No. 1(17), 2020 24

 

AM&T 

 
 

 
Fig. 10. Specific heat for nf vs. vol. % at 35 (a), 40 (b) and 45 (c), °C: 

1 – CuO; 2 – TiO2; 3 – Al2O3; 4 – CNT (Taunit M)  
 

 
 

Fig. 11. Termal conductivity for nf vs. vol. % at 35 (a), 40 (b) and 45 (c), °C:  
1 – CuO; 2 – TiO2; 3 – Al2O3; 4 – CNT  (Taunit M) 

 
Conclusion 

 
In this paper, we investigated the thermophysical 

properties of nanofluids with different types of 
nanoparticles that were suspended in a base fluid 
(water) measured numerically. Also, the effect of 
various concentrations at different temperatures was 
measured. In this paper, the following points could be 
concluded: 

1. Thermal conductivity and density always 
increased with the increasing volume concentration at 
various temperatures. 

2. Specific heat significantly decreased with the 
increasing volume concentration at various 
temperatures. 

3. Results showed that CNT (Taunit) of nanofluid 
has the highest value of thermal coundivity followed by 
CuO and Al2O3; finally, TiO2 had the lowest. 

4. Results showed that CuO of nanofluid has the 
highest value of denisty followed by TiO2 and Al2O3; 
finally, CNT (Taunit) had the lowest. 

In this paper, the numerical results showed a good 
agreement with those obtained in other studies. 
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The International Scientific & Practical Conference “GRAPHENE AND RELATED 
STRUCTURES: SYNTHESIS, PRODUCTION AND APPLICATION” has been held since  
2015 in the city of Tambov at Tambov State Technical University (TGTU). Over the time, experts 
from Russia, India, Spain, Japan, the Czech Republic, Belarus and Kazakhstan, specializing  
in industry, applied research and carbon nanomaterials have taken part in it. Three volumes  
of conference proceedings were released, the last of which was issued by the IOP Conference  
Series: Materials Science and Engineering (included in Scopus and Web of Science databases). 
The 4th International Scientific and Practical Conference "GRAPHENE AND RELATED 
STRUCTURES: SYNTHESIS, PRODUCTION AND APPLICATION" that will be held in 2021, 
welcomes scientists, university professors, doctoral students, graduate students, applicants and 
specialists in the field of carbon nanostructures. 

 


