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Abstract. The enhancement of heat transfer is considered as one of the important tasks for 

controlling the energy dissipation and consumption. In order to secure this task, it is intended 

to increase the efficiency of heat exchanging systems taking into account the economic and 

environmental considerations. This work aims to test experimentally the effect of nanoparticle 

concentration functionalized carbon nanotubes (FCNT Taunit M) in water and Reynolds num-

ber on the heat transfer coefficient. Three concentrations of 0.01, 0.05, 0.1 vol.% for FCNT 

taunit have been used. The heat transfer augmentation of the nanofluid was investigated exper-

imentally through a test rig constructed for this purpose under constant heat flux range (16061-

22682) W/m2 at the developing region with Reynold number range 5000, 7000 and 9000 have 

been used. The particle size 12 nm for FCNT Taunit M. The experimental results revealed an 

augmentation in the Nusselt number as the volume concentration increased. The economic as-

pect was taken into account in this study. Pressure drop can be neglected because the increases 

were very small. 

1.Introduction 

Nowadays, the location and importance of heat transfer in engineering applications such as heat ex-

changers, casting processes and cooling systems of electronic equipment is very much considered. 

Furthermore, traditional fluids such as oil, water, and ethylene glycol EG in general are used for heat 

transfer. Many of the techniques have been applied to improve heat transfer in cooling systems and 

heating, but the efficiency of these fluids in the heat transfer applications is low. Dispersion of solid 

particles in different fluids is a new method increase heat transfer. Using nanofluid is one of the best 

ways to improve the heat transfer, which was given by Choi [1]. Nanofluids are mixtures of nanome-

ter-sized solid particles such as carbon nanotube (MWCNTs or SWCN, Titanium dioxide (TiO2), 

Copper (II) oxide (CuO), Aluminium (Al), etc.  Suspended in common liquids such as water and EG 

which recently were used in many fields of thermal engineering [2–5]. Therefore, extensive research 

has been done to improve heat transfer using active and passive methods [6–11]. In addition, a large 

number of studies devoted to using thein base fluids. Hussien et al. [12] have reported the enhance-

ment of forced convective heat transfer with different mass fractions of MWCNTs (0.075, 0.125 and 

0.25 wt.%). Also, they observed an improvement in heat transfer coefficient with the increase in mass 

fraction of MWCNTs in the nanofluid reaching to 23.9% improvement at 0.25 wt.% MWCNTs/water 

at Re from 200 to 500. Kayhani et al. [13] studied experimentally an empirical analysis of pressure 

drop and forced convection turbulent flow heat transfer of Al2O3-water nanofluid with nanoparticles 
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of (40) nm size at (0.1, to 2) % volume concentrations inside a circular horizontal tube at constant 

heat flux in the tube wall. The experimental result exhibited the enhancement in Nusselt number 22% 

at Re of 13500 using 2% volume concentration of Al2O3-water nanofluid compared to distilled water. 

Carbon nanotubes have thermal conductivity reaching (2000- 3500) W/M. K [14]. Carbon nanotube 

exists as the single type particle such as single (SWNTs), multi-walled (MWCNTs) and doubles 

(DWCNTs) structures or like hybrid nanoparticles recently appeared [15]. Finally, in this research, we 

have used functionalized carbon nanotube type (Taunit M) in the base fluid of water to enhance heat 

transfer, and also it has created an experimental facility, which has high efficiency of heat transfer. 

2. Materials and Methods 

2.1. Nanofluids 

Functionalized carbon nanotubes “Taunit M” was used in base fluid (water) for the enhancement of 

heat transfer. “Taunit M” carbon nanostructured materials manufactured at Nanotechnology Center 

(NanoTechCenterLtd) in Tambov, Russia [16]. The functionalized CNTs were prepared by using tra-

ditional method of chemical oxidation of CNT with sodium hypochlorite [17, 18]. Three concentra-

tions of 0.01, 0.05, 0.1 vol.% have been used of functionalized carbon nanotubes “Taunit M as shown 

in figures 1 and 2. 

 

 

 
 

Figure 1. FCNTs Taunit M nanofluids.  Figure 2. Samples of FCNTs. 

 

2.2. The experimental facility 

An experimental facility was designed and constructed to the measurement of heat transfer enhance-

ment. The experimental facility, where the heat transfer enhancement was tested, consists of two prin-

ciple circuits: the nanofluid circuit and the cooling circuit. Each one contains components and measur-

ing devices. The principle components of this experimental facility are the test section, heat exchang-

er, nanofluid reservoir and centrifugal pump. Figure 3 shows the schematic diagram of the experi-

mental facility. 
The test section represents the main part of the test rig where the heat transfer coefficient, the pres-

sure drop and characteristics of the nanofluid will be tested. The high thermal conductivity of the cop-

per made it the first candidate to be the material of the test section pipe with the following details, as 

listed in table 1. The test section was prepared through the following steps. 

a) The nuts for temperature sensors (thermocouples) were fixed on the pipe’s outer surface. 

b) The pipe was covered by an electrical insulator to prevent the electrical conduction between the 

heater and the test rig body. 

c) The electrical heater type FeCrAl (Iron – Chromium - Aluminum) alloy wire with 0.8 mm di-

ameter, 2.8 Ω/m, 20 American Wire Gauge (AWG) [19] and 8.45 m length was used to generate a 

constant heat flux. With ceramic beads were wrapped around the pipe and connecting to the electric 

source with two ceramic joins. 

d) To minimize the heat losses and focus the heat on the pipe wall, a thermal-electrical resistance 

tape was used to wrap over the ceramic beads. 

e) To decrease the heat loses, 5 cm thickness of glass wool was used to cover the test section. 
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f) Finally, an aluminum sleeve with 10 cm diameter was used to cover the test section. 

2- The heat exchanger to reject the heat gained from the test section, shell and coil heat exchanger 

was manufactured and prepared for this task, with the following characteristics: 

a) The shell height is 0.7 m with 0.35 m diameter, manufactured from aluminum plate of 0.6 mm 

thickness. 
b) The coil diameter is 0.27 m, manufactured from a copper pipe (0.0127 ×0.0071 ×17 m) diame-

ter, thickness and length, respectively. The number of turns is 19 and the pitch between turns is 0.01 

m. Two pipes of size (3/8") were welded on the coil in a diagonal shape to maintain the pitch distance 

and the coil straightening. 

3- The nanofluid reservoir represents the feeding source of the nanofluid to the test rig. The diame-

ter and height of this reservoir are 0.15 m and 0.6 m, respectively. The pump is connected to the low-

est point in the reservoir. The desired flow rate of nanofluid that passes to the test section is secured 

by adjusting the valves and the excess nanofluid return to the reservoir through the bypass line. In ad-

dition, the centrifugal pump was selected for the test rig and its specifications to achieve the desired 

Reynold number. 

4- The cooling cycle aims to reduce the temperature of the returned water from the heat exchanger 

and secure the required inlet temperature to the test section. It consisting of two centrifugal pumps in 

the cooling cycle, which are identical to the nanofluid's pump characteristics. In addition, the source 

tank is a cubic shape with 1 m3 capacity. In addition, the air cooler with 2500 m3/hr. capacity re-

ceives part of the hot water from the heat exchanger and reduces its temperature by passing through 

the wood fiber.  

5- The air compressor is used to ensure that nanofluids are completely discharged from the work-

ing circuit after shutdown it. 
6- The voltage stability is important for maintaining on the same work rhythm for the nanofluid 

pump; this means the same mass flow rate will pass through the test section. 

 

 

Figure 3. Scheme of the experimental setup. 
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2.3. Measuring Devices 

1-Thermocouples to measure the variance of pipe surface and nanofluid temperatures along the test 

section, bolt and pressure spring thermocouples type K were used. 

2-Three flow meters were used in the test rig, the first one is a flow sensor model YF-S201 working 

with Arduino technology at range (0 – 30 l/min) and located after the nanofluid pump discharge. 

3-The pressure gauge (GRUNDFOS - Germany) to measure the pressure drop through the test section.  

4-The Arduino technology was used with thermocouples, flow sensor and heater power in the test rig. 

 

 Table1. Copper pipe details. 

Type Length Outer diameter Inner diameter Thickness 

ACR-D  1000   mm 12.7 mm, 1/2" 10. 7 mm 1.0 mm 

 

In this study, the heater is generating a constant heat on the outer surface of the pipe: 

 𝑄ℎ𝑒𝑎𝑡𝑒𝑟 = 𝐼 × 𝑉 (1) 

The generated heat is transferred through the pipe wall by conduction according to Fourier's law. 

𝑄𝑐𝑜𝑛𝑑,𝑝𝑖𝑝𝑒 = 𝑞̇𝐴𝑠,𝑜𝑢𝑡 = 2𝜋∆𝑥𝑘
[𝑇𝑠,𝑜𝑢𝑡(𝑥) − 𝑇𝑠,𝑖𝑛(𝑥)]

ln(𝑟𝑜𝑢𝑡 𝑟𝑖𝑛⁄ )
 (2) 

Therefore, the heat flux on the outer surface of the pipe is given by: 

𝑞̇ =
2𝑘[𝑇𝑠,𝑜𝑢𝑡(𝑥) − 𝑇𝑠,𝑖𝑛(𝑥)]

𝐷𝑜 ln(𝑟𝑜 𝑟𝑖𝑛⁄ )
 (3) 

The rate of heat transfer to the nanofluid is given by [20]: 

𝑄𝑛𝑓 = 𝑞̇ 𝐴𝑠,𝑖𝑛 = 𝑚̇𝑛𝑓 𝐶𝑝𝑛𝑓 (𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛) (4) 

where, 

𝐴𝑠,𝑖𝑛 = 𝜋𝐷𝑖𝑛𝐿, and rearranging the equation (4) gives: 

𝑞̇ =
𝑚̇𝑛𝑓 𝐶𝑝𝑛𝑓

𝜋𝐷𝑖𝑛𝐿
(𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛) (5) 

By applying the steady-state energy balance on a slice of the pipe (control volume) [21], the rate of 

heat that gained from the fluid is: 

𝑄̇𝑖𝑛 − 𝑊̇𝑖𝑛 + 𝑚̇ℎ𝑖𝑛 − 𝑚̇ℎ𝑒 = 0 (6) 

After rearranging, the differential mean fluid temperature can be written as: 

𝑑𝑇𝑚 =
𝑞̇ 𝑝

𝑚̇ 𝐶𝑝
𝑑𝑥 (7) 

The local mean fluid temperature  𝑇𝑚(𝑥) can be determined by the integration of the equation (7) 

from 𝑥 = 0  to 𝑥 along the test section and assuming 𝑇𝑚,𝑖𝑛 at x=0 is equal to 𝑇𝑛𝑓,𝑖𝑛 

𝑇𝑚(𝑥) = 𝑇𝑛𝑓,𝑖𝑛 +
𝑞̇ 𝑝

𝑚̇ 𝐶𝑝
𝑥 (8) 

Substitution equation (5) into equation (8) will get the value of the local mean fluid temperature: 

𝑇𝑚(𝑥) = 𝑇𝑛𝑓,𝑖𝑛 +
(𝑇𝑛𝑓,𝑜𝑢𝑡 − 𝑇𝑛𝑓,𝑖𝑛)

𝐿
𝑥 

(9) 
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According to Newton's law of cooling: 

𝑄𝑛𝑓 = ℎ(𝑥) 𝐴𝑠,𝑖𝑛[𝑇𝑠,𝑖𝑛(𝑥) − 𝑇𝑚(𝑥)] (10) 

The heat flux will be: 

𝑞̇ =  ℎ(𝑥) [𝑇𝑠,𝑖𝑛(𝑥) − 𝑇𝑚(𝑥)]. (11) 

Then, the local heat transfer coefficient is:  

ℎ(𝑥) =
𝑞̇ 

[𝑇𝑠,𝑖𝑛(𝑥) − 𝑇𝑚(𝑥)]
 . (12) 

The Nusselt number will be calculated locally at each section by the equation [22]: 

𝑁𝑢(𝑥) =
ℎ(𝑥) 𝐷𝑖𝑛

𝑘𝑛𝑓
 . (13) 

3.Results and discussion 
The experimental results will be presented and discussed in detail the tests of convective heat transfer 

for the base fluid (water) as well as the nanofluids with particle loading of (0.01, 0.05, 1 and 0.1) 

vol.%.  Experimental conditions are forced convection turbulent developing flow, with Reynolds 

number range of (5000, 7000, and 9000) and constant heat flux. To confirm the experimental test rig 

validity in convective heat transfer calculations as well as to provide a reference for comparison, the 

first test run was conducted on the distilled water only. The predicted Nusselt number calculated by 

Gnielinski equation (14) [23] for turbulent flow in the developing region and compared to present 

work versus Reynold number as shown in figure 4. The experimental behavior was conformable to 

the predicted values with deviation from 11% to 23% due to the experimental actual conditions. 

𝑢 =
(

𝑓
8

) (𝑅𝑒 − 1000)𝑃𝑟

1 + 12.7 (
𝑓
8

)
0.5

(𝑃𝑟
2
3 − 1)

 (14) 

The surface temperature varied along the pipe length and increased as the axial distance increased 

due to the uniform heat flux effect on the surface. Figure 5 illustrates the surface temperature distribu-

tion along the test section for different Re numbers for the distilled water. The highest surface temper-

ature appeared at the lowest value of Reynold number (Re = 5000). Also, this figure showed a decre-

ment in the pipe temperature as the Re number increased due to the increase of water velocity.  
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Figure 4. Experimental 

and theoretical Nusselt 

number for the distilled 

water. 

 
  

Figure 5. Surface temperature distribution 

along the pipe axial length for the distilled 

water at different Reynold numbers. 

Figure 6. Surface temperature distribution along 

the pipe axial length for the distilled water and 

CNT (taunit m) nanofluid at different concentra-

tions at Re =7000. 

 

To make a reference for comparison among the experimental data, Re= 7000 was selected to clari-

fy the nanofluid effect on the heat transfer performance. Figure (6) shows a decreasing in surface 

temperature with using nanofluid compared with water. The best performance was with 0.1% volume 

fraction. The average heat transfer coefficient versus Reynold number is explained in figures (7). For 

figures 8 the enhancement in the average heat transfer coefficient reflected to the Nusselt number, 

where the maximum augmentation was 21 % at 0.1 vol.% for particle loading, and 9000 Reynold 

number. 
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Figure 7. Average heat transfer coefficient for dis-

tilled water and CNT taunit nanofluid at different 

concentrations versus Reynold number. 

Figure 8. Average Nusselt number for distilled wa-

ter and (CNT taunit m) nanofluid at different frac-

tions versus Reynold number. 

 

4.Conclusions 
In this experimental study, adding the nanoparticles CNT type (taunit m) to the distilled water in small 

concentrations enhanced the heat transfer characteristic compared to distilled water, where the maxi-

mum enhancement in the Nusselt number reached to 21 % at 0.1 vol.% under Reynold 9000. As the 

volume fraction increased, the convective heat transfers augmented. The following suggestions are 

recommended for future work: studying the results of the present work theoretically and make a com-

parison between it and the experimental work, studying the heat transfer performance through the de-

veloping region under a turbulent flow regime and investigating the behavior of stable nanofluid un-

der a laminar flow regime. 

References 

[1] Choi S U and  Eastman J A 1995 Enhancing thermal conductivity of fluids with nanoparticles 

1995 Int. Mechanical Eng. Congress and Exhibition, CONF-951135-29 (San Francisco) 

[2] Ghanbarpour M, Haghigi E B and Khodabandeh R 2014 Thermal properties and rheological 

behavior of water based Al2O3 nanofluid as a heat transfer fluid J. Therm. Fluid Sci 53 

227-35 

[3] Kleinstreuer C and Feng Y 2011 Experimental and theoretical studies of nanofluid thermal 

conductivity enhancement: a review J. Nanoscale Research Letters 6(1) 229 

[4] Moghaddam M B, Goharshadi E K, Entezari M H and Nancarrow P 2013 Preparation, 

characterization, and rheological properties of graphene–glycerol nanofluids J. Chem. Eng. 

231 365-72 

[5] Hemmat Esfe M, Saedodin S, Mahian O and Wongwises S 2014 Heat transfer characteristics 

and pressure drop of COOH-functionalized DWCNTs/water nanofluid in turbulent flow at 

low concentrations  J. Heat Mass Transfer 73 186-94 

[6] Afrand M, Farahat S, Nezhad A Hossein, Sheikhzadeh G A and Sarhaddi F 2014 Multi-

objective optimization of natural convection in a cylindrical annulus mold under magnetic 

field using particle swarm algorithm  J.  Heat Transfer Res. 45 749-66 

1500

2000

2500

3000

3500

4000

4500

5000

4000 5000 6000 7000 8000 9000 1000011000

H
ea

t 
T

ra
n

sf
er

 C
o

ef
fi

ci
en

t,
 W

/m
2
.K

Reynold Number

water

0.01%

0.05%

0.10%

25

30

35

40

45

50

55

60

65

70

4000 5000 6000 7000 8000 9000 10000 11000

N
u

ss
el

t 
N

u
m

b
er

Reynold Number

water 0.01%

0.05% 0.10%



IV International Scientific and Technical Conference “Energy Systems”

IOP Conf. Series: Materials Science and Engineering 791 (2020) 012003

IOP Publishing

doi:10.1088/1757-899X/791/1/012003

8

[7] Afrand M, Farahat S, Nezhad A Hossein Sheikhzadeh G A and Sarhaddi F 2014 3-D numerical 

investigation of natural convection in a tilted cylindrical annulus containing molten 

potassium and controlling it using various magnetic fields  J. Appl. Electromagn. Mech. 46 

809-21 

[8] Afrand M, Farahat S, Nezhad A Hossein, Sheikhzadeh G A, Sarhaddi  F and Wongwises S 

2015 Multi-objective optimization of natural convection in a cylindrical annulus mold under 

magnetic field using particle swarm algorithm .J. Heat Mass Transfer 60 13-20 

[9] Afrand M, Rostami S, Akbari M, Wongwises S, M Hemmat Esfe and Karimipour A 2015 

Effect of induced electric field on magneto-natural convection in a vertical cylindrical 

annulus filled with liquid potassium .J. Heat Mass Transfer 90 418-26 

[10] Teimouri H, Afrand M, Sina N, Karimipour A and Isfahani A H M 2015 Natural convection of 

liquid metal in a horizontal cylindrical annulus under radial magnetic field J. Appl. 

Electromagn. Mech. 49 453-61 

[11] Afrand M 2017 Using a magnetic field to reduce natural convection in a vertical cylindrical 

annulus J. Therm Sci. 118 12-23 

[12] Hussien A A, Yusop N M, Abdullah M Z, Moh A N and Khavarian M 2019 Study on 

convective heat transfer and pressure drop of MWCNTs/water nanofluid in mini-tube 

J. Thermal Analysis and Calorimetry. 135(1) 123-32 

[13] Kayhani M  H, Nazari, M, Soltanzadeh H, Heyhat M M and Kowsary F 2012 Experimental 

analysis of turbulent convective heat transfer and pressure drop of Al2O3/water nanofluid in 

horizontal tube J. Micro and Nano Letters 7(3) 223-7 

[14] Pop E, Mann D, Wang Q, Goodson K and Dai H 2006 Thermal conductance of an individual 

single-wall carbon nanotube above room temperature Nano letters 6(1) 96-100 

[15] Ncibi M C and Sillanpää M 2015 Optimized removal of antibiotic drugs from aqueous 

solutions using single, double and multi-walled carbon nanotubes J. of Hazardous Materials 

298 102-10 

[16] Morozova S S , Shubina N A , Voropaeva N L , Tkachev A G , Burakov A E , Romantsova I V 

and Figovsky O L 2017 Sorption Activity of" Taunit"-Series Carbon Nanomaterials Int. 

Letters of Chemistry, Physics and Astronomy 74 1-8 

[17] Abdolkarimi-Mahabadi M and Manteghian M 2015 Chemical oxidation of multi-walled carbon 

nanotube by sodium hypochlorite for production of graphene oxide nanosheets 

J. Fullerenes, Nanotubes and Carbon Nanostructures. 23(10) 860-4 

[18] Yang J C, Yen C H, Wang W J, Horng J J and Tsai Y P 2010 Assessment of adequate sodium 

hypochlorite concentration for pre‐oxidization of multi‐walled carbon nanotubes 

J. of Chemical Technology & Biotechnology 85(5) 699-707 

[19] Kevin K A T, Field G, Snead M A and Yukinori Yamamoto 2017 Handbook on the Material  

Properties of FeCrAl Alloys for Nuclear Power Production Applications (U.S. Department 

of Energy Nuclear Technology R&D Advanced Fuels Campaign) URL 

https://info.ornl.gov/sites/publications/Files/Pub74128.pdf 

[20] Cengel Y A 2003 Heat Transfer a Practical Approach 2nd edition (New York: McGraw-Hill) 

[21] Bergman T L, Incropera F P, Lavine A S and Dewitt D P 2006 Introduction to heat transfer 

Fifth (Hoboken, , United States: John Wiley & Sons) 

[22] Kwon Y, Lee K, Park M, Koo K, Lee J, Do Y and Jung Y 2013 Temperature dependence of 

convective heat transfer with Al2O3 nanofluids in the turbulent flow region J. of 

Nanoscience and Nanotechnology 13(12) 7902-5 

[23] Gnielinski V 1976 New equations for heat and mass transfer in turbulent pipe and channel flow 

Chem. Eng. 16 359-68 

 


