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Abstract 

The effectiveness and overall heat transfer coefficient of different particle 

concentrations of Fe3O4/water nanofluids flow in a double-pipe heat 

exchanger with return bend has been estimated experimentally under turbulent 

flow conditions. The experiments were conducted in the particle volume 

concentrations from 0.005% to 0.06% and in the Reynolds number range from 

14000 to 30000. The enhancement of Nusselt number is about 15.6% at 0.06% 

volume concentration when compared to base fluid (water). The overall heat 

transfer coefficient for annulus-side is enhanced by 3.44%, tube-side is 

enhanced by 3.26% and the effectiveness of heat exchanger is enhanced by 

1.008-times at 0.06% volume concentration at a Reynolds number of 28984 

compared to water.  

Keywords:  Double-pipe heat exchanger, Overall heat transfer coefficient, 

NTU, Effectiveness. 

 

1. INTRODUCTION 

The double pipe heat exchangers are commonly used heat exchangers in commercial 

and industrial applications because of its small size, non-manufacturing difficulty and 

compactness. The base fluids generally used are water, ethylene glycol, propylene 

glycol, engine oil and etc. The performance of these base fluids can be enhanced by 

adding nano-sized particles. Choi [1] and his team developed high thermal 

conductivity fluids called as nanofluids, which is prepared by dispersing nanometer 

sized solid metallic particles in the fluids. 
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The use of nanofluids in double pipe heat exchangers and its convective heat transfer 

coefficient have been estimated by researchers and few of them are given below. 

Sarafraz and Hormozi [2] found heat transfer enhancement of 67% at 1.0% vol. of 

Ag/50:50% ethylene glycol/water nanofluid flow in a double pipe heat exchanger. El-

Maghlany et al. [3] observed augmentation of effectiveness and the number of 

transfer units (NTU) of the double pipe heat exchanger using Cu/water nanofluids. 

Darzi et al. [4] estimated heat transfer and pressure drop of Al2O3/water nanofluid in a 

double pipe heat exchanger at different temperature range of working fluid. Hemmat 

Esfe and Saedodin [5] estimated convective heat transfer coefficient of MgO/water 

nanofluid flow in a double pipe heat exchanger at different particle concentrations 

0.005, 0.01, 0.015, 0.02 and the nanoparticles diameter of 60, 50, 40 and 20 nm. 

Aghayari et al. [6] observed heat transfer coefficient and Nusselt number of 19% and 

24% for 0.3% volume fraction of Al2O3/water nanofluid flow in a double pipe heat 

exchanger in counter flow direction. Abbasian Arani et al. [7] investigated heat 

transfer of TiO2/water nanofluids flow in a double pipe counter flow heat exchanger 

in the volume fraction range from 0.002 and 0.02 and the Reynolds number between 

8000 and 51000. Sudarmadji et al. [8] prepared hot Al2O3/water nanofluid is flowing 

inside tube, while the cold water flows annulus tube and estimated heat transfer 

coefficient for 0.15%, 0.25% and 0.5% and observed Nusselt number increment of 

40.5% compared to pure water under 0.5% volume concentration. Duangthongsuk 

and  Wongwises [9] observed heat transfer enhancement of 6-11% at 0.2% volume 

concentration of TiO2/water nanofluid flow in a  horizontal double tube counter flow 

heat exchanger under turbulent flow conditions. Sajadi and Kazemi [10] observed 

heat transfer enhancement of 22% at 0.25% of TiO2-water nanofluid flow in a double 

pipe heat exchanger in the Reynolds number of 5000. Huminic and 

Huminic [11] numerically investigated heat transfer characteristics of CuO and TiO2 

nanofluids flow in a double-tube helical heat exchanger under laminar flow conditions 

and they observed significant enhancement of heat transfer with increase of particle 

concentration. Shakiba and Vahed [12] studied the hydro-thermal characteristics of 

Fe3O4/water nanofluid at 4.0% volume concentration in a counter flow double pipe 

heat exchanger using single phase model and control volume technique. Bahiraei and 

Hangi [13] studied the performance of Mn-Zn/water magnetic nanofluid flow in a 

counter flow double pipe heat exchanger under quadrupole magnetic field using the 

two-phase Euler–Lagrange method. Demir et al. [14] numerically studied the velocity 

and temperature profiles of water based TiO2 and Al2O3 nanofluids flow in a double 

pipe heat exchangers.  

The further heat transfer enhancement in double pipe heat exchangers is possible by 

using return bend. Hong and Hrnjak [15] observed further heat transfer enhancement 

in pipes with return bend and they concluded with the effect of fluid mixing, 

hydrodynamic and thermal development of secondary flows at immediate 

downstream of the U-bend. Clarke and Finn [16] numerically investigated the heat 

transfer mechanism of secondary refrigerant flow in an air chiller U-bends and 

observed with return bend there is a 20% heat transfer enhancement for up to 20 pipe 

diameters. Other experimental investigations found that heat transfer may be 

enhanced immediately downstream of a U-bend [17,18]. Choi and Zhang [19] 

http://www.sciencedirect.com/science/article/pii/S0017931008006248
http://www.sciencedirect.com/science/article/pii/S0196890413005451#b0055
http://www.sciencedirect.com/science/article/pii/S0304885315308106
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numerically investigated heat transfer of Al2O3/water nanofluid flow in a pipe with 

return bend and observed Nusselt number increase with increase of Reynolds number 

and Prandtl number, and the increment of specific heat of nanofluid. Prasad et al. [20] 

observed 25% heat transfer enhancement at 0.03% volume concentration of 

Al2O3/water flow in a double pipe heat exchanger with return bend and in the 

Reynolds number of 22000. The above works reveals there is a further heat transfer 

augmentation by modifying the geometry of the inner tube of double pipe heat 

exchanger. There is literature related to heat transfer, friction factor and effectiveness 

of magnetic nanofluids flow in a tube with return bends.    

The overall heat transfer coefficient (tube-side and annulus-side) and effectiveness 

data for Fe3O4 nanofluid is not available in the literature. In this regard, the present 

investigation is carried for the estimation of overall heat transfer coefficient (tube-side 

and annulus-side) and effectiveness of Fe3O4 nanofluid experimentally. The 

experimental setup is fabricated and the experiments are conducted in the Reynolds 

number range from 14000 to 30000 and in the particle concentrations range from 

0.005% to 0.06%.  

 

2. EXPERIMENTAL SECTION 

2.1. Preparation of nanofluids 

The nanofluids of 0.005%, 0.01%, 0.03% and 0.06% volume concentrations were 

prepared by dispersing Fe3O4 nanoparticles (Sigma-Aldrich Chemicals, USA) in 

distilled water. The bulk quantity of 15 liters nanofluids were prepared and used in the 

experimental apparatus for the estimation of overall heat transfer coefficient and 

effectiveness. The surfactant of cetyl trimethylammonium bromide (CTAB) (1/10th of 

weight of nanoparticles) was used for uniform dispersion of nanoparticles in distilled 

water. The CTAB was initially mixed with 15 liters of distilled water and then stirred 

with high speed mechanical stirrer; after complete dispersion of surfactant the 

required quantity of Fe3O4 nanoparticles were added and continued stirring for 24 

hours. The particles required for known percentage of volume concentration was 

calculated from the Eq. (1).  

 𝜙 =
1

(100 𝜑𝑚⁄ )(𝜌𝑝 𝜌𝑤⁄ )+1
× 100 (%)                                                        (1) 

where (𝜌𝑝)and (𝜌𝑤) are the densities of the particles and water, respectively, and (𝜙) 

and (𝜙𝑚)  are the volume and mass concentrations (%) of the dispersed fluid, 

respectively. The thermal properties of Fe3O4 nanofluids have been taken from the 

Sundar et al. [21] and the data is shown in Table 1.   
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Table 1: Thermophysical properties of base fluid and Fe3O4 nanofluid (Sundar et al. 

[21])  

 

 T,  (oC) 𝜙 = 0.0% 𝜙 = 0.005% 𝜙 = 0.01% 𝜙 = 0.03% 𝜙 = 0.06% 

(𝜌), 

kg/m3 

20 998.5 998.8 999.10 999.7 1000.9 

40 992 992.3 992.60 993.21 994.42 

60 983.3 983.6 983.90 984.51 985.71 

(k), 

W/m K 

20 0.6024 0.604 0.6055 0.6087 0.6149 

40 0.6314 0.6341 0.6367 0.6421 0.6527 

60 0.653 0.6564 0.6598 0.6666 0.6802 

(𝜇) , 

mPa.sec 

20 0.79 0.7916 0.7931 0.7963 0.8025 

40 0.54 0.5403 0.5406 0.5413 0.5425 

60 0.3 0.3009 0.3018 0.3038 0.3075 

(𝐶𝑝), 

J/kg K 

20 4182 4181.8 4181.5 4181.1 4180.2 

40 4178 4177.8 4177.5 4177.1 4176.2 

60 4183 4182.8 4182.5 4182.1 4181.2 

Prandtl 

number 

(Pr) 

20 5.48 5.4766 5.4731 5.4663 5.4525 

40 3.57 3.5584 3.5468 3.5238 3.4775 

60 1.92 1.9163 1.9125 1.905 1.89 

 

 

2.2 Experimental set-up and procedure  

The experimental setup is shown in Fig. 1a and the test section details were shown in 

Fig. 1b. The experimental setup consists of two concentric tube heat exchangers, data 

logger along with personal computer, cooling water tank and heating water tank, a set 

of thermocouples, flow meters (both hot and cold).  The test section is two double 

pipe heat exchangers and the inner tube is bent at a radius of 0.160 m at a length of 

2.2 m. The effective length of the heat exchanger is 2.2 m, but the length of the inner 

tube is 5 m. The inner tube is made with stainless steel (SS304) material and the inner 

diameter is 0.019 m, outer diameter is 0.025 m. The annulus tube is made with 

Galvanised Iron (G.I.) and the inner diameter is 0.05 m, outer diameter (OD) is 0.056 

m. In order to minimize the heat loss from the test section to atmosphere, the annulus 

tube is wound with asbestos rope insulation. The inlet and outlet temperatures of the 

hot fluid (water or nanofluid) and cold fluid were measured with four thermocouples. 

The thermocouples are connected with the data acquisition system and the readings 

are recorded in the computer for further calculations. The accuracy of thermocouples 
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used in this study is ±0.1 oC. The test section is designed in such a way that the 

hydrodynamically fully developed turbulent flow is maintained with the tube 

length/diameter ratio as 354. The mass flow rates of hot fluid (water or nanofluid) and 

cold fluid is controlled with the help of two rotameters. The arrangements of two 

double pipe heat exchangers are designed in such ways that, the flow path of the two 

fluids are in counter-flow direction. The hot Fe3O4 nanofluid (tube-side) inlet 

temperature of 60oC is maintained for the entire nanofluids inlet. The mass flow rate 

of nanofluids varies from 8 LPM to 14 LPM with an interval of 2 LPM. The 

temperature of the cold water (annulus-side) was maintained around 29oC and kept 

constant flow rate of 8 LPM (0.133 kg/s). The experiments were conducted at 

different particle concentrations of 0.005%, 0.01%, 0.03% and 0.06% and used one 

after another. The time taken to reach the steady state of the working fluids are 1 h 

and the final temperature values of cold and hot fluids were recorded for further 

overall heat transfer coefficient calculations. The logarithmic mean temperature 

difference method is used to calculate the inside and outside overall heat transfer 

coefficient of the nanofluids.  

 

 

Fig. 1a Line diagram of an experimental setup 
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Fig. 1b Test section details 

 

3. EXPERIMENTAL CALCULATIONS    

3.1. Overall heat transfer coefficient    

Rate of heat flow (tube side fluid), 𝑄ℎ =  �̇�ℎ × 𝐶ℎ × (𝑇ℎ,𝑖 − 𝑇ℎ,𝑜)                       (2) 

Rate of heat flow (annulus side fluid), 𝑄𝑐 =  �̇�𝑐 × 𝐶𝑐 × (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖)                   (3)        

Overall heat transfer coefficient (tube side), 𝑈𝑖 =
𝑄𝑎𝑣𝑔

𝐴𝑖(
∆𝑇1−∆𝑇2

𝑙𝑛(
∆𝑇1
∆𝑇2

)
)

                                (4)   

Overall heat transfer coefficient (annulus side), 𝑈𝑜 =
𝑄𝑎𝑣𝑔

𝐴𝑜(
∆𝑇1−∆𝑇2

𝑙𝑛(
∆𝑇1
∆𝑇2

)
)

                        (5) 

Where, 𝑄𝑎𝑣𝑔 =  
𝑄ℎ+𝑄𝑐

2
;  ∆𝑇1 = 𝑇ℎ,𝑖 − 𝑇𝑐,𝑜;  ∆𝑇2 = 𝑇ℎ,𝑜 − 𝑇𝑐,𝑖                          

For double pipe heat exchangers without considering the fouling factor term the 

below equation is used:   

          
1

𝑈𝑖𝐴𝑖
=

1

ℎ𝑜𝐴𝑜
+

𝑙𝑛(
𝐷𝑜
𝐷𝑖

)

2𝜋𝐾𝐿
+

1

ℎ𝑖𝐴𝑖
                                                                       (6) 

 

Where 𝑈𝑜 or 𝑈𝑖 is the overall heat transfer coefficients for annulus side and tube side, 

𝑘  is the thermal conductivity of tube material and 𝐿 is the length of the heat 

exchanger.  
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The annulus heat transfer coefficient (ℎ𝑜) is calculated based on the Gnielinski [22] 

and the expression is given below:  

             𝑁𝑢𝑜 =  
(

𝑓

2
)(𝑅𝑒−1000) 𝑃𝑟

1.07+12.7 (
𝑓

2
)

0.5
(𝑃𝑟2 3⁄ −1)

                                                                 (7)  

             𝑓 = (1.58 𝑙𝑛(𝑅𝑒) − 3.82)−2, 2300 < 𝑅𝑒 < 106, 0.5 < 𝑃𝑟 < 2000 

 

The obtained Nusselt number value from Eq. (7) is used to calculate the annulus heat 

transfer coefficient and the expression is given below:   

             ℎ𝑜 =
𝑁𝑢𝑜×𝑘𝑜

𝐷ℎ
                                                                                           (8)   

where 𝐷ℎ  is the hydraulic diameter and 𝑘𝑜  is the thermal conductivity of annulus 

fluid.  

             𝐷ℎ =
4𝐴

𝑃
= 𝐷𝑜 − 𝐷𝑖   

where A is the flow area i.e. 𝐴 =
𝜋

4
(𝐷𝑜

2 − 𝐷𝑖
2) 

 

The ℎ𝑜 value from Eq. (8) is substituted in Eq. (6) for obtaining the tube side heat 

transfer coefficient (ℎ𝑖 or ℎ𝑛𝑓). That is the only unknown value in the equation. The 

value of 𝑁𝑢𝑛𝑓 can be determined as follows:   

          𝑁𝑢𝑛𝑓 =
ℎ𝑛𝑓×𝐷𝑖

𝑘𝑛𝑓
                                                                                   (9) 

The Reynolds number is based on the flow rate at the inlet of the tube. 

           𝑅𝑒𝑛𝑓 = (
𝜌 𝑣 𝑑𝑖

𝜇
)

𝑛𝑓
                                                                               (10) 

The Prandtl number is calculated based on the specific heat, thermal conductivity, and 

viscosity of nanofluids at mean temperature of the fluid.    

           𝑃𝑟𝑛𝑓 = (
𝜇𝐶𝑃

𝑘
)

𝑛𝑓
                                                                                              (11) 

 

3.2. Effectiveness – NTU method  

Number of transfer units,  𝑁𝑇𝑈 =  
𝑈×𝐴

𝐶𝑚𝑖𝑛
⟹ 𝑁𝑇𝑈 =  

𝑄

(∆𝑇)𝐿𝑀𝑇𝐷×𝐶𝑚𝑖𝑛
                         (12) 

Heat capacity of tube side fluid, 𝐶ℎ =  �̇�ℎ × 𝐶ℎ                                                       (13) 

Heat capacity of annulus side fluid, 𝐶𝑐 =  �̇�𝑐 × 𝐶𝑐                                                  (14) 

where 𝐶𝑚𝑖𝑛 is the smaller of 𝐶𝑐 and 𝐶ℎ 
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Effectiveness, 𝜀 =
1−𝑒𝑥𝑝 [−𝑁𝑇𝑈(1−𝑍)]

1−𝑍 𝑒𝑥𝑝 [−𝑁𝑇𝑈(1−𝑍)]
                                                                       (15) 

where, 𝑍 =
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
 

 

4. SAMPLE CALCULATIONS 

4.1. Specifications 

Annulus tube ID   = 0.05 m 

Annulus tube OD = 0.056 m 

Radius of annulus (ro) = 0.025 m 

Length of annulus (Lo) = 4.4 m 

Inner tube ID = 0.019 m 

Inner tube OD = 0.025 m 

Radius of inner tube (ri)  = 0.0095 m  

Length of inner tube (Li)  = 5 m  

Area of annulus tube (Ao)       = πDoL0  

=  3.14 × 0.05 × 4.52 = 0.7096 m2 

Area of inner tube (Ai)            = πDiLi  

=  3.14 × 0.019 × 5 = 0.2983 m2 

4.2. Overall heat transfer coefficient  

4.2.1. Annulus-side  

Mass flow rate of annulus-side fluid,  

ṁc = 8 LPM ⟹ 8 60⁄ ⟹ 0.133 kg sec⁄   

m = ρAV;  V =
m

ρ A
  

Where A is the flow area, A =
π

4
(0.05)2 −

π

4
(0.025)2 = 0.001471 m2 

V =
m

ρ A
  = V =

0.133

998.5×0.001471
= 0.090 m sec⁄  

Re =  
ρ×V×Dh

μ
  

Where Dh = 0.05 − 0.025 = 0.025 m 
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The Gnielinski [22] equation for turbulent flow inside the double pipe heat exchanger 

can be used to find the hovalue.     

             
hoDh

ko
= Nuo =

(
f

2
)(Re−1000)Pr

1.07+12.7(
f

2
)

0.5
(Pr2 3⁄ −1)

                                                     

              f = (1.58 − ln(Re) − 3.82)−2   

Where Dh is the hydraulic diameter.  

              Dh =
4A

P
= Do − Di  

Where A is the flow area,  A =
π

4
(Do

2 − Di
2) 

Reo =  
998.5×0.090×0.025

0.000665
   = 3378.38 

Nuo =
(

f

2
)(Re−1000)Pr

1.07+12.7(
f

2
)

0.5
(Pr2 3⁄ −1)

  

Where, f = (1.58 ln(Re) − 3.82)−2 

f = (1.58 ln(3378.38) − 3.82)−2 = 0.01234  

Nuo =
(

0.01234

2
)(3378.38−1000)Pr

1.07+12.7(
0.01234

2
)

0.5
(Pr2 3⁄ −1)

   

Nuo =
(0.00615)(2378.38)×4.525

1.07+12.7×0.07842×1.735
=

66.18

2.7979
= 23.65  

Nuo =
ho×Dh

k
  

ho =
23.65×0.6169

0.025
= 583.73 W m2⁄   

 

4.2.2. Tube side  

Mass flow rate of tube-side fluid, ṁh = 8 LPM ⟹ 8 60⁄ ⟹ 0.133 kg sec⁄   

m = ρAV;  V =
m

ρ A
  

where A is the flow area, A = 
π

4
(0.019)2 = 0.0028 m2 

V =
m

ρ A
  = V =

0.133

992×0.0028
= 0.4731 m sec⁄  

Rei =  
ρ×V×d

μ
  

Rei =  
992×04731×0.019

0.00054
   = 16555.12 

Pro =  
μ×Cp

k
=

0.00054×4178

0.6314
= 3.57  
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Th,i = 50.2oC, Th,o = 43.5oC,    Tc,i = 28oC,   Tc,o = 34.3oC    

            Rate of heat flow (tube-side fluid), Qh =  ṁh × Ch × (Th,i − Th,o) 

= 0.133 × 4178 × (50.2 − 43.5) = 3732.3 W 

            Rate of heat flow (annulus-side fluid), Qc =  ṁc × Cc × (Tc,o − Tc,i) 

= 0.133 × 4178 × (34.3 − 28) = 3509 W 

Qavg =  
Qh+Qc

2
⟹

3732.3+3509

2
⟹ Qavg =  3620 W                                                                                                               

Overall heat transfer coefficient (annulus-side), Uo =
Qavg

Ao(∆T)LMTD
    

Uo =
Qavg

Ao(
∆T1−∆T2

ln(
∆T1
∆T2

)
)

⟹
3620

0.609×(
(50.2−34.3)−(43.5−28)

ln(
(50.2−34.3)
(43.5−28)

)
)

= 325.01 W oC⁄                                                                                

Overall heat transfer coefficient (tube-side), Ui =
Qavg

Ai(∆T)LMTD
    

Ui =
Qavg

Ai(
∆T1−∆T2

ln(
∆T1
∆T2

)
)

⟹
3620

0.2983×(
(50.2−34.3)−(43..5−28)

ln(
(50.2−34.3)
(43.5−28)

)
)

= 773.11 W oC⁄                                                              

           
1

UiAi
=

1

hoAo
+

ln(
Do
Di

)

2πKL
+

1

hiAi
                                                                                                         

           
1

773.11×0.2983
=

1

584.45×0.7096
+

ln(
0.05

0.019
)

2×3.14×45×4.4
+

1

hi×0.2983
                                                                                                         

          (hi)Exp = 2875.73 W m K⁄                           

           Nusselt number, (Nui)Exp =
hi×Di

k
⟹

2875.73×0.019

0.6314
= 86.54  

 

4.2.3. Effectiveness (𝛆) – NTU method  

Number of transfer units,  NTU =  
U×A

Cmin
 

Heat capacity of tube-side fluid,  

Ch =  ṁh × Ch ⟹ 0.133 × 4178 = 555.67 J sec K⁄                                                                                                 

Heat capacity of annulus-side fluid, 

Cc =  ṁc × Cc ⟹ 0.133 × 4182 = 556.2 J sec K⁄                                                                                                

Where Cmin is the smaller of Cc and Ch 

        NTU =  
773.11×0.2983

555.67
= 0.415                                                                                      

Effectiveness, ε =
1−exp [−NTU(1−Z)]

1−Z exp [−NTU(1−Z)]
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Where, Z =
Cmin

Cmax
 

Z =
Cmin

Cmax
⟹

415

417.8
= 0.996  

Effectiveness, ε =
1−exp [−NTU(1−Z)]

1−Z exp [−NTU(1−Z)]
                                                                               

             ε =
1−exp [−0.415 (1−0.996)]

1−0.996 ×exp [−0.415 (1−0.996)]
= 0.293  

 

5.  RESULTS AND DISCUSSION   

5.1. Overall heat transfer coefficient  

In order to validate experimental apparatus, the initial heat transfer experiments were 

conducted with hot water, which is flowing inside the tube and cold water flowing 

inside annulus. The Eq. (9) is used to estimate the tube side Nusselt number and the 

data are shown in Fig. 2 along with water data. The difference between theoretical 

and experimental Nusselt number is ± 2.5%. So, it indicates that minimum heat loss 

takes place from an experimental apparatus to atmosphere. The nanofluids of different 

volume concentrations were introduced one by one into the experimental apparatus 

and the Nusselt number is calculated from Eq. (9) and the data is shown in Fig. 3. At 

same mass flow rate the Nusselt number of nanofluid is more compared to water, 

which is possible with the dispersion of nanoparticles. At particle concentration of 

0.005%, the Nusselt number enhancement is about 1.72% and 2.29% at Reynolds 

number of 16545 and 28954, respectively compared to water data.  Similarly, at 

particle concentration of 0.06%, the Nusselt number enhancement is about 9.76% and 

14.7% at Reynolds number of 16545 and 28954, respectively compared to water data. 

Within the measured Reynolds number range from 16545 to 28954, the Nusselt 

number enhancement is about 47.7%, 51.1%, 49.4% and 55.31% at 0.005%, 0.01%, 

0.03% and 0.06% volume concentrations. The enhancement in heat transfer 

coefficient for nanofluid is caused due to the effective fluid mixing by providing the 

return bend for the test tube. The similar behavior of active method of heat transfer 

augmentation for Al2O3 nanofluid in a tube with return bend have been observed by 

Choi and Zhang [23] based on the numerical study.   

The overall heat transfer coefficient (tube-side) of different particle concentrations of 

nanofluids estimated from Eq. (4) is shown in Fig. 4. The overall heat transfer 

coefficient (tube-side) is about 3.26% at particle concentration of 0.06% and at 

Reynolds number of 28954. Similarly, the overall heat transfer coefficient (annulus-

side) of different particle concentrations of nanofluids estimated from Eq. (5) is 

shown in Fig. 5. The overall heat transfer coefficient (annulus-side) is about 3.44% at 

particle concentration of 0.06% and at Reynolds number of 28954. 
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Fig. 2 The Nusselt number of hot water (tube-side) is compared with the literature 

values  

 

 

Fig. 3 The Nusselt number of hot Fe3O4 nanofluid (tube-side) at different particle 

concentrations and Reynolds number 
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Fig. 4 Experimental overall heat transfer coefficient (tube-side) of hot Fe3O4 

nanofluid at different particle concentrations and Reynolds number 

 

 

Fig. 5 Experimental overall heat transfer coefficient (annulus-side) of hot Fe3O4 

nanofluid at different particle concentrations and Reynolds number 
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5.2. Effectiveness – NTU method  

The performance of nanofluid flow in a double pipe heat exchanger is expressed in 

terms of effectiveness and number of transfer units (NTU). The higher value of 

effectiveness (𝜀) and NTU indicates the higher performance of heat exchanger. The 

mass flow rates of both hot nanofluid and cold fluid were used for the calculation of 

effectiveness (𝜀) and NTU. The Eq. (12) is used to calculate the NTU of water and 

nanofluids based on the overall heat transfer coefficient, flow area and minimum heat 

capacity between hot and cold fluids. The obtained values were shown in Fig. 6. It is 

observed from the figure, the NTU of water is 0.415 and 0.452 at Reynolds numbers 

of 16554 and 28970. Similarly, the NTU of 0.06% of nanofluid is 0.429 and 0.469 at 

same Reynolds numbers of 16554 and 28970. This indicates that, with the use of 

nanoparticles in the base fluid (water), the NTU increases.  

The Eq. (15) is used to estimate the effectiveness of water and nanofluids and the data 

is shown in Fig. 7. It is observed from the figure, the effectiveness of water is 0.293 

and 0.339 at Reynolds numbers of 16554 and 28970. Similarly, the effectiveness of 

0.06% of nanofluid is 0.3002 and 0.3418 at same Reynolds numbers of 16554 and 

28970. At all the operating parameters, the addition of the nanoparticles in the base 

fluid (water) enhances the overall heat transfer coefficient and, accordingly, the 

effectiveness and NTU. Finally, addition of nanoparticles in the base fluids enhances 

the heat exchanger performance, but penalty in the pumping power is also there. 

Compared to heat transfer enhancements friction penalty is negligible. The similar 

trend of increased NTU and effectiveness have been observed by El-Maghlany [3] 

using Cu-water nanofluid flow in a horizontal double tube heat exchanger. But the 

order of magnitude varies because of the different nanoparticles used.  

 

Fig. 6 Number of transfer units (NTU) variation for water and nanofluids at different 

Reynolds numbers 
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Fig. 7 Effectiveness (𝜀) variation for water and nanofluids at different Reynolds 

numbers 

 

 

6. CONCLUSIONS 

The present work deals with the estimation of overall heat transfer coefficient of 

nanofluid flow in a horizontal tube with return bend at turbulent flow conditions. The 

effectiveness and NTU is also estimated for different concentrations of nanofluids. 

The results indicate:  

 The enhancement of Nusselt number is about 15.6% at 0.06% volume 

concentration when compared to base fluid (water).  

 The overall heat transfer coefficient for annulus-side is enhanced by 3.44%, 

tube-side is enhanced by 3.26% and the effectiveness of heat exchanger is 

enhanced by 1.008-times at 0.06% volume concentration at a Reynolds 

number of 28984 compared to water.  

 The NTU is enhanced by 1.037-times and the effectiveness by 1.024-times for 

0.06% nanofluid at Reynolds number of 28970. 

 The use of Fe3O4 nanoparticles in the base fluid cause higher Nusselt number, 

overall heat transfer coefficient and effectiveness because of micro-convection 

and Brownian motion of particles.   
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Nomenclature  

𝐶𝑝       Specific heat, 𝐽 𝑘𝑔⁄  𝐾 

𝑑         Inner diameter of the tube, 𝑚 

𝑓         Friction factor  

ℎ         Heat transfer coefficient, 𝑊 𝑚2 𝐾⁄  

𝑘         Thermal conductivity, 𝑊 𝑚⁄  𝐾 

𝐿         Length of the tube, 𝑚 

�̇�        Mass flow rate, 𝑘𝑔 𝑠𝑒𝑐⁄  

𝑁𝑢      Nusselt number, ℎ 𝐷 𝑘⁄  

𝑃𝑟       Prandtl number, 𝜇 𝐶 𝑘⁄  

𝑄         Heat flow, 𝑊𝑎𝑡𝑡𝑠 

𝑅𝑒       Reynolds number, 4 �̇� 𝜋 𝐷𝜇⁄  

𝑣        Velocity, 𝑚 𝑠𝑒𝑐⁄  
 

Greek symbols 

Δ       Uncertainty 

∆𝑝     Pressure drop 

𝜙      Volume concentration of nanoparticles, % 

𝜇       Dynamic viscosity, 𝑘𝑔 𝑚2 𝑠𝑒𝑐⁄  

𝜌       Density,𝑘𝑔 𝑚3⁄   

 

Subscripts 

𝑏          Bulk temperature 

𝑐          Cold 

𝐸𝑥𝑝     Experimental  

ℎ          Hot  

𝑖           Inlet 

𝑜          Outlet 

𝑝          Particle 

𝑅𝑒𝑔     Regression  

𝑤         Water  
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