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ABSTRACT 

 

In this paper, forced convection flows in horizontal concentric double tube counter flow heat 

exchanger by using Al2O3-water and Cu-water nanofluids are numerically investigated. 

Nanoparticles are dispersed in water as based fluid at different volume concentration 1%, 2% 

and 3%. The heat exchanger is simulated and solved in a 2D axisymmetric CFD model with 

ANSYS-FLUENT software under transitional regime. The numerical simulations are carried 

out at steady state by using standard k-ε turbulence model. The nanofluid as cold fluid flows 

through an annulus tube 0.0762 m in external diameter and Reynolds number in the range (2473 

– 4947). The hot water flows through an inner tube 0.0254 m in diameter with Reynolds number 

of 9780. The total length of concentric tubes is 1.2 m. The numerical results indicate that the 

heat transfer rate of nanofluids increases with increasing Reynolds number and volume 

concentration (ϕ). The heat transfer rate of Cu-water and Al2O3 –water nanofluids are enhanced 

by 13% and 7.5%, respectively compared to base fluid at Reynolds number of 4946 and 3% 

volume concentration, but it also increases the pressure drop of Cu-water nanofluid and Al2O3 

–water nanofluid by 37% and 27% respectively. It is found that the effectiveness (ε) enhances 

by 13.06% and 7.56% for Cu-water and Al2O3- water nanofluids respectively at 3% volume 

concentration. Also the Number of Transfer Unit (NTU) of the heat exchanger enhances when 

increasing the volume concentration of Cu –water and Al2O3 –water nanofluids by 18.8 % and 

10.72% respectively. 

 

Keywords: Double tube, Number of Transfer Units, Heat transfer, single-phase, 

Nanofluids 
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1. INTRODUCTION  

The heat exchanger is an important device in thermal systems. Heat transfer enhancement 

enables the size of the heat exchanger to be considerably decreased. Some investigations use 

methods to improve thermo-physical properties of the fluid in order to enhance heat transfer. 

The effective heat transfer behavior of conventional fluids is improved by suspending small 

solid particles in the fluids (nanofluids). Esfe et al. [1] studied the behavior of MgO–water 

nanofluids in a circular pipe containing less than 1% volume fractions of nanoparticles at 

turbulent regime. The Nusselt number was increased up to 21.8%. Kumar et al. [2] performed 

an experimental study for a Fe3O4 nanofluid flowing through the inner pipe with longitudinal 

strip inserts of a double pipe U-bend heat exchanger at different concentration. At 0.06% 

Nomenclature 

As                         Heat transfer surface area, m2 

C                          Heat capacity rate, W/K 

Cp                        Specific heat capacity, J/kg K 

Dh                        Hydraulic diameter of an annulus, Dh = Di-do, m 

Di                         Inner diameter of outer tube, m 

di                                       Inner diameter of inside tube, m 

do                                     Outer diameter of inside tube, m 

k                          Thermal conductivity, W/m K 

L                          Length of concentric tube, m 

ṁ                         Mass flow rate, kg/s 

NTU                    Number of Transfer Units 

Q                         Heat transfer rate, W 

Re                        Reynolds number 

T                          Temperature, K  

𝛥𝑇𝑙𝑜𝑔                   Logarithmic mean temperature difference, K 

U                         Overall heat transfer coefficient, W/m2 K 

u                          Axial flow velocity, m/s 

Z                          Heat capacity rate ratio 

Greek symbols 

ε                          Effectiveness 

ϕ                         Solid volume fraction 

μ                         Dynamic viscosity, kg/m.s 

ρ                         Density, kg/m3 

Subscripts 

avg                      Average  

b                          Bulk  

cf                         Cold fluid  

hf                         Hot fluid  

i                           Inlet 

max                     Maximum 

min                      Minimum 

nf                         Nanofluid 

o                          Outlet 

s                           Nanoparticle 

w                          Water 
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concentration, the Nusselt number is enhanced by 14.7%. Reddy and Rao [3] experimentally 

investigated the heat transfer coefficient of TiO2 nanofluid dispersed in 4% of ethylene glycol 

and 60% of distilled water. The results show an enhancement of 10.73% in heat transfer rate at 

0.02% concentration. Rao et al. [4] experimentally studied forced convection heat transfer of 

Al2O3 nanofluid at different concentrations from 0.1% to 0.4% at turbulent regime and the heat 

transfer rate improved 2.5%. Duangthongsuk and Wongwises [5] experimentally investigated 

the convection heat transfer performance of TiO2–water nanofluid in double tube heat 

exchanger at turbulent condition and it enhanced the heat transfer coefficient up to 26% greater 

than pure water. Albojamal and Vafai [6] numerically studied single-phase, mixture and 

discrete phase models to investigate differences in hydrodynamic and thermal characteristics 

between them, for nanofluids transport in tubes. It was found that the two-phase mixture model 

did not predict accurately the heat transfer at variable properties. The single phase model 

provides a fast and low cost method for analyzing nanofluids. Khedkar et al. [7] investigated 

theoretical and experimentally the effective thermal conductivities and viscosities of ethylene 

glycol-based nanofluids containing TiO2 nanoparticles.. Ilhan and Erturk [8] experimentally 

studied hexagonal boron nitride-water (hBN-water) nanofluids in laminar forced flow 

subjected to uniform heat flux in a circular pipe. It was obtained that the heat transfer is 

enhanced up to 15% at 1% volume. Bahiraei et al. [9] studied numerically hydrothermal 

characteristics of graphene nanoplatelet–platinum hybrid nanofluids in a triple tube heat 

exchanger with inserted ribs. The overall heat transfer coefficient, effectiveness and heat 

transfer rate of the heat exchanger enhance by increasing the nanoparticle concentration and 

rib height. Chaurasia and Sarviya [10] have investigated thermal performance, and friction 

factor characteristics of CuO/water nanofluids flow in a tube inserted with double and single 

strip helical screw tapes. It was found that the Nusselts number with nanofluid increases by 

182% and 170% for inserted double and single strip helical screw tape respectively. Mohapatra 

et al. [11] studied the performance analysis of a three fluid heat exchanger. A helical coiled 

tube is inserted between two concentric tubes in double tube heat exchanger. It was obtained 

that when the mass flow rate of the different fluids increase, the overall heat transfer coefficient 

improves. Hazbehian et al [12] experimentally investigated the heat transfer and friction factor 

of TiO2-Poly Vinyl Alcohol (PVA) nanofluid flowing in a plain tube with twisted tape. The 

average Nusselt number and friction were 30 – 95 % higher than for the plain tube respectively 

and 100 –270 % higher when the working fluid is nanofluid. Sheikholeslami et al. [13] 

experimentally studied the heat transfer for air and water in double pipe heat exchanger under 

turbulent flow condition. It was found that the Nusselt number increases when the flow rate of 

water is increased. Sonawane et al. [14] investigated heat transfer of Al2O3 water nanofluid in 

concentric double tube heat exchanger at 2% and 3% volume fraction concentrations. It was 

found that average heat transfer rates for nanofluids as cooling fluid are higher than those for 

the water. Verma et al. [15] experimentally reported the heat transfer of concentric tube heat 

exchanger with corrugated inner tubes. It was found that the Nusselt number and heat transfer 

coefficient were increased with the increase in depth of the ribs. Madhesh et al. [16] 

experimentally studied the heat transfer and characteristics of Cu-TiO2 hybrid nanofluid in 

concentric tube heat exchanger at different volume concentration up to 2%. The convective 

heat transfer coefficient of hybrid nanofluid were enhanced by 52%. Siadaty and Kazazi [17] 

numerically studied the heat transfer characteristics of water nanofluids at different volume 
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concentration up to 0.05% in an annular tube. Sensitivity analysis (ANOVA) was conducted to 

determine the level of reaction response to a change in an input variable. It was found that 

dimensionless pressure drop of Al2O3-water is a function of the solid volume fraction, tube 

length and its diameter ratio. Maakoul et al. [18] numerically studied the thermohydraulic 

performance of double pipe heat exchanger with helical fins and longitudinal fins by using 

CFD. The heat transfer rate with helical fins is higher than that with longitudinal fins for the 

same mass flow rate. Shirvan et al. [19] investigated the convection heat transfer in double pipe 

heat exchanger by using Al2O3 nanofluid at laminar flow. It was found that effectiveness of 

heat exchanger enhances when increasing the volume concentration of nanofluid. Numerical 

simulation of turbulent flow and heat transfer in a circular tube with discrete inclined grooves 

were performed by Zheng et al. [20]. The results showed that the heat transfer and friction 

factor are enhanced by a factor of 2.17 and 3.75 respectively with inclined grooves tube with 

respect to smooth tube. Abishek et al. [21] numerically studied two phase flow characteristic 

of double pipe evaporative heat exchanger with ANSYS-FLUENT and using SST k-ω 

turbulence model. The results show that the local heat transfer coefficient increases along the 

direction of flow until changed in the two-phase flow regime due to very high vapor fraction. 

Saeedan et al. [22] numerically studied the thermal performance of nanofluids in a helically 

baffled heat exchanger with 3D fined tube. The numerical results showed that the heat transfer 

coefficient and pressure gradient is increased by increasing the Reynolds number and volume 

concentration of nanofluids. 

 

According to the literature review, the heat transfer characteristics and the Nusselt number of 

nanofluids flow in turbulent and laminar region flows have been widely studied for different 

geometries. The general objective of this paper is to develop a CFD model to study the 

transition forced convection flow and the characteristics of heat transfer of nanofluids in 

horizontal double tube heat exchanger. The specific objectives are to quantify the effects of 

Reynolds number and nanoparticles volume concentrations on the convective heat transfer. 

Other specific objectives are to enhance the Number of Transfer Units (NTU) and the 

effectiveness of the heat exchanger via nanoparticles addition. In addition, the effect on 

pressure drop inside a double tube heat exchanger filled with nanofluids is aimed. CFD 

simulations are performed using the ANSYS FLUENT software. 

 

2. METHODOLOGY 

2.1 Geometry and Boundary Conditions 

 

The model developed in this research allows to compare the behavior of different types of 

nanofluids (cold fluid) flowing through the annulus section of horizontal concentric double 

tube heat exchanger. The diameter of the annulus (Di) is 0.0762 m, the inner tube diameter 

(di) is 0.0254 m with a thickness of 2 mm and the total length of concentric tubes (L) is 1.2 

m as shown in Fig.1. The outer tube is made of transparent plexiglass while the hot water 

flows through the inner tube made of copper in a counter flow arrangement according to 

experimental work by El-Maghlany et al. [23]. The heat exchanger has been simulated and 

solved with a two-dimensional axisymmetric model. Reynolds number of the cold fluid 
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(Recf) ranges between 2473 and 4947. Recf was calculated based on the pure water properties 

and the properties of Cu, Al2O3 nanofluids as cooling fluids, flowing through the annulus 

at different volume concentration (1%, 2% and 3%). Reynolds number of the hot fluid 

(Rehf) was fixed at 9780. The hot fluid is water flowing through the inner tube. The inlet 

temperature of nanofluids and hot water were fixed at 301 K and 333 K respectively. The 

outer tube is adiabatic.  Fully developed hydrodynamic and thermal flows for velocity and 

turbulence were specified at the inlets of the tube and annulus. No-slip condition is applied 

on the solid walls. Pressure outlet condition is used at both outlet tubes. 

 

Fig. 1.  Schematic of the 2D axisymmetric concentric double tube geometry 

 

2.2 Thermo-physical properties of nanofluids. 

Thermo-physical properties of pure water and solid nanoparticles are shown on table 1.  

Table 1. Thermo-physical properties of pure water and nanoparticles. 

 

The thermo-physical properties of the nanofluid are evaluated by using specific correlations. 

Measurement of physical properties was performed by several researchers in the literature as 

follows: 

The effective density of nanofluid is given by [23]: 

𝜌𝑛𝑓 = (1 − 𝜙)𝜌𝑓 + 𝜙𝜌𝑠                                                                                                                                 (1)                                                                                                                                 

The specific heat of the nanofluid is obtained from [23]: 

(𝜌𝐶𝑝)
𝑛𝑓

= (1 − 𝜙)(𝜌𝐶𝑝)
𝑓

+ 𝜙(𝜌𝐶𝑝)
𝑠
                                                              (2)                                                            

The effective thermal conductivity of nanofluid is given by [24]: 

𝑘𝑛𝑓 = 𝑘𝑓 [
𝑘𝑠+2𝑘𝑓+2𝜙(𝑘𝑠−𝑘𝑓)

𝑘𝑠+2𝑘𝑓−𝜙(𝑘𝑠−𝑘𝑓)
]                                                                                 (3)                                                                   

The effective dynamic viscosity of nanofluid (𝜙 ≤ 5%) 

𝜇𝑛𝑓 = (1 + 2.5𝜙)𝜇𝑓                                                                                             (4)                                      

2.3 Characteristic equations 

The heat transfer rate of hot fluid is: 

𝑄ℎ𝑓 = ṁℎ𝑓𝐶𝑝,ℎ𝑓 (𝑇ℎ𝑓,𝑖 − 𝑇ℎ𝑓,𝑜)                                                                             (5)                                                                                 

And the same for cold fluid, the heat transfer rate is: 

𝑄𝑐𝑓 = ṁ𝑐𝑓𝐶𝑝,𝑐𝑓 (𝑇𝑐𝑓,𝑜 − 𝑇𝑐𝑓,𝑖)                                                                              (6)                                                                                

Physical Properties ρ (kg/m3) Cp (J/kg.K) k (W/m.K) 

Pure water [23] 997.1 4179 0.6 

Cu [23] 8933 385 385 

Al2O3 [17] 3970 765 36 
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The average heat transfer rate between two fluids is estimated from: 

𝑄𝑎𝑣𝑔 =
𝑄ℎ𝑓+𝑄𝑐𝑓

2
                                                                                                               (7)                                                                                                   

The overall heat transfer coefficient could be evaluated according to: 

𝑈 =  
𝑄𝑎𝑣𝑔

𝐴𝑠 Δ𝑇𝑙𝑜𝑔
                                                                                                                    (8)                                                                                                                   

Where 𝛥𝑇𝐿𝑀𝑇𝐷 is the logarithmic mean temperature difference calculated from: 

According to counter flow arrangement  

𝛥𝑇𝑙𝑜𝑔 =  
(𝑇ℎ𝑓,𝑜−𝑇𝑐𝑓,𝑖)−(𝑇ℎ𝑓,𝑖−𝑇𝑐𝑓,𝑜)

𝑙𝑛
(𝑇ℎ𝑓,𝑜−𝑇𝑐𝑓,𝑖)

(𝑇ℎ𝑓,𝑖−𝑇𝑐𝑓,𝑜)

                                                                        (9)                                                                          

The effectiveness ε and the number of transfer unit NTU can be estimated from; 

𝑁𝑇𝑈 =  
𝑈 𝐴𝑠 

𝐶𝑚𝑖𝑛 
=

𝑄𝑎𝑣𝑔

𝛥𝑇𝑙𝑜𝑔 𝐶𝑚𝑖𝑛
                                                                                (10)                                                                                       

Heat capacity of hot fluid and cold fluid are:  

𝐶ℎ = ṁℎ𝑓 . 𝐶𝑝,ℎ𝑓  , 𝐶𝑐 = ṁ𝑐𝑓 . 𝐶𝑝,𝑐𝑓                                                                   (11)                                                                                                    

𝐶𝑚𝑖𝑛 is the minimum of 𝐶𝑐 and 𝐶ℎ 

𝜀 =  
1−exp [(−𝑁𝑇𝑈(1−𝑍)]

1−𝑍exp [(−𝑁𝑇𝑈(1−𝑍)]
                                                                                   (12)                                   

Where 𝑍 =  
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
                                                                                            (13)                                                                                         

Reynolds number is based on the flow rate at the inlets of the exchanger and two Reynold 

number are evaluated: 𝑅𝑒ℎ𝑓 , for the hot fluid flowing through the inner tube and 𝑅𝑒𝑐𝑓 , for the 

cold fluid going through the annulus : 

𝑅𝑒ℎ𝑓 =  
𝜌ℎ𝑓𝑢ℎ𝑓𝑖𝑑𝑖

𝜇ℎ𝑓
       ,        𝑅𝑒𝑐𝑓 =  

𝜌𝑐𝑓𝑢𝑐𝑓𝑖𝐷ℎ

𝜇𝑐𝑓
                                                                      (14)                                                                            

2.4 Numerical procedure 

In the present study, the pressure-velocity coupling SIMPLE algorithm was used. It is very 

stable and economical regarding computational resources. Equations for momentum, 

turbulent kinetic energy, turbulent dissipation rate and temperature terms were calculated 

by the second order upwind scheme and all the flow and energy governing equations were 

solved through finite volumes method with ANSYS-FLUENT software at steady flow 

conditions. It is assumed that the nanoparticles and the base fluid phase are in thermal 

equilibrium and at the same velocity, thus an homogenous single -phase model is used. The 

Renormalized Group (RNG) k−ε turbulence model was selected according to Gomaa et al. 

[25]. Near-wall zone criteria with enhanced wall treatment are concerned in this simulation. 

Residual converging criteria were taken 10−5 for continuity and momentum equations, and 

10-6 for energy equation.  

2.5 Governing equations 

In the simulations, a single-phase approach of nanofluid was adopted. The finite volume 

method was used to discretize continuity, momentum, and energy equations in the 

computational domain. Turbulent forced convection in a steady state flow of an 

incompressible and Newtonian fluid was also considered. 

The equations used were: 

Continuity equation: 

∇. ( 𝜌𝑛𝑓�̅�) = 0                                                                                                                                             (15)                                                                                                                                                                                                                          
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Momentum equation: 

∇. ( 𝜌𝑛𝑓 𝑉𝑉̅̅ ̅̅  ) =  − ∇�̅� + 𝜇𝑛𝑓∇2 �̅�                                                                                                       (16) 

Energy equation: 

∇. ( 𝜌𝑛𝑓𝑐𝑝 𝑛𝑓 �̅� 𝑇 ) =  ∇. (𝐾𝑛𝑓∇ 𝑇)                                                                                               (17) 

In the present study, RNG k−ε turbulence model is used as follows: 

∇. (𝜌𝑛𝑓𝑘 �̅�) =  ∇. ((𝛼𝑘𝜇𝑛𝑓)  ∇(𝑘)) + 𝐺𝑘 − 𝜌𝑛𝑓𝜀                                                        (18)                                                      

Similarly, the dissipation rate of Turbulent Kinetic Energy (TKE), ε is given by: 

∇. (𝜌𝑛𝑓𝜀 �̅�) =  ∇. ((𝛼𝜀𝜇𝑛𝑓)  ∇(𝜀)) + 𝐶1𝜀
𝜀

𝑘
𝐺𝑘 − 𝐶2𝜀𝜌𝑛𝑓

𝜀2

𝑘
                                         (19)                        

Where 𝛼𝑘 and 𝛼𝜀 are the inverse effective Prandtl numbers for k and ε, respectively and  𝐺𝑘 is 

the production of turbulence kinetic energy rate, obtained from: 

𝐺𝑘 =  ∇. (− 𝜌𝑛𝑓 𝑉′𝑉′̅̅ ̅̅ ̅̅  )                                                                                                  (20)                                     

2.6 Grid independence and model validation 

 

A grid independence study was performed for water at Reynolds number (Recf) of 2470 to 

check the simulation results accurate. The model was tested using four different rectangular 

grids with fine mesh as shown in Table 2, the number of transfer units (NTU) was stable 

when the total number of cells was 152750 cells or higher. A mesh with 152750 cells was 

chosen. That mesh provided the best accuracy and computational time. The mesh grid of 

2D axisymmetric concentric tube is shown in Fig.2. 

In order to validate the numerical model, the results of this study were compared with the 

experimental data obtained by El-Maghlany et al. [23]. This comparison is carried out for 

the case with water transition region flow through a horizontal concentric tube heat 

exchanger as shown in Fig.3. The results of numerical model have a good agreement using 

Eq. (10) with experimental results from El-Maghlany et al. [23] of NTU with maximum 

deviation equal 3.88% for water and pressure drop with maximum deviation 4.05% as 

shown in Fig.4.  

Table.2 Comparisons between number of cells, NTU and Pressure drop. 

Number of cells  NTU ΔP 

94000 0.319429 19.248 

152750 0.327601 20.4088 

282000 0.32847 20.4142 

329000 0.330039 20.4205 
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Fig.2 2D axisymmetric double tube mesh grid.  

 

Fig.3 NTU validation with experimental data [23] 
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Fig.4 Pressure drop validation with experimental data [23] 

 

 

3. RESULTS AND DISCUSSION  

In this study, numerical simulations were performed at different Reynolds numbers of the 

cold fluid: 2473, 3092, 3712, 4331 and 4947. They were calculated based on pure water 

properties and flows through the annulus. Cu and Al2O3 nanofluids were used with water 

as based fluid at different volume concentrations (ϕ = 1%, 2% and 3%). The hot water flows 

through the inner tube was fixed at Reynolds number of 9780. The model was two - 

dimensional axisymmetric and the forced convection flow was also; steady. In order to 

validate the numerical results, they have been compared with experimental data [23] with 

the same geometry, fluids and flow conditions. These comparisons for number of transfer 

unit (NTU) and pressure drop are shown in Fig.3 and Fig.4. It can be seen that the 

simulations results have the same tendency as the experimental and the deviations of values 

are very small.   

 

3.1 Average Heat Transfer Rate. 

The effect of the Re and ϕ for Cu and Al2O3 nanofluids on the heat transfer rate are 

discussed. Specifically, the results of adding nanoparticles into the cold fluid which flows 

in the annulus at different volume concentrations (ϕ =1, 2 and 3%) and also at different 

Reynolds number (Recf) were obtained. The Reynolds number of hot fluid (hot water) is 

kept constant at 9780.  Heat transfer rate is depending on temperature difference between 

inlet and outlet of fluids as shown in Fig.5. That Fig. shows temperature contours of pure 

water, Cu and Al2O3 at ϕ = 3%. 

 Fig. 6 presents the effect of Reynolds number, based on water properties calculations, on 

the average heat transfer rate calculated from Eq. (7). According to the obtained results, the 

http://globalpublisher.org/journals-1006/


 

 
 

Energy Perspectives  

Volume 1, Issue 1, December 2020 

http://globalpublisher.org/journals-1006/  

  
 

www.globalpublisher.org   43 

higher the Reynolds number, the higher the average heat transfer rate due to increasing 

convection of fluid. The effect of adding nanoparticles into the fluid implies the 

enhancement of the thermal properties of the fluid and also enhances the heat transfer rate.  

Fig.5 also shows that when using Cu nanofluid, the average heat transfer rate (Qavg) is 

enhanced by 10.35 % compared to pure water at Recf = 2473 and ϕ = 3%. The maximum 

enhancement of Qavg is 13 % with respect to pure water, reached at Recf = 4946 and ϕ = 3%. 

Similarly, for Al2O3 nanofluid, Qavg is enhanced by 6.2 % at Recf = 2473 and the maximum 

improvement is 7.6 %, at Recf = 4946.  

Finally, the average heat transfer rate for Cu, Al2O3 nanofluids are increase with increasing 

volume concentrations and Reynolds number (Recf) with reference to pure water. 

 

Fig.5 Temperatures contours for different types of nanofluids at different Reynolds number. 
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Fig.6 Average heat transfer rate variation for different types of nanofluids at different concentration. 

 

3.2 NTU and Effectiveness 

 

The performance of the double tube heat exchanger with a nanofluid flowing through the 

annulus and hot water flowing through the inner tube is quantified by number of transfer 

units (NTU) and effectiveness (ε). Higher NTU and effectiveness(ε) indicate better 

performance of the heat exchanger. Eq. (10) is used to calculate the number of transfer units 

(NTU). According to Fig.7, at Recf = 2473 (Recf / Rehf = 0.2529) and ϕ =3%, NTU is enhanced 

by 14.15% and 8.44% with Cu –water and Al2O3 – water nanofluids respectively, reference 

to pure water. The maximum enhancement of NTU for Cu –water nanofluid is 18.8 % with 

respect to pure water, reached at Recf = 4946 (Recf / Rehf = 0.5058) and ϕ = 3%. Similarly, 

for Al2O3 – water nanofluid, NTU is enhanced by 10.72 %. Fig.8 shows that enhancement 

in NTU for Cu-water and Al2O3 –water at different concentrations 1, 2 and 3% and it is 

found that the NTU of Cu nanofluid is higher than water and Al2O3 nanofluids at all 

Reynolds number.  Eq. (12) is used to calculate the effectiveness (ε) of double tube heat 

exchanger. Fig.9 indicates the effectiveness (ε) at Recf = 2473 and ϕ =3% is enhanced 

compared to pure water by 10.33 % and 6.18% for Cu –water and Al2O3 – water nanofluids, 

respectively; similarly, at Recf = 4946 and ϕ =3% the enhancement is 13.06% and 7.56%for 

Cu-water and Al2O3 – water nanofluids respectively. 
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Fig.7  NTU variation for different types of nanofluids at different concentrations (ϕ). 
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Fig.8  NTU enhancement for different types of nanofluids at different concentrations (ϕ). 
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Fig. 9 The effect of nanoparticles volume fraction on Effectiveness (ε) for different types 

of nanofluids. 
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3.3 Pressure Drop  

 

Pressure drop is the pressure difference between the entrance and exit of the tube. The 

pressure drop (ΔP) due to the addition of nanoparticles at different Reynolds number (Recf) 

and different nanoparticles volume concentration (ϕ) is shown in Fig.10. The results show 

that (ΔP) is affected by the increase in Recf due to the increase in the fluid velocity.  (ΔP) 

of nanofluids increases when increasing in (ϕ) due to the effect of the nanofluids viscosity. 

(ΔP) at Recf = 4946 for Cu-water nanofluid is raised by 4.78 %, 18.15% and 37.26% than 

that pure water at volume concentrations of 1%, 2% and 3%, respectively. Analogously for 

Al2O3 – water nanofluid, ΔP is increased by 3.69 %, 9.28 % and 27.1%. Fig.11 (a-b) show 

that pressure contours for Cu and Al2O3 at different nanoparticles volume concentration 

(ϕ). 
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Fig.10 Pressure drop (ΔP) variation for different types of nanofluids at different 

concentrations. 
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Fig.11 Pressure contours for different types of nanofluids at different concentrations. 

(a) Recf =2473   (b) Recf =4946. 

 

4. CONCLUSIONS  

A numerical model for the simulation of horizontal double tube counter flow heat 

exchanger has been developed in this paper in order to investigate the effect in the heat 

transference when using Cu-water and Al2O3-water nanofluids as the cold fluid. The 

numerical simulations have been carried out to study the influence of Reynolds number of 

the cold fluid in the transition region (2473 ≤ Rec f ≤ 4947), nanoparticles volume 

concentrations (ϕ= 1%, 2% and 3%) with the previously mentioned nanofluids.  The most 

significant results of this investigation are: 

 Increasing the nanoparticles volume concentration and increasing Reynolds 

number, the heat transfer rate is enhanced compared to base fluid.  
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 Al2O3 –water nanofluid provides lower heat transfer rate than Cu- water nanofluid, 

but it is higher than that of the base fluid. 

 The average heat transfer rate of Cu – water nanofluid is enhanced by 10.35 % with 

reference to water at Recf = 2473 and ϕ = 3%; in contrast Al2O3 –water enhanced by 

6.2 %. 

 The maximum enhancement of the average heat transfer rate of Cu-water and Al2O3 

–water nanofluids with reference to water at Recf = 4947 and ϕ = 3% are 13% and 

7.6 %, respectively. 

 The NTU is enhanced by 18.8% and 10.72% for Cu and Al2O3 nanofluids, 

respectively at Recf = 4947 and ϕ = 3% with reference to pure water. 

 The effectiveness (ε) is enhanced compared to pure water by 13.06% and 7.56% for 

Cu and Al2O3, respectively at Recf = 4947 and ϕ = 3%. 

 The pressure drop (ΔP) at Recf = 4946 for Cu-water nanofluids is raised by 4.78 %, 

18.15% and 37.26% than for pure water at different volume concentrations of 1%, 

2% and 3% respectively. Similarly, ΔP for Al2O3 –water nanofluid is increased by 

3.69 %, 9.28 % and 27.1% 
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