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ABSTRACT 

In the present study, the effect of nanofluids on the thermal performance of double pipe counter flow heat 

exchanger equipped with a decaying swirl flow system is numerically investigated. The swirl flow is generated 

using a tangential slot at the flow inlet of the outer pipe with a tangent angle of 30º. The volume concentrations of 

four different types of nanoparticles, Al2O3, CuO, TiO2 and ZnO in the range of 0% to 3% and different 

nanoparticle diameters in the range of 20 nm to 50 nm are considered for each in this study. The results indicate 

that, the heat transfer coefficient and pressure drop increase with increasing Reynolds number and volume 

concentrations of nanofluids. All nanofluid types achieve better heat transfer enhancement compared to pure water 

with slight increases in the pressure drop. The Al2O3 nanomaterial has better thermal enhancement characteristics 

followed by CuO, ZnO, and TiO2, respectively. The average heat transfer coefficient enhancement is 14% for the 

Al2O3 nanoparticles with a volume concentration of ϕ=3% and nanoparticle diameter of 32 nm, while the increase 

in pressure drop reaches 5% and 72% of pure water for the Al2O3 nanoparticles with a volume concentration of 

ϕ=0.5% and ϕ=3%, respectively. As the particle diameter decreases, the heat transfer as well as the effectiveness 

increase and there is a slight variation in the pressure drop. Finally, the use of nanofluids can be suggested as being 

effective method for enhancing the performance of heat exchanger. 

Keywords: Nanofluids; Enhancement techniques; Double pipe heat exchanger; CFD simulation; Swirl flow.

1. Introduction 

The heat exchanger is one of the most important 

devices in many practical applications. These 

applications include space heating, heat recovery, 

fluid heating in manufacturing, air conditioning, 

refrigeration, power plants, cogeneration plants, 

chemical and petrochemicals plants etc. In recent 

years, the development of heat exchangers 

performance has become necessary to energy saving. 

For several decades, the thermal and hydrodynamic 

characteristics evaluations associated with a heat 

exchanger have been a subject of great attention 

among applied mathematicians, heat transfer, and 

fluid dynamics analysts due to the numerous 

engineering applications. 

Improving the thermal performance of heat 

exchangers can be achieved by adopting several 

techniques. These techniques can be categorized into 

three groups: active, passive, and compound 

techniques [1-6]. In the active techniques, thermal 

performance of heat exchanger is improved by 

introducing additional external energy to the fluid 

such as vibrating the surface, induced pulsation, well 

stirring the fluid, mechanical aids, etc. In the passive 

techniques, this improvement is acquired without 

giving any additional energy and uses geometrical 

modifications to the flow channel such as rough 

surfaces, extended surfaces, coiled tubes, swirl flow 

devices, additives for fluids (e.g., nanofluids), and 

many others. In the compound techniques, the active 

and passive techniques may be employed 

simultaneously. The use of swirl flow devices and 

nanofluids methods are the most common types of 

passive techniques used in the thermal enhancement 

of heat exchangers. Swirl flow devices are designed to 

create a rotational motion around the axis of the axial 

flow direction, so the residence time and path length 

of flow are increased, thereby augmenting the heat 

transfer process. The swirl flow can be created in 

tubes by two types: the continuous and decaying swirl 

flow devices. In the continuous swirl flow devices, the 

swirling exists over the entire length of the tube such 
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as twist tape and wire coil inserts [7-18], while in the 

decaying swirl flow devices, the swirl is produced at 

the entrance of the tube and decays along the flow 

path such as tangential flow injection slots, the guide 

blade, and the snail swirl generators [19-29]. Several 

studies have investigated heat transfer improvement 

and flow field inside the tube using the continuous 

swirl flow such as twisted tape and wire coil inserts 

[7-18]. They noticed that the inserts improve the heat 

transfer at a cost of rising in pressure drop. The 

thermo-hydraulic performance of wire coil is good 

compared with twisted tape in turbulent flow and vice 

versa in the case of laminar flow. A more 

comprehensive review of the twisted tape and wire 

coil inserts can be viewed with details in Refs. [2-6]. 

The turbulent decaying swirl flow in a tube has been 

studied to understand the physics and behaviour of the 

swirling flow in Refs. [19-26]. They found that the 

heat transfer is augmented, the turbulent viscosity is 

typically non-isotropic and the RSM turbulence model 

is the most appropriate approach to model Reynold’s 

stress [24-26]. There were few studies on the decaying 

swirl flow through a heat exchanger especially in the 

case of the use of tangential flow injection slots as a 

swirl generator. Durmus et al. [27] investigated 

experimentally the heat transfer and pressure drop in a 

concentric double pipe heat exchanger with snail 

entrance for parallel and counter flow. The results 

revealed that the heat transfer is enhanced up to 120% 

with a slight increase in pressure drop. Eiamsa-ard et 

al. [28] studied experimentally the heat transfer and 

friction factor in a heat exchanger tube equipped with 

propeller type swirl generators. The results showed 

that the heat transfer coefficient is about 1.2 times 

over the plain tube and the friction factor is found to 

be 3-18 times over the plain tube. The effects of 

propeller-type turbulators located in the inner pipe of 

heat exchanger on entropy generation rate and exergy 

loss rate were investigated experimentally by Kurtbas 

et al. [29]. It was seen that Nusselt number and exergy 

loss rate approximately increase from 95 to 354 and 

0.04 to 0.2, respectively. Efficiency of the heat 

exchanger changed between 0.17 to 0.72 levels. 

Heat exchanger performance can be improved by 

increasing the heat transfer properties of the fluid. To 

increase the properties of a fluid, small solid particles 

of a material with high thermal conductivity in the 

nanoscale range are added to that fluid which is 

known as nanofluid. Nanofluids are new class of heat 

transfer fluids and are produced by suspending 

nanometre-sized particles (< 100 nm) in conventional 

heat transfer fluids. Nanofluids were used in various 

engineering and industrial applications for their high 

thermal performance [30-32]. In 1995, Choi and 

Eastman [33] first proposed the concept of nanofluids. 

In the past few years, the use of nanofluids to enhance 

heat transfer has attracted great attention from 

researchers and scientists. The first empirical 

correlation for predicting the nanofluid Nusselt 

number was proposed by Pak and Cho [34] who 

investigated the turbulent heat transfer and friction 

factor of TiO2-water and Al2O3-water nanofluids with 

various concentrations in a circular tube. It was 

assumed that the nanofluid mixture can be considered 

a single- phase liquid and the properties such as 

thermal conductivity and viscosity were calculated on 

this basis. The results showed that Nusselt number of 

nanofluids increases with increasing volume 

concentration and there was an additional pumping 

penalty. Also Sunder et al. [35] examined the 

turbulent heat transfer behavior of Al2O3/water 

nanofluids with various concentrations in a circular 

tube with and without twist tape insert at constant heat 

flux boundary. The properties of nanofluid were 

calculated with the equation given by Pak and Cho 

[34]. The results revealed that a maximum 

enhancement of 28% has been observed compared to 

pure water. Murali et al. [36] studied the heat transfer 

and pressure drop of turbulent flow in a circular tube 

fitted with trapezoidal cut twisted tape insert using 

Fe3O4 nanofluid. The heat transfer rate was 78.6% 

higher than the plain tube, the friction factor was 

3.352 times greater than the plain tube and the 

performance ratio was more than unity. Hussein et al. 

[37] investigated the effect of TiO2-water nanofluid 

on heat transfer enhancement under turbulent flow in 

an elliptical tube. The FLUENT code was used to 

solve the governing equations of flow and it was 

assumed that the nanofluid mixture can be considered 

a single-phase liquid. The effect of volume 

concentration and diameter of nanoparticles on heat 

transfer and friction factor was reported. The results 

showed that the Nusselt number and friction factor 

increase with increasing volume concentrations and 

decreasing diameters of nanoparticles. Jassim and 

Ahmed [38] experimentally investigated the influence 

of two different nanofluids (Cu/water and 

Al2O3/water) on the performance of a double pipe heat 

exchanger at different volume concentrations and 

Reynolds number. The results showed a significant 

improvement in the Nusselt number up to 13% for 

Al2O3 and 23% for Cu. Bahmani et al. [39] 

numerically investigated the heat transfer of 

Al2O3/water nanofluid in a double pipe heat 

exchanger. The governing equations have been solved 

using a FORTRAN code, single-phase and standard k-

ε models have been used for nanofluid and turbulent 

modelling. The results indicated that by increasing the 
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nanoparticles volume concentration the Nusselt 

number and convection heat transfer coefficient is 

enhanced. Maximum average Nusselt number and 

thermal efficiency enhancement were 32.7% and 30%, 

respectively. Duangthongsuk and Wongwises [40, 41] 

studied experimentally the heat transfer enhancement 

and pressure drop characteristics of TiO2-water 

nanofluid in a double pipe counter flow heat 

exchanger under turbulent flow conditions. The 

results showed that at a volume concentration less 

than 2.0%, the maximum heat transfer coefficient of 

nanofluids was approximately 26% greater than that 

of pure water, while at a volume concentration of 

2.0% the heat transfer coefficient was approximately 

14% lower than that of base fluids. The pressure drop 

of nanofluids was slightly higher than the base fluid 

and increases with increasing the volume 

concentrations. Gkountas et al. [42] presented an 

investigation on the thermal behaviour of a heat 

exchanger, used as a precooler by employing an 

Al2O3-water nanofluid as a coolant. An analytical one-

dimensional model was developed to examine the heat 

transfer. It was shown that as the nanoparticle 

concentration increases, the effectiveness of the heat 

exchanger was enhanced up to 2.5% for a range of 

nanoparticle volume fractions 0-5%. The heat transfer 

coefficient was improved by about 75% at a volume 

concentration of 5% with the heat exchanger length 

reduced up to 1%, while the pressure drop increased 

up to 8% as compared with the pure water case. 

The main aim of this study is to numerically 

investigate the influences of nanofluids on the thermal 

and hydrodynamic behaviours of double pipe counter 

flow heat exchanger equipped with a decaying swirl 

flow system using ANSYS FLUENT 15 [43]. The 

swirl flow is generated using a tangential slot at the 

flow inlet of the outer pipe with a tangent angle of 

30º. Nanofluids used in this study are formed by 

adding nanoparticles of Al2O3, CuO, TiO2, and ZnO 

with water. The effects of volume concentrations, 

nanomaterial types, and diameters of nanoparticles are 

considered. 

2. Numerical Method 

2.1. Geometry Modelling 

The proposed schematic diagram of the double pipe 

heat exchanger under study is shown in Fig. 1. In this 

design, a single slot placed tangentially at the flow 

inlet of the outer pipe of heat exchanger with a tangent 

angle of 30°. This slot is used to generate a decaying 

swirl flow through the annular of the heat exchanger. 

The tangent angle of slot is measured between slot 

axis and the axial direction. The cold fluid whether 

pure water or nanofluid is flowing through the annulus 

whose mass flow rate is varied whereas hot water is 

flowing through the inner pipe axially whose mass 

flow rate is constant, and this value corresponds to 

Re=13059. The inlet temperatures of cold and hot 

fluid are constant at 29.04 and 54.66 ºC, respectively. 

The inner pipe material type is copper and has a 19 

mm diameter (di) with neglecting the thickness, while 

the outer pipe has a 56 mm diameter (Di) with 

neglecting the thickness and it’s thermally insulated 

assuming there is no heat loss in the system, and the 

total length of the heat exchanger is 2000 mm.  

2.2. Thermophysical Properties of Nanofluids 

The nanofluid behaves more like a single-phase fluid 

as a result of the suspended particles are infinitesimal 

(less than 100 nm) so the nanofluid can be modelled 

as a single-phase approach. Nanoparticles used in this 

study are Aluminium Oxide (Al2O3), Copper Oxide 

(CuO), Zinc Oxide (ZnO), Titanium Dioxide (TiO2). 

Nanofluids are formed by adding nanoparticles (p) 

with a base fluid (f) which is water. The 

thermophysical properties of nanofluids such as 

density (ρnf), specific heat (Cpnf), thermal conductivity 

(λnf), and dynamic viscosity (μnf) are determined by 

employing well-known empirical correlations [37,44]. 

 
Fig. 1. The 3-D proposed designs of the heat 

exchanger (Tangential slot with a tangent angle of 

30°). 

 
Fig. 2. Surface mesh of heat exchanger. 

            (   )                                        (1) 
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Where; ϕ: volume concentration  
  

     
, dp: particle 

size (nm), Tnf : nanofluid temperature (ᵒC) and α: 

thermal diffusivity (m
2
/s), subscripts f, p, and nf are 

represented base fluid, nanoparticles and nanofluid 

properties. 

Equations (3) and (4) are valid for nanoparticles 

having a volume concentration less than 4.0%, 

temperature of 20-70 °C and size in the range of 20-

150 nm. The values of thermophysical properties of 

water and nano materials are shown in Table 1. 

Table (1) The values of thermophysical properties of 

water and nano materials. 

2.3. Governing Equations 

The thermal and hydrodynamic characteristics of heat 

exchanger are simulated based on Reynolds Averaged 

Navier-Stokes (RANS) and energy equations. The 

flow in heat exchanger is assumed to be turbulent 

incompressible, and steady three-dimensional. The 

radiation, gravity and viscous heating effect are 

neglected. The single-phase approach is adopted for 

nanofluid modelling. The thermophysical properties 

of cold and hot fluids are constant corresponding to 

their inlet temperatures. Based on the above 

assumptions, the continuity, momentum, and energy 

equations can be expressed in the tensor form as 

follows: 

Continuity Equation: 
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Momentum Equation: 
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Where; ρ, cp, λ, µ are density, specific heat, thermal 

conductivity and dynamic viscosity of the fluid, 

respectively. The turbulent Prandtl number Prt is 

computed based on the turbulent viscosity µt. The 

term,    ́  ́  in Eq. (6) is called the Reynolds stress 

tensor and ui,  ́  represent the mean and fluctuating 

velocity component in i-direction. These equations are 

not a closed set and turbulence models are required to 

model the Reynolds stress tensor. In the study of swirl 

flow, the RSM turbulence model was the most 

appropriate approach to model Reynolds’s stress [24-

26]. Thus, the RSM with quadratic pressure-strain 

turbulence model is used in this CFD simulation. The 

RSM models solve the Reynolds stresses transport 

equations individually. The term of the pressure strain 

in this model can be modelled accordingly to 

Quadratic Pressure-Strain Model. Detailed description 

of the RSM turbulence model can be found in ANSYS 

FLUENT 15 [43]. 

2.4. Boundary Conditions 

Cold liquid (pure water or nanofluid) passes through 

the annular side while hot water passes through the 

inner pipe. Therefore, there are boundary conditions 

for both cold and hot flow used in this geometry 

domain which are: 

At inlets: for hot flow, the mass flow rate is 

constant, and this value corresponds to Re=13059 and 

temperature is set constant; while for cold flow, the 

mass flow rate is varied, and temperature is set 

constant. 

At the outlet: Atmospheric pressure outlet 

condition is applied for both cold and hot flow. 

At the inner wall: the surface interface between 

cold and hot flows was set to couple wall for thermal 

condition. 

The thermophysical properties of water and different nano 

materials at T=30 
o

 C.

Thermo-

physical 

 properties

Water Al2O  3  CuO  ZnO TiO  2

Density, ρ 
(kg/m

3
 )

 995.025  3600  6500  5600  4250

Dynamic 

viscosity, µ 
 (Pa.s)

 0.00077  -  -  -  -

Thermal 

conductivity

 , λ (W/m.K)

 0.62  36  20  13  8.953

Specific 

heat, Cp
  (J/kg.K)

 4178  765  535.6  495.2  686.2
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At the outer wall: the outer wall was set to 

adiabatic condition. 

For all walls, no-slip boundary conditions are 

specified with wall function approach. The non-

equilibrium wall functions are recommended for use 

in complex flows involving separation, reattachment, 

and impingement where the mean flow and turbulence 

are subjected to pressure gradients and rapid changes 

[43, 45]. 

2.5. Numerical Procedures 

The CFD simulation was conducted by solving the set 

of governing equations accompanied with the 

boundary conditions using the FLUENT software 

code. The governing equations are discretized using 

the control volume-based approach. The SIMPLE 

algorithm is employed for pressure velocity coupling 

and the second-order upwind differencing scheme is 

applied for pressure, momentum, turbulent dissipation 

rate, and energy while in Reynolds stresses equations 

the first-order upwind is used. The simulation has 

been carried to reach 10
-4 

residual errors of continuity, 

momentum, and turbulence. 

3. Data Reduction Equations 

The heat transfer rate can be calculated as: 

For hot fluid path:            ̇    
(       )      (8) 

For cold fluid path:           ̇    
(       )       (9) 

The Reynolds number can be calculated from the 

following equation: 

For hot fluid flow (inner pipe),       
  ̇ 

     
         (10) 

For cold fluid flow (annular),        
  ̇ 

 (     )  
   (11) 

where,  ̇   ̇  and μh, μc are the mass flow rates and 

dynamic viscosity of the hot and cold water. di, and Di 

are the inner diameter of the inner pipe, and the inner 

diameter of the outer pipe. 

The effectiveness of the heat exchanger can be 

calculated by:                                            (12) 

Where Qmax is the maximum heat transfer rate that can 

be obtained from the heat exchanger and defined as, 

                  ( ̇  )   (       )                   (13) 

The average heat transfer coefficient (h) of cold fluid 

is computed from the following equation:  

               
 

        
                                                (14)  

Where q is the average heat flux, Twall is the average 

wall temperature, and Tc is the bulk temperature of the 

cold water. 

4. Grid Studying and Numerical Model Validation 

Before performing CFD simulation, a grid 

independence study should be first analyzed to 

determine the effects of grid sizes on the results. 

ANSYS design modeler is used to create the 3-D heat 

exchanger geometry and structured mesh was formed 

by using ANSYS meshing as seen in Fig. 2. Three 

different meshes were examined, namely 1.6, 2.5, and 

3.4 million cells, respectively. Figure 3 shows the 

local distribution of cold temperature along the heat 

exchanger at Re= 13059 and 22076 for hot and cold-

water flow, respectively. It was seen that the 2.5 and 

3.4 million cells perform nearly identical results. To 

reduce the computational time, a mesh with 2.5 

million cells was applied for the simulation. 

 
Fig. 3. Effect of grid size on the distribution of cold 

water temperature. 

The validation of the numerical model was 

performed based on the geometry and boundary 

conditions which was employed in the experimental 

work of Duangthongsuk and Wongwises [41] and also 

comparison by the correlation which was developed 

by Gnielinski and Petukhov [46]. For the previous 

experimental data, the cold water passes through the 

inner pipe with an inlet temperature of 25 ºC and 

various flow rates, while the hot water passes through 

the annulus side with an inlet temperature of 35 ºC 

and flow rate of 3 LPM. The average heat transfer 

coefficient (h) and pressure drop (ΔP) of the inner 

tube were computed and compared with the previous 

works. As illustrated in Fig. 4, the predicted results for 

heat transfer coefficient and pressure drop of double 

pipe heat exchanger show acceptable agreement with 
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the available reported empirical correlation and 

experimental data. 

5. Results and Discussion 

In the following sections, the effect of 

volume concentration, nanomaterial types, and 

nanoparticles size on the performance of the double 

pipe heat exchanger under study is presented. 

Nanofluids used in this study are formed by adding 

nanoparticles with water. Four different types of 

nanoparticles, Al2O3, CuO, TiO2 and ZnO, the 

volume concentration in the range of 0% to 3% and 

different nanoparticle diameters in the range of 20 nm 

to 50 nm are used. 

 
(a) average heat transfer coefficient (h) 

 
(b) Pressure drop (ΔP) 

Fig. 4. Comparison between present results and 

previous results. 

5.1. Effect of Nanoparticles Volume 

Concentrations 

The influence of nanoparticles volume concentrations 

(ϕ) of Al2O3+water nanofluid at 32 nm particles 

diameter is discussed in this section. The different 

nanoparticles volume concentration (ϕ) tested in this 

study range from 0% to 3%. Figures 5 shows the 

variation of average heat transfer coefficient with 

Reynolds number at different nanoparticles volume 

concentration (ϕ) of swirl flow case and its 

comparison with the axial flow case using pure water. 

From the figure, it can be observed that the heat 

transfer increases with increasing Reynolds number 

for all cases. The swirl flow causes a secondary flow 

that increases turbulence level and disturbs the 

thermal boundary layer. Therefore, the heat transfer of 

the swirl flow case is improved compared to the axial 

flow case. The influence of using nanofluids on the 

heat transfer is significant for all the Reynolds 

number. At the comparable Reynolds number, the 

heat transfer using nanofluids with different volume 

concentrations is considerably higher than that of pure 

water (ϕ=0) and axial flow case which indicated the 

enhanced heat transfer. The thermal conductivity of 

the nanofluid is improved due to the addition of solid 

nanoparticles to the base fluid, and thus the heat 

transfer is enhanced. The heat transfer is also 

enhanced due to the interaction of the nanoparticles 

with the base fluid that creates breakdown of the 

boundary layer as a result of the development of the 

turbulence intensity [38]. The value of average heat 

transfer coefficient for the Al2O3 nanoparticles with a 

volume concentration of ϕ=3% is 14% higher in 

comparison to those of pure water (ϕ=0%). 

 

Fig. 5. Average heat transfer coefficient variation with 

Reynolds number at a different volume concentration 

of Al2O3. 
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The effect of volume concentrations on the 

axial distribution of the local heat transfer coefficient 

at Re=6622 is shown in Fig. 6. Comparison has been 

done for ϕ= 0, 2 and 3%. It can clearly be seen that the 

local heat transfer coefficient resulting from the use of 

nanofluid at different volume concentrations is 

significantly higher than those of pure water (ϕ=0) 

along the heat exchanger. The local heat transfer 

coefficient increases with the increase of volume 

concentration. The local heat transfer coefficient is 

enhanced as a result of improving the properties of 

nanofluids as well as increasing the effective surface 

of particles with increasing volume concentration. The 

peaks that appear in the heat transfer coefficient are 

due to the existence of swirling flow. 

 

Fig. 6. Effect of particles volume concentration of 

Al2O3 on the local heat transfer coefficient for slot 

with tangent angle of 30° case at Re=6622. 

 

Figure 7 shows the axial distribution of hot 

water and inner pipe wall temperature along the heat 

exchanger at Re=6622 and volume concentration of 

Al2O3 at 0, 2 and 3%.  In this case of counter flow heat 

exchanger, the hot water enters from the right side and 

the cold nanofluid enters from the left side. It can be 

seen from this figure the temperature of hot water as 

well as inner pipe wall temperature decrease along the 

heat exchanger as a result of the heat exchange 

between the cold fluid and hot water for all volume 

concentration. By increasing the volume concentration 

of Al2O3 nanoparticles, the hot water as well as inner 

pipe wall temperature is cooled more than pure water. 

Two factors that have a direct effect on temperature 

are the thermal conductivity and heat capacity of the 

nanofluid. The thermal conductivity is improved, and 

the heat capacity reduces with increasing the volume 

concentration. Therefore, the heat exchange between 

the two fluids is high, and the cold nanofluid absorbs 

more heat from the hot water. 

The evolution of heat exchanger effectiveness with 

Reynolds number for different nanoparticles volume 

concentration of swirl flow as well as the case of axial 

flow is shown in Figs. 8. Due to the high thermal 

conductivity of the nanofluid, the effectiveness of the 

heat exchanger increases with increasing volume 

concentration. The effectiveness of heat exchanger is 

dependent on the heat transfer, therefore, increasing 

the heat transfer affects the effectiveness of the heat 

exchanger as depicted in this figure. 

 

(a) Temperature of hot water 

 

(b) Temperature of inner pipe wall 

Fig. 7. Effect of particles volume concentrations of 

Al2O3 on the axial distribution at Re=6622. 
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The variation of the pressure drop with 

Reynolds number at a different nanoparticles volume 

concentration (ϕ) of swirl flow case and its 

comparison with the axial flow case using pure water 

is presented in Fig. 9. It is observed that the pressure 

drop increases with increasing Reynolds number and 

nanoparticles volume concentration. Pressure drop 

with the presence of swirl flow is higher than that in 

the case of axial flow due to flow resistance (high wall 

friction). The pressure drop for the different volume 

concentration of nanofluid is higher than that for pure 

water. The pressure drop increases as a result of the 

addition of nanoparticles to the base fluid. The 

addition of nanoparticles increases fluid viscosity and 

flow resistance thus increasing friction which 

diminishes the fluid motion. The nanofluid flows 

through the annulus of the heat exchanger and the 

nanoparticles impinge with the wall of inner and outer 

pipe resulting in an increase in the contact area of the 

flow, thus increasing the wall friction which leads to 

an increase in pressure drop. The values of pressure 

drop for the Al2O3 nanoparticles are 5% and 72% of 

pure water at ϕ=0.5% and ϕ=3%, respectively. 

5.2. Effect of Nanomaterial Types 

In this section, the effect of different types of 

nanoparticles namely Al2O3, CuO, TiO2, and ZnO for 

volume concentration of ϕ=1% and diameter of dp=32 

nm is discussed. The variation of the average heat 

transfer coefficient and effectiveness of the heat 

exchanger with Reynolds number at different types of 

nanofluids and pure water is illustrated in Fig. 10 (a) 

and (b). It can be clearly seen that the average heat 

transfer coefficient and effectiveness increases 

significantly with increasing Reynolds number for all 

types of nanofluids under study. The Al2O3 nanofluid 

has the highest average heat transfer coefficient and 

effectiveness, followed by CuO, ZnO, and TiO2 

respectively. This is because the Al2O3 nanofluid has 

the highest thermal conductivity and lowest density 

compared with all the other nanofluids. The fluids 

with the lowest density have the highest velocity, 

which increases heat convection. The highest thermal 

conductivity and velocity represent the main reasons 

for enhancing the heat transfer coefficient and 

effectiveness of the heat exchanger. 

It is indicated that increasing the velocity has a 

significant influence on improving the heat transfer. In 

order to illustrate the influence of nanofluid velocity 

on the heat transfer, the CFD simulation predicted the 

velocity magnitude in the annulus of heat exchanger 

for different nanoparticle types at Re=33114 and a 

cross section of Z=500 mm, as shown in Fig. 11. It 

can be clearly seen that from the contour of velocity, 

the Al2O3 nanofluid has the highest velocity due to its 

lower density followed by CuO, ZnO, and TiO2 and 

pure water. The higher velocity increases thermal 

convection, therefore improving the heat transfer. 

 

Fig. 8. Effectiveness of heat exchanger variation with 

Reynolds number at a different volume concentration 

of Al2O3. 

 

Fig. 9. Pressure drop variation with Reynolds at a 

different volume concentration of Al2O3. 

Figure 12 shows the effect of different 

nanoparticle types on the hot water and inner wall 

temperature for Re=33114 at Z=500 mm. The results 

indicate that the temperature of hot water and inner 

wall of Al2O3 nanoparticles is low compared to other 

nanoparticles and pure water. The lower hot water and 

inner wall temperature corresponds to the higher heat 

transfer. This means that the thermal exchange 
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between the cold and hot fluid is high i.e., the heat 

transfer is enhanced for all nanofluids compared to 

pure water. 

The variation of pressure drop with Reynolds 

number at different types of nanofluids and pure water 

is demonstrated in Fig. 13. It is observed that the 

pressure drop increases with increasing Reynolds 

number. The addition of nanoparticles to the base 

fluid causes a slight increase in the pressure drop 

compared to pure water. The nanoparticles increase 

the fluid viscosity thus increasing wall friction which 

leads to an increase in pressure drop. In comparison 

between different types of nanofluids, there is no 

significant change in pressure drop because the 

viscosity of the nanofluids is close to each other. 

 

(a) average heat transfer coefficient 

 

(b) Effectiveness 

Fig. 10. The effect of nano material types with 

Reynolds number. 

5.3. Effect of Nanoparticle Diameters 

The effect of different nanoparticle diameters (dp) of 

Al2O3+water nanofluid at volume concentration of 

ϕ=3% on the thermal performance of heat exchanger 

is discussed in this section. The different nanoparticle 

diameters (dp) tested in this study are 20, 32, and 50 

nm. 

 
Fig. 11. The contours of velocity in the heat 

exchanger annulus of different nanoparticle types for 

Re=33114, ϕ=1%, dp=32 nm at Z=500 mm. 

 
Fig. 12. The contours of temperature in the inner pipe 

of heat exchanger of different nanoparticle types for 

Re=33114, ϕ=1%, dp=32 nm at Z=500 mm. 

Figure 14 (a) and (b) shows the effect of 

different nanoparticle diameters on the average heat 

transfer coefficient and effectiveness of heat 

exchanger with different Reynolds numbers at 3% 

volume concentration of the Al2O3+water nanofluid. 

The results revealed that the average heat transfer 

coefficient as well as effectiveness increases 
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significantly with increasing Reynolds number for all 

nanoparticle diameters under study. The average heat 

transfer coefficient as well as effectiveness increases 

as the particle diameter decreases. As the particle 

diameter decreases, the surface area per unit volume 

increases, the heat transfer depends on the surface 

area, so the efficiency of heat transfer from the 

nanoparticles to the base fluid increases. In addition, 

the Brownian motion velocity of smaller particles is 

higher, which again increases the contribution of the 

nanoparticles to the total heat transfer by continuously 

creating additional paths for heat flow in the fluid. 

 
Fig. 13. The effect of nano material types with 

Reynolds number on the pressure drop. 

The effect of different nanoparticle diameters 

on the average outlet temperature of hot water as well 

as the average temperature of inner pipe wall of heat 

exchanger with different Reynolds numbers is 

depicted in Fig15 (a) and (b). It is clearly seen that the 

outlet temperature of the hot water, as well as the 

temperature of the inner pipe wall of the heat 

exchanger decrease with increasing the Reynolds 

number for all values of nanoparticle diameters. As 

mentioned previously, as the particle diameter 

decreases, the surface area increases thus the thermal 

exchange between the cold and hot fluid increases 

resulting in cooling of both the hot fluid and the inner 

wall. The nanoparticle diameter of 20 nm has the 

lowest temperature, while the nanoparticle diameter of 

50 nm has the highest temperature, as shown in this 

figure.  

 

 

 
(a) average heat transfer coefficient 

 
(b) Effectiveness 

Fig. 14. The effect of nanoparticle diameters with 

Reynolds number  

 

The influence of different nanoparticle 

diameters of Al2O3+water nanofluid on the pressure 

drop with Reynolds numbers is illustrated in Fig. 16. 

The results indicate that the pressure drop increases 

with increasing the Reynolds number and there is a 

slight variation in the pressure drop when nanoparticle 

diameters of Al2O3+water nanofluid are changed, as 

presented in the figure. 
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(a) Outlet temperature of hot water 

 

(b) Temperature of inner pipe wall. 

Fig. 15. Average temperature variation with Reynolds 

number at a different nanoparticle diameter of Al2O3. 

6. Conclusions 

The influence of nanofluids on the thermal and 

hydrodynamic behaviours of double pipe counter flow 

heat exchanger equipped with a decaying swirl flow 

system is numerically investigated. The swirl flow is 

generated using a tangential slot at the flow inlet of 

the outer pipe with a tangent angle of 30º. Nanofluids 

used in this study are formed by adding nanoparticles 

with water. Four different types of nanoparticles, 

Al2O3, CuO, TiO2 and ZnO, the volume concentration 

in the range of 0% to 3% and different nanoparticle 

diameters in the range of 20 nm to 50 nm are used. 

The following main conclusions can be drawn from 

the obtained study. 

1. The heat transfer rate and pressure drop increase 

with increasing Reynolds number and volume 

concentrations of nanofluids under study. 

2. All nanofluid types achieve better heat transfer 

enhancement compared to pure water, but with 

slight increases in pressure drop. The Al2O3 

nanomaterial has better thermal enhancement 

characteristics followed by CuO, ZnO, and TiO2, 

respectively. 

3. By increasing the volume concentration of 

nanofluid, the heat transfer as well as pressure 

drop increase. 

4. The heat transfer as well as effectiveness increase 

with decreasing the particle diameter and there is 

a slight variation in the pressure drop. 

5. The nanoparticles improve thermal conductivity 

of base fluid and that the nanoparticle size, as 

well as the concentrations of the nanoparticles 

plays a major role in the effectiveness of the 

nanofluids. 

 

Fig. 16. The effect of nanoparticle diameters with 

Reynolds number on the pressure drop. 
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