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Abstract 

 

This paper models the thermal transport properties and performance of a water-based CuO nanofluid (with varying volume fractions 

of CuO) in a laboratory-sized double pipe heat exchanger (DPHE). Copper oxide (CuO) nanoparticles were used and their quantity 

was varied from a volume fraction of 0% to 0.1% with an incremental step size of 0.025%. The mass flow rates of the hot and cold 

fluids were maintained at 0.87 kg/s and 0.9 kg/s, respectively. Simulation results revealed that temperatures of 410 and 306.75 K, 

respectively, were attained at the hot and cold fluid outlets. Analysis of the DPHE showed that for cold fluids, thermophysical properties 

such as viscosity, thermal conductivity, specific heat capacity (SHC) and density were enhanced by the addition of nanoparticles. The 

temperature distribution, effectiveness and the heat transfer in the DPHE were observed to linearly increase with increment increases 

of the nanoparticle volume fraction. 
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1. Introduction 

 

 Efficient heat energy use and transfer is a challenging 

problem affecting many industries today.  This can be addressed 

through effective improvement of heat transfer processes by 

employing heat exchangers [1, 2] using various auxiliary 

technologies. One of these is a passive augmentation technique 

that involves addition of nanoparticles into the base fluid [3-6].  

 Nanofluids have properties that are useful in practical 

applications. As a result of their desirable characteristics, they 

improve the performance of heat transfer fluids [7]. They have 

been applied in numerous fields and perform well in heat 

exchangers [8]. Nanoparticles with diameters less than 50 nm 

have been shown to improve the properties of a base fluid by 

increasing their thermal conductivity [7]. They have also been 

reported to increase the convective and conduction heat transfer 

coefficients, enhancing heat exchanger performance [9]. Unlike 

heat transfer enhancement using large suspended particles, 

nanoparticles in the fluids usually exhibit improved properties 

that promote heat transfer at very low concentrations as a result 

of their small sizes [10]. The behaviour of various nanofluids has 

been investigated in numerous studies employing several 

numerical methods to identify the effects of these nanofluids on 

heat transfer mechanisms [11-15]. 

 Huminic and Huminic [16] reviewed the application of 

nanofluids in heat exchangers and reiterated that large energy 

costs influence the decisions of various industries to adopt 

energy-saving technologies as much as possible for various unit 

operations and production processes. In previous studies, 

research efforts have been geared towards enhancement of 

thermal transport properties and mechanisms of heat exchangers. 

They aimed at reducing the time for heat transfer thereby 

improving the thermal performance of the heat exchangers [3, 6]. 

Nanofluids that are prepared from sonication of metals or metal 

oxide particles in a base fluid, like water [17-20], have been 

investigated in several studies to identify their effects in different 

types of heat exchangers [21-26]. 

 The heat transfer coefficient of nanofluids flowing through a 

vertical pipe was studied by Tiwari et al. [21]. They observed 

increased heat transfer at larger Reynold’s numbers and volume 

fractions of nanoparticles. Particle concentration has more effect 

on the Reynold’s number, especially when the flow regime is 

turbulent. Studies have shown that the volume fraction of 

nanoparticles and Reynold’s number increase the Nusselt number 

while the friction factor can either decrease [23] or increase [24], 

depending on the type of nanoparticles used.  

 Demir et al. [23] reported enhanced thermal transport 

characteristics for TiO2/water nanofluids in a double tube 

counter-flow heat exchanger using single-phase forced 

convection. Ghalib et al. [25] investigated the thermal effect of a 

ZrO2/water nanofluid in a double pipe heat exchanger. Improved 

thermal transport properties of the fluid were reported resulting 

from the presence of the nanoparticles. Huminic and Huminic 

[26] reported the use of CuO and TiO2 nanoparticles (24 nm) 

added to water at volume concentrations of 0.5 – 3.0 vol.% in a 

double tube helical heat exchanger. There was a 14-19% increase 

in the rate of heat transfer, depending on whether the flow was 

annular or tube flow.   

 Shirvan et al. [27] did a numerical analysis on the 

effectiveness  of  a double  pipe  heat  exchanger (DPHE) through  
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Table 1 The thermal properties of copper oxide 

 

S/N Property Value 

i. Thermal conductivity (W/m.K) 33 

ii. Specific heat (Kg/.K) 0.531 

iii. Density (Kg/m3) 6400 

 

Table 2 Properties of the fluids considered 

 

S/N Property 
Hot fluid 

(water) 

Cold fluid 

(Ø=0) 

i. μ (10-3 kg/m.s) 0.21 0.84 

ii. k (W/m.K) 0.687 0.609 

iii. C (kJ/kg.K) 4.268 5.770 

iv. ρ (kg/m3) 932.5 1000 
Key: μ-dynamic viscosity, k-thermal conductivity, C- specific heat, and 
ρ-density 

 

 
 

Figure 1 A simple DPHE 

 

which an Al2O3/water nanofluid flowed using a response surface 

methodology. This study revealed that the effectiveness of the 

DPHE was enhanced with an increase in the volume fraction of 

Al2O3 nanoparticles in the nanofluid and reduced with an 

increase in the pipe diameters used to flow  the nanofluid. These 

findings were in agreement with the report of a numerical 

simulation of Mozafarie et al. [28] using a DPHE enhanced with 

circular fins in which an Al2O3/water nanofluid was flowed. 

Similarly, Bahmani et al. [29] observed that for turbulent heat 

transfer while flowing an Al2O3 nanofluid in a DPHE, the fluid 

outlet temperature, DPHE wall temperature, Nusselt number and 

convective heat transfer coefficient increased with the volume 

fraction of Al2O3 in the nanofluid. Other studies reported similar 

results for DPHEs enhanced using various volume fractions of 

nanofluids such as Fe3O4 [30], ZnO [31, 32], MgO/water-

ethylene glycol [33], multi-walled carbon nanotubes (MWCNT) 

[34-36], graphene nanosheets [34], and MWCNT-Fe3O4/water 

[37], among others. 

 According to Omidi et al. [38], any imperative to transform 

and improve the effectiveness of DPHEs should be geared 

towards decreasing the size and cost of the heat exchanger. This 

showed that there is a need for further studies at various nanofluid 

volume fractions, as well as in different types and scales of heat 

exchangers. Some of the studies done in laboratory scale DPHEs 

used no nanofluid enhancement. Hence, the objective of 

improving the effectiveness of the heat exchanger was not 

realized [39]. This work, therefore, models the thermal 

performance and effectiveness of a laboratory-scale double pipe 

heat exchanger using a water-based copper oxide nanofluid at 

varying volume fractions. A mesh study was performed and 

analysis of the various volume fractions of the nanofluid on heat 

transfer was studied using ANSYS. 

 

2. Materials and methods 

 

 The materials used in this study were comprised of the solid 

and fluid components that made up the system. The heat 

exchanger was made of aluminium, while water was flowed in 

both the hot and cold pipes. Copper oxide (CuO) nanoparticles 

were added to the cold fluid to enhance its thermophysical 

properties. Mathematical models were used in estimating the 

thermal properties of the nanofluid as a function of the base fluid 

and amount of nanoparticles added. The quantity of nanoparticles 

dispersed into the base fluid was also varied to control its volume 

fraction. Table 1 presents the thermal conductivity, specific heat, 

and density of CuO nanoparticles, while those of the cold (with 

varying nanoparticle volume fractions) and hot fluids are 

presented in Table 2. The range of volume fractions used in this 

study was selected to enable comparison with the values reported 

in several other studies [40-42]. 

 

2.1 Nanofluid properties  

 

 A. Dynamic viscosity: An empirical model (Equation 1) 

presented by Brinkman [43] was used in determining the 

dynamic viscosity of the nanofluids. 

 

𝜇𝑛𝑓 =
𝜇𝑏𝑓

(1 − ∅)2.5                                                                                (1) 

        

where 𝜇𝑛𝑓, 𝜇𝑏𝑓and ∅   are the viscosity of the nanofluid, base 

fluid and the volume fraction of CuO respectively. 

B. Thermal conductivity: This was estimated with the 

model of Mintsa et al. [44]. Equation 2 was used to determine the 

thermal conductivity of the nanofluid using the thermal 

conductivity of the base fluid (water) and the thermal 

conductivity and volume fraction of the nanoparticle material 

(CuO). 

 

𝑘𝑛𝑓 = 𝑘𝑏𝑓 + 3∅ (
𝑘𝑝 − 𝑘𝑏𝑓

2𝑘𝑏𝑓 + 𝑘𝑝 − ∅(𝑘𝑝 − 𝑘𝑏𝑓)
) 𝑘𝑏𝑓                   (2) 

      

where knf,  kbf, and kp are the thermal conductivities of the 

nanofluid, base fluid and nanoparticle material, respectively. 

 C. Specific Heat Capacity (SHC): This was estimated with 

a nanofluid model (Equation 3) to determine specific heat using 

the SHC of the base fluid (water) and the SHC of the volume 

fraction of the nanoparticle material (CuO) as reported by Zhou 

and Ni [45]. For rapid heat build-up, the SHC of the nanofluid 

should be lower than that of the base fluid. 

 

𝐶𝑛𝑓 = ∅𝐶𝑝 + (1 − ∅)𝐶𝑏𝑓                                                                 (3)

            

where 𝐶𝑛𝑓, 𝐶𝑏𝑓 and 𝐶𝑝 are the SHC values of the nanofluid, base 

fluid and nanoparticle material, respectively. 

D. Density: Incompressible fluid flow occurs at a constant 

density. The density of nanofluid depends on both that of the base 

fluid and the nanoparticles as well as the nanoparticle volume 

fraction. This was computed using the empirical expression of 

Pak and Cho [46] (Equation 4). 

 

𝜌𝑛𝑓 = ∅𝜌𝑝 + (1 − ∅)𝜌𝑏𝑓                                                     (4)

       

where 𝜌𝑛𝑓 , 𝜌𝑏𝑓  and 𝜌𝑝  are the densities of the nanofluid, base 

fluid and nanoparticle material, respectively. 

 

2.2 System description  

 

 The geometry used in this study was a simple double pipe 

heat exchanger (DPHE) (Figure 1) which was comprised of two 

concentric pipes with circular cross-sections. A hot fluid was 

conveyed through the inner pipe, while the coolant fluid flowed 

in the space/cavity created between the inner and outer pipes 

(Figure 2). 

 The dimensions the DPHE used in the current study are 

presented in Table 3. No baffles were used in this apparatus. 

 

2.3 Governing equations  

 

 The models used in this study employed fundamental fluid 

dynamics  and  heat  transfer  equations  for  incompressible  fluid  
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Figure 2 The cross-section of the DPHE 

 

Table 3 Dimensions of the DPHE in the current study 

 

Parameter Dimension (m) 

Length 1.000 

External pipe outer diameter 0.085 

External pipe inner diameter 0.080 

Inner pipe outer diameter 0.055 

Inner pipe inner diameter 0.050 

 

flow. They included the three-dimensional continuity equation 

(Equation 5) to account for a constant mass flow rate, the three-

dimensional momentum equations for fluid flow (Equation 6, 7, 

and 8) and the three-dimensional energy equation that accounted 

for the heat flow within the system (Equation 9). The heat 

exchanger had no heat source or sink, so, there were no additional 

terms and it did not have baffles. Flow was laminar, so turbulence 

was neglected. These equations are built into ANSYS Fluent and 

no customization was done and user-defined functions (UDFs) 

were not employed.  

 

The continuity equation:   

 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0                                                                            (5) 

       

Momentum equations: 

 

In the x-axis; 𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑥
+ 𝒗 (

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2 +

𝜕2𝑢

𝜕𝑧2)                                                     (6) 

 

In the y-axis; 𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
+ 𝑤

𝜕𝑣

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑦
+ 𝒗 (

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2 +

𝜕2𝑣

𝜕𝑧2)                                                     (7) 

 

In the z-axis; 𝑢
𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
+ 𝑤

𝜕𝑤

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑧
+ 𝒗 (

𝜕2𝑤

𝜕𝑥2 +
𝜕2𝑤

𝜕𝑦2 +

𝜕2𝑤

𝜕𝑧2 )                                                     (8) 

 

Energy equation: 

 

In the y-axis; 𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
+ 𝑤

𝜕𝑇

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑦
+ 𝑘

𝜌𝑐𝑝
⁄ (

𝜕2𝑇

𝜕𝑥2 +

𝜕2𝑇

𝜕𝑦2 +
𝜕2𝑇

𝜕𝑧2)                                     (9) 

 

where u, v, w represents the components of velocity. The 

kinematic viscosity of the fluid was denoted as v, while p is 

pressure and ρ density. 

 

2.4 Meshing  

 
 ANSYS meshing was used to divide the geometry into 

elements and nodes. The mesh consisted of tetrahedral elements 

and was properly refined for computational accuracy. There were 

25,682 nodes with 16,262 elements. The proximity of edges and 

features of the geometry were also considered. Figure 3a shows 

the end of the DPHE mesh. It can be observed that there were no 

overlapping nodes and the elemental shapes were finely fitted 

within the geometry. The outlines of the inner pipe, cold and hot 

fluid can be traced. The side mesh of the geometry can be seen in 

Figure 3b. Elements and nodes were neatly arranged in a linear 

manner. These features are clearly defined in Figure 3c. 

 

2.5 Boundary conditions  

 

 The DPHE was subjected to the following conditions before 

thermal analysis: 

i. Outer walls: Adiabatic/insulated boundary. There was no 

heat flux or heat leakage into the environment, therefore 

it was assumed the heat exchanger was perfectly lagged. 

ii. Hot inlet: A fixed inlet temperature of 415 K was used. 

This temperature did not vary. Also, a mass flow rate of 

0.87 kg/s was specified. 

iii. Hot outlet: The temperature of the hot fluid at the outlet 

of the inner pipe was to be determined. In ANSYS Fluent, 

a pressure-outlet boundary condition was specified. 

iv. Cold inlet: The cold fluid entered the annulus at a 

temperature of 300 K at a mass flow rate of 0.90 kg/s.  

v. Cold outlet: The cold fluid’s outlet temperature was to be 

determined. A pressure outlet boundary condition was 

specified following a procedure similar to that for the hot 

fluid.  

vi. Inner pipe walls: Heat transfer through the inner pipe 

wall was by conduction. Heat was absorbed from the hot 

fluid and rejected to the cold fluid. The temperature and 

heat flux were not specified. Heat flux at the wall was 

zero, so for both sides of the inner pipe, the no-slip 

boundary condition was specified. 

 

2.6 Effectiveness 

 

The performance parameter of the heat exchanger was 

estimated using Equation 10. 

 

𝜀 =
𝑎𝑐𝑡𝑢𝑎𝑙 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟
=

𝑄

𝑄𝑚𝑎𝑥
                (10) 

                 

The actual energy balance can be expressed by Equation 11.  

 

ṁhotCp
hot(Tinlet

hot − Toutlet
hot ) = ṁcoldCp

cold(Toutlet
cold − Tinlet

cold)           (11) 

                           

The maximum possible temperature rise was estimated using 

Equation 12. 

 

∆Tmax = Tinlet
hot − Tinlet

cold                                                                   (12) 

       

Hence the energy balance can be rewritten in Equation 13. 

 

ṁhotCp
hot∆Tmax = ṁcoldCp

cold∆Tmin                                           (13) 

                 

where ∆Tmin is the difference between the temperatures at the hot 

inlet and cold outlet. 

The heat loss through can be determined through the 

difference in the temperature at the ends of the pipes and the mass 

flow rates of the fluids. Thus, it can be computed using either 

Equation (14) or (15). 
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                             (a)                                                                                                   (b) 

 
(c) 

 

Figure 3 DPHE mesh, (a) cross-section, (b) side and (c) isometric views 
 
Table 4 Validation results for outlet temperatures 

 

Boundary Prathyusha et al. 

[47] 

This 

study 

% 

Difference 

Cold outlet 306.77 K 306.75 K 0.01% 

Hot outlet 407.12 K 410.00 K 0.71% 

 

Q = ṁCp
hot(Tinlet

hot − Toutlet
hot )                                                         (14) 

      

Qmax = ṁCp
hot(Tinlet

hot − Tinlet
cold)                                                    (15) 

 

3. Results and discussion  

 

3.1 Model validation  

 

 The data and geometry used by Prathyusha et al. [47] were 

employed to test the simulation model for accuracy and 

reliability. The simulation results for the inlet and outlet 

temperatures corroborated the report of Prathyusha et al. [47] 

(Table 4) within 1%. The mass flow rates for the hot and cold 

fluids were 0.87 and 0.9 kg/s, respectively. 

 It can be clearly seen that the computational error was small 

for both the computed cold and hot fluid temperatures at their 

outlets. The percentage error of the model in this study was less 

than 1%, demonstrating high reliability and accuracy [48]. It can 

be used to simulate a DPHE and similar heat exchangers. The use 

of a water-copper oxide nanofluid as the cold fluid in the DPHE 

under study can now be performed. 

 

3.2 Fluid properties  

 

 The thermal properties and density of the cold fluid were 

enhanced with the addition of nanoparticles. Nanoparticle 

volume fractions were varied from the control sample of  ∅ = 0 

to ∅ = 0.1%  with a step size increment of 0.025%. The 

nanoparticles were usually added in small fractions to evenly 

disperse them within the bulk of the base fluid. The properties of 

the fluids containing nanoparticles in small fractions can then be 

evaluated as a single fluid. The effect of nanoparticle volume 

fraction on the viscosity is presented in Figure 4a. 

 The viscosity of the cold fluid increased almost linearly with 

the content of CuO nanoparticles, in line with the behaviour of 

Al2O3, TiO2, and SiO2 reported by Hussein et al. [24]. Without 

the CuO nanoparticles, (i.e., Ø=0), the fluid viscosity was 1×10-

3 kg/ms. With the introduction of the nanoparticles, the fluid 

viscosity increased to 1.07×10-3, 1.15×10-3, 1.24×10-3 and 

1.3×10-3 kg/ms for CuO volume fractions of 0.025%, 0.050%, 

0.075%, and 0.1%, respectively. It can be argued that an increase 

in viscosity will provide greater flow resistance which will, in 

turn, require more pumping power. When the values of the 

viscosity increments were carefully selected, the change 

observed was very small – less than 3×10-4 kg/ms (Figure 4a). 

The nanoparticles had little effect when they were added in small 

quantities. According to Kumar et al. [49], the viscosity of a CuO 

nanofluid increased with the nanoparticle concentration at a 

constant temperature, but decreased as temperature was increased 

at the same concentration. 

 Figure 4b shows the effect of CuO volume fraction on the 

thermal conductivity of the cold fluid. The thermal conductivities 

of the nanofluids were 0.61, 0.65, 0.70, 0.75, and 0.80 W/mK for 

CuO volume fractions of 0.00%, 0.025%, 0.050%, 0.075%, and 

0.1%, respectively. The thermal conductivity linearly increased 

by 30% with a 10% incremental increase in the volume fraction 

of CuO. This was comparable to a 27% increase in thermal 

conductivity with a 5% incremental increase of the volume 

fraction of Al2O3 reported by Baheta and Woldeyohannes [50]. 

The thermal conductivity of a material dictates the rate at which 

heat is transferred through a material. Usually, nanoparticles 

increase heat transfer surface area and provide for better heat 

flow [51]. This is possible because the nanoparticle material itself 

was metal-based. It is well established that metals have desirable 

thermal properties for heat transfer. 

 Figure 4c shows the effect on the SHC of adding CuO to cold 

fluid. Without the CuO nanoparticles, (i.e., Ø=0%), the SHC was 

4.20 kJ/kg K. With the introduction of the nanoparticles, the SHC 

was reduced to 4.08, 3.99, 3.91, and 3.82 kJ/kg K for CuO 

volume fractions of 0.025%, 0.050%, 0.075% and 0.1%, 

respectively. It was observed that the SHC was reduced by 9.45% 

when the nanoparticle volume fraction was increased by 10%. 

Sekhar and Sharma [52] reported a similar trend for Al2O3. They 

found  that  the  reduction  in  the  SHC  can  be  attributed  to  an  
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(a) 

 
(b) 

 
(c) 

 

Figure 4 Effect of the CuO nanoparticles on the (a) viscosity, (b) thermal conductivity, (c) SHC of water at the cold fluid inlet 

 

increase in thermal diffusivity. Although Zhou et al. [53] reported 

an increase in the SHC of a CuO nanofluid, the presence of 

ethylene glycol in their experiments may have been responsible 

for this increase. The value of the specific heat capacity of a 

substance provides information on its heat storage capability. 

Therefore, as the SHC of the cold fluid was reduced, heat was 

transferred more rapidly, thereby increasing the thermal 

efficiency of the DPHE. Factors such as surface area, the size of 

nanoparticles and agglomeration of nanoparticles within a 

nanofluid influenced the SHC. 
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Figure 5 Temperature distribution in the hot fluid pipe for ∅ = 0% 

 

 
 

Figure 6 Temperature distribution in the cold fluid pipe for ∅ = 0% 

 

3.3 Temperature distribution  

 

 The temperature distribution within the hot and cold fluids of 

the DPHE was also investigated. Before the CFD simulation was 

performed, the temperatures of the hot and cold outlets remained 

unknown. These temperatures are important parameters needed 

to evaluate the performance of the DPHE. They were used in 

estimating the effectiveness of the DPHE and the quantity of heat 

transferred from the hot to the cold fluid. Figures 5 and 6 present 

the temperature distribution within the hot and cold fluids, 

respectively, during a counter-current flow. 

In the hot pipe, there was a 21.5 K reduction in temperature 

as the fluid flowed from the hot inlet to the hot outlet (Figure 5), 

while in the cold pipe, there was 28.5 K increase in temperature 

as the fluid flowed from the cold inlet to the cold outlet (Figure 

6). At the preselected flow, a pure laminar flow was observed as 

the relative fluid velocity remained low [54]. In this arrangement, 

bulk fluid mixing was low as was the coefficient of convective 

heat transfer, confirming the report of Albadr et al. [55]. Low 

velocity, however, ensured an increased thermal performance as 

the fluid flowed through the DPHE [54, 56]. Simulations for all 

cases of ∅ = 0%  to ∅ = 0.1%  were done and the unknown 

outlet temperatures were determined. Figures 7a and b show the 

maximum temperatures of the pipe at the hot and cold fluid 

outlets, respectively. 

From Figure 7a, the temperature at the hot fluid outlet was 

reduced with an increased volume fraction of CuO as a result of 

changes in the properties of the cold fluid. The maximum 

temperatures of the nanofluid were 391.3, 390.8, 390.2, 389.6, 

and 389.1 K for CuO volume fractions of 0.00%, 0.025%, 

0.050%, 0.075%, and 0.1%, respectively. Conversely, the 

maximum temperature at the cold fluid outlet increased with the 

volume fraction of CuO. With no CuO nanoparticles, the 

maximum temperature at the cold fluid outlet was 328.5 K, while 

with the CuO nanoparticles, the maximum cold outlet 

temperature increased to 329.0, 329.6, 329.8 and 330.3 K for 

CuO volume fractions of 0.025%, 0.05%, 0.075% and 0.1%, 

respectively (Figure 7b). The convective heat transfer within the 

cold fluid increased because the CuO volume fraction increased 

the surface area available for heat transfer. This, in turn, 

enhanced the rate of thermal conduction through the solid walls 

of the inner pipe. The inner pipe then absorbed heat faster, 

thereby fostering heat loss from the hot fluid. 

 The presence of CuO in the cold fluid reduced its SHC [52] 

and therefore enhanced heat transfer. In turn, the cold fluid 

absorbed more heat, increasing it temperature rise, and therefore, 

the heat transferred across the inner pipe wall of the DPHE. The 

temperature of the outer pipe and the cold fluid gradually 

increased along the length of the DPHE from the inlet to the 

outlet point. At the outlet, the maximum temperature was 

attained. 

 

3.4 DPHE performance  

 

 The performance of the DPHE was estimated using the inlet 

and outlet temperatures. The effectiveness of the heat exchanger 

was computed for all cases and plotted against the nanoparticle 

volume fraction (Figure 8). Effectiveness increased linearly from 

a value of 0.212 to above 0.254 as the volume fraction of CuO 

was raised from 0 to 0.1. This increase in effectiveness means 

that heat transfer across the heat exchanger approached the 

maximum overall heat transfer coefficient [1]. A DPHE can be 

optimized based on this parameter by evaluating the effect of the 

CuO volume fraction. 
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(a) 
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Figure 7 Maximum temperature with varying nanoparticle volume fractions at the (a) hot and (b) cold fluid outlets 

 

 
 

Figure 8 Effect of CuO nanoparticles on the effectiveness of a DPHE 

 

 The heat transferred across the DPHE is plotted against the 

volume fraction of CuO in Figure 9. It was 5.08, 5.17, 5.30, 5.41 

and 5.54 kW for CuO volume fractions of 0.00%, 0.025%, 

0.050%, 0.075% and 0.1%, respectively. The rate of heat transfer 

across the DPHE increased linearly with incremental increases in 

the volume fraction of CuO. This followed the same trend as the 

temperature and effectiveness of the DPHE. With these results, 

this study, therefore, reiterates that nanoparticles are effective in 

improving heat transfer and heat exchanger performance. 

Srinivas and Vinod [57] reported an enhanced rate of heat 

transfer with the use of a CuO nanofluid in a shell and helical  

coil heat  exchanger. Similarly, Wongcharee and Eiamsa-ard [58]  
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Figure 9 Effect of CuO volume faction on heat transfer 

 

observed this for a CuO/water nanofluid in a corrugated tube 

equipped with twisted tapes, as did Radkar et al. [59] for a ZnO 

nanofluid in a helical copper tube heat exchanger. These studies 

revealed that this concept can be applied to heat exchangers of 

more complex geometries. 

 

4. Conclusions 

 
This study investigated the effects of cold fluid and a mixture 

of cold fluid with various volume fractions of CuO nanoparticles 

on heat transfer in a DPHE. To achieve this, the heat exchanger 

was modelled with ANSYS 16.0 and subjected to computational 

fluid dynamics analysis. With an increase in the volume fraction 

of CuO nanoparticles from 0% to 0.1% in the nanofluid, the 

average viscosity was 3×10-4 kg/ms and the thermal conductivity 

increased by 30% (0.61 to 0.80 W/mK). Concurrently, the SHC 

was reduced by 9.45% (from 4.20 to 3.82 kJ/kg K), the DPHE 

effectiveness increased gradually from 0.212 to 0.254, while the 

heat transfer increased from 5.08 to 5.54 kW. Therefore, 

introducing CuO nanoparticles enhanced heat transfer, 

corroborating previous studies. 
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