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ABSTRACT  
A heat exchanger is a device that facilitates the transfer of energy between two fluids through a solid barrier. 
Simulations were performed in a turbulent flow regime to investigate the two-dimensional forced convective 
heat transfer of the nanofluid water / Al2O3 within a counter-flow heat exchanger. This study is numerical and 
was conducted using a single-phase approach with constant thermophysical properties. Conduction through 
the interface was taken into account in the computations. The results unequivocally showed an improvement 
in the overall coefficient of heat transfer depending on the Reynolds number along with the type of fluid.  
The use of nanofluid significantly increases total heat transfer in contrast to the pure base fluid; however, 
this is accompanied by an increase in friction coefficients, leading to higher pumping costs. 
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Introduction 
The thermal energy exchanger is one of the key instruments of the thermal engineer or 
energy engineer, whether its goal is the manufacture of a product whose development 
passes through a set of cycles where temperature and pressure vary [1], or whether it 
involves the production of mechanical (or electrical) energy from thermal energy [2]. 
Essentially, a hot fluid circulates from an inlet of the exchanger to its outlet by 
transferring part of its enthalpy to a cold fluid which also circulates between an inlet and 
an outlet distinct from those of the hot fluid. 

Heat exchangers are mainly used in various industrial sectors, including chemicals, 
petrochemicals, steel, agri-food, and energy production, along with transportation (automobile, 
aeronautics) and residential and tertiary sectors (heating, air conditioning, etc.) [3,4].  
The selection of a heat exchanger for any application is influenced by numerous factors: 
the temperature and pressure ranges of the fluids, their physical characteristics and 
corrosiveness, maintenance considerations, and size. It is evident that a well-suited, 
correctly sized, robust, and efficiently operated exchanger contributes to improved 
process efficiency and energy utilization [5]. Due to their importance in industry many 
recent studies have been published by researchers, whether theoretical or numerical, on 
these devices. In the work of Pathak et al. [6], a concentric pipe counterflow heat 
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exchanger (CPCFHEx) is examined to enhance its performance under various conditions. 
Velocity, pressure, temperature, and turbulence profiles are analyzed in pipes using the 
CFD (сomputational fluid dynamics) simulation method. The analysis encompasses 
pressure drops, velocity variations, total heat transfer coefficients, and effectiveness for 
CPCFHEx. The study includes an examination of entropy, exergy, and entransy across 
various flow rates and internal pipe materials to identify the best operating conditions. 
Following the analysis, the results indicate that copper achieves a maximum temperature 
difference of 4.688 K and an effectiveness of 0.1562 for the cold fluid at low flow rates 
(0.081 and 0.19 kg/s). On the other hand, steel shows a maximum temperature difference 
of 1.595 K for the hot fluid at higher flow rates (0.1 and 0.22 kg/s). The analysis reveals 
that at high flow rates, copper achieves a maximum heat transfer rate of 1.603 W and a 
total heat transfer coefficient of 3.160 W/m² K, alongside maximum entropy generation 
rates of 1.144 J/s and exergy destruction at 343.2 J/s. Conversely, steel displays a 
minimum entransy dissipation rate of 19874.925 JK/s and an entransy dissipation number 
of 0.4516 at these flow rates. To achieve better heat exchanger performance in terms of 
rate heat transfer, effectiveness, entropy generation, as well as exergy destruction, 
selecting high-conductivity materials for the pipes and maintaining low fluid flow rates 
is advisable. 

Incorporating nanoparticles into traditional heat transfer fluids enhances the 
thermal properties and stability of the suspension was proposed by Choi and Eastman [7] 
in 1995. Maryam Mousavi et al. [8] experimentally investigated the effect of singular, 
binary hybrid and ternary hybrid nanofuids including (water / CuO, water / CaCO3 and 
water / SiO2) on fully developed convective heat transfer and pressure loss in circular 
tube. The findings indicated a notable improvement in heat transfer rate and a significant 
decrease in pressure drop. 

Ali et al. [9] investigated the efficiency of double pipe heat exchangers using different 
materials. The heat exchanger harnesses heat from steam waste recovery in a refinery 
process. Design of the double pipe heat exchangers is carried out using CATIA and GAMBIT, 
while CFD analysis is performed with ANSYS Fluent. Results are derived using three 
different materials: copper, steel, and aluminum. Parallel and counter-current flow heat 
exchangers were also numerically investigated by Dhoria et al. [10]. It was utilized ANSYS 
FLUENT 17.1 software, alongside theoretical calculations, to assess temperature drops in 
relation to inlet velocity as well as inlet temperature, investigating their variations. Design 
and simulation encompassed both parallel flow as well as counterflow heat exchanger 
models. Calculated outlet temperatures for parallel and counterflow heat exchangers, 
based on the inlet velocity and inlet temperature of the fluid medium, were utilized to 
determine the total coefficient of heat transfer. Values obtained after experiments on the 
heat exchanger setup for parallel and counterflow heat transfer are used for theoretical 
calculations. In the study of Ahmed et al. [11], CFD analysis was performed on parallel, 
counterflow shell-and-tube heat exchangers. The research explored multiple factors, 
including temperature, turbulence, kinetic energy, pressure drop, velocity, and the length 
of the heat exchanger's length was considered, with hot water flowing through the tube 
side and cold water through the shell side. As the cold water traveled along the shell side, 
its temperature gradually increased. Conversely, the temperature of the hot water on the 
tube area reduced along the length of the tube. This effect was more pronounced in the 
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counterflow configuration compared to the parallel flow. Additionally, the velocity on the 
shell side exhibited greater fluctuations due to the presence of baffles. As a result, pressure 
loss was higher in the cold water at the shell side than in the hot water at the tube side. 
To assess the impact of turbulence, turbulence kinetic energy was measured. Turbulence 
decreased in the initial section of the shell-and-tube heat exchangers, whereas it increased 
in the subsequent sections. All these observations and results were evaluated and 
subsequently analyzed. In the same year, Rabienataj Darzi et al. [12] also investigated the 
hydrodynamic and thermal characteristics of double-pipe heat exchangers (DPHEs). This 
experimental study aimed to explore the effects of an Al2O3 nanofluid with an average 
particle diameter of 20 nm on heat transfer, pressure drop, and thermal performance in a 
double pipe heat exchanger. The experiments were conducted for Reynolds numbers 
ranging from approximately 5,000 to 20,000 and for nanoparticle concentrations up to 1 % 
by volume. The results indicated that adding nanoparticles within the studied ranges has 
significant potential to enhance the thermal performance of the heat exchanger without 
causing a substantial increase in pressure drop. Ebrahim Tavousi et al. [13] provided a 
critical analysis of the impact of various passive methods on improving heat transfer rates, 
fluid flow characteristics, and friction factor enhancement in double-pipe heat exchangers. 
These methods included the use of turbulator inserts, extended surfaces (fins), changes in 
tube geometry, nanofluids, and combinations of these techniques. They concluded that 
combining turbulator inserts with nanofluids is the most effective approach for increasing 
heat transfer rates. Some researchers focused on modifying geometry and inserting 
elements into the inner and outer tubes [14,15]. Chun et al. [16] investigated the 
convective heat transfer coefficient of oil/alumina nanofluids in different volume fractions 
in a double pipe heat exchanger under laminar regime. They reported that the reason of 
heat transfer enhancement of nanofluids is the concentration of nanoparticles in thermal 
boundary layer near walls and particles motion. Dariush Mansourya et al. [17] 
experimentally studied a shell & tube heat exchanger and a plate heat exchanger under 
turbulent flow conditions using distilled water and water / Al2O3 nanofluid with 0.2, 0.5, 
and 1 % particle volume concentrations. Their results show, the double pipe heat 
exchanger revealed the best outcome for the heat transfer coefficient with a maximum 
enhancement of 60 % while a maximum enhancement in the heat transfer coefficient of 
11 % was reported for the plate heat exchanger. Utilizing a nanofluid represented the 
lowest penalty in the pressure drop with a maximum enhancement of 27 % for the plate 
heat exchanger while the highest penalty in the pressure drop with a maximum 
enhancement of 85 % was observed in the double pipe and shell and tube heat. 

The convective heat transfer performance and the flow characteristics of 
water / Al2O3 nanofluid flowing in heat exchangers, namely parallel flow, counter flow 
and shell and tube heat exchangers, have been experimentally investigated under 
laminar flow conditions by R. Dharmalingam et al. [18]. The effect of Al2O3 nanoparticle 
and the Reynolds number on the heat transfer performance and flow behavior of the 
nanofluid and water have been compared. It is concluded that for Re = 1200, the ratio of 
overall heat transfer coefficient of water / Al2O3 nanofluid with that of water is 1.161 for 
parallel flow, 1.146 for counter flow, 1.171 for shell and tube heat exchangers. 
Zarringhalam et al. [19] experimentally investigated the convection heat transfer 
coefficient of water / CuO nanofluid with different volume fractions of turbulent flow 
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through a counter flow double pipe heat exchanger. They figured out that by increasing 
Reynolds number and volume fraction of nanoparticles to 2 %, the convection heat 
transfer enhances to 57 %. 

Others investigated different fin shapes, while some explored the use of various 
working fluids, such as nanofluids [16,20]. In their study, Bouazizi and Turki [21]. 
numerically investigated forced convection flows in a horizontal channel through a 
porous medium. The results showed that in the absence of Brownian motion, the mean 
Nusselt number increases as the nanoparticle volume fraction 𝜑 increases. Investigation 
of gas dynamics in a heat exchanger turbulator with and without a lattice structure was 
examined numerically by Pulin et al. [22]. It was shown that the use of turbulators not 
only increases the efficiency of heat exchange processes, but also their resistance. 

This study focuses on modeling a double-tube heat exchanger that operates with 
counter-flow, in which the fluids enter from opposite ends of the exchanger, with 
opposite flow directions, and exit the device through opposite ends. 
 
Mathematical formulation 
Geometric analysis and equation formulation 

The investigated heat exchange challenge consists of circulating two fluids through 
conduits, which bring them into thermal contact. The illustrative schematic of the domain 
investigation is shown in Fig. 1, which shows that the two fluids are brought into thermal 
contact through a metallic wall, which promotes heat exchange. We have hot fluid, which 
transfers heat to cold fluid. The two fluids exchange heat through the wall. The inner 
pipe diameter of 15 mm has a thickness of 2 mm while the outer pipe diameter is 32 mm. 
Both pipes have a length of 1000 mm. The double tube heat exchanger is made of high 
heat conductive copper. 

 

 
 

Fig. 1. Approached view of the double tube heat exchanger studied 
 

The quantity of heat transferred depends on the exchange surface between the two 
fluids, but also on many other parameters, which makes a precise study of these devices 
quite complex [23]. Heat transfer is determined by the inlet temperature, the thermal 
characteristics of the fluids (including specific heat, thermal conductivity, dynamic 
viscosity, etc.), and the convection exchange coefficients (Table 1).  

Copper 
tube 
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Table 1. The properties of the fluids and the material used 

Fluide 
Hot water at 

333 K 
Cold water 
at 293 K 

Nano-fluid water / Al2O3 
(ϕ = 3 %) Copper 

Density 𝜌, kg/m³ 982.9 998.3 1086.9 8978 
Specific heat Cp, JK/kg 4183 4181 3804.78 381 

Thermal conductivity, W/mK 0.65 0.60 0.653 387.6 
Dynamic viscosity, kgs/m 0.000472 0.00101 0.00113 - 

 
This study assumed that the nanofluid possessed a uniform and stable composition, was 

incompressible, and maintained constant thermo-physical properties. The solid walls are made 
of copper with thermo-physical properties constants. Assuming the flow to be turbulent and 
steady with forced convection, the problem was analyzed in a 2D cylindrical coordinate system. 
Under these conditions, the modelled equations are presented in vector format as shown below: 
1. сonservation of mass 𝜕𝑈̅𝑖

𝜕𝑥𝑖
= 0,            (1) 

2. сonservation of momentum  𝑈̅𝑗
𝜕𝑈̅𝑗

𝜕𝑥𝑖
= − 

1

ρnf

𝜕𝑃′̅̅ ̅

𝜕𝑥𝑖
+

𝜕

𝜕𝑥𝑗
((𝜈𝑛𝑓 + 𝜈𝑡)

𝜕𝑈̅𝑗

𝜕𝑥𝑖
),      (2) 

where 𝑃′̅ = 𝑃̅ −
2

3
𝜌nf · 𝑘, 

3. conservation of energy 𝑈𝑗̅
𝜕𝑇̅

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
((

𝜈𝑛𝑓

𝑃𝑟𝑛𝑓
+

𝜈𝑡

𝑃𝑟𝑡
)

𝜕𝑇 ̅

𝜕𝑥𝑗
 ).        (3) 

Given that the nanofluid was considered a single-phase homogeneous fluid,  
the 𝑘 − 𝜀 turbulent model developed by [24] was used to define the turbulent viscosity, 
µ𝑡 = (𝜌𝐶𝜇𝑘2) 𝜀⁄ , through both additional equations for turbulent kinetic energy (k) and 
its dissipation rate (ε). These equations are formulated as follows: 

𝑈𝑗̅
𝜕𝑘

𝜕𝑥𝑗
= 𝜈𝑡 (

𝜕𝑈𝑖̅̅ ̅

𝜕𝑥𝑗
+

𝜕𝑈𝑗̅̅̅̅

𝜕𝑥𝑖
)

𝜕𝑈𝑖̅̅ ̅

𝜕𝑥𝑗
+

𝜕

𝜕𝑥𝑗
((𝜈𝑛𝑓 +

𝜈𝑡

𝑃𝑟𝑘
)

𝜕𝜅

𝜕𝑥𝑗
 ) − 𝜀,         (4) 

𝑈𝑗̅
𝜕𝜀

𝜕𝑥𝑗
= 𝜈𝑡𝐶𝜀1

𝜀

𝑘
(

𝜕𝑈𝑖̅̅ ̅

𝜕𝑥𝑗
+

𝜕𝑈𝑗̅̅̅̅

𝜕𝑥𝑖
)

𝜕𝑈𝑖̅̅ ̅

𝜕𝑥𝑗
+

𝜕

𝜕𝑥𝑗
((𝜈𝑛𝑓 +

𝜈𝑡

𝑃𝑟𝜀
)

𝜕𝜀

𝜕𝑥𝑗
 ) − 𝐶𝜀2 

𝜀2

𝑘
.        (5) 

The various empirical constants of the model are as follows [24]: 
𝐶𝜇 = 0.09, 𝐶𝜀1 = 1.44, 𝐶𝜀2 = 1.92, 𝑃𝑟𝑘 = 1.0, 𝑃𝑟𝜀 = 1.3, 𝜇eff = 𝜇nf + 𝜇t.      (6) 
 
Boundary conditions 

This study involves a temperature labeled 𝑇1,𝑖𝑛 = 333 K and a velocity which varies 
according to the Reynolds number were imposed at the inlet of the inside tube where  
 

 
Fig. 2. The heat exchanger mesh and the naming of the boundaries  
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the hot fluid circulates while at the inlet of the outside tube, the cold fluid enters  
at a temperature of 𝑇0,𝑖𝑛 = 293 K and a velocity which varies according to the Reynolds 
number. The mesh and the boundaries of the heat exchanger are illustrated in Fig. 2. 

The other boundary conditions are as follows: 𝑘 = 𝑘 𝑖𝑛,   𝑘 𝑖𝑛 =
3

2
(U̅inI)2  , 𝜀 = 𝜀 𝑖𝑛 ,

𝜀 𝑖𝑛 = 𝐶𝜇
3 4⁄ 𝑘3 2⁄

L
  , 𝐿 =  𝐷ℎ   and the turbulent intensity is  𝐼 =

𝑢′

𝑈̅𝑚𝑒𝑎𝑛
∙ 100% =  

= 0.16 (𝑅𝑒𝐷ℎ
)

−1 8⁄

, where 𝑃̅𝑜𝑢𝑡,ℎ is the hot fluid outlet, 𝑃̅𝑜𝑢𝑡,𝑐 is the cold fluid outlet, and 
the exterior wall is adiabatic. Interior and exterior walls of the copper tube (fluid-solid 
interfaces). Right side wall (adiabatic 1) and left side wall of the copper tube (adiabatic 2) 
are adiabatic. 

 
Nanofluid properties models 

The density [25], specific heat [26], thermal conductivity [27], and dynamic viscosity of 
the nanofluid [28] were calculated using the thermo-physical properties of water and 
nanoparticles measured on the inlet temperature 𝑇̅ = 293 K.  

In the formulas that follow, the indices (p, f, and nf) correspond to particles, base 
fluid, and nanofluid, respectively. 

Density is: 
𝜌𝑛𝑓 = (1 − 𝜑)𝜌𝑓 + 𝜑𝜌𝑠.             (7) 

Specific heat is: 
(𝜌𝐶𝑝)

𝑛𝑓
= (1 − 𝜑)(𝜌𝐶𝑝)

𝑓
+ 𝜑(𝜌𝐶𝑝)

𝑠
.           (8) 

Thermal conductivity is: 
𝐾𝑛𝑓

𝐾𝑓
=  

𝐾𝑠+(𝑛−1)𝐾𝑓−(𝑛−1)(𝐾𝑓−𝐾𝑠)𝜑

𝐾𝑠+(𝑛−1)𝐾𝑓+(𝐾𝑓−𝐾𝑠)𝜑
.            (9) 

The empirical shape factor 𝜑 is expressed as 3Ψ, where Ψ denotes the sphericity, 
𝑛 = 1 for spherical nanoparticles, 𝑛 = 6 for cylindrical nanoparticles. 

Dynamic viscosity is: 
𝜇𝑛𝑓  =  𝜇𝑓 (123𝜑2  +  7.3𝜑 +  1).          (10) 
 
Principal factors of the problem 

This issue of forced convection heat transfer of a nanofluid in fully developed flow can be 
described by a range of parameters that impact heat transfer and fluid movement within 
the double-tube counter-current flow heat exchanger, specifically: Prandtl number is 

𝑃𝑟𝑛𝑓
= 𝜇𝑛𝑓 . 𝐶𝑝𝑛𝑓

𝑘𝑛𝑓⁄ = 𝜈𝑛𝑓 𝛼𝑛𝑓⁄ , Reynolds number is 𝑅e =
𝜌𝑛𝑓 𝑉̅ 𝐷ℎ 

𝜇𝑛𝑓
, which ranges from 

10000 to 50000; the nanoparticle volume fraction within the nanofluid was maintained at 
30 %, while the hydraulic diameter was determined using the following formula: 𝐷ℎ =

4𝐴

𝑃
 . 

Heat transfer is quantified by the Nusselt number, which is calculated using the 
following formula: 
𝑁𝑢 =

ℎ𝐷ℎ

𝐾𝑛𝑓
.             (11) 

For forced convective heat transfer (in case of plane flow) 𝑁𝑢 = 0.66 ∙ 𝑝𝑟
1

3 ∙ 𝑅𝑒
1

2,  

 𝑅𝑒 < 𝑅𝑒𝑐 in laminar flow and 𝑁𝑢 = 0.036 ∙ 𝑝𝑟
1

3 ∙ 𝑅𝑒
4

5, 𝑅𝑒 > 𝑅𝑒𝑐 in turbulent flow.  
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The Nusselt number average 𝑁𝑢̅̅ ̅̅ =
ℎ̅.𝐷ℎ

𝑘𝑛𝑓
 and the mean heat transfer coefficient 

ℎ̅ =  𝑘𝑛𝑓  ×  𝑁𝑢̅̅ ̅̅ 𝐷ℎ⁄  are an indicator of the effectiveness of heat transfer between the two 
fluids. 

The friction coefficient utilized is based on the formulation introduced by 
Haaland [29], which provides an explicit approximation of the Colebrook-White equation: 

1

√𝑓
=  −1.8 log [(

𝜖

𝐷ℎ

3.7
)

1.11

+
6.9

𝑅𝑒
].          (12) 

The formula for the pressure loss is as follows:   

∆𝑃̅ =    𝑓 
𝐿

𝐷ℎ
 
𝜌𝑛𝑓 𝑈2

2
.            (13) 

The heat transfer rate (𝑄) in a double tube heat exchanger can be calculated by following 

formula [30]: 
𝑄 = 𝘜 𝐴 𝐿𝑀𝑇𝐷 = 𝑚̇𝐶𝑝∆𝑇̅,           (14) 
where ∆𝑇̅ = 𝑇̅𝑜𝑢𝑡 − 𝑇̅𝑖𝑛 indicates the variation in temperature of the fluid between the 
inlet and outlet. 

The goal of this numerical study is to evaluate the impact of the Reynolds number 
and the chosen heat transfer fluid on the flow dynamics and heat transfer within a 
double-tube exchanger used to cool hot water to 333 K. Two fluids were used: water and 
the nanofluid water / Al2O3. The numerical results obtained using Ansys Fluent software 
2020 R2 were graphically represented and discussed. The plotted graphs show the 
temperature fields, the pressure fields as well as the friction factor, the total exchange 
coefficient, the rate of heat transfer and the mean Nusselt number following the 
streamlines of the exchanger for a Reynolds number of 20000, of both cases cold water 
and nanofluid. 

 
Simulation method 

This numerical study utilizes the finite volume method S. Patankar [31] to solve 
the equations embedded in the commercial code Ansys Fluent software 2020 R2.  
The methods used are: The pressure field is determined using SIMPLE (Semi-Implicit 
Method for Pressure-Linked Equations), while the convection term in the governing 
equations is approximated with an upstream second-order scheme. The resulting systems 
of algebraic equations are solved using a line-by-line procedure alongside the Gauss-
Seidel iterative technique convergence of the solution is achieved as the normed residual 
of every algebraic equation falls below 10-4 for the continuity equations and momentum, 
yet below 10-6 for the energy equation. 

 
Results and commentary 
Code validation 

The computational code was validated by contrasting the computed pressure drop results 
against the analytical ones (see Fig. 3 and 4). The analytical values of the pressure drop 
were obtained from Eq. (12) for heat transfer in turbulent forced convection involving hot 
and cold water. The present numerical predictions closely match the analytical values, 
with differences so negligible that the results appear virtually the same.  
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Fig. 3. Comparison of pressure loss between 

simulated and analytical results of the hot fluid 
as function of Reynolds number 

Fig. 4. Comparison of pressure loss between 
simulated and analytical results of the cold fluid as 

function of Reynolds number 
 
Thermal field 

Figures 5 and 6 present the temperature contours in an r-z plane along the exchanger. It 
is observed that, in the case where cold water is present in the outer tube, the thermal 
distribution within the inner tube reveals that the hot water has a high temperature, thus 
indicating a transfer of heat from the inside towards the outside. The temperature 
gradually decreases along the inner tube due to heat exchange with the cold water in the 
outer tube whose temperature gradually increases along the tube. When the nanofluid 
flows into the outside tube, the temperature decreases faster along the heated tube, and 
the temperature of the nanofluid gradually increases along the tube. This enhancement 
 

 
Fig. 5. Temperature contours in a r-z plane, for Reynolds number of 20000 when using cold water 

 

 
Fig. 6. Temperature contours in a r-z plane, for Reynolds number of 20000 when using nanofluid  
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is more evident than with cold water, attributable to the nanofluid's excellent thermal 
conductivity. Differences in heat performance between the two cases can also be 
observed through the distribution and variation of temperatures along the heat 
exchanger. 

Figure 7 shows the variation in the temperature of the hot water at the exit of the 
inner tube. When cold water is utilized in the outer tube, the hot water temperature is 
expected to be higher at the end of the inner tube due to the low overall exchange 
coefficient. In contrast, when the nanofluid is used in the outer tube, the high thermal 
conductivity can improve the heat exchange efficiency by increasing the 𝘜 value, 
resulting in more efficient cooling of the hot water at the outlet of the internal tube. 

 

 
 

Fig. 7. Temperature variation of the hot water at the outlet of the inner tube with respect 
to the Reynolds number in both cases 

 

However, a decrease in the cooling rate of hot water can occur with increasing 
Reynolds number, due to increased flow rates of the fluid passing through the exchanger. 
This conclusion can be drawn using the formula for the quantity of heat exchanged, which 
is: Q = 𝖴 A LMTD = 𝑚 ̇ 𝐶𝑝 ∆𝑇̅. Thus, we can see from Fig. 7 that  
∆𝑇̅𝑅𝑒=10000 > ∆𝑇̅𝑅𝑒=20000 > ∆𝑇̅𝑅𝑒=30000 > ∆𝑇̅𝑅𝑒=40000 > ∆𝑇̅𝑅𝑒=50000. 

 
Flow field 

Figures 8 and 9 reflect the changes in the flow of dynamics along the heat exchanger.  
It can be noticed from these figures that, in the case where cold water is present in  
the outer tube, the contour of the stream function shows a lower maximum value than in 
 

 
 

Fig. 8. Contours of the stream function ψ (kg/s) in an r-z plane along the exchanger 
for Reynolds number of 20000, for the water-water exchanger  
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Fig. 9. Contours of the stream function ψ (kg/s) in an r-z plane along the exchanger 
for Reynolds number of 20000, for the nanofluid-water exchanger 

 
the case of the nanofluid. This is because of the nanofluid's density which is higher than 
that of water. Indeed, the value of the stream function is given by the formula: 
𝜓 = 𝜓0 + 𝜌 ∫ 𝑈𝑟𝑑𝑟

𝑦=0

𝑦𝑝
with  𝜓0 = 0         (15) 

These figures also indicate that the velocity profile changes along the inner tube 
from a uniform profile at the inlet (𝑈̅ =  𝑈̅1,𝑖𝑛, 𝑉̅ =  0) towards a profile developed at a 
distance Z = 4.4. Re1/6  = 22.92, D = 344 mm from the entrance. Beyond this value the 
profile remains constant (

∂𝑈̅

∂𝑧
=

∂𝑉̅

∂𝑧
= 0). However, the velocity profile along the outer 

annular pipe changes from a uniform profile at the inlet (𝑈̅ = 𝑈̅0,𝑖𝑛, 𝑉̅ =  0) but does not 
reach the developed state. 

 
Pressure fields reach 

Figure 10 presents the pressure contours for the case where cold-water flows in the outer 
tube. The results show a maximum pressure drop (Δ𝑃̅) of 5.34 Pa across the two tubes. In 
contrast, Fig. 11 illustrates the case of nanofluid circulating in the outer tube, where the 
maximum pressure drops (Δ𝑃̅) reaches 454 Pa. This indicates that the pressure loss due in 
the case of the nanofluid, the heat exchanger shows increased performance which implies 
greater pumping power when used as a cooling fluid. The cause of this difference is the 
high viscosity of the nanofluid, which leads to: 𝜏𝑝 nanofluid = 8.356 >  𝜏𝑝 cold water = 5.92. 
 

 
 

Fig. 10. Pressure contours in an r-z plane along the exchanger 
for a Reynolds number of 20000 for the water-water exchanger 
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Fig. 11. Pressure contours in an r-z plane along the exchanger 
for a Reynolds number of 20000, for the nanofluid-water exchanger 

 
Overall heat exchange coefficient 
Figure 12 illustrates the change in the total heat transfer coefficient (U) along the tube. 
When using the nano fluid within the outer tube, an increase in the coefficient of total 
heat transfer is measured over the entire Reynolds number range compared with cold 
water. This indicates increased efficiency in heat transfer through the heat exchanger 
when using the nano fluid. 
 

  
  

Fig. 12. Variation t of the total heat transfer 
coefficient U throughout the tube U as a function 

of the Reynolds number in both cases 

Fig. 13. Variation of the friction coefficient (ƒ) 
with respect to the Reynolds number  

in both cases 
 

Friction coefficient 

Figure 13 presents the change in the friction coefficient ƒ throughout the tube. A rise in 
the friction coefficient is noted when utilizing the nanofluid compared to cold water for 
the entire Reynolds number range. This increase can be linked to the increased value of 
the viscosity of the nanofluid in comparison with that of water. Indeed, high viscosity 
results in greater resistance 𝜏 to the flow. 
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Rate of heat transfer 

The curves in Fig. 14 indicate an improvement in the heat transfer rate when employing 
a nanofluid compared to cold water for the entire range of Reynolds numbers. This is due 
to the increase in coefficient of convective exchange as a function a Reynolds number. 
Raising the number of Reynolds signifies higher velocities close to the fluid-copper wall 
interfaces, which promotes convective heat transfer across these interfaces. 
 

  
  

Fig. 14. Variation of the heat transfer rate Q in 
relation to the Reynolds number in both cases 

Fig. 15. Variation of the Nusselt number as a 
function of the Reynolds number in both cases 

 
Nusselt number 

Figure 15 illustrates the change in the Nusselt number 𝑁𝑢 at the hot fluid-copper wall 
interface. When using the nano fluid in the outer tube an increase in the Nusselt number 
across the scale of Reynolds numbers is observed compared to cold water. One can also 
note from Fig. 15 that the difference between the Nusselt numbers for the water-water 
and the water-nanofluid exchangers remains constant as the Reynolds number rises. 
 
Conclusions 
The numerical investigation of flow and heat transfer in a double-tube heat exchanger 
was carried out considering the impact of the Reynolds number and the fluid type on 
temperature of the hot water, on the total convective exchange coefficient, on the friction 
coefficient, on the rate of heat transfer and its Nusselt number. The ANSYS-Fluent 
2020.R2 calculation code was employed to solve the transport equations. 

The aim of this study is to compare the nano fluid and cold water in terms of 
performance which is measured by the performance of the heat exchanger and the 
pressure drop within it. 

Key findings from this study are summarized as follows: 
1. An increase in Reynolds’ number produces a significantly higher transfer rate. 
2. The best improvement in the performance of the heat exchanger was obtained by using 
the nanofluid. 
3. The friction coefficient is greater for the nanofluid 
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