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Abstract A double-pipe heat exchanger was fabricated to experimentally investigate the thermal 
conductivity of distilled water with nanoparticle additives. Nanoparticles (0.05%) were dispersed in pure 
water to form a nanofluid. The system was tested at two flow rates: 4 and 6 L/min. Temperature and flow 
fields were studied during the simulations. A numeri-cal study was also carried out to further calculate 
the overall heat transfer coefficients and heat transfer rates for pure water and nanofluid nanoparticles 
with 0.05% mass fraction. Thermal performance was significantly increased with the application of the 
nanofluid, by these results. The overall heat transfer coefficient was higher than pure water by ∼25% 
and ∼35% for a flow rate of 4L/min and 6 L/min, respectively. Besides, bold heat transfer with good flow 
dynamics was shown for thenanofluid. Of the flow rates tested, 6 L/min resulted in a 10% increase in 
thermal performance when compared to the 4 L/min case, highlighting benefit of employing higher fluid 
flows for nanofluids within thermal systems. Results underscore the potential use of nanoparticles in 
improving heat exchanger efficiency and minimizing thermal energy losses, resulting in approximately 
30% higher thermal efficiency than pure water for the same environmental and operational conditions 

. 
 

Keywords: Double pipe heat exchanger, Nano fluid, Thermal efficiency, Flow rate 
 
 
 
 
1. INTRODUCTION  
 

Heat exchangers are extensively used in many industries [1]. Some of these methods to enhance heat 
transfer will probably decrease the need for a perfect container, involving pressure loss and heat transfer. 
As a result, the procedures should be chosen carefully. In addition, the realization of an acceptable high 
heat transfer rate in many technical applications, such as automotive engines, electric power systems, 
computers etc., is believed to be inevitable requirement [2]. Zinc oxide (ZnO) is a nanomaterial with good 
electrical and high thermal conductive properties, that makes this a strong competitor for enhancing Heat 
transfer in devices like heat exchanger [3]. Nanoparticle volume fraction higher leads ZnO- nanofluide to 
higher viscosity. On the other hand, the case of temperature dependent thermal conductivity was only 
motivated by clustering and aggregation of nanoparticles [4]. The investigation showed that the ZnO-
water nanofluid possesses a count of relative viscosity on temperature in 35-55°C range and more 
ultrasonication originate aggregates with less fractal dimension. [5]. With the increase of nanoparticle 
concentration and crystallite size, a nanofluid base on ZnO in better thermal conductive along with low 
thermal resistance and disturbed temperature distribution were found [6]. Using a ZnO nanofluid with the 



    
                            

 

A
TU

- A
JI

EA
, V

ol
um

e:
1,

 Is
su

e:
 2

,  
12

, 3
0,

 2
02

5,
 ©

 2
02

5 
 A

JI
EA

, A
ll 

Ri
gh

ts
 R

es
er

ve
d 

 

 
 

 

 
 

Al Furat  Journal of Innovations in Engineering Applications (AJIEA) 
ISSN - 3105-3149 
 

shape factor > 3 should give similar performance to the water in terms of PEC along with little increase in 
Nusselt numbers compared to base fluid [7]. As we known, the thermal conductivity, density, and 
viscosity dispersed of the ZnO nanofluid were also nonlinearly affected by not only temperature and 
concentration but also particle size._particle size was observed to be greater than that of viscosity [8]. The 
addition of a ZnO nanofluid dispersed in xanthan gum has been shown to increase thermal and electrical 
conductivities up to 25% with increasing nanoparticle loading [9]. Results showed that the heat transfer 
over the base fluid increased by 12% In horizontal double-pipe counter-flow kind of heat exchanger with 
nanofluid of aluminum oxide and water [10]. A maximum cooling capacity improvement of 29% without 
degrading the electrical performance was achieved with a 0.5% ZnO nanofluid in PEMFC cooling 
system. [11]. It was found that is to explore a ZnO-water nanofluid in natural convection within a closed 
rectangular enclosure, examining the impacts of different factors such as heated wall location and 
nanoparticle volume concentration [12] The investigation uncovered that the zinc oxide nanofluid boosted 
recovery efficiency by 50% without electromagnetic (EM) energy, and that adding EM energy raised 
recovery performance by 23.3% through the ZnO nanoparticles' electrorheological influence [13].  Several 
studies were also conducted in the double pipe heat exchanger utilizing nanomaterials. Mango bark 
nanofluids' convective heat flow coefficient was assumed in a twin pipe heat exchanger experiencing 
turbulent circumstances.  According to performance studies, the Nusselt number enhancement factor was 
68% at Reynolds number (Re) = 5000 and 45% at Re = 13000, compared to the base fluid, the coefficient 
of heat transfer was twice as high.  Heat transfer rates increased in some locations, which might be used to 
construct heat exchangers [14]. A studied on the impact of silver nanoparticles applied on heat exchangers 
as a coating material utilizing copper pipes discovered that the heat transfer coefficient and mass flow rate 
were improved by 95% when compared to plain copper pipes.  This phenomenon was seen in 
countercurrent flow, which provides greater thermal transfer than co-current flow [15]. The experiment 
demonstrated that when a ZnO–water nanofluid is used in a counter-flow double-tube heat exchanger, the 
maximum performance ratio of 54% was achieved at 2 L/min volumetric flow rate and with 1% mass 
concentration of nanoparticle [16]. The double-pipe heat exchanger employing zinc oxide (ZnO) 
nanoparticle and alkaline water enhances the heat transfer rate, and thermal efficiency increases with the 
increase in nanoparticle concentration [17]. The researchers observed that application of ZnO-H2O 
nanofluid at a volume fraction of 0.06% with Reynolds number equal to 5500, enhance the Nusselt’s 
number collector by 35%, and a thermal efficiency factor of 1.15 [18]. An investigation on a counter flow 
double-tube heat exchanger using ZnO- water nanofluids (30 nm, 0.5 -1 wt%) was reported by Bang et al. 
The nanofluid (20 °C) entered at 2-6 L/min into the annulus and passed through an inner tube, from 
which the hot water (65 °C, 4 L/min) evaporated. It was found that nanofluids were more effective than 
pure water, with a maximum effectiveness of 40% for 0.5 wt%. % and 54% at 1 wt. % using a flow rate 
of 2 L/min [19]. 

The performance of a two-pipe heat exchanger with thenanofluids of 0.05 w.t% ZnO is studied in this 
work. This paper examines the effect of ZnO nanofluids on filling performance andheat transfer 
capability, focusing on such critical parameters as heat productivity and heat transfercoefficient. Effect of 
different concentrations of ZnO nanoparticles on the overall performance of the heat exchanger is 
discussed for enhancing thermal effectiveness and maximum energy efficiency. 

. 
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2. GOVERNING EQUATIONS 
 
2.1. CONTINUITY EQUATION 

 General Form (for compressible flow) [20]: 
𝜕𝜌

𝜕𝑡
+  𝛻. ( 𝜌𝑣) = 0 

(1) 

 
 For incompressible flow: 

𝛻. 𝑣 = 0 (2) 
 

 For steady, incompressible flow in a pipe: 
𝑎1𝑣1 = 𝑎2𝑣2 (3) 

 
 
2.2. MOMENTUM EQUATION (NAVIER-STOKES EQUATION) 

 
Momentum equations are inferred from Newton’s second law, which includes pressure forces, viscous 

forces, and external forces acting on the flow. The momentum equation for a Newtonian fluid is expressed 
below in vector form [20]: 

 
𝜕

𝜕𝑡
(𝜌𝑣) + 𝛻 ⋅ (𝜌𝑣𝑣) = −𝛻𝑝 + 𝛻 ⋅ 𝜏 + 𝜌𝑔⃗, (4) 

 
where 
 𝑝 pressure in pascal  
 τ viscous stress tensor (Pa) that is directly proportional to the product of the viscosity of a fluid 

and its velocity gradients.  
 𝑔⃗ vector for gravitational body force (m/s2).  
 the momentum equation in the s, f 𝑎𝑛𝑑 n −direction (component form) respectively is: 
 

𝜕

𝜕𝑡
(𝜌𝑐) +

𝜕

𝜕𝑠
(𝜌𝑐2) +

𝜕

𝜕𝑓
(𝜌𝑐𝑖) +

𝜕

𝜕𝑛
(𝜌𝑐𝑤) = −

𝜕𝑝

𝜕𝑠
+ 𝜇 (

𝜕2𝑐

𝜕𝑠2
+

𝜕2𝑐

𝜕𝑓2
+

𝜕2𝑐

𝜕𝑛2
)  

 
𝜕

𝜕𝑡
(𝜌𝑖) +

𝜕

𝜕𝑠
(𝜌𝑐𝑖) +

𝜕

𝜕𝑓
(𝜌𝑖2) +

𝜕

𝜕𝑛
(𝜌𝑖𝑤) = −

𝜕𝑝

𝜕𝑓
+ 𝜇 (

𝜕2𝑖

𝜕𝑠2
+

𝜕2𝑖

𝜕𝑓2
+

𝜕2𝑖

𝜕𝑛2
) (5) 

𝜕

𝜕𝑡
(𝜌𝑤) +

𝜕

𝜕𝑠
(𝜌𝑐𝑤) +

𝜕

𝜕𝑓
(𝜌𝑖𝑤) +

𝜕

𝜕𝑛
(𝜌𝑤2) = −

𝜕𝑝

𝜕𝑛
+ 𝜇 (

𝜕2𝑤

𝜕𝑠2
+

𝜕2𝑤

𝜕𝑓2
+

𝜕2𝑤

𝜕𝑛2
),  

 
Where 𝜇 denotes the fluid's dynamic viscosity. c , i,𝑤 denote the components of the velocity in the 

s,f,n directions, respectively. 
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2.3. ENERGY EQUATION (CONSERVATION OF ENERGY) 
 

The equation of energy for fluid dynamics governs the conservation of energy, taking into 
consideration convection, heat conduction, and heat generated by viscous dissipation. The general form of 
the energy equation is [20]: 

 
 

𝜕

𝜕𝑡
(𝜌𝑒) + 𝛻 ⋅ (𝑣(𝜌𝐸 + 𝑃)) = 𝛻 ⋅ (𝐾𝛻𝑇) + 𝛷, (6) 

 
where 

 e denotes the total energy per unit mass (𝐽/𝑘𝑔), given by: 
 

𝑒 = 𝐻 −
𝑃

𝜌
+

𝑣2

2
 (7) 

 
 𝐾thermal conductivity (𝑊/𝑚 ⋅ 𝐾).  
 𝐻 specific enthalpy (𝐽/𝑘𝑔).  
 𝑇 temperature (𝐾).  
 𝛷 viscous dissipation function, this measures the rate at which energy is dissipated through viscous 

forces.  
The energy equation is critical in numerical modeling of heat transfer, for instance in conjugate 

heat transfer or applications in thermal control systems. 
 
 

2.4. TURBULENCE MODEL 
 
A number of turbulence models are available in ANSYS Fluent, each one based on how turbulence 

influences fluid flow. These models are constructed using additional transport equations that exhibit a 
natural turbulence characteristic [21]. 

 
𝑘−𝜀 Model: In this two-equation model, the turbulence kinetic energy (𝑘) and its dissipation rate 

(𝜖) are approximated by two extra transport equations. 
 

𝜕(𝜌𝐾)

𝜕𝑇
+ 𝛻 ⋅ (𝜌𝐾𝑣⃗) = 𝛻 ⋅ (

𝜇𝑡

𝜎𝑘
𝛻𝐾) + 𝐺𝑙 − 𝜌𝜖 (8) 

𝜕(𝜌𝜖)

𝜕𝑇
+ 𝛻 ⋅ (𝜌𝜖𝑣⃗) = 𝛻 ⋅ (

𝜇𝑡

𝜎𝜖
𝛻𝜖) + 𝐶1

𝜖

𝑘
𝐺𝑘 − 𝐶2𝜌

𝜖2

𝑘
  

 
In equation above (𝐶𝜀1 and 𝐶𝜀2) are constants. (𝐺) is the generation term, (𝜎𝑘 and 𝜎𝜀) denote the 

turbulent Prandtl numbers for (𝑘) and (𝜀) respectively. (𝜇𝑡) denotes the turbulent (or eddy) viscosity. A 
combination of (𝑘) and (𝜀) is employed to calculate the turbulent viscosity (𝜇𝑡): 
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𝜇𝑡 = 𝜌𝐶𝜇

𝐾2

𝜀
 (9) 

 
To simulate turbulent flow, was use the realizable k-ε turbulence model. The equations of modeled 

transport for 𝑘 and ε in the realizable 𝐾 − 𝜀 model were as follows: Manual, user. "ANSYS FLUENT 
22.0" Theory guide [20]. 

 
𝜕

𝜕𝑡
(𝜌𝐾) +

𝜕

𝜕𝑆𝑗

(𝜌𝑘𝑢𝑗) =
𝜕

𝜕𝑆𝑗

[(µ +
µ𝑡

𝜎𝑘
)

𝜕𝐾

𝜕𝑆𝑗

] + 𝐺𝑙 + 𝐺𝑛 − 𝜌𝜀 − 𝑌𝑟 + 𝑆ℎ (10) 

 
and 

𝜕

𝜕𝑡
(𝜌𝜀) +

𝜕

𝜕𝑆𝑗

(𝜌𝜀𝑢𝑗) =
𝜕

𝜕S
[(µ +

µ𝑡

𝜎𝜀
)

𝜕𝜀

𝜕𝑆𝑗

] + 𝜌𝐶1𝑆𝜀 − 𝜌𝐶2

𝜀2

𝑘 + √𝑣𝜀
+ 𝐶1𝜀

𝜀

𝑘
𝐶3𝜀𝐺𝑛 + 𝑆𝜀 (11) 

 
where 

𝐶1 = max [0.43,
𝜂

𝜂 + 5
] ,    𝜂 = 𝑆

𝑘

𝜀
,      𝑆 = √2𝑆𝐼𝐽𝑆𝐼𝐽 (12) 

 
2.5 HEAT TRANSFER RATE 

Heat transfer rate through inner side (water or nanofluid) is: 
𝑄ℎ = 𝑚ℎ𝑐𝑝ℎ(𝑇ℎ𝑜_̇ 𝑇ℎ𝑖) (13) 

 
The air temperature is subtracted from the water temperature to determine the amount of heat 

dissipation. This zone allows for reliable parameter measurement [22]. 
 
 

2.6 INNER SIDE HEAT TRANSFER COEFFICIENT (HI) 
 
When working with nanofluids or water, Newton's equation of cooling serves to determine the 

coefficient of heat transfer on the inner side: 
 

𝐻 =
𝑄

𝐴. 𝛥𝑇
 (13) 

𝑄ℎ = ℎ𝑖𝐴𝑖 (𝑇𝑚 𝑇𝑠
), (14) 

Where 

𝑇𝑚 =
𝑇ℎ𝑖 + 𝑇ℎ𝑜

2
 (16) 

𝑇𝑠 =
𝑇1 + ⋯ + 𝑇7

7
 (17) 
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2.7. EFFECTIVENESS 
Denotes the ratio of actual transmission of the heat to maximal transfer of the heat [23]. 

𝜀 =
𝑄𝑎𝑐𝑡𝑢𝑎𝑙

𝑄𝑚𝑎𝑥
 (18) 

𝜀 =
𝑚ℎ𝑐𝑝ℎ(𝑇𝑜𝑢𝑡_̇ 𝑇𝑖𝑛)  

𝑚𝑚𝑖𝑛𝑐𝑝𝑚𝑖𝑛(𝑇ℎ,𝑖𝑛_̇ 𝑇𝑐,𝑖𝑛)  
 (19) 

𝜀 =
1 − 𝑒𝑥𝑝 [−𝑁𝑇𝑈(1 − 𝐶𝑟)]

1 − 𝐶𝑟 𝑒𝑥𝑝 [−𝑁𝑇𝑈(1 − 𝐶𝑟)]
, (20) 

 
where 

     

𝐶𝑟 =
𝐶𝑚𝑖𝑛

𝐶𝑚𝑎𝑥
 (21) 

 𝐶 𝑚𝑖𝑛: The smaller heat capacity rate between the two fluids ( 𝐶 = 𝑚̇. 𝐶𝑃  ) 
 𝐶   𝑚𝑎𝑥: The begger heat capacity rate between the two fluids ( 𝐶 = 𝑚̇. 𝐶𝑃) 

 
 

2.7. EFFECTIVENESS-NTU METHOD  
 
The NTU Method is extremely useful for assessing heat exchangers with uncertain beginning 

temperatures.  It creates a link between the heat exchanger's efficacy (𝜀) and number of transfer 
units. 
 
 
2.8. NUMBER OF TRANSFER UNITS (NTU): 
 

NTU =
UA

Cmin
=

Q

ΔTLMCmin
 (22) 

 
where 𝐶ℎ = 𝑚ℎ̇𝐶˙𝑃ℎ

, 𝐶𝑐 = 𝑚̇𝑐𝐶˙𝑃𝑐
 

𝐶𝑚𝑖𝑛: The minimum value of 𝐶ℎand 𝐶𝐶  
𝐶𝑃ℎ,𝐶𝑃𝐶

: Hot and cold fluids' specific heat capacities, respectively. 
 
2.9 Nusselt Number  

 
To assess the convective heat transfer performance of the nanofluid inside the inner tube, the 

Nusselt number was determined for all instances. The standard definition was used to get the local Nusselt 
number [23]. 

𝑁𝑢 =
ℎ 𝐷ℎ

𝑘
                                                          (23) 

where ℎ is the convective heat transfer coefficient, 𝐷ℎis the hydraulic diameter, and kkk is the thermal 
conductivity of the fluid. Furthermore, the average Nusselt number values were compared with the 
classical Dittus-Boelter correlation: 
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Nu = 0.023𝑅𝑒0.8𝑃𝑟𝑛                                             (24) 

Using n=0.4 for heating conditions. The agreement was reasonable, verifying the numerical results. Also, 
the use of ZnO-water nanofluid led to a substantial enhancement of Nusselt compared with that for pure 
water, reflecting better convective heat transfer. The enhanced performance is attributed to the increased 
thermal conductivity and energy transfer by dispersion of the nanoparticles. The results provide the 
evidence that nanofluids are able to enhance the heat exchanger performance in industrial applications.. 

3. NANOFLUID THERMO-PHYSICAL PROPERTIES 
 
3.1. DENSITY  

 
The mass-to-volume ratio is the measure of a substance's density. The classical mixing law is a 

commonly used equation for estimating density. According to traditional mixing principle, The 
nanofluid's density It can be stated as [23]: 

 
𝜌𝑛𝑓 = 𝜌𝑛𝑝∅ + (1 − ∅)𝜌𝑏𝑓  , (25) 

 
where 𝜌𝑛𝑓  denotes the nanofluid's effective density, 𝜌𝑏𝑓  denotes the water base fluid's density, ∅ 

denotes the nanoparticles volume fraction,  and 𝜌𝑛𝑝  denotes the density of the nanoparticles (ZnO) [20]. 
 
 

3.2. SPECIFIC HEAT  
 
The nanofluids' specific heat may be described as an expression of volume concentration and 

density using mixing law, as shown in the equation below [25]. Estimating the nanofluids' specific heat is 
a common application of this equation. Xuan and Roetzel suggested the nanofluids' specific heat, 
assuming thermal equilibrium [26]. 

 
This equation is commonly used. 

 

(Cp)
nf

=
∅𝜌𝑛𝑝𝐶𝑃𝑛𝑝+(1−∅)𝜌𝑏𝑓 𝐶𝑃𝑏𝑓

𝜌𝑛𝑓
 (26) 

 
3.3. THERMAL CONDUCTIVITY  

 
Maxwell proposed a thermal conductivity model for solid-liquid mixes. using Effective Medium 

Theory [EMT] that applies to spherical particles, as seen in the equation below [27]. The thermal 
conductivity model applies to solid-liquid mixtures with high and low particle concentrations  [24]: 

 
𝑘𝑛𝑓

𝑘𝑏𝑓
=

𝑘𝑝 + 2𝑘𝑏𝑓 + 2∅(𝑘𝑝 − 𝑘𝑏𝑓)

𝑘𝑝 + 2𝑘𝑏𝑓 − ∅(𝑘𝑝 − 𝑘𝑏𝑓)
 (27) 

 
 



    
                            

 

A
TU

- A
JI

EA
, V

ol
um

e:
1,

 Is
su

e:
 2

,  
12

, 3
0,

 2
02

5,
 ©

 2
02

5 
 A

JI
EA

, A
ll 

Ri
gh

ts
 R

es
er

ve
d 

 

 
 

 

 
 

Al Furat  Journal of Innovations in Engineering Applications (AJIEA) 
ISSN - 3105-3149 
 

3.4. DYNAMIC VISCOSITY  
 
Although the Einstein formula is widely used to calculate dynamic viscosity, it has a problem with 

low volume concentration (ϕ ≤ 0.02) [28] . It is represented as follows [24]: 
 

𝜇𝑛𝑓

𝜇𝑏𝑓
= 1 + 2.5∅. (28) 

 
The thermophysical properties of water and nanofluids can be seen in Table 1 

 
Table 1. Thermophysical characteristics of water and nanofluids [1]. 

 
Properties Symbol Unit Pristine Water ZnO 
Density ρ Kg/𝑚3 998.2 5606 

Specific Heat of nanofluid Cp J/Kg.K 4182 495 
Thermal conductivity 𝑘 W/m.k 0.606 60 

Dynamic viscosity 𝜇 Pa.s(or kg/m.s) 0.00089 0.000891 
 

3.5 Mesh Independent 
Typically, unstructured matrices capable of performing complex calculations have been used; thus, 

selecting this unstructured tetrahedron framework was appropriate in this case.  In a single step, user-
ANSYS may generate solid geometry meshes as well as a whole off-site model.  In the study, there were 
(4143760) cells randomly taken from this tetrahedron element, and element 1 mm is depicted in the Fig. 1, 
as follows: 

 

 

Fig. 1. Mesh generated. 

 
A trustworthy mesh is required to solve the simulation process equation, which is determined by 

complicated algorithms and a high-dimensional matrix.  Then, use a reliable mesh to fix the problem and 
restore the essential equilibrium.  To mimic a diverse variety of models in the simulator, more than one 
mesh dependence and mesh are required 
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As shown in Table (2), the element had a value of 4143760 when it reached its maximum outlet 

hot temperature of 317.624 k. 
 

Table 2. Mesh independency. 
Case Element Node Maximum outlet hot 

temperature (K) 
Eror % 

1 1030666 1201519 320.069 0.136632 
2 2129281 2357550 318.493 0.046883 
3 3063790 3333790 317.623 0.002344 
4 4143760 4710289 317.624 0 

 
 
4. BOUNDARY CONDITION 

In the numerical part, the boundary conditions are: 
 Different fluid formulations (distilled water, zinc oxide ) 
 Inlet temperatures (45°C, and 65°C) 
 Volumetric flow rates (4, and 6 liters per minute) for inner tube fluid. 

Filtered water is counterflowed at a flow rate (12 liters per minute) and constant temperature 
(22°C) in the outer tube. 

 
 
5. RESULTS AND DISCUSSION  
 

The following is a summary of the approach applied in the double-tube heat exchanger numerical 
simulation using ANSYS22.0: 

 
5.1. NUMERICAL SIMULATION OUTCOMES ANSYS  
 

Numerical simulation results: The system temperature distribution and flow behavior were studied 
using the ANSYS program. The linked graphics depict pure water's temperature and pressure curves, as 
well as the velocity field, 

The linked graphics depict "Nanoparticles at a concentration of (0.05%)" "temperature and, as well 
as the velocity field. 

 
5.1.1 Temperature distribution along heat exchanger for distilled water 
 

Figure 2 depicts the temperature contours of heat exchangers throughout the flow path for various 
flow rates and intake temperatures.  The data show that both the rate of flow and intake temperature 
exhibit a direct impact on a heat exchanger's thermal performance. When the flow rate is raised to 6 LPM, 
the temperature distribution changes by 4 LPM.  At increasing flow rates, the tube's temperature profile 
becomes more uniform, with relatively modest temperature changes between the input and output zone. 

Lower flow rates indicate that temperature variation is steep beside the exchanger length, which 
means that the amount of time the fluid is forced to spend within the heat exchanger is greater; as a result, 
the temperature differential among the exchanger's inlet and outlet is greater.  However, when the working 
fluid's temperature at the input rises, the influence of the temperature gradient decreases.  At higher intake 
temperatures, the curve broadens in the high temperature area, indicating that the exchanger has a large 
thermal load and that heat transmission decreases as temperature rises. 
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(a) 4 LPM, 45 °C 

 
(b) 4 LPM, 65°C 
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(c) 6 LPM, 45°C 

 
(d) 6 LPM, 65°C 

Fig. 2. Temperature distribution along heat exchanger for distilled water. 

According to the simulation results, the most important elements impacting the heat exchanger's 
thermal efficiency are flow rate with intake temperature.  Higher flow rates, especially at 6 LPM, enhance 
heat dispersion and raise the heat transfer coefficient. Additionally, the direction of the flow has a 
significant impact on heat dispersion and allows for setup flexibility in response to cooling requirements.  
A As a result, the best operating conditions for maximum thermal efficiency are a 65°C intake 
temperature and a flow rate of 6 LPM. 
 
5.1.2 Velocity distribution along heat exchanger for distilled water 
 

The velocity distribution of distilled water passing through a heat exchanger is critical for 
assessing fluid dynamics and its effect on heat transfer. Fig. 3 shows rates of flow of 4LPM and 6 LPM at 
two definite input temperatures of 45 °C and 65 °C. The velocity distribution was as expected: at low flow 
rates, such as 4 LPM, the fluid flows slower near the walls and faster in the center, indicating laminar 
flow. 
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At high flow rates (6 LPM), the velocity of the fluid is great, resulting in a superior velocity profile 
throughout the exchanger.  Temperature plays a larger influence, as greater temperatures result in 
somewhat steeper velocity profiles. 

The temperature between flow rates and residence durations are critical in heat exchanger design.  
Higher flow rates (6 LPM) improve velocity distribution and boost heat transfer rate; nevertheless, they 
are not suited for applications requiring a high temperature difference between the channel's input and 
outflow.  Lower flow rates may be more appropriate in some applications to achieve greater temperature 
variations. 

 

 
 (a) 4 LPM, 45°C 

 

 
(b) 4 LPM, 65°C 
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(c) 6 LPM, 45°C 

 

 
(d) 6 LPM, 65 °C 

Fig. 3. Velocity distribution a long heat exchanger. 
Distilled water the velocity vector profiles for distilled water in a heat exchanger at various flow 

rates represent both the flow's direction and intensity in the heat exchanger. This results in a less turbulent 
flow profile at 4 LPM, with velocity vectors dispersed uniformly and with modest magnitude.  This 
lowered flow rate may provide greater time for heat exchange, but will establish a lower coefficient of 
heat transfer because of the fluid's lower velocity. 

 
At 6 LPM, the field strength in velocity vectors is maximum, meaning that the fluid is moving 

very quickly in the system, resulting in quicker heat transfer rates; however, at this flow rate, the fluid 
time spends in the heat exchanger may be restricted.  The velocity profile also introduces a unique 
characteristic for this flow rate: a high velocity in the core area and a reduced velocity near the wall.  
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5.1.3 Pressure distribution along heat exchanger for distilled water 
 
             Figure 4 shown the pressure distribution of distilled water within the double-pipe heat exchanger 
was also investigated at the same flow rates (4 LPM and 6 LPM) and intake temperatures (45 and 65 °C). 
Unlike the velocity field, the pressure profile along the channel exhibited no fluctuation with temperature. 
This outcome is predicted since the fluid is basically incompressible and the enforced flow rate was 
maintained constant, implying that the pressure decrease is mostly determined by hydrodynamic 
resistance rather than thermal factors. When the input temperature was raised from 45 °C to 65 °C, the 
total pressure drop from inlet to exit remained practically constant for both 4 and 6 LPM. The minor drop 
in water viscosity at higher temperatures helps to reduce frictional losses; nevertheless, this impact was 
found to be minimal in the current setup, resulting in almost comparable pressure distributions. This result 
demonstrates that, for distilled water in this working range, flow rate is the most important element 
determining pressure drop, while temperature plays a minor effect. The virtually constant pressure field 
shows that changing the flow rate can enhance the exchanger's thermal performance without causing large 
pressure penalties owing to fluid heating. 

 
(a) 4 LPM,45 °C 

 

 
 

(b) 4 LPM,65 °C 
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 (c) 6 LPM,45 °C 

 

 
(d) 6 LPM,65 °C 

 
Fig. 3. Pressure distribution a long heat exchanger. 

The pressure drop across the heat exchanger for distilled water at different flow rates varies minimally, 
with variations that are nearly imperceptible. At lower flow rates, such as 4 LPM, the pressure drop is 
relatively modest, suggesting negligible flow resistance and consequently low pump energy usage. As the 
flow rate increases to 6 LPM, there is a modest increase in pressure drop owing to the greater velocity of 
the fluid; however, this increase is minor and has no meaningful impact on overall system performance. 
This small reduction in pressure drop indicates that the fluid passes effectively through the heat exchanger 
without incurring significant hydraulic loss. 
 
5.1.4 Temperature distribution a long heat exchanger for ZnO+distilled water 0.05% 
 

 Figure 4 depicts the temperature fluctuation in a heat exchanger using a ZnO nanofluid that has a 
0.05% concentration in volume in distilled water.  The temperature distribution is displayed with regard to 
rates of flow of 4 LPM, and 6 LPM. Also, intake temperatures of 45°C, and 65°C.  The sharp temperature 
gradient at lower flow rates demonstrates the increased heat transfer along the exchanger's length. 
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The fluid's temperature is more evenly distributed along its length when the flow rate is 6 LPM, 
since it spends less time in the heat exchanger. A decrease in the total heat transfer coefficient results from 
this but a greater outlet temperature, which may be beneficial in operations that demand a high outlet 
temperature. 
The addition of ZnO nanoparticles into distilled water improves the fluid's thermal conductivity and heat 
transmission.  Temperature distributions across several flow rates and intake temperatures show that the 
nanofluid's thermal efficiency is superior to that of the base fluid.  Notably, at smaller rates of flow, the 
variance between the outflow and input temperatures becomes more dramatic, indicating more thermal 
energy absorption.  A steeper temperature gradient at the intake is caused by this increase in thermal 
conductivity, enabling more efficient heat transfer during the early stages of flow development. 

 

 
 

(a) 4 LPM, 45°C. 

 
(b) 4 LPM, 65°C 
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(c) 6 LPM, 45°C 

 
(d) 6 LPM, 65°C 

 
Fig. 4. Temperature distribution along heat exchanger for ZnO+distilled water 0.05%. 

The highest heat transfer occurs at a 4 LPM rate of flow and an input temperature of 65°C, since 
this condition exhibits the greatest thermal gradient due to the fluid's longer residence time in the system, 
allowing for more effective heat exchange.  In contrast, when the same temperature is applied at a larger 
rate of flow of 6 LPM, heat transfer efficiency reduces because of the lower time of contact between the 
surface and the fluid. The total heat transmission is poorer in both flow situations at lower temperatures 
(45°C) because of the smaller temperature differential.  When utilizing 0.05% concentration nanofluids, a 
higher input temperature 65°C   paired with a lower flow rate 4 LPM is the best option for increasing heat 
transfer efficiency. 
 
5.1.5 Velocity distribution a long heat exchanger for ZnO+distilled water 0.05% 
 

Figure 5 shows the velocity distribution of ZnO+distilled water 0.05% by volume nanofluid in a 
heat exchanger, and the outcome of flow rates 4LPM and 6 LPM, and input temperatures 45 °C and 65 
°C.  The velocity profiles are crucial for determining the influence of the rate of flow and intake 
temperature on the flow phenomena within the heat exchanger. 
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The rate of flow is a crucial feature in establishing the fluid's flow features inside the heat 
exchanger.  A greater flow rate of 6 LPM results in increased fluid velocity and velocity gradients, which 
improves convective mass transfer.  It is also demonstrated that the effect of input temperature rises with 
flow rate, since higher temperatures offer more active fluid flow. High flow rates combined with high 
intake temperatures are indicated for increased heat transfer rate, whilst low flow rates are recommended 
for sustained heat transmission. 

 

 
 (a) 4 LPM, 45°C 

 

 
(b) 4 LPM, 65°C 
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(c) 6 LPM, 45°C 

 

 
(d) 6 LPM, 65 °C 

Fig. 5. Velocity distribution a long heat exchanger ZnO+distilled water 0.05%. 

From the velocity distribution results, it is found that flow rate has a dominant effect on the fluid 
velocity in the pipe whereas temperature has a negligible effect. At a lower flow rate, 4 LPM (in either 
direction) flowing at 65°C or at 45°C the maximum velocity in the centre of the pipe is approximately 
0.12 m/s This represents a much slower speed which gives more opportunity for contact with the sides of 
the pipe – good for heat transfer – but bad for distributing any spreadable liquids. By comparison, at 6 
LPM and any temperature VI increases to approximately 0.32 m/s indicating a relatively faster and more 
homogenous flow. A higher flow rate (6 LPM) is also desirable from the hydraulic point of view, as it 
increases the velocity and enhances the dispersion along the pipe. When it comes to transmitting heat, a 
compromise has to be struck between flow rate and contact time. Therefore if one is trying to maximize 
the heat convection, 6 LPM for each of three purposes respectively proves to be the finest alternative for 
each working temperature even at e concentration is 0.05% nanofluid concentration. 
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5.1.6 Pressure distribution a long heat exchanger for ZnO+distilled water 0.05% 
 
pressure drop distribution in heat exchanger for ZnO + distilled water nanofluid at 0.05% volume 
concentration =The pressure drop behaviour are very severe to predict the hydraulic performance and 
power pumping under different operational conditions. The results indicate that pressure drop remains 
very small for all cases considered, with changes that are practically negligible even for increased flow 
rate or intake temperature. Just 4 LPM, the pressure drop is little, meaning slight flow resistance and small 
pumping energy. At 6 LPM, higher fluid velocity causes a slight increase in pressure drop; however, this 
increased pressure drop is small and has no practical impact to system performance. The small variation 
of pressure drop confirms that, at this concentration, the addition of ZnO nanoparticles does not negatively 
affect the hydraulic behavior of the heat exchanger. Thus the nanofluid enhances heat transfer and reduces 
pumping power requirement, it provides an appreciable trade-off between enhancing heat transfer and 
increasing pumping power requirements. 
 

 
(a) 4 LPM, 45 °C. 

                  
(b)4 LPM, 65 °C. 
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(c) 6 LPM, 45 °C 

 

 
(d) 6 LPM, 65 °C 

Fig. 6. pressure distribution a long heat exchanger. 
Pressure drop data indicate that the flow rate significantly influences the pressure drop in the heat 

exchanger, and temperature has relatively little effect on the pressure drop. At lower flow rate of 4 LPM, 
the pressure drop is also very low for both input temperatures 45 °C and 65 °C indicating that there will be 
less resistance to flow as well as less energy penalty. When flow rate goes up to 6 LPM, the pressure drop 
increases slightly due to higher fluid velocity. Nevertheless, such is an increase, albeit a very small one 
and the system's hydraulic behavior would not be affected significantly. The modest effect of temperature 
on pressure loss indicates that changes in fluid viscosity over the range of temperatures under 
consideration have little effect on the flow resistance. So from a hydraulic stand point 6 LPM is optimal 
as velocity is increased, however, with only marginal increase in pressure loss. Such a balance favors the 
practical application of 0.05% nanofluids in enhancing heat exchanger performance (without substantial 
additional pumping costs). 
 
5.1.7 The effectiveness vs. Temperature, the NTU vs. Temperature 
 

The heat exchanger's performance ascended by around 30%, while the NTU, symbolizing Number 
of Transfer Units, improved by about 35%.  This gain is attributed to the nanofluid's enhanced efficiency 
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of heat flow, particularly at low concentrations, which significantly improves the system's heat transfer 
efficiency. 

 
(a) the NTU and difference temperature and mass flow rate 

 

           
(b) The effectiveness and difference temperature and mass flow rate 

Fig. 7. The results showed that, compared to pure water, using a 0.05% concentration of ZnO-based nanofluid 
improved the heat exchanger's efficacy.   

 
5.1.8 The Reynolds number vs. Friction factor. 
 

Under all measured settings, the ZnO-water nanofluid at 0.05% concentration consistently 
produces higher Reynolds numbers than pure distilled water, as seen in the chart.  This implies improved 
flow dynamics and possibly increased convective heat transfer.  Furthermore, the friction factor does not 
significantly increase, showing that the nanofluid improves thermal performance without causing large 
hydraulic losses.  As a result, the ZnO nanofluid offers a viable solution for improving flow and heat 
transmission in double-pipe heat exchanger systems. 
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Fig. 8. The Reynolds number vs. Friction factor 

 
5.1.9 Experimental vs. Theoretical the Reynolds number vs. Friction factor 
 

The results show that when the Reynolds number increases, the friction factor falls in all 
circumstances, which is consistent with conventional correlations. However, at 65 degrees Celsius, the 
friction factor is constantly greater than at 45 degrees Celsius. The experimental findings demonstrate that 
across the analyzed Reynolds number range, the friction factor at 65 °C is roughly 15-20% larger than that 
at 45 °C. The difference between actual and theoretical results becomes more evident at higher 
temperatures because theoretical models assume constant fluid characteristics, but the thermophysical 
properties of nanofluids fluctuate substantially with temperature 
 

 
Fig. 9. Experimental vs. Theoretical the Reynolds number vs. Friction factor. 
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5.1.10 Experimental vs. Theoretical the Reynolds number vs. Nusselt number 
 

The figure shows a steady rise in the Nusselt number (Nu) with the Reynolds number (Re) at 45°C 
and 65°C, for both experimental and theoretical data. The concordance between experimental and 
theoretical data is often high, with just modest variances (about 4-8%), which are within acceptable 
engineering tolerances. These modest changes can be explained by practical considerations such as 
surface roughness, measurement inaccuracy, or minor variations in fluid characteristics. Importantly, both 
datasets show essentially comparable general trends and rates of Nu growth. Additionally, raising the fluid 
temperature from 45°C to 65°C led in a substantial increase in Nu (about 15-20%), owing to lower 
viscosity and enhanced thermal conductivity. The tight alignment of the two sets of findings lends 
evidence to the theoretical model's dependability under the test settings. 
 

 
Fig. 10. Experimental vs. Theoretical the Reynolds number vs. Nusselt number. 

 
5.1.10 Comparative assessment of thermal enhancement in ZNO nanofluids 
 

Present study and related work. [19], a comparison of two investigations on ZnO/distilled water 
nanofluids at concentrations of 0.05% and 0.5% demonstrates a noticeable increase in thermal efficacy 
with increased nanoparticle loading. In this comparison, the 0.05% ZnO concentration relates to the 
current study, whereas the 0.5% concentration represents data from a prior study. At flow rates of 2, 4, 
and 6 L/min, the 0.5% ZnO nanofluid consistently outperformed the 0.05% equivalent in the current 
study, with improvements ranging from 25 to 47%. At greater particle concentrations, improved heat 
conductivity and micro-convection effects contribute to an increase in efficacy. Both experiments show a 
positive relationship between flow rate and efficacy; however, the higher concentration fluid performs 
much better across all test settings. These results demonstrate that raising nanoparticle concentration in 
nanofluids is a realistic way to enhancing heat exchanger efficiency, thereby supporting its 
implementation in thermal management systems. 
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Fig. 11. Effectiveness comparison of ZnO nanofluids at different concentrations and flow rates. 

 
6. CONCLUSION 
 

In this work, the performance of a double-pipe heat exchanger (the inner tube is wavy) by using 
distilled water and 0.05% ZnO-water nanofluid was experimentally investigated. The performance 
enhancement of heat transfer is demonstrated approximately in the range of 25-35% at a mass flow rate of 
around 4 and 6 LPM when compared to pure water. In addition, its thermal efficiency enhanced by 
approximately 30%, due to the 7-10% enhancement of the convective heat transfer coefficient (h) and the 
8-12 % improvement of the total heat transfer rate (Q). The nanofluid's thermal conductivity was also 
found to increase by 3-5%. These results favor ZnO-water nanofluids as perfect heat transfer promoters 
for industrial heat exchangers. The heat transfer improvement, without significant augmentation in the 
pressure drop also implies that ZnO nanofluids can be a viable alternative to using for increasing the 
efficiency of heat exchanger applications. 
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