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This paper presents an experimental analysis on the heat transfer and pressure drop 

enhancement of oil nanofluid flow. In this analysis, the first method has used the 

helically coiled tube and shell, the oil nanofluids were employed instead of the base fluid 

(oil) in the second process. the two techniques were used to improve the heat transfer and 

pressure drop. Nanofluid oil concentrations utilized within range from 1 to 5 percent vol. 

This paper applied two forms of nanoparticles: copper (Cu (20 nm)) and zirconium oxide 

(ZrO2 (40 nm)) and base fluid (oil). The influence on the heat transfer coefficient for 

different factors such as the flow number of Reynolds, the temperature of the nanofluid 

oil, the concentration and shape of the nanoparticle, and the pressure gradient of the flow 

have examined. The results indicated that the value of a 40.35 percent in the heat transfer 

coefficient for Cu + oil and 28.42 percent for ZrO2 + oil increased compared with the 

base fluid (oil) at 5 percent vol concentration. Using oil nanofluids (Cu, ZrO2 – oil) 

instead of the base fluid (oil) led to increasing in the heat transfer coefficient and 

decreasing the pressure. In addition, the result showed that the heat transfer efficiency has 

enhanced using the helically coiled tube and shell, as well as increasing in the pressure 

drop was due to the curvature of the tube. Baes on the relationship between viscosity and 

shear intensity, the oil nanofluid behaviors were similar to the standard Newtonian fluids. 

Moreover, the related flow and heat transfer methods are used to present the output 

index. The exergy inflow, exergy destruction and exergy efficiency of oil nanofluid (Cu 

+oil) were greater than the oil nanofluid (ZrO2 +oil) and oil. The exergy inflow, exergy

destruction, and exergy efficiency for the two type of oil nanofluid increased with

increasing of nanoparticles concentration.
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1. INTRODUCTION

Nanofluid is a uniform dispersion of particles measured by 

nanometers within a liquid that Choi and Eastman [1] 

initially pioneered. Many researchers have been motivated to 

study nanofluid thermal and flow behavior by outstanding 

nanofluid characteristics such as increased thermal 

conductivity, long – term stability, and low penalties for 

increasing pressure drop and tube wall abrasion. These 

studies concentrate primarily on efficient thermal 

conductivity, Phase change behavior, tribological properties, 

the flow of nanofluids, and the transfer of convective heat. In 

a broad range of experimental and theoretical studies in the 

past decade on the effective thermal conductivity of 

nanofluids, the impact on nanofluid thermal conductivity of 

different parameters such as particle concentration, particle 

size, mixture temperature and Brownian motion has been 

tested. The results showed an improvement in the thermal 

conductivity of nanofluids with increasing in concentration of 

nanoparticles and temperature of the mixture [2-5]. It has 

been also indicated that the higher thermal conductivity 

changes are due to the better particle size [4-6]. The majority 

of recent research focuses on the activity of convective heat 

transfer of nanofluids due to the improved of the thermal 

properties in laminar and turbulent flows, and nanofluids. 

Nearly, all of these studies report improving the convective 

transmission of nanofluid heat. Nanofluid convective heat 

transfer in turbulent flow has been considered by many 

numerical and experimental studies [7-10]. The conversion of 

nanofluids to convective heat in laminar flow has been 

studied in many other studies. Al2O3 / water nanofluid heat 

transfer was investigated by the authors [11] and has been 

reported under constant wall heat flux in the laminar flow. it 

noticed an increasing in the coefficient of nanofluid heat 

transfer with an increasing in the number of Reynolds and in 

the concentration of nanoparticles. Practically, in the entry 

area [12] investigated in a laminar regime with a constant 

thermal flux wall boundary state, the convective heat transfer 

of CNT nanofluids. At Re = 800 and CNT percent / nanofluid 

water, they recorded a cumulative increasing of 350 percent 

in a coefficient of convective heat transfer of 0.5 wt. A few 

studies have investigated the characteristics of the friction 

component of nanofluid flow in addition to convective heat 

transfer. The completely established the convective heat 

transfer and friction factor characteristics of Al2O3 / water 

nanofluid that flowing through a uniformly heated horizontal 

tube with and without wire coil inserts which investigated by 

Xuan and Li [13] in laminar flow. They have decided that the 

Nusselt figure increased up to 12.24 percent with a volume 

concentration of 0.1 percent compared with that nanofluid 

purified water. Nevertheless, under the same Reynolds 

numbers, the friction factors of the same nanofluid were 
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nearly identical to those of water. using of the helical tubes 

instead of straight tubes is another heat transfer raising 

technique. Helical tubes were introduced as a one of the 

passive heat transfer enhancement strategies due to their 

compact construction and elevated heat transfer coefficient. 

They are widely used in different industrial applications, for 

example, methods of heat recovery, air conditioning and 

cooling systems, chemical reactors, food processes and milk 

processes. The researchers thoroughly single – phase heat 

transfer properties tested in the helical tubes experimentally 

and theoretically and contrasted the heat transfer levels 

between a helically coiled heat exchanger and a straight-tube 

heat exchanger [14]. The results showed that the heat transfer 

coefficient was influenced by the geometry of the heat 

exchanger and the water bath temperature that surrounded by 

the heat exchanger. In both of the vertical and horizontal 

helical annular pipes, many researchers studied an influence 

of the coil geometries, air and water flow levels on the 

pressure drops [15]. Three separated inner and outer tube 

diameters were determined in the trial sections. The results 

have shown that a wide variety of Reynolds numbers are 

protected by the transformation from laminar to turbulent 

flow. A friction factor correlation was established based on 

the experimental results. The mean deviation from 

experiments and the relationship between the friction factors 

was found to be 15 percent. The spherical Al2O3 was used by 

[16]. Rod shape and AIN spherical nanoparticles dispersed in 

transformer oil to create nanofluids. At Reynolds number 

ranges from 100 to 500, the heat transfer coefficient of all 

three types of nanofluids indicated a small increasing. For 

nanoparticles based on AIN / transformer oil with a volume 

fraction of 0, a cumulative increasing of 20 per cent was 

observed. It found that a central mechanism regulating the 

thermal behavior of nanoparticle–fluid suspensions 

("nanofluids") is the Brownian motion of nanoparticles at the 

molecular and nano scale stage. Another study has developed 

a theoretical model that accounts for dynamic nanoparticles' 

fundamental function in nanofluids. Not only does the model 

capture concentration and temperature-dependent 

conductivity, but it also strongly predicts the size – 

dependent conductivity. In addition, they found a 

fundamental distinction in size – dependent conductivity 

between solid/solid composites and solid/liquid suspensions. 

This understanding could lead to the design of next – 

generation Nano engineered coolants in high – heat – flux 

cooling with industrial and biomedical applications [17]. The 

thermal conductivity and viscosity of the liquids are 

influenced by the dispersion of the tiny c-aluminum oxide 

particles (Al2O3), Silicon Dioxide (SiO2) and Dioxide of 

Titanium [18]. To model the convection heat transfer of the 

Carbon nanotube based nanofluids, a numerical analysis 

based on LBM was presented. The results showed that the 

adding of a small amount of carbon nanotube to the base of 

fluid resulted in a major increasing in convection rate [19]. 

The measured thermal conductivity phenomenon has been 

evaluated to be greater than the theoretical expectations and 

nonlinear with fullerene loadings. The elemental limits of 

standard heat conductivity models for solid or liquid 

suspensions are shown by these phenomena [20]. They have 

found that a key mechanism that is regulating the thermal 

behavior of nanoparticle – fluid suspensions may be the 

movement of nanoparticles at the molecular and nanoscale 

level [21]. 

The aims of this paper are to assess the performance of 

energy and exergy through oil nanofluid inlet and outlet 

temperature and efficiency of exergy. In addition, multiple 

variables have been tested that could affect the improvement 

of the oil nanofluid coefficient of heat transfer that including 

the size of nanoparticles, volume fraction, number of 

Reynolds, and temperature of nanofluids. 

2. PREPARATION OF NANOFLUID OIL

The oil nanofluid that used in this work is formed by 

nanoparticles of cupper (Cu (20 nm)) and zirconium oxide 

(ZrO2) (40 nm), and the two step methods were used for the 

preparation of nanofluids. Nanofluid samples were prepared 

in base fluid (Oil) by dispersing pre weighted amounts of dry 

particles. In order to breakdown any particle aggregates, [100 

kHz, 300 W at 25 to 30℃, and Toshiba, England] ultrasonic 

mixing was employed and then exposed to the mixtures for 

one hour. In this scientific nanofluid, Motor oil and 

nanoparticles (Castrol Company) (GTX) 20W50 (US Science 

Nano Materials, Inc) were identified. The main 

characteristics are presented in Tables 1 and 2. Figure 1 

displays the image containing nanofluids (Cu (20 nm)) and 

oxide zirconium (ZrO2) (40 nm) with different percentage of 

volume (Ф = 1, 3, and 5 vol %). 

Table 1. Properties of engine oil [22] 

Base fluid SAE 20W50 
ρ (Kg/m3) 893 
ν (cSt) 17 

Index of viscosity 115 
Total carbonation (mgKOH/g) 6 
Minimum for Point of ignition 214 

Minimum Point of Pouring (℃) – 24

Table 2. Properties of nanoparticles [23] 

Base fluid 
Ρ 

(Kg/m3) 

Cp 

(J/kg k) 

K (W/m 

k) 

α *105

(m2/s) 

Copper (Cu(20nm)) 8933 385 401 11.7 

Zirconium oxide 

(ZrO2 (40nm)) 
5890 278 22.7 12.4 

Figure 1. Depicted oil nanofluids to Oil, ZrO2 + Oil and Cu 

+ Oil

3. EXPERIMENTAL SETUP

The heat exchanger or test segment has 10 mm of inner 

dimeter, 12 mm outer diameter as a helically tube with 10 

turns and 1000 mm length with shell length has 150 mm 

inside, 160 mm outer diameter and a length of 1250 mm. The 

helically coiled side loop tube and side loop shell of the 

device. According to the cupper, two types of oil nanofluids 

and zirconium oxide – oil are treated by the side loop of the 

helically coiled tube. The lateral shell loop manages hot oil. 
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Shell side loop consists of 20 L capacity storage vessel with 5 

Kw heater, thermostat, pump, and power valve. The side loop 

of the helically coiled tube is a test segment containing shell 

and spiral tube and pump [Bosch 1046-AE]. Hot oil 

temperature hand storage vessel in the shell is controlled by 

the thermostat, needle valve, flow meter (MMA mini-master 

flow meter of the Dwyer series) with a selection of (1–20 

Lpm). Four T–style 0.15℃ precision thermocouples are used 

to test the shell and tube side inlet and outlet temperatures. 

To prevent the leakage, thermocouples are put in, and coated 

with epoxy. To measure the pressure drop, the pressure 

gauges are mounted around the helical tube. The shell is lined 

with fiberglass sleeving that coated with acrylic resin to 

minimize the heat transfer from the shell to the environment. 

After completion of the flow loop construction and 

calibration, oil was tested before nanofluid, and testing the 

functionality of the Nusselt number and viscous pressure loss 

calculation loop. Complete numbers for the test were 200. 

Hot oil and cold oil were passed to the side of the shell and 

pipe to check the circuit leakages and the thermocouples, 

thermostat were tested. Nanofluids of oil (Cu+ oil and ZrO2 + 

oil) circulated through the spiral tube side at a volume 

concentration (Ф = 1, 3 and 5 vol %). Once oil reaches a 

specified temperature, the shell side pump is turned on. This 

is achieved by connecting the thermostat in the oil storage 

device. The flow configuration was rendered in condition of 

counter flow. After reaching the steady state, the 

corresponding temperatures were registered. The same 

procedure was performed for 5 vol % nanofluid oil. It follows 

the same procedure, and records the temperatures. During 

analysis process, the shell side flow rate (5 Lpm) and the 

pitch of the coiled tube remains steady. On the tube side, the 

flow rate is different. The side flow rate of the coil tube 

ranges from 5–20 Lpm. Figures 2 and 3 show a photograph 

of the test segment and the test rig. 

Figure 2. Parts of the test system 

Figure 3. Schematic plot for research system 

4. THERMAL PROPERTIES OF OIL-BASED 

NANOFLUID

The thermo – physical properties of the oil nanofluid were 

determined by the following equations at the average bulk 

temperature of the oil – based nanofluid. 

Density [24]. 

( )
oil
ρ

s
ρ

nf
ρ Φ1−+= (1) 

Viscosity [24]. 

μnf = (1 + 2.5Ф )μoil (2) 

Specific heat [24]. 

( ) ( ) ( )oiloilssnf Cpρ1Cpρρ
nf

Cp −+= (3) 

An efficient thermal conductivity model (Eq. (4)) has 

recently been proposed by [25]. 
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5. DATA PROCESSING AND VALIDATION FOR

ENERGY AND EXERGY

The heat transfer for oil is estimate by Eq. (5). 

Qoil =  ṁoilCp oil(Tout − Tin)oil (5) 

The total heat transfer coefficient, Uo, was determined 

using the following equation [21]: 

Uo =
Qoil

AoLMTD
(6) 

where, Ao is the surface area; Qoil is the rate of heat transfer; 

and LMTD is the log mean difference in temperature based 

on the difference in inlet temperature (∆T1) and the 

difference in outlet temperature (∆T2). 

𝐿𝑀𝑇𝐷 =
(∆𝑇2 − ∆𝑇1)

𝑙𝑛 (
∆𝑇2

∆𝑇1
)

(7) 

𝑄 = ℎ𝑖𝐴𝑖(𝑇𝑤 − 𝑇𝑏) (8) 

𝑁𝑢𝑖 =
ℎ𝑖𝑑𝑖

𝑘𝑛𝑓
(9) 

Eqns. (6) and (8) determine the coefficient of inner heat 

transfer and the total heat transfer coefficient of the coiled 

tube respectively. From Eq. (9), the Nusselt number is 

determined. This measures the transition within the helical 

tunnel of convective heat. The total coefficient of heat 

transfer can be related to the inner and outer coefficients of 

heat transfer by the following equation [26]: 
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1

Uo

=
Ao

Aihi

+
Ao ln (

Di

d
)

2πkL
+

1

ho

(10) 

where, Di is the inner shell diameter; d is the inner spiral tube 

diameter; K is the cupper wall's thermal conductivity; and L 

is the heat exchanger’s length. The Nusselt number is defined 

by the following description on the shell side. 

Nuo =
hoDh

knf

(11) 

where, Dh is the hydraulic shell diameter measured on the 

basis of the following formula: 

Dh =
4(Vshell − Vtube)

π(D + d)(Lshell + Ltubbe)
(12) 

Similar to the heat transfer coefficient, for the range of 

Dean number (De) of (11.6 < De < 2000), the friction factor 

for laminar flow within helical coiled pipe can is correlated 

as [27]: 

𝑓

𝑓𝑠

= [1 − [1 − (
11.6

𝐷𝑒

)
0.45

]

2.22

]

−1

(13) 

where: 

𝐷𝑒 = 𝑅𝑒√(
𝑑

𝐷𝑒

) (14) 

The friction factor for helical coiled tube (f) is determined 

by [27]: 

𝑓𝑒 =
7.0144

𝑅𝑒
√𝐷𝑒 (15) 

The pressure drop of nanofluid in coil tubes is evaluated 

by: 

∆𝑃 = 𝑓
𝐿 𝜌 𝑉2

𝐷 2
(16) 

The loss of energy is estimated by [28]: 

Exergy loss= Exergy inflow – Exergy outflow 

𝐸𝑥𝐿 = 𝐸𝑥𝑖 − 𝐸𝑥0 (17) 

The helical coiled tube exergy inflow is shown below. 

𝐸𝑥𝑖𝑛𝑓 = �̇�𝑛𝑓 Cpnf [(Tnf1 − Ta ) − Ta (ln
Tnf1

Ta

)] (18) 

The helical coiled tube exergy outflow is described below. 

𝐸𝑥𝑜𝑛𝑓 = �̇�𝑛𝑓 Cpnf [(Tnf2 − Ta ) − Ta (ln
Tnf2

Ta

)] (19) 

Exergy efficiency is determined by: 

Exergy Efficiency =
Exergy inflow –  Exergy loss

Exergy inflow
(20) 

Exergy Efficiency = 1 −
Ex L

Exi
(21) 

6. RESULTS AND DISCUSSION

Using the coefficients of heat transfer, oil as the operation 

fluid, are experimentally calculated until receiving the 

nanofluids from Cu and ZrO2, and based on oil in order to 

verify the accuracy and reliability of the experimental system. 

The findings of the experimental coefficient of heat transfer 

and pressure drop are compared to those of the [27, 28] and 

[27] experiments. Figures 4-7 represent thermal properties

used for two kinds of nanofluids. For helical coiled heat

exchanger flow is described as below.

0.72
Pr

0.37
γ

0.51
De0.112Nui

−
= (22) 

0.226
Pr

0.546
γ

0.511
o

Re5.48Nuo = (23) 

The difference between theoretical values and 

experimental values for the coefficient of heat transfer is 

shown in Figure 8. Strong alignment between these values is 

seen from this figure as well. Figure 9 indicates the variation 

between the theoretical values for the pressure drop in the 

test section and the observed pressure drop. The experiments 

are performed in the same state and explained in the 

validation of heat transfer. Base on Figure 9, there is a 

deviation between 2% and + 4% of the experimental results 

from the theoretical one.  

For laminar flow conditions, Oil based Cu, ZrO2 oil 

nanofluids flowing within the spiral heat exchanger are 

characterized by the heat transfer and pressure drop 

characteristics, having developed trust in the experimental 

system, are experimentally investigated under constant wall 

temperature. Note, that in the findings below, heat transfer 

and pressure drop data are not accomplished under exactly 

the same Reynolds numbers for either of the two separate 

cases. This is because the oil-dependent viscosity of the 

nanofluid depends very much on the fraction of the 

nanoparticle's fluid temperature and length. The counter flow 

versus the parallel flow overall heat transfer coefficients are 

plotted in Figures 10 and 11 for two types of oil nanofluids 

(Cu + oil), and (ZrO2 + oil). There is a reasonable agreement 

between the two values. In the case of counter flow and two 

types of oil nanofluids (Cu + oil) and (ZrO2 + oil), the 

average heat transfer coefficient at 1 vol percent was 4 – 10% 

higher than the parallel flow, while the average heat transfer 

coefficient for counter flow was 20–43% higher than parallel 

flow at 5 vol percent volume fraction. 

Heat transfer is found to have no significant effect on 

changing of flow conditions. The explanation is that the 

primary flow on the tube side and the production of 

secondary flow are always perpendicular to the flow on the 

shell side. Therefore, the variation in the direction of flow 

does not affected by the overall transfer of heat. The 

outcomes were identical to parallel flow from the counter 

flow configuration.  
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Figure 4. Nanofluids density for (Cu + oil) and (ZrO2 + oil) 

at various fractional volumes 

Figure 5. Nanofluids viscosity for (Cu + oil) and (ZrO2 + oil) 

at various fractional volumes 

Figure 6. Nanofluids specific heat for (Cu + oil) and (ZrO2 + 

oil) at various fractional volumes 

Figure 7. Nanofluids thermal conductivity for (Cu + oil) and 

(ZrO2 + oil) at various fractional volumes 

Figure 8. Comparison of the measured coefficient of Heat 

transfer with that estimated from [27, 28] 

Figure 9. Comparison of theoretical and experimental 

declines in base oil pressure 

Figure 10. Comparison of the counter total heat transfer 

coefficient and oil nanofluid parallel flow configuration (Cu 

+ oil)

Figure 11. Comparison of the counter total coefficient of 

heat transfer and oil nanofluid parallel flow configuration 

(ZrO2 + oil) 
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Figures 12 & 13 showed the discrepancy between the 

internal Nusselt number versus the Dean number with 

different nanoparticle concentrations for the movement of 

base oil and oil nanofluids (Cu + oil and ZrO2 + oil). It is 

observed that when nanoparticle concentration is higher, the 

inner Nusselt number increases. This is due to a higher 

coefficient of inner heat transfer and thermal conductivity. 

Figure 12. Internal Nusselt oil number nanofluid (Cu + oil) 

with counter flow 

Figure 13. Internal Nusselt oil number nanofluid (ZrO2 + oil) 

with counter flow 

As a function of the helical tube and Reynolds number of 

oil nanofluids, Figures 14 & 15 show the ratios of 5 vol per 

cent of Nusselt oil nanofluids to base oil. It is noted that, as 

they flow within the helical channel, oil nanofluids (Cu + oil 

and ZrO2 + oil) have better heat transfer effectiveness. 

The findings clearly show that the highest Nusselt number 

ratios for the helical tunnel are obtained at nearly the same 

Reynolds number range. For example, for the helical tube, a 

maximum increase of 38.04 percent (Cu + Oil) and 21.13 

percent (ZrO2 + Oil) in the Nusselt number ratio is obtained 

for a range of Reynolds numbers between 100 and 600. The 

improved chaotic motion of the nanoparticles within the 

helical tunnel may be attributable to this phenomenon. 

The shear rate will increase the non – uniformity across the 

cross section, because the shear rate is high when to be near 

the wall of the helical tunnel, and the nanoparticles are thus 

more motivated by the variance in the shear rate. According 

to the ZrO2 + base oil nanofluids with varying volume 

concentrations for the movement of base oil and Cu, the 

estimated pressure drop is shown in Figures 16 & 17 as a 

function of the Reynolds number along the helical channel. 

The results show at 1 vol per cent nanoparticle concentration, 

the oil nanofluid pressure gradient is significantly increased 

relative to the value of oil. For oil nanofluids with greater 

volume concentration, this enhancement pattern appears to 

continue. This is due to the fact in contrast to the base fluid, 

suspending rigid objects in a fluid normally increases the 

dynamic viscosity. 

Figure 14. The Nu ratio of oil nanofluid (Cu + oil) in HE at 

Φ=5 vol % 

Figure 15. The Nu ratio of oil nanofluid (ZrO2 + oil) in HE 

at Φ=5 vol %  

Figure 16. Nanofluid oil pressure drop (Cu + oil) with 

counter flow at different Φ 
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Figure 17. Nanofluid oil pressure drop (ZrO2 + oil) with 

counter flow at different Φ 

Figure 18. Oil Nanofluid (Cu + oil) efficiency index with 

counter flow at different Φ 

Figure 19. Oil Nanofluid (ZrO2 + oil) efficiency index with 

counter flow at different Φ 

Because viscosity is directly linked to a drop in pressure, 

higher values of viscosity lead to an increasing the drop of 

pressure. The overall pressure drop increased of 23.20 per 

cent (Cu + oil) and 11.14 per cent (ZrO2 + oil), and its 

achieved when the oil nano fluid with 1 vol per cent 

concentration is used instead of base fluid. Figures 18 & 19 

show that the efficiency index for nanofluids with 

concentrations of 1, 3 and 5 vol. percent alone was greater 

than 1. For nanofluids (Cu + oil) and (ZrO2 + oil) with a 

concentration of 5 vol per cent, a maximum output index of 

1.62 and 1.1 has obtained at Reynolds number of 575. From 

these numbers, it is also shown that all the helical tube 

concentrations have output indexes greater than 1. This 

implies that the rate of increasing in the pressure drop is 

lower for base flow along the spiral tube than for the rising in 

the coefficient of heat transfer. 

Figures 20 & 21 show that the shear stress of the flow 

curve is plotted against the shear rate for Cu, and ZrO2 – oil 

nanofluids at the concentration of particle volume of 1, 3, and 

5 vol percent. For these types of nanofluids, the plot data is 

not parallel, which means that the materials are a Newtonian 

fluid over this continuum of shear stress. 

Figure 20. Shear stress of oil Nanofluid (Cu + oil) with 

counter flow 

Figure 21. Shear stress of oil nanofluid (ZrO2 + oil) with 

counter flow 

Moreover, with increasing of the shear intensity, shear 

stress increases for Cu and ZrO2 – oil nanofluids. Using a 

heat exchanger spiral coil, these figures showed the Cu flow 

curve and ZrO2 – oil nanofluids measured. With an 

increasing the concentration of nanoparticles for both parallel 

flow and counter flow, the shear stress of the nanofluids 

increases. Based on the second law of thermodynamics, 

exergy in flow, exergy destruction as well as exergy 

efficiency is the parameters that used to investigate the 

characteristics performance of the spiral heat exchanger. In 

Figures 22 and 23, the inflow values of the exergy are varied 

with the Reynolds number. The values exergy inflow 

increased with increasing the Reynolds number for all 

concentrations. This is due to constant inlet conditions (inlet 

oil nanofluid temperature and heat flux).  

In Figures 24 & 25, the exergy destruction is varied with 

increasing the Reynolds number. Destruction values are 

observed to increase with increasing the Reynolds number, 

and be high at the concentration of 5 vol %. This increasing 

is due to increasing in pressure drop and increasing in 
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temperature difference between inlet and outlet oil nanofluid. 

Besides, the exergy destruction found to have a proportional 

relation with the concentration of the nanoparticles. The 

highest values of exergy destruction are at 5 vol%, whereas 

the lowest values are at l vol %. The highest value of Re was 

600 for all concentrations. The exergy destruction of the oil 

nanofluid is greater than the exergy destruction of oil. In 

Figures 26 & 27, the variation of the exergy efficiency with 

Reynolds number has shown. From this figure, it is clearly 

seen that the exergy efficiency decreased with increasing of 

Reynolds number to all concentrations. On the other hand, 

the exergy efficiency noticed to be decreased with decreasing 

the concentration. The highest efficiency is obtained at the 

highest concentration of the nanoparticles. The lower exergy 

efficiency occurs at concentration of 1 vol %.  

Figure 22. Exergy inflow of oil nanofluid (Cu + oil) in HE at 

different Φ 

Figure 23. Exergy inflow of oil nanofluid (ZrO2 + oil) in HE 

at different Φ 

Figure 24. Exergy destruction of oil nanofluid (Cu + oil) in 

HE at different Φ 

Figure 25. Exergy destruction of oil nanofluid (ZrO2 + oil) in 

HE at different Φ 

Figure 26. Exergy efficiency of oil nanofluid (Cu + oil) in 

HE at different Φ 

Figure 27. Exergy efficiency of oil nanofluid (ZrO2 + oil) in 

HE at different Φ 

The Exergy inflow, exergy destruction and exergy 

efficiency of oil nanofluid (Cu + oil) are greater than oil 

nanofluid (ZrO2 + oil) and oil due to thermal properties such 

as the thermal conductivity, particles size and kind of the 

nanoparticles. 

The Exergy inflow, exergy destruction, and exergy 

efficiency for the two types of oil nanofluid increased with 

increasing in the concentration of nanoparticles due to the 

thermal properties for two types of oil nanofluids such as the 

thermal conductivity, viscosity, and density. 
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7. CONCLUSION

Based on previous results and discussions, the following 

conclusions are: 

1. The form and size of the nanoparticle plays an important

role in improving the heat transfer rate. As the particle size of 

copper is less than the particle size of oxide zirconium, thus it 

is the best improvement from the second type. Also, the first 

type of mineral nano oil is the best improvement from the 

second type of oxide mineral oil due to the thermal 

conductivity of the metallic type. 

2. The efficiency index for the metal oil nanofluid is

greater than the efficiency index for the oxide oil nanofluid 

relative to the base oil flow. 

3. The pressure drop of metal oil nanofluids is greater than

the pressure drop of oxide oil nanofluids relative to oil flow. 

4. An Exergy in flow, exergy destruction and exergy

efficiency of oil nanofluid (Cu + oil) are greater than oil 

nanofluid (ZrO2 + oil) and oil. 

5. The Exergy inflow, exergy destruction, and exergy

efficiency for the two type of oil nanofluid increased with 

increasing in concentration of nanoparticles. 
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