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The purpose of this study is to experimentally investigate thermal performance of Two Phase Closed
Thermosyphon (TPCT) using nanofluid containing CuO nanoparticles at a mass concentration of 1% and
2% wt. For this purpose, an experimental setup was designed and manufactured which contains a copper
pipe, 100 cm in length and 18 mm in the inner diameter. TPCT consists of three sections: the evaporator
section (40 cm), adiabatic section (20 cm) and condenser section (40 cm). The evaporator section was
wrapped with electrical spiral heater to apply heat, and whole section of TPCT was insulated. A cooling
water circuit was used to remove the heat from condenser section. The temperatures were measured on
the TPCT surface and cooling water inlet and outlet. The inclination angle of the TPCT was fixed at 90�.
The effects of various parameters such as heat load (ranging from 200 to 800 W), cooling water flow rate
(ranging from 18 to 54 l/h) and type of working fluid on the thermal performance of TPCT were examined.
The results were plotted graphically and discussed in detail. As a result, the performance enhancement
was established by using CuO/water nanofluids instead of pure water in TPCT. Approximately 10% and
18.5% enhancement were found when 1% CuO/water and 2% CuO/water nanofluids were used, respec-
tively. In addition, TPCT thermal resistance was reduced averagely 25% and 35% with the use of 1%
CuO/water and 2%CuO/water working fluids, compared to the base fluid pure water.
� 2020 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

TPCT, basically a wickless heat pipe, is a heat transfer apparatus
that allows heat to be transported with the aid of working fluids
filled inside a closed volume. In terms of working principles, TPCTs
have more heat transfer ability than other types of heat pipes, such
as wick-based, oscillating and loop heat pipes. Due to its high heat
transfer abilities, TPCTs are used in many areas, from aerospace,
nuclear energy, computer technologies, heat recovery systems,
agriculture to even tourism. In Fig. 1, the basic structure of the
TPCT consisting of three main section is shown. The part of TPCT
that absorbs heat from the outside is defined as evaporator section
and that transfers heat from TPCT to the external environment or
cooling bath is defined as condenser section. The third section is
defined as adiabatic section where there is no heat transfer.

Evaporation of the working fluids occurs inside the TPCT by
means of the heat energy applied to evaporator section of TPCT.
The working fluid, which becomes saturated vapor, condenses by
means of heat extraction from the condenser section and turns back
to the evaporator section of the device by various methods. In order
to return the condensing fluid to the evaporator section; gravita-
tional, centrifugal, magnetic and electrostatic forces are used. In
order to regulate the fluid cycle inside TPCT, a wick can be placed
on the inner surface of the TPCT. In general, the cycle can be easily
achieved by utilizing the force of gravity without the need for any
additional force, since the evaporator section is located in the lower
portion of the system [1]. To date, several studies [2–4] have been
conducted about two-phase closed thermosyphon, investigating
its thermal performance. Through these studies, it is known that
the geometrical configuration, type of working fluid [5], inclination
angle [6,7], heat input and filling ratio [8,9] of TPCT are the main
parameters affecting thermal performance.

Esen and Esen [10] used various refrigerant in TPCT to investi-
gate its thermal performance. They determined the temperature
distribution and efficiencies of TPCT and found concordant results
when compared to the literature. According to their study, R410A
showed highest performance in TPCT. Another experimental study
was conducted by Gedik [11] regarding the thermal performance
of TPCT. In this study, the author evaluated different parameters
such as tilt angle of TPCT, heating power inputs, flow rates of cool-
ant and types of working fluid inside the TPCT to find the thermal
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Fig. 1. Working principle of two-phase closed thermosyphon.

M. Kaya / Engineering Science and Technology, an International Journal 23 (2020) 812–820 813
performance of TPCT. The conclusion of this study was that; when
water was used as a working fluid, TPCT performance was found to
be maximum if heat input and cooling water flow rates are low. On
the other hand, ethylene glycol working fluid showed better effi-
ciency at high cooling water flow rate and low heat input. Also,
the author concluded that the maximum performance was
obtained when the inclination angle of TPCT was 90. Therefore,
we decided to use 90 inclination angles in our study. The author
also found the thermal efficiency of the TPCT was about 60% when
water was used as working fluid at 90� inclination angle and at
400 W heat input. Humanic and Humanic [12] stated that,
increased inclination angle causes thermal resistance of TPCT to
decrease. They found 39% reduction in thermal resistance at incli-
nation angle of 90�. Experimental and numerical analyses were
performed by Jafari et al. [13] to figure out the transient perfor-
mance of TPCT in relation to various filling ratios (16, 35 and
135%). They used the finite volume method for solving governing
equations of mass, momentum, and energy conservation for
numerical computations. They concluded that experimental and
numerical results are in concordance.

Review of aforementioned studies showed that conventional
heat transfer fluids such as water, ethanol, some refrigerants
(R134a, R410A etc.), ethylene glycol, are commonly used as work-
ing fluid in TPCTs. Heat transfer capability of working fluids is an
important issue in thermal engineering applications. Although
the use of conventional heat transfer fluids in TPCTs is widespread,
researchers are conducting new studies to increase the heat trans-
fer rates of these fluids and to develop new technologies. Nanoflu-
ids, which have outstanding heat transfer features, have recently
become an important candidate to be used as working fluid in
TPCTs. The researchers [14–17] stated that using nanofluids in
these systems increased the performance of those at a high rate.
They used Al2O3/water nanofluid with the concentration of 1–3%.
In their study, they stated that the use of nanofluid instead of pure
water increased the TPCT efficiency by 14.7%. Liu and Li [18] are
amongst the authors, who stated that nanofluids increased heat
transfer. They reviewed the recent literature about the heat pipes
which used nanofluids as working fluid. The parameters affecting
the thermal performance of thermosyphons and the effects of
nanoparticle mass concentration on thermal performance are dis-
cussed in detail. According to this study Al2O3/water nanofluid
was commonly used in TPCT. However, there are many other
nanofluids noted in the literature that can be used as working fluid
in the thermosyphons. Because of high heat transfer features and
low viscosity values of MgO, MgO/water nanofluid, produced via
direct synthesis, was used in TPCT by Menlik et al. [19] to experi-
mentally investigate the thermal performance. They recommended
to fill one-third of the total volume of the TPCT with nanofluid.
They performed the experiments for various heating power levels
and different mass flow rates of coolant. In another study [20], var-
ious fly-ash containing nanofluids were examined in regard to
their effects on TPCT performance. They used the same geometrical
configuration and operating conditions with Ref [19]. They found
30% and 5.2% reductions in thermal resistance when fly-ash con-
taining nanofluid and alumina nanofluid was used instead of pure
water, respectively.

Furthermore, Ramezanizadeh et al. [21] reviewed the applica-
tions of nanofluids in thermosyphon and parameters that effect
the thermosyphon performance and discussed in detail. Kamyar
et al. [22] also studied on TPCT to determine its performance while
using nanofluids. They used two different nanoparticles, Al2O3 and
TiSiO4, which were suspended in water at various volumetric con-
centrations (0.01%, 0.02%, 0.05% and 0.075%). Their study resulted
in a performance improvement about 65% and 57% by using
nanofluids Al2O3 and TiSiO4, respectively. It was also noted that
the evaporator surface temperature has been decreased. Noie
et al. [23] are amongst the researchers who experimentally inves-
tigated the performance of TPCT using Al2O3/water nanofluids.
They found that, when Al2O3/water nanofluid was used instead
of water, there was a 14% increase in TPCT performance. Thermal
characteristics of TPCT was investigated by Parametthanuwat
et al. [24] by using silver nanofluid. Various operating parameters
such as filling ratio, inclination angle and type of working fluid
were evaluated, and the conclusion of this study was that, filling
ratio is not an efficacious parameter on the heat transfer character-
istics whereas working fluids features affects the heat transfer rate.
Huminic and Huminic [25] numerically investigated the working
fluid effects on two-phase closed thermosyphon when nanofluids
are used instead of water. They used three different volume frac-
tions of ɤ-Fe2O3 nanoparticles, and in the TPCT, the use of nanoflu-
ids instead of water showed increased thermal performance. Heris
et al. [26] used alumina and CuO/water nanofluids in TPCT and
they experimentally investigated electrical field effect on the ther-
mal performance of thermosyphon. In the study, it was found that
the increase in the electric field strength and the nanoparticle vol-
umetric concentration rate increased the heat transfer characteris-
tics and thermal efficiency. Maximum improvement of Nu number
was found 39% and 43% for CuO/water and Al2O3/water nanofluids,
respectively. Hung et al. [27] studied thermal efficiency of heat
pipe filled with Al2O3/water nanofluid at various nanoparticle con-
centrations (0.5%, 1.0% and 3.0% wt.%). Effects of the working fluid
filling ratio (20%- 80%), tilt angle, heat pipe length, heating power
(20–40W), and nanoparticle concentrations on the thermal perfor-
mance of heat pipe were the main parameters investigated in their
study. Their results showed that the optimal thermal performance
of heat pipe filled with Al2O3/water nanofluid was 56.3% higher
than distilled water. Huminic et al. [28] conducted experiments
to investigate the thermal performance of TPCT. According to their
results, improvements in thermal performance were observed with
the use of nanofluid at 5.3% concentration, compared to pure
water. Kumaresan et al. [29] investigated experimentally CuO/wa-
ter nanofluid in wick heat pipe to observe the enhancement in heat
transfer characteristics. The conclusion of their study was that;
using nanofluid increased thermal conductivity and thermal effi-
ciency of the heat pipe. Also, they found that the thermal efficiency
of the heat pipe was about %60 when %1 CuO/water nanofluid was
used, at 90� inclination angle and 120 W heat input.

Thorough the detailed literature review, it can be noted that the
thermal performance of TPCT under different operating conditions
has been studied widely. However, to the best of our knowledge,
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thermal performance of TPCT filled with water or CuO/water nano-
fluid, under the effect of heating power input varying from 200 W
to 800 W, with 200 W interval and cooling water flow rate varying
from 18 l/h to 54 l/h with 9 l/h interval has not been extensively
studied. Therefore, the objective of the herein presented study is
to experimentally evaluate the effects of various parameters on
the thermal performance of TPCT such as heating load, type of
working fluid, flow rate of coolant. For this purpose, a gravity
assisted TPCT was designed, manufactured and experiments were
conducted. The innovative points of the study are as follow:
i) design of the TPCT, ii) using nanofluid in TPCT, iii) to examine
thermal performance of TPCT using various parameter and iv) to
move heat from one point to another where it needed in thermal
engineering systems effectively. Finally, results obtained from
experimental tests were plotted graphically and discussed in
detail. The paper is organized as: Section 2 (presenting experimen-
tal procedures), then discussion of the results (given in Section 3)
and finalized by a Conclusion section.
b)

Fig. 2. a) Experimental setup and b) schematic view.
2. Experimental procedure

In the present work, a wickless heat pipe or TPCT was designed,
manufactured and an experimental setup (see Fig. 2) was estab-
lished to determine its thermal performance. The test setup con-
sists mainly a closed copper pipe (TPCT), power supply, cooling
water circuit, flowmeter, thermocouples connections and datalog-
ger. The TPCT was tested at 90� inclination angle and at 200–800W
heat loads with the 200 W intervals, and 18–54 l/h cooling water
flow rates with the 9 l/h intervals for working fluids. The manufac-
tured TPCT consists of the three sections (condenser, adiabatic and
evaporator) and the lengths of these sections are 40 cm, 20 cm and
40 cm respectively.

A closed pipe made by copper material with an internal diame-
ter of 18.8 mm and a thickness of 1.2 mm was used as ther-
mosyphon. In order to draw the heat from the condenser section,
the cooling water was circulated and the jacketed with a thicker
copper tube. Other equipment used in the experimental setup
were; electrical resistance, a dimmer to set the amount of energy
supplied to the electric resistance, a Wattmeter to measure the
amount of power supplied, a flowmeter to measure cooling water
flow rate, 7 K-type thermocouples to measure TPCT surface tem-
peratures and cooling water inlet and outlet temperatures, 2 data
loggers converting the signals received from thermocouples into
numerical measurement values and a computer to record the data
obtained from the results of experimental measurements. The
lower part of the thermosyphon forming the evaporator section
was closed by welding process. Similarly, a 36 cm length copper
tube fixed out of the condenser section by the oxy-acetylene weld-
ing process to form cooling water inlet/outlet parts. A valve was
placed to the upper of the condenser area by welding to ensure
that the working fluids can be filled and/or emptied easily by using
vacuum pump. After making thermosyphon ready, leakage test
was performed with compressed air by using air compressor. Liq-
uid filling ratio plays an important role in evaporation and conden-
sation events that affect the thermal performance of the TPCT. If
the filling ratio is too much, the vapor carries liquid to the con-
denser during evaporation process, which causes the evaporator
temperature to increase and the condenser temperature to drop.
In this case, since the temperature difference will increase between
the two ends of the TPCT, it causes the thermal resistance to
increase and thus the thermal performance to decrease. However,
if the filling ratio is too low, the vapor coming into the condenser is
not condensed completely and the amount of liquid returning to
the evaporator is reduced. This will not allow a normal evaporation
and condensation event inside the TPCT. With the externally
applied heat load to the evaporator section, it may cause the evap-
orator to dry out. Therefore, the working fluids were charged to
about 35% of the volume of the thermosyphon, as recommended
in [11,19]. To provide the heat flux supplied by power input to
the evaporator section of the thermosyphon, this section was cov-
ered with a spiral heating electrical resistance which can be con-
trolled by Wattmeter. Thermal insulation on the TPCT surface
was provided with glass wool to prevent the heat losses. One of
the methods used for homogeneous mixing and stability of the
base fluid-nanoparticle mixture is to expose the mixture to ultra-
sonic vibration for a while. The nanoparticles used in this study
were purchased from a commercial company. The CuO nanoparti-
cles consist of spherical nanoparticles with an average particle size
of 40 nm and a purity of 99.9%. PVP (polyvinylpyrrolidone) was
used as the surfactant in the preparation phase of the CuO/water
nanofluid, obtained by adding nanoparticles to pure water at a
pH of 7. Suspensions were prepared by adding 1% wt. (1.35 g)
CuO in 135 g water and 2% wt. (2.70 g) CuO in the same amount
of water, and then the suspensions were mixed in the ultrasonic
bat under a 28 kHz frequency at 22 �C for 60 min in order to pre-
vent sedimentation and agglomeration.

The performance of the TPCT was calculated by using the Equa-
tions 1–2. The amount of heat drawn from the condenser section
can be calculated by Equation (1) depending on the temperature
difference (DT) of cooling water, mass flow rate and specific heat.

_Qc ¼ _mwcpðTw;o � Tw;iÞ ð1Þ
Thermal performance of TPCT can be calculated as:



Fig. 3. Variation of wall (T1-T5) and cooling water temperatures (T6, T7) at
different time points, Q = 200 W, at 18 l/h cooling water flow rate.
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g ¼
_Qc

_Qe

ð2Þ

In addition, the performance of the TPCT is widely defined by
thermal resistance which is defined by Eq. (3). Low thermal resis-
tance in the TPCT means higher thermal performance.

R ¼ Te � Tc

_Qe

¼
Tw;e1þTw;e2

2

� �
� Tw;c1þTw;c2

2

� �
_Qe

ð3Þ

Uncertainty analysis were applied for this study using the equa-
tion (4) and the accuracy of the equipment was shown in Table.1.

wR ¼ @R
@X1

w1

� �2

þ @R
@X2

w2

� �2

þ � � � � � � � � � � � � � � � þ @R
@Xn

wn

� �2
" #1

2

ð4Þ
where; R is the measured dimension, X1. . . Xn are the variables

affecting the measurement, W1. . . Wn are the error rate of the
independent variable.

The total uncertainty in the experiments was calculated accord-
ing to the accuracy rates given in Table 1 by using Equation (4)
above. The maximum error of TPCT efficiency were calculated as
7.418%.

3. Results and discussion

In this experimental study, the surface temperature distribution
of the thermosyphon and the coolant temperature differences were
measured with using various heat loads and the coolant flow rates
along the condenser section. According to the measured tempera-
ture difference values, the amount of heat transfer through the
cooling water from the condenser section was calculated. In the
experiments, the total time to reach to the steady state regime
was examined in order to determine the duration of the test.
Finally, it was found that thermosyphon reached to the steady
state regime at 600 s while using pure water and nanofluids. The
transient behavior of the thermosyphon wall temperature and
cooling water temperature differences are illustrated in Fig. 3. In
the experiments, measurements were taken for each heat load
and each flow rate and the experiments were repeated for three
working fluids. Under these conditions, a total of 60 tests were
done to determine the thermal efficiency of the thermosyphon.

The thermal efficiency of TPCT is experimentally investigated by
using different parameters. Experimental results of these paramet-
ric effects; (i) heat load (200� Q __e� 800W), (ii) nanoparticle con-
centration (0� u� 2.0 wt%), (iii) cooling water flow rate (18� " _�
54 l/h) are presented graphically as surface temperature distribu-
tion of TPCT, thermal resistance, and thermal efficiency of TPCT
in Figs. 4-7.

Surface temperature distributions of TPCT with three different
working fluids and four different heat loads are shown in Fig. 4.
When the Fig. 4 is examined, it can be seen that the surface tem-
perature of TPCT increases with the applied heat load. Since the
Table 1
Accuracy of the measuring instruments.

Properties Device Measurement
range

Accuracy

Temperature Ordel UDL100 USB
Datalogger
K type Thermocouples

�200 to 1200 �C
�200 to 1360 �C

± 0.20%
± 0.50%

Flow rate Rotameter type water flow
meter

10–100 l/h ± 5.0%

Power Homekit PZEM-061
Wattmeter

0–22000 W,
0-100A

± 1.0%
evaporator section is exposed to the heat load applied directly
from the outside, the TPCT surface temperature is highest in this
section. On the other hand, the surface temperature of the con-
denser region is at the lowest value since it is in direct contact with
the cooling water of this section. There is no heat transfer in the
middle adiabatic section. Therefore, the temperature tends to
decrease as it moves away from the evaporator section on the TPCT
surface.

With the increase of cooling water flow rate, the surface tem-
perature of the condenser section has relatively decreased. This
may be due to the heat transfer increment at condenser section.
For example, in the case of a cooling water flow rate of 18 l/h with
a working fluid pure water at 200 W heat load, the average surface
temperature of the condenser section was 33.9 �C and this value
was 26.85 �C at a flow rate of 54 l/h. Similarly, at 800 W heat load;
the average surface temperature values of the condenser section at
18 l/h and 54 l/h flow rates of the cooling water flow were
observed as 57.55 �C and 35.5 �C, respectively. Similar conditions
were found for other heat load values.

The average surface temperature of the condenser section at
200 W heat load and 18 l/h flow rate with 1% CuO/water nanofluid
was 25.75 �C and this value was found to be 21.8 �C at a flow rate of
54 l/h. At the 800 W heat load, these values were determined as
40.95 �C and 30.3 �C, respectively. With 2% CuO/water nanofluids,
the average surface temperatures at 18 l/h and 54 l/h were 26.85 �C
and 24.05 �C respectively, while at 800 W heat load these values
are 43.7 �C and 30, 55 �C.

The increase in the amount of heat drawn from the condenser
has caused the working fluid to condense in a shorter period of
time and the cycle took place more rapidly. Therefore, the temper-
ature distribution in the evaporator section tends to decrease as
the flow rate increases. For example, in the case of a cooling water
flow rate of 18 l/h with a working fluid pure water at 200 W heat
load, the average surface temperature of the evaporator section
was 103.3 �C and this value was 92.5 �C at a flow rate of 54 l/h.
Similarly, at 800 W heat load; the average surface temperature val-
ues of the evaporator section at 18 l/h and 54 l/h flow rates of the
cooling water flow were observed as 167.65 �C and 148.4 �C,
respectively. There are similar effects for other heat load values.

The addition of the nanoparticle into the working fluid pure
water reduced the surface temperatures of the evaporator section
as did in the condenser section. For example, with the 1%CuO/wa-
ter nanofluid, the average temperature of the evaporator section in
the case of a cooling water flow rate of 18 l/h at a charge of 200 W,
was 94.25 �C, whereas it decreased to 83.8 �C with 2%Cu/water
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Fig. 4. Distribution of TPCT surface temperatures.
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nanofluid. The addition of CuO nanoparticles increased the thermal
conductivity of the working fluid. In this way, nanofluids evaporate
at a lower temperature than water, reducing the temperature dif-
ference between the two ends of the TPCT and causing the thermal
resistance to decrease. In addition, it is estimated that the using of
nanofluids instead of water has caused the decrease size of bubble
nucleation in evaporator section which resulted decreases of ther-
mal resistance [30,31]. The use of nanofluids allowed the TPCT sur-
face temperatures to remain at lower levels.

Fig. 5 shows the cooling water inlet and outlet temperature dif-
ferences for three different working fluids. As can be seen clearly
from the figure, as the heat load increased, the cooling water tem-
perature difference values at each flow rate also increased. How-
ever, as the cooling water flow rate increased, the temperature
differences decreased. It is observed that the use of nanofluid in
the TPCT instead of pure water increases the coolant temperature
difference. For example, when pure water is used as working fluid
at 200 W heat load and 18 l/h cooling flow rate, the temperature
difference was 6 �C. This difference was 6.95 �C and 7,7 �C with
1%CuO/water and 2%CuO/water nanofluids at the same flow rate
and same heat load. Similar trends were noted with other heat load
and flow rates.

Thermal resistance is a factor affecting the working perfor-
mance of TPCTs; the vapor bubbles between the solid and liquid
surfaces during heat exchange in the TPCT stand against the ther-
mal conductivity. Vapor bubbles with large dimensions cause
increased thermal resistance by preventing heat transfer from
the solid surface to the liquid surface. Thermal resistance of the
TPCT studied in this work is shown in Fig. 6 with the water and
CuO/water nanofluids at 1% and 2% concentration by weight. Ther-
mal resistance decreased with an increase in heat load with three
reference working fluids.

The CuO nanoparticles in the base fluid act on the vapor bubbles
during the bubble formation, allowing the vapor bubbles to form



Fig. 6. Thermal resistance of TPCT a) for water b) for 1%CuO/water c) 2%CuO/water.

Fig. 5. Temperature differences (DT) of cooling water.
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smaller sizes. This can be explained by facilitating the heat transfer
from the solid surfaces to the working fluid in the thermosyphon,
thereby reducing the thermal resistance of the TPCT. It should be
noted that the dimensions of the metallic materials mixed into
the basic working fluid have a very important effect on this pro-
cess. Micron size of the mixed materials causes a negative effect
on thermal resistance. In addition, it may cause blockages in the
devices due to the size of the heat transfer devices.
In order to reduce the thermal resistance, the metallic materials
used in the mixtures should have a particle size smaller than
100 nm. As can be seen from the figure, the use of nanofluids has
resulted in decreased thermal resistance as expected. Experimental
results have shown that the thermal resistance of the TPCT using
CuO/water nanofluids is lower than the use of pure water. The
use of nanofluids has been shown to achieve an average of 25%



Fig. 7. Thermal performance variations of TPCT with applied heat load for different cooling water flow rate and different working fluid.
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and 35% reduction in thermal resistance with 1%CuO/water and 2%
CuO/water respectively.

Fig. 7 shows the variation of the TPCT thermal performance val-
ues for each of the three working fluids depending on the increased
heat load at different cooling water flows. As can be clearly seen
from the graphs, thermal performance increases as the heat load
applied to the TPCT evaporator section increases for all three work-
ing fluids. In general, this increase was considerably high, up to
600 W heat load. After 600 W, it was seen that the amount of
increase has reduced, and even decrease has occurred. For exam-
ple, the thermal performance value of the TPCT, which is about
62.7% with the working fluid pure water at a flow rate of l8 l/h
and a head load 200 W, was calculated as 71.36% for the heat load
of 800 W. Same tendencies were observed with the CuO/water
nanofluids. However, the use of nanofluid instead of pure water
as the working fluid increased the thermal performance of TPCT
as can be clearly seen from Fig. 6. The calculated thermal perfor-
mance values show that 2% CuO/water nanofluids are more effi-
cient than others. When nanofluids are used in TPCT, heat
transfer enhances. The reason for this heat transfer enhancement
is the addition of the solid copper-oxide particles to the water,
which increases the thermal conductivity of the fluid. The sus-
pended CuO particles increase the heat transfer surface area and
thermal capacity of the working fluid. Briefly, more heat is trans-
ferred to the condenser section [32]. With the use of nanofluid,
the surface temperature of the evaporator section decreases, while



Table 2
Thermal performance improvement rates of nanofluids compared to pure water.

Nanofluid Flowrate (l/h) Heat load (W)
200 400 600 800

1%CuO/water 18 9.93 8.36 11.84 11.50
27 7.84 6.90 10.45 12.54
36 9.40 11.50 13.24 9.93
45 5.75 10.45 6.09 11.10
54 6.27 10.97 12.54 14.11
Average (%) 7.84 9,63 10.83 11.84
General average % 10.03

2%CuO/water 18 17.77 15.68 20.91 16.98
27 15.99 13.95 21.95 20.77
36 22.37 18.81 20.21 16.20
45 19.08 16.98 16.55 16.98
54 18.81 17.25 19.86 22.73
Average (%) 18.80 16.53 19.89 18.74
General average % 18.49
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the surface temperature of the condenser section increases, caus-
ing an increase in boiling and condensing events in the TPCT, thus
providing heat transfer enhancement.

The improvement in the thermal performance of the TPCT with
the use of nanofluids is shown in Table.2. with regards to increas-
ing heat load and cooling water flow rate. Accordingly, the use of
1%CuO/water nanofluid instead of pure water in the TPCT
increased the average thermal performance by approximately
10% while 2%CuO/water nanofluid increased by approximately
18.5%.
4. Conclusion

In the experimental study, thermal efficiency of TPCT was eval-
uated depending on various parameters. These parameters were
heat load (200, 400, 600 and 800 W), cooling water flow rate (18,
27, 36, 45 and 54 l/h) and type of working fluids (pure water, 1%
CuO/water and 2% CuO/water) used in TPCT. Based on the results,
the following conclusions can be drawn:

� When CuO/water nanofluids were used instead of pure water,
the change in thermosyphon surface temperatures was lower,
and it leads to reduced thermal resistance of TPCT.

� It has been observed that CuO nanoparticles in the water
increase the conductivity of the working fluid, resulting in an
increase in the thermal performance of the TPCT. Amount of this
increase was approximately 10% and 18.5%, with 1% CuO/water
and 2%CuO/water nanofluids, respectively.

� In general, the best performance improvement was found at the
600 W heat load.

� In future studies, thermal performance of TPCT can be investi-
gated by using different types of nanofluids or by using them
in various geometrical configuration of TPCT. And optimization
of the thermosyphon is amongst the topics to be investigated.
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