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The present work investigated the thermal performance of thermosyphon by
using distilled water as a working fluid at different filling ratios (50%, 60%,
and 70 %). The thermosyphon was manufactured from a copper tube with
outer and inner diameters (26 and 24) mm, respectively. The thermosyphon
was tested experimentally at different input power (100, 200 and 300) Watt.
The operating temperature of the oil was chosen below 85°C. Experimental
results revealed that the filling ratio of 60% exhibited the best heat
dissipation at the highest operating temperature. While the low operating
temperature and 50 % filling ratio show better heat dissipation. Further, it
was found that the thermal resistance of the thermosyphon was obviously
decreased with increasing the input power. The percentage decrease in the
thermal resistance of the thermosyphon at a filling ratio of 0.6 was 14.6 %
compared with that filling ratio of 0.5 at an input power of 300 W.
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1. INTRODUCTION
It is well known that the thermosyphon is widely used in various engineering disciplines. [1,2].
Much attention has been paid to examine power savings and environmental issues. Accordingly, the
thermosyphon has been developed and implemented for the use of renewable energy sources, heat
recuperation of small-grade heat energy and refrigeration equipment. The solar heating of building [3],
extraction of geothermal energy for power generation [4,5], solar thermal appliances [6], cooling
application turbine blade and transformer [7,8] are the best examples. Thermosyphons are composed
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of two parts, the first part called a condenser section and the evaporator section is the second part, at
the time with the adiabatic section between the condenser section and evaporator section. The heat is
received by the thermosyphon evaporator section from the heat sink is transferred to the working fluid
which evaporator at very low pressure. This vapor moves upward, due to the pressure difference
between the two sections with the assistance of the buoyancy force towards the condenser section.
Then, the vapor would be rejected the latent heat through the condenser section to the surroundings,
which condenses to liquid and returns to the evaporator section by gravity for another cycle. Bala et al.
[9], made a numerical analysis as well as experimental work, in order to characterize the influence of
different parameters on the thermosyphon performance. Limin Maa et al. [10], investigated the thermal
performance of the thermosyphon by using different working fluids such as (R134a, R601, R245fa,
R600a, R1234ze, R152a, R245fa/R152a and R601/R245fa). The thermosyphon was made from a
copper pipe with a 40 mm diameter and 3 m length. The obtained results revealed that the working
fluid R245fa / R152a exhibits the best heat dissipation than the other working fluids. Rafal Andrzejczyk
[11], studied the influences of different parameters on the performance of the wickless heat pipe by
using input power ranged from 300W to 50W. Also, was used cooling water to cool the condenser
section at constant inlet temperature and constant mass flow rate with different working fluids (water,
ethanol, and SES36(1,1,1,3,3-Pentafluorobutane)) and various filling ratios (0.32, 0.51, 1.0). It was
found that the thermosyphon thermal resistance decreased with an increase the input power and it was
increased with increasing in the filling ratio. Abreu and Colle [12], investigated the thermal
performance of uncommon geometry thermosyphon with a straight evaporator and a semicircle
condenser. It was examined different lengths of the evaporator, working fluids, cooling temperatures,
filling ratios, evaporator slops and heat input powers. The experimental results showed that the thermal
resistance decreased with an increase in the cooling temperature at the lowest fill ratio. The findings
obtained in this study can be used in the design and construction of a compact solar domestic hot water
system (SDHWS) prototype. Jafari et al. [13], studied the performance of the thermosyphon
numerically and experimentally to optimize the best value of filling ratio for the thermosyphon at
different operation conditions. It was used the input heat in the range between 700W and 30 W, by
filling ratios 16% and 135%. It was found that the best performance of the thermosyphon at filling ratio
below 35% for water as working fluid. Also, the experimental results showed a good agreement with
that made by a mathematical model. Heris et al. [14], studied the performance of the thermosyphon by
adding an oxidized carbon nanofluid to the distilled water as a working fluid. Various filling ratios and
different input powers were examined. A reasonable comparison was made between the thermosyphon
performance with and without using nanofluid. It was found that the thermosyphon performance
improved significantly by using a working fluid with adding nanofluid. Farge et al. [15], examined the
impact of various diameters of thermosyphon and working fluid on the thermosyphon efficiency. The
obtained results showed that the thermosyphon thermal performance improved by increasing the tube
diameterof the thermosyphon. Alammar et al. [16], observed the impact of geyser boiling on the
thermal performance of TPCT at different fill ratios of the water which was used as working fluid
(25%, 65%, 100%). Various tilt angles with a wide range of input power were also examined. It was
found that the thermosyphon thermal performance enhanced, particularly at a filling ratio of 100% and
tilt angles of 30 and 90, in spite of the increasing input power. From above, the main objective of the
present work is to investigate the heat dissipation rate from the electric transformer oil to enhance the
cooling rate of the oil and also to investigate the thermosyphon thermal resistance, using
thermosyphons with different filling ratios and at different input powers.

2. CALCULATION PROCEDURES
The experimental test of the thermal performance for the thermosyphon heat pipes was performed.
The heat dissipation from oil by thermosyphon was calculated as follows , [17]:
Qoil = ṁ ×Cp×∆T
Where m: mass of the oil, (kg).
Cp: Specific heat of the oil, (W/ kg. °C) .
∆T: Oil temperature difference (°C)
Also the specific heat of the oil can be calculated by usingthe equation (2) [18] :
Cp =807.163+3.58× Toil

(1)

(2)
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Qoil dissipation = Qoil (without thermosyphon) – Qoil (with thermosyphon) (W)

(3)

Where the thermal resistance of thermosyphon 𝑇𝑅can be obtained by using the equation (4), [19]:

T e.m − T c.m
Q in

T𝑅 =

°C

(W)

(4)

Where:𝑸 𝒊𝒏 the input power and 𝑻 𝒆. 𝒎, 𝑻 𝒄. 𝒎 Mean evaporator and condenser temperature,
respectively.

3. EXPERIMENTAL WORK
The main parts of the test rig are consisting of the thermosyphon reservoir oil tank, electrical heater
and measuring devices, as shown in Figure 1.
The thermosyphon tube was manufactured from copper material, with interior and exterior
diameters (24 and 26) mm. The length of the thermosyphon condenser and evaporator parts was
designed 250 mm without an adiabatic part. The evaporator section was immersed in the hot oil. While
the condenser section of the thermosyphon was subjected to the air to lose the heat to the atmosphere
by natural free convection.
The oil reservoir (tank) was made from a galvanized sheet metal with 2 mm thickness, and
dimensions (400, 300 and 200) mm. The top surface of the oil reservoir was contained three ports. The
first port used to fix the electrical heater at the center of the top surface, while the other two ports at
the sides of the top surface used to fix the thermosyphon. The oil reservoir was filled with 24 liters of
electrical transformer oil.
An electrical heater with 270 mm length and 1000-Watt power capacity was also utilized to heat
the oil. A dimmer switch with an accuracy of (±1%) of reading and wattmeter with an accuracy of
(±0.5%) of reading used to provide various input powers (100, 200 and 300), Watt.
Seven thermocouples (type k) (chromel-alumel) with a measurement error of ±0.5 °C were used to
measure the temperature at different positions. Three thermocouples were installed on the top of the
oil surface at three positions (near the heater (T1), the middle distance between the heater and
thermosyphon (T2) and on the surface of thermosyphon evaporator T3)). While, it was put three other
thermocouples at the surface of the thermosyphon condenser at (the bottom (T4), middle (T5), and top
(T6)). The last thermocouple was used to measure the ambient temperature (T7), as shown in Figure
2. The experimental procedures were started by cleaning the thermosyphon from inside with acetone
many times. Then, the thermosyphon was evacuated to -760 mmHg (gauge pressure) by using a
vacuum pump followed by filling the thermosyphon with working fluid at a certain value of filling
ratio. The input power was chosen (100, 200 and 300) Watt to heat the oil. All the measured
temperatures by thermocouples were taken by 12 channel data loggers (BTM-4208SD data logger
temperature recorder). It should be noted that all the experimental tests were carried out from the
ambient temperature to operate the temperature below 85°C.
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Figure 1: Thermosyphon test rig

Figure 2: Sketch of thermocouples location on the thermosyphon test rig

4. UNCERTAINTY ANALYSIS
The uncertainty of the thermosyphon thermal resistance can be calculated from readings of the
temperature along the thermosyphon and the input power.
UR
R

= √(

u∆Te−c 2
)
∆Te−c

+(

uqin 2
)
Qin

[20]

(5)

Where:
u∆Te−c = √( u∆Te−av )2 + (uTc−av )2

(6)

The value of uncertainty is normally associated with ∆Te − c
uQin The value of uncertainty associated with the reading of the power Qin Also the:
∆𝑇𝑒−𝑐 = 𝑇𝑒−𝑎𝑣 − 𝑇𝑐−𝑎𝑣

(7)

Where:
Te-av = T3
(Average temperatures in the evaporator section).
Tc-av =

(T4+T5+T6)
3

(8)

(9)

(Average temperatures in the condenser section)
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The results are shown in Table I
TABLE I: The uncertainty of the thermosyphon thermal resistance
Qin
(W)

R (W/°C)

100
200

0.239
0.1595

±2.9%
±2.01%

300

0.153666667

±1.7%

Maximum error.

𝒖𝑹
𝑹

(%)

By determining the overall uncertainty values associated with the resulting R values for the entire
experimental range, approximately 2.9 % were found, which is an appropriate value in engineering
applications.

5. RESULTS AND DISCUSSION
Figures 3 to 5 show the average oil temperature (T1 and T2) distribution with respect to heating
time for different filling ratios and different input power. It is clearly seen that the activity of the
thermosyphon was started at the average oil temperature of 40°C for all cases. Then, the temperature
between with and without using the thermosyphon was increased as the heating time increased. Also,
the oil temperature difference was increased as the input power increased.
Figure 3 shows that the average oil temperature a longer time of filling ratio of 0.5 to reach the
same level of oil temperature for the input power of 100 Watt than the other filling ratios.
Figure 4 displays the impact of different filling ratios on thermosyphon performance at an input
power of 200 Watt which had the same effect, but with a small preference of filling ratio of 0.6 than
others.
Figure 5 illustrates the thermosyphon performance at filling ratio 0.6 which clearly exhibits the
best thermal performance of the thermosyphon. This was attributed to the higher heat dissipation
observed at a filling ratio of 0.6.
Figures 6 to 8 show the maximum heat time to reach the same level of an average oil temperature
at different filling ratios and input powers. Obviously, the heat dissipation rate was directly
proportional to the heating time. The highest heat dissipation rate by the thermosyphon leading to the
highest heating time, which gives the best thermal performance of the thermosyphon.
Figure 6 shows the best thermal performance of thermosyphon at a filling ratio of 0.5 at an input
power of 100 Watt. Figures (6 and 7) show the best thermal performance of the thermosyphon at a
filling ratio of 0.6 at an input power of 200 and 300 Watt. From Figures 6 to 8, it can be recommended
to use a thermosyphon with a 0.5 filling ratio in the case of low input power. While at higher input
power filling ratio 0.6 can be used.Figure 9 shows the heat dissipation from the oil at different filling
ratios and input powers. It was observed that the amount of heat dissipation increased with increasing
input power. Also, a filling ratio of 0.5 exhibits higher rate dissipation at input power 100 Watt. While
the filling ratio 0.6 shows a high rate of heat dissipation at 200 and 300 Watt
Figures 10 to12 show the temperature distribution along the thermosyphon condenser outer surface
at three-position, top (T6), middle (T5) and bottom (T4) with respect to the heating time at different
filling ratios and input powers. Each case of input power had the same maximum temperature.
It can be seen an obvious oscillation in the temperature values along the heating time. This
oscillation was extremely reliant on the ratio and input power. The amplitude of the oscillating was
increased from the top towards the bottom of the thermosyphon condenser. However, the oscillation
effect was decreased as the input power increased.
In fact, the oscillation phenomenon occurred when the partial pressure increased and decreased
inside the thermosyphon, due to the evaporation and condensation processes. The partial pressure was
increased in the case of the working fluid evaporated, which led to an increase in the temperature inside
the thermosyphon. Also, the temperature was decreased inside the thermosyphon as the partial pressure
decreased, due to the condensation of the vapor.
Figure 13 shows the temperature distribution along the thermosyphon at different input powers and
filling ratios. The temperature at the evaporator section was shown higher value at higher input power.
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Additionally, the temperature difference between the evaporator section and the beginning of the
condenser section was found higher at higher input power.
In the case of temperature distribution along the condenser section, Figure 13 shows a reduction
in the temperature difference between the different input powers toward the tip of the thermosyphon
and to reach approximately the same value of temperature at the thermosyphon tip especially at filling
ratios of 0.5 and 0.6. This was due to the geyser boiling and lower thermal resistance at the higher input
power.
Figure 14 illustrates the relationship between the thermal resistance of the thermosyphon and filling
ratio at different input powers. It can be seen that the thermal resistance of thermosyphon decreased
with increasing the input power and reached the lowest value at input power 300 Wand filling ratio of
0.6. In fact, this considered to be the best thermal performance and heat dissipation of thermosyphon.
The percentage decrease in the thermal resistance of the thermosyphon at a filling ratio of 0.6 was
observed 14.6% compared with that filling ratio of 0.5 at an input power of 300 W.

Figure 3: The average values of the oil temperature with respect to the time at different filling ratios
and power supply 100 Watt

Figure 4: The average values of the oil temperature with respect to the time at different filling ratios
and power supply 200 Watt
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Figure 5: The average values of the oil temperature with respect to time for different filling ratios at
power supply 300 Watt

Figure 6: Relationship between maximum time and the different filling ratio at a power supply of
100W

Figure 7: Relationship between maximum time and the different filling ratio at a power supply of
200W
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Figure 8: Relationship between the maximum time and the filling ratio at a power supply of 300W

Figure 9: Heat dissipation with respect to filling ratio at the different power supply

Figure 10: Condenser surface temperature distribution with respect to time for load 100 W
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Figure 11: Condenser surface temperature distribution with respect to time for load 200 W

Figure 12: Condenser surface temperature distribution with respect to time for load 300 W
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Figure 13: Temperature distribution along the thermosyphon with various input power

Figure 14: The relation between thermal resistance and filling ratio

6. CONCLUSIONS
The following results were obtained from the present research:
1)

2)
3)

4)

5)

The operating activity of thermosyphon which filling with pure water as working fluid was
started from the operating temperature of 40°C approximately at a suitable value of filling
ratios.
The best value of thermosyphon filling ratio of the distilled water was 0.5 in the case of the
low input power, while in the case of a higher power was 0.6.
The rate of heat dissipation increased with increasing the input power. Also, the filling ratio
0.5 shows high performance at low input power. While filling ratio 0.6 gives high performance
at high power.
The temperature distribution along the thermosyphon condenser exhibited oscillations in the
temperature values, where the amplitude of oscillations was increased from the top toward the
bottom of the thermosyphon condenser.
The values of the thermal resistance of the thermosyphon decreased with increasing the input
powers for all filling ratios. Further, the percentage decrease in the thermosyphon thermal
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resistance at a filling ratio of 0.6 was observed 14.6 % compared with that filling ratio of 0.5
at an input power of 300 W.
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