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KEYWORDS ABSTRACT

Thermosyphon, In a variety of industries, thermosyphons are used to improve heat transfer. High reliability, easy
Thermal performance, maintenance and repairs, high thermal conductivity, and isothermal heat transfer are among its
Working fluid, benefits. Thermosiphon is used for a variety of things, including cooling electronic components
Filling ratio. and air conditioning. In the studies conducted on the thermal performance of thermosyphons, it

has been determined that the type of working fluid is very important. For this purpose, in this
research, the thermal behavior of thermosyphons using two different working fluids has been
investigated experimentally. A copper tube with a length of 1000 mm, an external diameter of 22
mm, and an internal diameter of 20 mm is used to construct the thermosyphon previously
mentioned. The thermosyphon was tested with two working fluids—methyl acetate and deionized
water—and three filling ratios—55%, 70%, and 85%—along with thermal loads ranging from 50
to 300 W and at a distance of 50 W. The results of the experiments revealed that this thermosyphon
had a lower thermal resistance in the filling ratio of 70% of both fluids. Additionally, methyl
acetate outperformed deionized water in terms of thermal performance by about 20-50%.

Extended Abstract

1. Introduction

between two hot and cold sources, utilizing the evaporation and condensation cycles with minimal temperature

difference. The applications of heat pipes are diverse, including environmental heating and cooling, cost-saving in
heating and cooling systems, waste heat recovery from furnaces, flow revival in waste management, and heating, ventilation,
and air conditioning systems, among others. The advantages of this device include high efficiency, compact size, and lack of
pollution. A heat pipe comprises various components, such as a container, working fluid, and wick. In some aspects, a heat
pipe resembles a thermosyphon. If a heat pipe lacks a wick and relies on gravity for the liquid to return from the condenser to
the evaporator, it is referred to as a thermosyphon [1-2]. A conventional thermosyphon consists of a sealed cylindrical tube
filled with an evaporation fluid. Figure 1 illustrates the structure of a thermosyphon [3-4].

A heat pipe is a simple device consisting of hon-moving components that efficiently transfers large amounts of heat

The thermosyphon is comprised of three primary regions [5-6]. The evaporating region, located at the hot end of the pipe,
is where the fluid undergoes boiling and transforms into steam. The condensing region, situated at the cold end of the pipe, is
where the saturated vapor releases its latent heat, dissipating the heat in this area. Lastly, the adiabatic region exists between
the evaporating and condensing regions, maintaining a consistent temperature throughout the pipe. Extensive research has been
conducted on thermosyphons, and for this study, a copper thermosyphon is chosen. Experiments have been conducted with a
90° orientation, utilizing two different working fluids: deionized water and methyl acetate. The experiments encompass a range
of thermal inputs, varying from 50 W to 300 W in increments of 50 W, while considering three different filling percentages of
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55%, 70%, and 85%. The primary objective of this study is to compare the thermal performance of a thermosyphon filled with
deionized water versus methy! acetate.

Inside the thermosyphon
Outside the thermosyphon Yol
. - .
- - - —
Ll
Q - > Cond X - -
- -
out » Ondenser - : : FQ
- - = . ont
A
“ 1 =
- >
B
A B
Adiabatic E + 9
BE
! -
Pl
. . £ il
—_— E .
: R
L ]
, -y )
Q m Evaporator T “ Q in
-
 —
. . -+
[ - *

Figure 1. Thermosyphon structure [3].

2. Experimental method

The thermosyphon utilized in this study was constructed using a copper tube with an outer diameter of 22 mm, an inner
diameter of 20 mm, and a length of 1000 mm. It consisted of three distinct zones: an evaporating zone measuring 156 mm in
length, an adiabatic zone measuring 444 mm in length, and a condensing zone measuring 400 mm in length. The working fluids
employed were deionized water and methyl acetate. Figure 2 depicts the laboratory setup and the placement of thermocouples.
The evaporator section of the thermosyphon was heated using a power supply. The required heat supply was determined by
two power sources, with uncertainties in thermocouples, voltage, and amperage readings of 0.5°C, 0.1 V, and 0.01 A,
respectively. K-type thermocouples and a data logger system were employed to measure the temperatures of the thermosyphon.
Thermocouples were affixed to the external surfaces of the evaporator, adiabatic section, and condenser. To accurately monitor
the temperature, three thermocouples were placed in the evaporating section, one in the adiabatic section, and two in the cooling
section. The adiabatic section was insulated using a fiberglass strip. Additionally, a cooling system, comprising a water tank
with dimensions of an external diameter of 110 mm and a length of 444 mm, was positioned over the condensing area. This
cooling system functioned as a water jacket to extract heat from the thermosyphon.
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Figure 2. The pieces of equipment used to evaluate the performance of the thermosyphon in vertical mode.
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3. Methods

A series of experiments were conducted in a laboratory to assess the thermal performance of the thermosyphon. The steady
state, as defined in this research, refers to a condition where the thermal properties of the thermosyphon remain constant over
the operating time under specific test conditions. These properties are maintained until temperature and heat flow reach
equilibrium. The test conditions involved variations in several aspects: (1) thermal load ranging from 50 W to 300 W with 50
W increments; (2) two working fluids, namely deionized water and methy| acetate; (3) three filling percentages of 45%, 70%,
and 85%, with the cooling fluid temperature within the range of 20°C to 22°C. The cooling flow rate was kept constant
throughout the experiments. Initially, one parameter was modified while the others were held constant, enabling a comparison
of the remaining thermosyphon conditions and associated operating parameters.

4, Discussion and results

The experimental results regarding the thermal performance of the thermosyphon using two different modes are presented
herein. Each condition was repeated twice to ensure accuracy. Analysis of Figures 3 and 4 reveals a clear trend: as the input
heat increases, the thermal resistance decreases across all working fluids. Notably, at lower input heat levels, the thermal
resistance is higher for all fluids. However, with higher input heat, the thermal resistance experiences a significant decline. This
phenomenon can likely be attributed to the lower viscosity and boiling temperature of methyl acetate compared to water.
Consequently, the thermal resistance graph for methyl acetate is lower than that of water. Interestingly, both fluids demonstrate
optimal thermal performance at a filling ratio of 70%, surpassing the other two filling ratios.
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Figure 3. Thermal resistance of deionized water for different filling ratios.
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Figure 4. Thermal resistance of methyl acetate for different filling ratios.
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5. Conclusion and summary

The thermal performance of the thermosyphon was experimentally examined using two different operating fluids:
deionized water and methyl acetate. Three different filling percentages of 55%, 70%, and 85% were employed, and thermal
loads ranging from 50 W to 300 W were applied in 50 W increments. The obtained results were subjected to analysis, yielding
the following findings: For a 90° orientation, the thermal efficiency of the thermosyphon with methyl acetate as the working
fluid was determined. It was observed that the thermal efficiency increased as the heat load grew, resulting in an augmented
temperature gradient between the evaporator and the condensing section. At lower input heat levels, both working fluids
exhibited higher thermal resistance, or, in general, a higher heat transfer coefficient for the thermosyphon. The optimal filling
percentage was found to be 70%, and under this condition, the thermosyphon with methyl acetate as the working fluid
demonstrated superior performance compared to deionized water.
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