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Abstract: A heat pipe is a self — contained wick structure which achieves very high thermal conductance by means of two — phase
fluid flow of the working fluid with capillary circulation, in this analysis, the thermal efficiency of the heat pipe using De-
lonized water (DI water) as the working fluid. The parameters considered in this study are heat input, angle of inclination and
filling ratio of the working fluid. The inputs considered as 30, 40, 50, 60 and 70 W. The angles of inclinations are 0°, 15°, 30°,
45°, 60°, 75° and 90° with respects to horizontal direction. Filling ratios used in this work are 20%, 40%, 60%, 80% and 100% of
the evaporator volume. The experimental results are evaluated in terms of its terms of its thermal efficiency. The results show
that the thermal efficiency is maximum at 80% filling ratio, 30° inclination of the heat pipe and 70W heat input.
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L. INTRODUCTION

The increasing development of electronics leads to higher constraints regarding their thermal management, Two-phase passive
system and among these systems heat pipes in particular become more and more attractive because they offer thermal efficiency,
reliability and larger implementation flexibility, simple construction, and easy control with no external pumping power. Heat pipe is
one of the equipment used for removing waste heat from the equipment with high thermal transfer. When the heat is connected to
the evaporator, the working fluid available in the heat pipe is got heated up and vapour formed travels to the condenser section and
vapour is condensed and returned back to the evaporator with the help of wick structure present in the heat pipe which induces the
capillary action inside the pipe. Heat pipe science also provides an opportunity for scientists and engineers to apply a variety of
complex physical phenomena and fundamental laws in the thermal — fluids area to a relatively simple system, such as the heat pipe.
Cotter [2] recognition of the heat pipe as a reliable thermal device was initially due to the preliminary theoretical results and design
tools that were reported. The heat pipe are more advantageous in heat recovery systems, solar energy, electronics cooling, ocean
thermal energy conversion, air craft cooling, geothermal conversion and light water nuclear reactors

1. EXPERIMENTAL PROCEDURE

The schematic diagram of the experimental setup is shown in the Figure 1. The specifications of heat pipe are tabulated in Table 1.
Heat input was given at the evaporator section by means of electrical supply through the heater which is attached to it with proper
electrical insulation. The desired heat input was supplied to the evaporator end of the heat pipe by adjusting the varies. Water jacket
is provided at the condenser end to remove the heat from the heat pipe. The heat pipe has the ability to transfer the heat through the
internal structure. As a result, sudden rise in wall temperature occurs which could damage the heat pipe if the heat was not released
at the condenser properly. Therefore, before heat was supplied to the evaporator, the cooling water was first circulated through the
condenser jacket. The power input was gradually raised to the desired power level.

The surface temperatures at ten different locations along the heat pipe were measured using T — type thermocouple at a regular time
interval of five minutes until heat pipe reaches steady state condition. Out of ten, three thermocouples are located in the evaporator,
three on the condenser and remaining at the evaporator section. Two more thermocouples were used to measure the water inlet and
outlet temperatures in the condenser section. Once steady state was reached, the input power was turned off a cooling water was
allowed to flow through the condenser to cool the heat pipe in order to make it ready for further experimental purpose. Then the
power was increased to the next level and the heat pipe was tested for its performance. Experimental procedures were repeated for
different filling ratios, different flow rates and different inclinations of the heat pipe with respect to the horizontal and observations
were recorded.
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Figure 1. Schematic diagram of experimental setup.

Specification Dimensions
Outside diameter, m 0.020
Inside diameter, m 0.0176
Evaporator length, m 0.150
Condenser length, m 0.150
Adiabatic length, m 0.300
Total length, m 0.600
Working Fluid DI Water
Wick mesh size, 80 per Sq. inch
No. of layers of wick 2

Table 1. Specifications of heat pipe

1. RESULTS AND DISCUSSIONS

The thermal efficiency of the heat pipe is calculated from the ratio of the cooling capacity rate of water at the condenser section to
the supplied power at the evaporator section. Figure 2 — 6 show the variation of thermal efficiency of the heat pipe with respect to
the various heat inputs, various angles of heat pipe inclination and different heat inputs. From all the figures, it is clear that the
thermal efficiency of heat pipe increases with increasing values of the angle of inclination up to 45° for all filling ratios of the
working fluid. It is due to the fact that, the temperature of the working medium increases and hence more amount of heat can be
removed in the condenser section. It is not only due to the capillary action of wick but the gravitational force also has considerable
cause on the flow of working fluid between the evaporator section and the condenser section. Also the formation of the liquid film
in the inner side of condenser section which is at higher rate results in the increased values of the thermal resistance between the
vapor of the working gluid and the cooling medium in the condenser, conversely, when the angle of inclination of heat pipe exceeds
30°, the heat pipe thermal efficiency starts to decrease from its value. It is due to the higher rate formation of liquid film inside the
condenser resulting in the increased value of the thermal resistance. The thermal efficiency of the heat pipe is maximum for 80%
filling ratio of the working fluid in the heat pipe than the other filling ratios.
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The thermal efficiency increases with increase of heat input in the evaporator. The thermal efficiency of the heat pipe increases with
increasing heat flux, due to the fact that the temperature difference between the evaporator and condenser sections increases which
results in higher evaporation heat transfer rate of working fluid. At higher heat input in the evaporator section, the heat transfer from
its surface to the working medium is higher and it causes the working medium which is in the form of vapour to move vigorously
into the condenser section.

The thermal efficiency increases with increases in the filling ration of working fluid in the evaporator up to 80% of the evaporator
volume, afterwards it tends to decrease because the space available for the flow of vapour and liquid gets reduced. As a result of
that thermal efficiency gets reduced when filling ratio exceeds above 80%.

Varation of Thermal Efficiency for 20%% filling Ratio
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Figure 2. Variations of thermal efficiency for 20% filling ratio
Variations of thermal Efficiency for 40% filling ratio.
40
39 == 20%
38— == 40%
37 == 60%
835 100%
5‘34 =
E 33
i y S
-]
E 31 4
2
£ 30 —
29 —
28 —
27 —
26 —
25 I I | T

-20 0 20 40 60 80 100
Angle of Inclination Degre

Figure 3. Variations of thermal efficiency for 40% filling ratio
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Variations of thermal Efficiency for 60% filling ratio.
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Figure 4. Variations of thermal efficiency for 60% filling ratio
Variations of thermal Efficiency for 80% filling ratio.
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Figure 5. Variations of thermal efficiency for 80% filling ratio
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Variations of thermal Efficiency for 100% filling ratio.
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Figure 6. Variations of thermal efficiency for 100% filling ratio

V. CONCLUSION

A. The Experimental Investigation of This Analysis Reveals The Following Salient Points

1) The experiments show that the efficiency of heat pipe is a function of heat input, inclination angle and filling ratio of the
working fluid.

2) The heat pipe with new working fluid gives the better performance at 30° inclination of the heat pipe with respect to horizontal
direction.

3) The wick temperatures at adiabatic regime are almost uniform for all the experiments.

4) The heat transfer efficiency gets reduced, when the heat pipe is inclined at 90° and the heat input is increased.

5) The trail results reveal that the heat pipe efficiency gets reduced when the heat pipe is kept in vertical direction. The
gravitational forces which assist the flow of working fluid back to the evaporator may accelerate the process which may hinder
the heat transfer process at the condenser end and the fluid might have returned to the evaporator section with higher
temperature end.
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