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Abstract

In this article, a general overview of Industrial Applications of Heat Pipes and its Project Design Systematics is
considered and explained.

With this study; it is aimed to develop the “heat pipe technique”, which will be a new alternative technology in the
evaluation of high temperature waste gases of water tube or flame tube steam boiler, hot water boiler, hot water
boiler, incinerator, any equipment that produces heat energy or a power generating unit — machine’s exhaust “within
the framework of waste heat recovery principles and methods™ and to implement it as a “heat recovery unit” and at
the same time to prepare a project that will enable the development of new products on the subject in a way that will
also have the feature of an R&D (Research and Development) project and to realize the production of the machine.

The high temperature exhaust waste heat produced by the boiler or heat energy producing equipment described
above leaves the system as waste gas by being directly discharged from the chimney in many engineering
applications. However, the high temperature waste gases of the equipment in question have a very significant amount
of heat energy and it is necessary to utilize this energy.

Waste energy can be recovered in some applications by installing economizers and can be used for both feed water
preheating and similar purposes. If the temperature and flow rate of the waste gas are sufficiently high (for example,
as in the exhaust gas of a gas turbine), the waste heat can be directed directly to a waste heat recovery boiler and it
is possible to provide superheated water, steam and even superheated steam production.

Within the scope of our project, instead of conventional recovery units that serve this purpose today, a new
technology will be developed using the “heat pipe” system. Design parameters will be analyzed for optimum design
and the feasibility of the project will be revealed.

The implementation of the project will be a new technological gain, and the recovery of waste heat will provide an
extremely important benefit to both the companies and businesses that will implement the system and the country's
economy in terms of energy and fuel savings. [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15],
[16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36],
[37], [38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], [49], [50], [51], [52], [53], [54], [55], [56], [57],
[58].
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Heat Pipe Air Recuperator, Energy and Fuel Saving, Waste Heat Recovery, Exhaust gases, Project Design
Systematics.

Published By ICON Publishers

@ @ This work is licensed under Creative Commons Attribution 4.0 License Page 19
BY


https://doi.org/10.5281/zenodo.15868628

ICON Journal of Engineering Applications of Artificial Intelligence

INTRODUCTION

Definition of Heat Pipe, Working Principle and Areas of Use:

Heat pipe: It is a two-phase, closed, high heat transfer device. It can be made in a classical circular shape (pipe type), as
well as in a planar or many other shapes. The heat pipe basically consists of a closed chamber with some working fluid,
the air removed. A suitable wick is placed on the chamber wall to regulate the flow of the working fluid.

During operation, the heat in the evaporator region vaporizes some of the working fluid and in a short time the inside of
the chamber becomes saturated with pure steam. Since the chamber wall will be relatively cold in the condenser region due
to the heat being drawn from the system, condensation begins in this region. The condensed liquid particles return to the
evaporator and the cycle is completed. Gravitational force or capillary, centrifugal, osmotic, magnetic etc. forces are used
to bring the condensed fluid back to the evaporator. The most commonly used method is to use capillary forces.

The fluid that transforms from the gas phase to the liquid phase by giving its latent heat in the condenser is returned to the
evaporator with the help of a wick that has a porous structure in the heat pipes. This porous structure can be knitted or
woven from a separate material, or it can be a mechanically formed groove in the inner surface of the heat pipe or a porous
structure produced with powder metallurgy. Many different fluids can be used as heat transfer fluids with phase
transformation in the heat pipe, depending on the operating conditions.

The most commonly used fluids at medium temperatures are water, methanol, ammonia and other refrigerants. Aluminum,
copper, steel, ceramic or other materials that can work in harmony with the working fluid used depending on the operating
conditions can also be used as heat pipe material. The most important issue in material selection is that it is compatible
with the fluid, that is, there is no gas production during the operation of the heat pipe.

Heat pipes can be manufactured in a wide temperature range, in different sizes, in fixed or flexible shapes, cylindrical,
planar, rotary or in accordance with the place and purpose of use. Heat pipes and systems can be used in many industrial
application areas, from cooling computer CPUs to nuclear power plants, from spacecraft to electronics industry, from
control of various processes to solar energy applications, air conditioning - air conditioning facilities. In addition to these,
they can be used in the design and application of systems that will provide heat recovery from high-temperature waste
exhaust gases, as will be examined in our current study. [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14],
[15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36],
[371, [38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48], [49], [50], [511, [52], [53], [54], [55], [56], [57], [58].

Method, Findings and Discussion

Previous Studies and Importance of the Current Project:

The previous studies on the technology of heat recovery using heat pipes, whose general introduction, working principle
is explained and technical application areas are specified above, generally cover air conditioning systems. In other words,
heat recovery systems that operate on a principle similar to the heat pipe air recuperator developed and manufactured within
the scope of our current project generally have a usage area in the form of low temperature applications in today's
technology. The heat pipe air recuperator system within the scope of our current study, unlike the previous studies on this
subject; is a high temperature application and provides the emergence of new industrial usage areas in a different and wider
way than the previous ones.

Within the scope of our project, the heat of the high temperature exhaust waste gas produced by a boiler or a heat energy
generating equipment is recovered by means of a designed “heat pipe air recuperator” and hot air is obtained in return. In
this study, the heat pipes in the pipe bundle forming the designed prototype heat pipe air recuperator basically consist of
three sections: evaporator, adiabatic section and condenser. In the recuperator, finned pipes are used in order to increase
the heat transfer surface area and therefore the heat transfer capability. A mesh wire wick structure with a porous structure
is used inside the heat pipes. Demineralized water is the working fluid inside the heat pipes. The exhaust gas and fresh air
are connected to each other by means of a heat pipe air recuperator in the form of a horizontally positioned two-channel
system. The exhaust gas flows from the lower channel and the fresh air flows from the upper channel.

The high temperature exhaust gases passing through the evaporator section of the recuperator cause the working fluid to
boil and turn into vapor. The vapor formed in the evaporator section moves rapidly towards the cold end of the heat pipe.
The fresh air flowing in the opposite direction with the high temperature exhaust gas flows over the condenser section,
allowing the vapor to condense and transfer its latent heat to the air. Thus, the cold fresh air entering the heat pipe air
recuperator is heated. In this study, the thermal and mechanical design of the prototype recuperator suitable for the targeted
purpose was made and its constructive project was prepared. The manufacturing of the duct system and the carrier assembly
connected to the designed heat pipe air recuperator was carried out.

Project Design Systematics and Design Parameters:
The project systematic and design parameters are explained below in items.
1. Selection of heat pipe materials.
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Determination of the type of working fluid for the heat pipe.

Determination of the wick material and wick structure to be used for the heat pipe.

Selection of heat pipe diameter and wall thickness.

Selection of heat pipe fin geometry.

Selection of heat pipe fin size and fin material.

Determination of the working temperature of the working fluid in the heat pipe.

Determination of the composition of the waste exhaust gas to be used for the heat pipe air recuperator.

Determination of the waste exhaust gas inlet and outlet temperatures and gas flow rate.

0. Determination of the inlet and outlet temperatures of the air to be heated by utilizing the heat to be recovered in the

heat pipe air recuperator and air flow rate.

11. Determination of the body material and material wall thickness of the heat pipe air recuperator.

12. Finding the power - capacity value that can be obtained with each heat pipe in the recuperator by making calculations
and experiments for the case of using wick (cage wire) with different pore openings (mesh number), and thus
determining the maximum heat capacity that can be obtained from a heat pipe.

13. Confirming the suitability of the calculated heat pipe heat capacity value after verifying the heat pipe limiting values
(limit values).

14. Determination of the total heat capacity - power value of the heat pipe air recuperator.

15. Calculation of the total heat transfer surface area for finned tubes in the recuperator, the ratio of finned surfaces to total
surface, etc. values related to the fin structure.

16. Determination of the placement geometry of the finned tubes inside the recuperator body.

17. Preparation and project design of the mechanical constructive design of the heat pipe air recuperator and preparation
of the manufacturing technical drawing.

18. Calculation to ensure fully developed flow condition for the exhaust gas at the inlet of the heat pipe air recuperator.

19. Checking whether the flow velocities for the exhaust gas and air duct are proportionally within the design limits.

20. Calculation of the amount of working fluid to be placed in each heat pipe.

21. [11, 2], [3], [41, [5], [6], [7], [8], [91, [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24],

[25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40], [41], [42], [43], [44], [45], [46],

[47], [48], [49], [50], [51], [52], [53], [54], [55], [56], [57], [58].

s SR AT R o

Conclusion
Calculation of Limit Values for Heat Pipes has been carried out and as conclusion; each limit value must be calculated
and compared with the power-capacity value. The definitions of the limits mentioned are as follows;

— Capillary Limit

— Viscous Limit

— Sonic Limit

— Entrainment Limit

— Boiling Limit

— Condenser Limit

At this stage, all the limiting values defined above will be compared with the power-capacity value obtained for the heat
pipe and the compliance of the capacity with the limiting value will be evaluated. If compliance with the limiting values is
not achieved, the power-capacity value will need to be reviewed again.

Considering the hydrodynamic and thermal inlet lengths, the condition where the inlet effects are limited and fully
developed flow occurs can be determined as follows:

In order to obtain fully developed flow at the inlet of the exhaust gas into the heat pipe air recuperator, the gas will need to
flow for a certain distance within the inlet channel before entering the recuperator. In order to determine the distance
required for the formation of the fully developed flow in question and thus to calculate the gas inlet side channel length, it
is first necessary to determine whether the flow in the channel is laminar or turbulent.

In this case, the first determining parameter to be calculated will be the Reynolds number.

As a result, it is seen that the heat pipe air recuperator meets the performance conditions for both the exhaust gas side
pressure loss and fresh air side pressure loss values.

There is a total of 18 pipes in the Heat Pipe Air Recuperator to be filled with working fluid. The amount of working fluid
to be filled into each pipe is determined by calculation, and the inside of the pipes is vacuumed before filling and the air
inside is removed. Then the fluid filling is carried out.

Since “water” is selected as the working fluid for the heat pipe, the calculated amount of demineralized boiler feed water
will be used in the filling process.
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Wick materials made of stainless steel material and having two different pore numbers (mesh) are placed inside the pipes.

Since both types of wicks are placed in two layers inside the pipes, in this case, a total of 4-layer wick structure is obtained,
with 120 mesh wicks in 2 layers and 200 mesh wicks in 2 layers, and placement is provided inside the pipes of the
recuperator.

The basic principle in calculating the amount of working fluid (water) filling is as follows: The fluid should fill the entire
inner surface of the heat pipe and the wick in the liquid phase and the middle steam flow section in the steam phase. In
order to calculate the total amount of water to be placed in the heat pipe, the 200 mesh and 120 mesh wicks and the middle
steam flow section will be considered separately and the total amount of water required will be calculated.

As aresult; It was decided that 20 ml of water (demineralized boiler feed water) was the appropriate amount as the working
fluid in each heat pipe.

The velocity control for the exhaust gas channel and air channel is appropriate.

Thus, it is possible to say that the dimensioning (channel section width and channel section height) is appropriate for both
channels. [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23],
[24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40], [41], [42], [43], [44], [45],
[46], [47], [48], [49], [50], [51], [52], [53], [54], [55], [56], [57], [58].
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