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Abstract: Heat exchanger is an indispensable equipment to transfer heat, and its efficiency directly
affects the overall energy utilization rate and production economic benefits of the equipment.
Because the plates of plate heat exchanger are different and the flow channels are different, there is
great uncertainty in the design process of plate heat exchanger. The basic principle of the heater is
to use different heat transfer media for heat exchange, which is a great embodiment of better
utilization of resources. Therefore, the methods of improving heat exchange efficiency and
improving energy utilization rate are the prerequisite problems in heat exchanger research. In actual
production conditions, due to the limitations of the volume, weight and processing technology of
the heat exchanger, the method of simply increasing the plate area to improve the heat transfer
performance has limitations. Therefore, improving the flow channel design inside the plate heat
exchanger to improve the heat transfer rate per unit volume is an important method to improve the
heat transfer performance. In this paper, a computational fluid dynamics model based on thermal
energy application is studied to analyze the heat transfer characteristics of plate air heaters and
formulate optimization strategies.

1. Introduction

Heat exchanger is a widely used energy-saving equipment, which is used to realize heat transfer
between materials in metallurgy, electric power, petroleum, chemical industry, light industry, food
and other industries [1]. Its function is to make materials at different temperatures contact directly
or indirectly to complete heat transfer. The advantages of plate heat exchanger, such as compact
structure, light weight, excellent heat transfer characteristics and low manufacturing cost, have
attracted more and more attention. The existing forms of non-renewable energy mainly include coal,
natural gas and oil, and most of the reserves are quite limited [2-3]. Facing the increasingly severe
development environment, how to make rational use of the remaining energy and improve the
utilization rate of energy has become a key research issue for relevant people and scholars in the
industry [4]. How to make good use of energy, the main research content is the efficient conversion
of primary energy and the improvement of the advanced nature and efficiency of technology in each
stage [5].

The main factors affecting the performance of plate heat exchanger are: plate shape parameters,
plate collocation form, medium flow mode, etc., and the flow channel shape of plate heat exchanger
is complex, and the installation and stacking methods are diverse, and the experimental research
period is long and the cost is high [6]. The flow channel between plates of plate heat exchanger is
composed of many small flow sections. Under the same working conditions, the heat transfer
coefficient is much higher than that of conventional shell-and-tube heat exchanger [7]. The new
type of plate air heater has various plate forms, and different structural dimensions will have
different effects on the heat transfer effect. In the actual production conditions, due to the
limitations of the volume, weight and processing technology of the heat exchanger, the method of
simply increasing the plate area to improve the heat transfer performance has limitations [8].
Therefore, it is an important method to improve the heat transfer performance by improving the
flow channel design inside the plate heat exchanger and increasing the heat transfer rate per unit
volume.

In terms of heat exchanger design, developing compact heat exchanger is the direction of heat
exchanger optimization. If a more efficient heat transfer effect can be obtained in a smaller heat
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exchanger, the production of raw materials will be saved and the effect of energy saving and
emission reduction will be achieved [9]. During the investigation of existing data, it is found that
there are few topics about the research and calculation of plate size in the design of internal flow
channel of plate heat exchanger, and the summary of the law that plate flow channel structure
affects fluid flow characteristics and heat transfer characteristics is not perfect, but considering
these aspects is the key to improve the efficiency of heat exchanger. It is one of the effective ways
to reduce the cost and shorten the cycle to study the flow and heat transfer characteristics between
plates by numerical simulation. In this paper, a computational fluid dynamics model based on
thermal energy application is studied to analyze the heat transfer characteristics of plate air heaters
and formulate optimization strategies.

2. Computational fluid dynamics theory

Fluid dynamics mainly takes fluid as the research object and studies its mechanical motion law.
In other words, it is to study the relationship between the external force and the application of fluid.
Fluid dynamics takes the interaction between moving fluid and solid as the main research problem.
The shape of flow channel in most types of plate heat exchangers is complex, and the
cross-sectional shape in the direction of fluid flow constantly changes periodically. The
two-dimensional or three-dimensional flow of fluid in the channel of plate heat exchanger and the
small hydraulic diameter of the channel will greatly enhance the disturbance of fluid, so the plate
heat exchanger can form a turbulent flow at a very low Reynolds number. From the microscopic
point of view, because there are gaps between fluid molecules, the distribution of physical
quantities representing fluid is discontinuous in space, and at the same time, under the influence of
random motion of molecules, the physical quantities at a point in space are not continuous in time
[10]. Fluid is composed of molecules that do thermal motion in one direction, and has
compressibility. The compressibility of gas is large, while the compressibility of liquid is relatively
small. When a series of morphological changes occur, there is a certain flow resistance inside,
which is viscous.

In general, even in a small space, there are a lot of fluid molecules, and fluid mechanics is a
science that studies the force and motion of fluid macroscopically. It studies the macroscopic
characteristics of fluid, that is, the average statistical characteristics of macromolecules, so there are
enough reasons to regard fluid as composed of continuous distribution of fluid particles. Like other
disciplines, fluid mechanics is based on theoretical analysis and experimental research. Theoretical
and experimental studies on fluids have been conducted for a long time. Among them, theoretical
analysis is to obtain a definite solution by using mathematical methods under assumed conditions,
but the problems that theoretical analysis can solve are often few and the calculation is very
complicated. The physical model considered in fluid mechanics is a continuum model. In terms of
characteristic size, compared with the size of the studied problem, the size of fluid particles in the
continuous medium is small enough, that is, macro is small enough, but it contains a large number
of fluid molecules, reflecting the average properties of a large number of molecules, that is, fluid
micelles are large enough in micro.

Any closed surface in the flow field can be expressed by the integral of the infinitesimal mass

PAT in the control volume:

=9
=it (1)

Where 7 is the volume, # is the fluid density and  is the fluid mass. The amount of
change per unit time can be expressed as:
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Any fluid flow should satisfy the law of conservation of mass, and the mass flowing into the
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control body through the closed surface must be equal to the increase of the mass of the control
body. If the inflow mass of fluid in the control body is greater than the outflow mass per unit time,
that is:

9 povdA <0
7 3)

The unit vector in the direction of 94 outer normal is denoted as ", and V is the velocity
vector. The fluid quality in the control body will become larger, that is:
2 Gpdr >0
o @)

Compared with the experimental method, the numerical simulation method has the advantages of
low cost and high speed, and it can simulate a large number of different models and working
conditions without real experimental models. With the rapid development of computer software and
hardware technology, computational fluid dynamics plays an increasingly important role.
Considering the characteristics of the fluid continuum model, because the fluid points occupy every
point in the flow space at any time point, and the variables representing fluid characteristics and
motion performance in the model are usually continuous functions in time and space, this provides a
basis for using the continuous function method to solve and analyze fluid problems [11]. The
purpose of computational fluid dynamics is to approximate the continuous field in time and space
with enough discrete points, establish algebraic equations of physical quantities at discrete points
through the laws of mass conservation, momentum conservation and energy conservation, and
obtain approximate solutions of the whole physical field by solving the algebraic equations. In this
way, we can solve the particularly complicated flow problem and get the velocity, pressure,
temperature and concentration of each scattered point in the whole calculation area. The fluid
particles in a moving fluid at any time and any space point will change their kinematic parameters
and thermodynamic parameters in a certain way when they exchange heat with the outside world
under the action of various external forces, and the changes of each parameter are interrelated.

3. Heat transfer analysis of plate heat exchanger

When designing a heat exchanger, it is necessary to consider how to increase the heat exchange
capacity. The usual method is to effectively improve the heat transfer coefficient and achieve the
purpose of strengthening heat transfer. The flow in the deep groove of asymmetric plate heat
exchanger presents a cross flow, that is, the fluid mainly flows along the deep groove, and continues
to flow along the deep groove without folding into the opposite plate when flowing through the
cross flow channel until the two sides of the plate edge, and then turns back into the deep groove of
the opposite plate in a cross shape. However, the fluid flowing into the shallow groove is obviously
dragged by the fluid in the deep groove when it flows through the cross channel, resulting in local
vortex. The specific plate type of plate heat exchanger and its structural design parameters have
obvious influence on its heat transfer and flow resistance. Different plate types make the fluid flow
between plates have significant differences. The heat in the thermal boundary layer is conducted by
heat conduction, and the local heat density is expressed as:

ot
o )

Where I' is the thermal conductivity of the fluid. The convection heat transfer phenomenon is
expressed by Newton's cooling formula:

g&pdr >0
o (©6)
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Integrated:

g&pdr >0
Ot = (7)

Where h, is the heat transfer coefficient of the wall surface, which can be obtained by the
temperature gradient on the wall surface.

Horizontal corrugated plate and straight corrugated plate are the two most common plate types at
present. The flow in the plate heat exchanger with horizontal corrugated plate is a typical
three-dimensional network flow, while the flow in the plate heat exchanger with straight corrugated
plate is two-dimensional. The fluid flows in the shallow groove of the opposite plate, and the whole
flow field is continuous and parallel with small ripples, that is, tortuous flow. The reason for this
different flow state is that the deep groove channel is wide, and the hot side fluid mainly flows
along the deep groove, and its momentum component along the mainstream direction is larger,
which is less affected by the drag of the fluid in the opposite plate groove, and the turning-back
points appear at the left and right edges of the plate, so the flow field presents a cross flow. Other
things being equal, with the increase of plate spacing, the heat transfer performance of plate heat
exchanger decreases. The research shows that when the flowing working medium is water, the fluid
in the horizontal corrugated plate heat exchanger will enter the ruiliu state at the time of production.
Therefore, evenly and reasonably arranging the nodes on the plate and appropriately reducing the
spacing can not only improve the heat transfer efficiency, but also strengthen the overall strength of
the plate and bear a large pressure drop.

4. Conclusions

Plate heat exchanger plays an important role in modern industrial society. As an important heat
exchanger in chemical equipment industry, its performance has an important impact on energy
saving and production efficiency improvement. With the wide application of plate heat exchanger in
industrial field, the requirements for plate heat exchanger are becoming more and more diversified.
In this paper, a computational fluid dynamics model based on thermal energy application is studied
to analyze the heat transfer characteristics of plate air heaters and formulate optimization strategies.
The flow channel between plates of plate heat exchanger is composed of many small flow sections.
Under the same working conditions, the heat transfer coefficient of plate heat exchanger is much
higher than that of conventional shell-and-tube heat exchanger. The flow channel of plate heat
exchanger is relatively narrow, and the plate is composed of diversion area and corrugated area, and
the cross-section distribution is complex, which makes the flow direction and velocity of medium
change constantly and increases the disturbance of medium flow. The cold and hot channels of
asymmetric plate heat exchanger have different structures and different thermal characteristics.
Scientific analysis and reasonable design for specific asymmetric working conditions can make full
use of the allowable pressure drop of media on both sides, improve the overall heat exchange
efficiency of the heat exchanger, reduce the heat exchange area and give full play to the
energy-saving potential of the heat exchanger.
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