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Abstract: This article mainly introduces the
relevant knowledge of the curling tube,
including its definition, characteristics, types
and selection, application fields, as well as the
system structure and working principle of the
curling tube forming machine. Bent tube
improves heat transfer efficiency by
increasing the heat transfer area, and is
widely used in various fields such as
refrigeration and chemical engineering.
Based on the characteristics of the curling
tube, the system structure of the curling tube
forming machine was analyzed, including the
host structure, heating device, and control
system, and its working principle was
explained. At the same time, the article
provides a detailed discussion on the software
and hardware structure requirements of the
curling machine, including software
requirements for control algorithms and logic,
user interface, data processing and storage, as
well as hardware requirements for sensors
and actuators, control units, communication
interfaces, etc., providing reference for
related research.
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1. Introduction
With the increasing development of industry and
agriculture, energy shortage has become one of
the major global issues. Countries around the
world are searching for new energy sources and
ways to save energy, and efficient heat
exchangers are effective equipment for
developing, utilizing, and conserving energy.
The finned tube is the most basic and important

heat exchange element in a heat exchanger, and
its quality directly affects the working
performance of the heat exchanger. A finned
tube is a type of pipe that increases the heat
transfer area by adding finned tubes. In a heat
exchanger, the finned tube serves as the heat
exchange surface and plays an important role in
heat exchange. By adding fins, the surface area
of the pipeline can be significantly increased,
thereby improving heat transfer efficiency. The
curled tube has the advantages of compact
structure, light weight, and small footprint,
which makes it widely used in various occasions
that require efficient heat exchange. Due to its
large surface area, the curved tube can come into
contact with the fluid more fully, thereby
improving the efficiency of heat exchange. The
compact structure and the design of the finned
tube enable it to provide a larger heat exchange
area in a smaller space, improving the efficiency
of the heat exchanger. Bent tube is usually made
of corrosion-resistant materials, such as stainless
steel, copper, aluminum, etc., to maintain stable
performance in various corrosive media. The
finned tube has a wide range of applicability,
and can maintain stable heat transfer efficiency
under high temperature, high pressure, low
temperature, and low pressure conditions,
suitable for various working conditions.
As a key component of heat exchange
equipment, the type and selection of finned
tubes have a significant impact on the heat
transfer performance and stability of the system.
According to the different shapes, materials, and
arrangements of the curled tubes, they can be
divided into various types. The coiled fin tube
increases the surface area of the tube body and
improves heat dissipation efficiency by
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wrapping the fins around the tube body. This
design is suitable for occasions that require rapid
heat dissipation, such as cooling systems in
industries such as petrochemicals and metallurgy.
The rolled blade tube is tightly integrated with
the tube body through rolling technology, which
makes the contact between the blade and the
tube body more intimate and improves the
thermal conductivity.
When selecting the type of curling tube,
comprehensive consideration should be given
based on actual needs and working conditions.
The thermal conductivity of materials, the
properties of fluids, temperature differences, and
flow rates all have an impact on heat transfer
efficiency. In terms of thermal conductivity,
metal materials such as aluminum, copper, and
carbon steel are commonly used as foil materials,
among which aluminum is widely used due to its
good thermal conductivity and corrosion
resistance. The properties of fluids, such as
viscosity and specific heat capacity, can also
affect heat transfer efficiency. In practical
applications, it is necessary to select the
appropriate type and arrangement of finned
tubes based on the characteristics of the fluid to
improve heat transfer efficiency. As an efficient
heat exchanger component, the performance and
characteristics of the finned tube make it play an
important role in various industrial applications.
With the continuous advancement of technology
and changes in the market, the application
prospects of the curling tube will also become
broader.

2. The System Structure and Working
Principle of the 2-Piece Tube Forming
Machine

2.1 Heat Transfer Theory of Curled Blades
Bent sheet, also known as rib sheet, refers to an
extended surface attached to the base surface. It
can be rolled or wrapped as a whole from a pipe,
embedded with metal sheets, and processed.

Figure 1. Typical Structure of Curled Blade

2.2 System Structure of Curling Tube
Forming Machine
As a key equipment, the curling tube forming
machine plays a crucial role in industrial
production. Its performance directly affects the
quality and production efficiency of downstream
products. The following is a detailed analysis of
the structure of the curling tube forming
machine.
In terms of host structure, the main components
of the curling tube forming machine include
rollers, bearings, transmission devices, and other
parts. These components together form the core
of the molding machine, responsible for
achieving stable transmission and molding of the
curling tube. As a key component, the surface
quality of the drum directly affects the surface
performance of the curling tube. Bearings and
transmission devices are responsible for
transmitting the power of the motor to the drum,
ensuring its smooth operation at high speeds.
The precise coordination of these components
provides reliable hardware support for the
forming of the curling tube.
In terms of heating device, it is an important
component of the curling tube forming machine.
Its main function is to heat the curling tube for
subsequent molding operations. Heating devices
usually include electric heating boxes, heating
rods, temperature sensors, etc. These
components together form a complete heating
system, ensuring that the curling tube reaches
the appropriate temperature before forming. By
precisely controlling the heating temperature and
time, precise control of the surface properties of
the curling tube can be achieved.
In terms of control system, the control system is
the core control component of the curling tube
forming machine. It mainly includes the electric
control box, sensors, terminal blocks, and other
parts. These components together form a
complete control system, responsible for
monitoring and controlling the various
operations and functions of the molding machine.
By precisely setting control parameters and real-
time monitoring feedback signals, real-time
monitoring and precise control of the operating
status of the molding machine can be achieved.

2.3 Software and Hardware Structure
Requirements for Curling Machine
2.3.1 Software structure requirements for curling
machine
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(1) Control algorithms and logic. The control
algorithm and logic of the curling machine
software are directly related to the precise
control and efficient operation of the curling
tube. The software should have functions such
as start control, stop control, temperature control,
humidity control, etc. By using precise control
algorithms such as fuzzy control, PID control,
etc., real-time monitoring and adjustment of the
operating status of the curling tube can be
achieved. When starting the control, the
software should be able to ensure that the
curling tube starts at the set temperature and
humidity, avoiding adverse effects on crop
growth. When stopping the control, the software
should be able to smoothly close the curling tube
to prevent damage to the equipment due to the
closing process being too fast. Temperature and
humidity control are important functions of the
curling machine software, which ensure that the
temperature and humidity inside the greenhouse
are always maintained within the appropriate
range through real-time monitoring and
adjustment.
(2) User interface. The user interface is an
important component of the curling machine
software and should have friendly and intuitive
features. The software displays real-time data
feedback to users through the user interface,
such as temperature, humidity, operating status,
etc. These data are of great significance for users
to understand the environmental conditions
inside the greenhouse, adjust control strategies,
and discover potential problems. The user
interface should provide functions such as
parameter settings, status monitoring, and
operation control, making it convenient for users
to manage and control the environment inside
the greenhouse. By optimizing the user interface
design, the software's usability and user
experience can be improved, reducing the
learning cost and difficulty for users.
(3) Data processing and storage. Data processing
and storage are essential functions of the curling
machine software. The software should be able
to process real-time data from sensors, such as
temperature, humidity, etc. These data are of
great significance for users to understand the
environmental conditions inside the greenhouse,
adjust control strategies, and discover potential
problems. The software should store the
processed data locally or in the cloud for
subsequent analysis and optimization. Through
data processing and storage functions, users can

conduct long-term monitoring and analysis of
the environmental conditions inside the
greenhouse, identify potential problems and
opportunities for improvement.
2.3.2 Hardware structure requirements for
curling machine
(1) Sensors and actuators Sensors are the "eyes"
of the curling machine, responsible for real-time
monitoring of parameters such as temperature
and humidity of the curling tube. These
parameters are of great significance for judging
the operating status of equipment, predicting
faults, and timely maintenance. Sensors should
have high sensitivity and accuracy to ensure
rapid capture of abnormal signals during device
operation, providing strong support for timely
intervention. The actuator is the "hand" of the
curling machine, which adjusts the operating
status of the curling tube according to the output
instructions of the control unit to achieve precise
control. The actuator should have fast response
and reliable performance to ensure that it can
respond quickly and accurately after receiving
control instructions, achieving precise control.
(2) Control unit. The control unit is the "brain"
of the curling machine, responsible for receiving
sensor signals, processing control algorithms,
and driving actuators to perform actions. The
control unit should have high performance and
stability, ensuring real-time processing of sensor
signals, accurate judgment of equipment
operating status, and timely driving of actuators
for adjustment. A high-performance control unit
can also achieve more precise control and
improve the operational efficiency of the curling
machine.
(3) Communication interface. The
communication interface is a bridge for
connecting and exchanging data between the
curling machine and other devices or systems.
With the continuous development of modern
agricultural greenhouse construction, the curling
machine needs to be linked with other intelligent
devices to achieve more comprehensive
environmental control. The communication
interface should comply with industry standards,
support common communication protocols and
connection methods, and ensure seamless
connection and data exchange with other devices
or systems.

3. Working Principle of the Curling Tube
Forming Machine
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3.1 Transmission and Heating
The main body of the curling tube forming
machine is transported through a drum, which
ensures a stable transmission speed of the
curling tube during the forming process, thereby
improving production efficiency and product
quality. The heating device heats the curling
tube to a suitable temperature for molding. This
step is crucial because the temperature directly
affects the forming effect of the curling tube. By
precisely controlling the heating temperature, it
is possible to ensure that the curling tube
maintains sufficient plasticity and toughness
during the forming process, thereby avoiding
problems such as cracking and deformation.

3.2 Molding Process

After the curling tube reaches the appropriate
temperature, the molding mold of the main body
part is formed. This stage is the core and most
critical step of the curling tube forming machine.
The shape and size of the molding mold directly
affect the appearance and performance of the
curling tube. By precise design and
manufacturing of molding molds, it is possible
to meet the needs of different customers and
achieve personalized product customization. The
molding process also requires real-time
monitoring of the temperature and transmission
speed of the curling tube to ensure the accuracy
and stability of the molding effect.

3.3 Control System Design and Algorithm
Implementation

Figure 2. The Structure of Micro-EDM Transmission Modular
In terms of control strategy, the working
principle of the wound finned tube is based on
heat exchange and air flow, and changes the
temperature inside the building by adjusting the
heat dissipation power and ventilation volume.
In response to this characteristic, PID control,

fuzzy control, or optimization algorithms can be
used to control the working state of the wound
blade tube. PID control can monitor errors in
real time and quickly adjust control parameters,
making it suitable for systems that require rapid
response. Fuzzy control can simulate human
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decision-making processes and control complex
systems, but its computational speed is relatively
slow. Optimization algorithms can be based on
mathematical models and constraints to find the
optimal control strategy for system performance.
In terms of algorithm implementation, according
to the selected control strategy, corresponding
algorithms need to be implemented to control
the working state of the wound blade tube. This
includes control logic, data processing, etc.
Control logic is the key to implementing control
strategies, as it determines what actions the
system takes under what conditions. Data
processing is responsible for converting the data
collected by sensors into signals that can be used
for control, and filtering and denoising the data
to improve control accuracy and response speed.
By implementing reasonable algorithms, it is
possible to ensure that the coiled tube plays the
best role in animal husbandry, improving the
control accuracy and response speed of the
temperature inside the shed.
The control system plays a crucial role in the
curling tube forming machine. By monitoring
the temperature, transmission speed, and other
parameters of the curling tube in real-time
through sensors and connectors, potential
problems can be detected and resolved in a
timely manner, ensuring the smooth progress of
the molding process. The control system can
also adjust the operation of the heating device
and the main unit according to actual needs to
optimize production efficiency and product
quality. The intelligence and automation
characteristics of the control system have also
improved the reliability and stability of the
equipment, reducing the risk of manual
intervention and errors.

3. Implementation and Application Fields of
Curved Tube
In the field of chemical engineering, corrugated
tubes also have a wide range of applications.
Heat exchange process is essential in various
chemical reactors, distillation towers and other
chemical equipment. And the curling tube has
become an indispensable component in these
devices due to its excellent thermal conductivity
and stable structural characteristics. In chemical
reactors, finned tubes can ensure that reactants
are thoroughly mixed and reacted inside the
equipment, thereby improving reaction
efficiency. In the distillation tower, the curling
tube can stably control the temperature at the

bottom of the tower, ensuring the smooth
progress of the distillation process.

4. Conclusion
The high-efficiency heat exchange equipment
with wrapped fins produced after the successful
development of the winding machine can be
widely used in mixing reactors, fermentation
tanks, single cone screw vacuum dryers, double
cone vacuum dryers, filtration, washing and
drying three in one equipment, scraper
evaporators and other heat exchange equipment
consisting of an inner cylinder, upper head,
lower head, jacket and mixer. The fins are
wrapped around the inner cylinder and lower
head of the above-mentioned equipment, and the
fin winding methods include forward spiral
winding and reverse spiral winding. The fins
form a certain angle with the horizontal line. The
wrapped fin high-efficiency heat exchange
equipment reduces the total mass of
conventional heat exchange equipment by more
than 20%, and has a significant energy-saving
and consumption reducing effect, which is of
great significance for promoting the application
and development of fin heat exchange
equipment.
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