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Abstract

The article presents the problems in the repair of heat exchangers with a fixed tube grid and
ways to solve them. The operating modes are analyzed and the methods of maintaining and
repairing them are shown.
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Introduction

Most processes in the chemical industry involve heat and various heat exchangers are used to
carry out such processes. To increase production capacity, heat exchange devices must be
efficient, simple, and not have a negative impact on product quality, and the cost of
manufacturing the heat exchangers must be low. To solve such issues, it is necessary to take
into account the acceleration of heat exchange processes during the implementation of basic
processes and during repairs [1-3].

Accelerating thermal processes leads to increased productivity of equipment, reduced size, and
reduced floor space in production rooms. This, in turn, reduces the cost of operating and
adjusting thermal equipment, increases the amount of output per worker, and so on.
Accelerating thermal processes reduces the time required to heat the material, but this should
not lead to a decrease in product quality [4-7].

Research Objective

To address the issue of repair. When analyzing the operating modes of heat exchangers at
Indorama Ferganaazot JSC, it was determined that the main issue is maintaining and repairing
them in working condition.

Our analysis and literature data show that shell-and-tube heat exchangers are the most common
type of heat exchanger.
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Figure 1.1. Fixed tube grid heat exchanger.
1-distribution chamber, 2-shell, 3-pipe, 4-transverse barrier, 5-pipe mesh, 6-shell cover, 7-

support.
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Fig. 1.2. Methods of placing pipes in pipe grids:
a) along the edges of a regular hexagon (38); b) along the sides of the square (32): v) along
concentric circles (36).

Research methods

The main requirement for placing tubes in a grid is the minimum inter-tube space. Based on
this requirement, the methods of placing tubes are given in Figure 1.2. In shell-and-tube heat
exchangers, the tubes should be placed along the edges of a regular hexagon. In this case, the
pipes will be compactly arranged, their number and heat exchange surface will be more. To
make it easy to clean the surface of the pipes, it is appropriate if the pipes are placed on the grid
along the square sides.

To achieve a high heat transfer coefficient in the device, the velocity of the heat transfer agents
should be 8-30 m/s for gases and at least 1.5 m/s for liquids.

Depending on the specific configuration and construction of the devices, different methods are
used for repair. In this process, it consists of identifying defects in the pipe, shell and pipe mesh
(set), inspecting and replacing corroded pipes [8-12].

Cleaning the internal surfaces of heat exchangers is carried out according to a clearly defined
procedure: mechanical methods; cleaning with water and steam; cleaning methods using
various solvents. Therefore, a specific cleaning method is selected for a specific heat exchanger.
The science of thermo-technology deals with repair problems. This science systematizes the
principles and elements of technical inspection and repair of technological equipment, taking
into account moral obsolescence. It combines the processes of design, installation and operation
of equipment [12-18].
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During operation, the parts of the equipment are subject to wear, deformation and corrosion
under the influence of external and internal stresses. This wear is accompanied by a change in
the size and shape of the part, as well as a change in the mechanical and chemical properties of
the external and internal layers of the part.

When this wear reaches a certain limit, it is called operational failure of the part. This defect is
eliminated by repairing or replacing the part.

Results

According to the technological regulations at Indorama Ferg’onaazot JSC, the current repair
process of the heat exchanger is carried out as follows:

1) remove the device from the technological line and disassemble it into parts;

2) clean the pipe surfaces;

3) check the tightness of the pipes;

4) plug the leaky and defective pipes with a plug;

5) check and renew the seals of the joints;

6) assemble the device and check for tightness;

7) check the operating modes of the device.

In the manufacture of heat exchangers and machines, materials should be selected according to
the application specifications, taking into account the conditions affecting the materials, the
temperature, and the resulting chemical technological process that will change their physical
and chemical composition.

The material should be selected knowing the operating conditions (temperature, pressure,
concentrations of the phases in contact).

When choosing a material, it is necessary to take into account its mechanical composition and
properties: yield strength, strength, elongation, hardness, processability, weldability, chemical
resistance to corrosion, thermal conductivity, etc. For example, the mechanical properties of
the material from which the working equipment is made change at low temperatures.

There is also a need to weld the material, because welding is the main method of attaching
equipment in modern chemical technology.

Figure 1.3. Appearance of the pipe network requiring repair.
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The main requirement for the material of heat exchangers is its resistance to corrosion, since it
determines the long-term durability of chemical devices. The aggressiveness of the conditions
can increase or decrease depending on their concentration.

When selecting materials for ferrous and non-ferrous metals or alloys for the apparatus, the
corrosion resistance of metals under constant corrosion conditions is taken according to GOST
13819-68. For the manufacture of chemical devices, structural materials should be used whose
corrosion rate does not exceed 0.1-0.5 mm/year. Materials with a corrosion rate of 0.01-0.05
mm/year are often used.

The specific conditions of operation of heat exchange devices, characterized by a wide pressure
range and aggressive environmental temperatures, impose the following requirements on
structural materials.

- High chemical and corrosion resistance of materials in aggressive working environments;

- High mechanical strength under static loads, operating pressures and temperatures resulting
from the use of hydraulic impact devices and equipment;

- Good weldability of materials to ensure high mechanical properties;

- The material is cheap and non-tankish.

Taking into account the technological process and weather conditions, there should be a guiding
principle in the design of technological equipment and facilities in the chemical industry. The
use of open facilities in industry has been confirmed by foreign practice. The location of the
main parts of technological departments in open areas is not considered an obstacle.

Ensuring the security service of the heat exchanger in the placement of the equipment, creating
convenience in the cleaning of the transport and people's movement paths, i.e. the working
surface of the equipment. The light paths of the service front are taken one meter (in the parts
of the enlarged hill between the equipment, the peak and the constructions)./laBpau xusmar
yuyH #iyn s 1 metp onmunaau. For periodic maintenance, the width of the path is taken as 1
meter. It is necessary to place the crane for lifting machines and equipment close to the hook.
In this zone, areas and paths should be considered for placing the details of the transported
equipment. The dimensions of the path and area are determined by the dimensions of the large
heat exchanger. When the space between the devices, that is, between the walls of the rooms
between the devices, is to be used, the lighting distance is taken as 1 meter.

Placement of equipment working under high pressure and approved by the State Technical
Control comes from the "rules for construction and safety use of pressure vessels". The
elimination of the possibility of dropping the devices should not violate the strength and
durability of the staircase and platform construction devices, ensuring access to all parts of the
device; the possibility of control; external and internal repair; protection of the device from
corrosion; maintenance; and convenience of repair. Lifting and transport vehicles are placed in
buildings and areas for installation, operation, dismantling and repair.

The selection of these locations is carried out based on the characteristics of the equipment
being placed, the number of units, the period of repair work, its duration, etc.

While it is recommended to use electric forklifts, forklifts, cranes, and other simple equipment
to perform repairs on equipment located in buildings, it is also advisable to use truck-mounted
pneumatic cranes to repair equipment located in buildings.
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For technological services of loading and unloading (catalysts and wheels) of large quantities
and various types of equipment located in open areas and requiring frequent disassembly and
dismantling, it is necessary to use high-altitude cranes. In order to maximize the use of tower
cranes for lifting loads, it is necessary to place heavy equipment closer to the crane and light
equipment further away.In this case, in order to reduce the cost of servicing a number of
devices, it is necessary to use a tower crane at a closer distance to increase the efficiency of the

tower crane.

The size of the external location in width is determined by the boom height of the tower crane.
Cranes, crane-hammers and monorails are used in buildings for repair, operation and assembly
of equipment.

It is recommended to use a crane-sledgehammer in low-rise buildings only when lifting devices
are required during the installation of the equipment and not necessary for the operation and
repair of the house. A crane-hammer is used for lifting heavy loads (from 0.25 to 5 tons) and
small lifting of buildings.

There are two types of cranes - bridge and hanging. Overhead crane - the beams move on steel
rollers guided by beams. The difference of hanging crane beams is that they are allowed to be
used in buildings of light construction, and in case of growth, the details of the equipment can
be fixed.

Equipment located in open areas reduces costs, reduces gassing, reduces fire and explosion
safety, helps the size of aggregates, allows for division into parts in many cases, and also
improves equipment installation conditions.

If the production is dangerous and the raw materials and products related to it have smelly,
flammable properties, a complex forced system, multiple air exchange ventilation per hour is
required for its use.

Special requirements are imposed on production facilities at “Indorama Ferganaazot™ JSC. The
enterprise produces ammonia, weak nitric acid, ammonium nitrate, urea, and caprolactam. The
location of their facilities in an open area is of great importance.

The use of mobile construction machines significantly reduces the volume and area of buildings
in production. Circulating piston compressors are used in the production of nitrogen fertilizers
and ammonia. In the new method, it would be appropriate to use compressors moving along a
circulating center installed in an open area.

When placing technological equipment, it is necessary to design it in “Indorama Farg’onaazot”
JSC. If weather conditions and operating conditions of the technological device allow, there
may be canopies to cover the upper part of the equipment, only one surface, in some cases a
shelf.

These surface mounts are only used if the device is not a hot room device, but the devices must
have the same resistance to wind, dust, and rain as the workers.

Placing small diameter and high height devices on shelves:

- all heavy and bulky equipment should be placed in such a way that it does not overload the
structural supports;

- standard support structures made of reinforced concrete;

- large-sized devices - covers, fittings, fittings, etc. are attached to the device itself.
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In turn, it is used to place auxiliary equipment for heat exchange and others in the areas. Placing
the devices in other devices or technological equipment significantly reduces the area of the
device. Such placement is purposeful, because the pipe equipment is shortened, hydraulic
losses are significantly reduced, and the geometric properties of the equipment are increased.
The placement of equipment in open areas requires compliance with the rules and regulations
of technical safety, fire safety, the removal of equipment to open areas, and other rules and

regulations, decisions, ensuring good conditions for workers and the safe operation of
equipment.

Conclusions

In a fixed tube-fin heat exchanger, the fixed tube fins are rigidly connected to the shell. Their
main disadvantage is that they cannot withstand temperature stresses and the internal surfaces
of the shells and the external surfaces of the heat exchanger tubes cannot be mechanically
cleaned of dirt and deposits. The restoration of such heat exchangers by assembly and repair is
somewhat limited.

That is why its long service life is ensured only by strict adherence to the appropriate operating
regime. For example, the temperature difference between the heat-exchange media specified in
the device passport cannot be exceeded, as this can lead to damage to the pipe-to-pipe joints or
pipe rupture. One of the two heat-exchange streams, free from impurities, corrosive active
substances and suspended particles that impair the heat exchange process and increase the
hydraulic resistance of the device, is sent between the pipes.

It should be noted that it is not possible to inspect the outer surfaces of the pipe and the inner
wall of the device shell, which means that it is impossible to monitor the condition of the device
during operation.

There is experience in cathodic protection of pipeline and heat exchanger shells from corrosion
using seawater. Such protection reduces the corrosion rate by 5-6 times. A certain number of
elements subject to cathodic protection, depending on the size of the protected surfaces, are
hung inside the device cover; depending on the extent of corrosion, the elements can be
regularly replaced with new ones during installation and repair.
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