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KOHCTPYKIUA KOPITYCHO-TPYBHOI'O TEIINIOOBMEHHUKA C
HNOBBIIIEHHOM TYPBYJEHTHOCTBIO IOTOKA HATPEBAEMOM AKUIKOCTHU
AHHOIM(H{M}L 6 cmambve npe()cmaeﬂeﬂbl Memoobl pacdema MeniooOMeHHUKO8 No
KOHCMPYKYUU, pasmepam u nO8epxXHOCHSM.
Knrouesvie cnosa: menioooOMeHHUKU, KONCYXOMPYOHBIL MENI00OMEHHUK, 2e0Mempusl
NOBEPXHOCU MeNnio00MeHa, KodI(guyuenm menionepeoadu, meniosvle U UuOpasiudecKue
pacdemal.

INTRODUCTION

It should be noted that in the heat supply systems of housing and communal services and
industrial enterprises, heat exchangers are used when heating water for:

- heating systems;

- hot water supply systems;

- various technological needs, where a coolant in the form of hot water is required.

At the same time, it should be noted that the temperatures at the inlet and outlet of the
heated water for these systems are always different; the temperatures of the heating circuit
coolant may coincide [1, 3-4]. Accordingly, the speed modes in the heating and heated circuits
can also change, which affects the main characteristic of the heat exchanger — the heat transfer
coefficient [5].

MATERIALS AND METHODS

The task of developing heat exchangers of an efficient design is to determine the
geometric dimensions of the heat exchange surface for various speed modes of the coolant and
the heated liquid. At the same time, an important condition is to achieve the required values of
the heat transfer coefficient K, W / (mIC), and pressure losses H, M. It is under this condition
that it is possible to design heat exchangers for various temperature and hydraulic modes and,
accordingly, expand their use in heat supply [6 - 7].

It should be noted that the design development of shell-and-tube heat exchangers (Figure
1.3) it is conducted quite intensively. At the same time, both experimental and theoretical studies
are actively carried out [8-9].
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Figure 1.
Shell-and-tube heat exchanger GOST 27590: 1 — branch pipe for the discharge of cooled
liquid (pipe space); 2 - branch pipe for the supply of heated liquid; 3 — housing; 4 — connecting
roll; 5 - branch pipes for the connection of the inter-tube space; 6 — branch pipe for the supply of
hot (heating) liquid; 7 - branch pipe for the discharge of heated liquid.

Intensification of thermal processes of shell-and-tube heat exchangers is an important
problem. It is the intensity of thermal processes that determines the dimensions of heat
exchangers, the number of sections, and, ultimately, the cost of the device for a specific heat
supply facility (heat source, TTP or consumer etc.).

RESULTS

The heat exchanger in the heat supply system must ensure the transfer of the necessary
amount of heat energy from one heat carrier to another at a given temperature and hydraulic
conditions and with the greatest possible intensity of heat exchange, be sufficiently reliable and
easy to operate, have a sufficient margin of safety, be sealed (i.e. one heat carrier should not fall
into another, and also flow out). The heat exchange surface and other elements of the heat
exchanger, streamlined by aggressive heat carriers, must have sufficient chemical resistance.
When designing heat exchangers, it should be ensured that they are as small as possible and have
the lowest specific metal consumption. Also, the costs of their manufacture, operation and repair
should be minimal. It is especially necessary to take into account the cost of energy for the
circulation of heat carriers and the costs of the corresponding pumping equipment.

Thus, the requirements for heat exchangers are very diverse, and sometimes
contradictory. Usually, one or more possible designs of the device are selected to solve a
production problem, and the flow patterns of heat carriers are determined. Based on the expected
operating conditions, heat carriers are selected. Thermal and hydraulic calculations of the
selected heat exchangers are necessarily performed. A strength calculation can also be made. In
the course of economic calculations, capital investments, operating costs, profitability and other
indicators are compared.

It should be noted that there is no generally accepted classification of methods for
improving the designs of shell-and-tube heat exchangers. Depending on the principle by which
the modernization of the design of the apparatus for the intensification of heat exchange
processes is carried out, the following directions can be conditionally distinguished:

- organization of the movement of the coolant in the heat exchanger housing;

- use of external physical fields;

- addition of chemicals to the coolant;
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- changing the geometry of the heat exchange surface.

Let's consider the designs of heat exchangers in which the method of changing the
geometry of the heat exchange surface was used.

Currently, shell-and-tube heat exchangers with smooth tubes are the most common in
heat supply systems [10]. This heat exchanger has proven itself for use in heat supply systems
according to many positive technical characteristics. But such a device has one drawback — a
relatively low heat transfer coefficient, which leads to large overall dimensions.

Currently, developments are actively underway to improve the operation of shell-and-
tube apparatuses. For the most part, constructive changes are being made. However, theoretical
research is not carried out enough [11].

To intensify heat exchange, we have proposed an original design of a shell-and-tube heat
exchanger with increased turbulence of the heated liquid flow (Appendix A), with a modified
geometry of the heat exchange surface [12].

- remove the partitions in the heat exchanger housing, place the hot and cold liquid
supply pipes on the opposite end walls of the heat exchanger, place the heated liquid outlet pipe
on the side surface of the housing from the side of the hot liquid supply pipe and, mainly,

- additionally equip the fin plates with cylindrical ribs (Figure 2).

In the technological process, a hot liquid is fed into the nozzle 2 (for example, from a
boiler room), which then enters the heat exchange tubes 8, heating them along their entire length.
Passing through the tubes, the liquid is cooled and at the end of the process is discharged through
the nozzle 3.

Figure 2.
Shell-and-tube heat exchanger with increased turbulence of the heated liquid flow and a
modified geometry of the heat exchange surface: a - longitudinal section; b — section A-A; ¢ -
general view of the heat exchange tube; 1 — housing; 2 — hot liquid supply pipe; 3 — cooling
liquid discharge pipe; 4 — supply pipe heated liquid; 5 — outlet pipe of heated liquid; 6 — flange
connection; 7 — transverse partitions; 8 — heat exchange tubes; 9 — plates; 10 — cylindrical ribs
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The heated liquid enters the body of the heat exchanger 1 through the nozzle 4, passes,
evenly distributed, in the inter—tube space located between the transverse partitions 7, flowing
longitudinally around the heat exchange tubes 8 with plates 9, as well as in the transverse
direction - the ribs 10. Then the heated liquid is discharged through the nozzle 5 and supplied to
the consumer of thermal energy for further use in engineering systems [12].

DISCUSSION

Equipping plates 9 with cylindrical fins 10 allows to increase the heat exchange surface,
as well as to create additional turbulence of the heated liquid flow when these fins flow around.
In turn, the turbulence of the flow will contribute to the destruction of the wall laminar layer,
which means an increase in the processes of heat transfer from the heat exchange surface to the
heated liquid. Ultimately, this will lead to an increase in the performance of the heat exchanger
for the target product — hot water.

Mathematical modeling

According to SP 41-01-95 "Design of heat points", the heat transfer coefficient K, W /
(m2K), for heat exchangers with smooth tubes is calculated:

(1.1)

K = vp

1 1 5,
al az ;i‘cm

where W is the heat transfer efficiency coefficient, B is the coefficient that takes into
account the contamination of the pipe surface [13], is the heat transfer coefficient from the hot
liquid flowing in the tube to the inner surface of this tube, W/(m2 K), is the wall thickness of the
heat exchange tube, m, Ast is the thermal conductivity coefficient of the tube material, W/(m<K),
- the coefficient of heat transfer from the outer surface of the heated heat exchange tube to the
heated liquid of the inter-tube space, W /(m2 K).

CONCLUSION

Since in our case the geometry of the heat exchange surface of only the outer surface of
the tube has been changed, it is necessary to determine the coefficient. To do this, it is necessary
to consider the nature of the flow around the new heat exchange surface.
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