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Statement of the problem. The problem of intensification of heat exchange processes in a plate
heat exchanger on the basis of the HHNe 02 heat exchanger of the Ridan company is discussed. It
is essential to carry out an analysis of the existing methods of intensification of heat exchange pro-
cesses in plate devices according to the results of the analysis to choose the most promising meth-
od of intensification of heat exchange process and based on it to develop a patent-protected design
of a heat exchange plate. Laboratory tests of the intensified plate heat exchanger with increased
turbulence of the coolant are performed. The results of thermal tests on a specialized laboratory in-
stallation of the resulting and the serial heat exchanger are presented.

Results. The results of the comparison of experimental studies of the intensified plate heat exchanger
with the increased turbulence of the heat carrier and the serial plate heat exchanger of identical heat
power are shown. The graphs of dependence of the heat transfer coefficient, which is the major charac-
teristic of the operation of heat exchange equipment, on the average temperature pressure are designed.
Conclusions. As a result of the laboratory tests in the specialized laboratory of BSTU named after
V. G. Shukhov and research at the Voronezh State Technical University established a rise in the
heat transfer coefficient due to the increased turbulence of the coolant flow, which causes a de-

crease in metal consumption and reduces the cost of heat exchange equipment.

Keywords: plate heat exchanger, corrugated surface, experimental studies, heat transfer coefficient, intensifica-

tion of heat exchange process, turbulence.

Introduction. The territory of the Russian Federation is made up by five climatic zones with
the heating period lasting from 72 to 365 days according to a zone [10].
Thus in order to create comfortable working and living conditions, heat supply systems are

used in housing and communal services. In Russia, the most common one is the centralized
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heat supply as with this type of heat supply guarantees low fuel consumption and operating
costs. The advantage is the low degree of air pollution which improves the sanitary condition
of settlements [5].

However, in the second half of the 20™ century and in the early 21 century, decentralized,
autonomous and individual heat supply systems are becoming more common. This is partly
due to the extensive cottage construction both in the Russian Federation and in the developed
countries of the world [13].

In a decentralized heat supply system, the heat source and the heat sink are practically
combined, i.e., the heating network is either very small or absent. Such a heat supply can be
individual with separate heating devices used in each room [11]. Decentralized heating differs
from centralized heating by local distribution of the produced heat. Small boiler houses, hot
water boilers, stove and electric heating, including modern heat pump setups [15] are used as
a heat source.

Heat exchange equipment is currently used in heat supply systems, the use of plate devices is
particularly advantangeous. They became a real breakthrough in the energy sector of housing
and communal services. This is due to the high technical and economic performance of the
plate heat exchange equipment. Thus the problem of modernizing and improving the technical
characteristics of such equipment is extremely relevant.

The objective of the study is to develop a plate design for intensifying heat exchange
processes in plate devices to increase the heat transfer coefficient K, W / (m” K).

1. Intensification of heat exchange processes in heat exchange equipment. In compliance
with the requirements for heat exchangers, in production for solving problems of heat supply
and the choice of equipment, several types of apparatus structures and thus schemes for the
movement of heat carriers are selected. Heat carriers with the necessary thermal and hydraulic
calculations for the designed heat exchangers are chosen depending on the operating
conditions. To conclude, an economic calculation is made taking into consideration the capital
investment, profitability, maintenance costs, etc. [14].

In heat supply systems, the most common shell-and-tube and plate heat exchangers as shown
in Fig. 1.

In line with the Soviet and Russian experience, shell-and-tube heat exchangers in heat supply
systems for housing and communal services are reliable and cost-effective. However, the major
disadvantage of this type of equipment is the low heat transfer coefficient K, W / (m’® K), in

comparison with plate heat exchangers [3, 4].
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Fig. 1. Heat exchange equipment:

a) shell-and-tube heat exchanger; b) plate heat exchanger

The use of plate heat exchangers in heat supply systems for housing and communal services
leads to an increase in the heat transfer coefficient K, W / (m® K) as well as that in the
efficiency of a substation due to a decrease in the amount of subcooling and a drop in labor
costs during repair and maintenance. Such advantages are accounted for by small overall
dimensions with a high value of the heat transfer coefficient K, W / (m” K). Thus an increase
in the energy efficiency of technological equipment of heating networks causes a significant
economic effect [12, 22].
It is important to note that there are several classifications of ways to improve the designs of
plate heat exchangers. Among the known directions of modernization of the design of plate
heat exchangers, the major ones can be pinpointed:

— changing the geometry of the heat exchange surface;

— the use of mechanical turbulators;

— the use of external physical fields;

— the use of solid particles in the coolant.
Let us look at these areas in more detail.
Changing the geometry of the heat transfer surface for lamellar devices consists in that of the
shape of the plate surface. Therefore A. Yu. Maskinskaya at the Moscow Power Engineering
Institute developed a plate with spherical dimples [7]. The result of the study was the
identification of dependencies suitable for calculating characteristics in heat power facilities
given the influence of the depth of the dimples, the height of the channel and the degree of

turbulence characteristic of the developed currents.
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The work by the Italian specialists R. Morreti and M. Ereira [23] on the use of plates with
different corrugation heights is of interest. This made it possible to increase the heat transfer
by 10 %, however, with such a modification, an increase in pressure losses is observed at
high speeds.

The impact on the flow of mechanical turbulators is created, as noted by A. P. Zegzhda, by
adding deflectors of various geometric shapes [2], which contribute to the rational separation
of coolant flows to reduce the hydraulic resistance H, m, and increase the heat transfer coeffi-
cient K, W/ (m’* K).

The use of external physical fields, particularly acoustic vibrations, made it possible to in-
crease the values of the average heat transfer coefficients only at an intensity of vibrations
above 140 dB, which is dangerous for human hearing [8]. The use of ultrasonic vibrations in-
creased the efficiency of the heat transfer process by 5 times, however, according to studies in
degassed water, a slight intensification was noted [25].

In order to intensify heat transfer, solid particles are used in the coolant, e.g., ferrimagnetic par-
ticles are introduced moving under the action of a rotating magnetic field [1, 20, 24]. According
to the official representatives of Alfa Laval in Russia, the heat transfer coefficient increases by
40 %, but filters must be set up at the inlet and outlet of the apparatus. Investigations were con-
ducted related to the use of a heating circuit coolant, which included a nanofluid, which is a
suspension of copper and zinc nanoparticles [6]. At the same time, the maximum — 1.5 times —
the heat transfer went up with the use of copper. This method of intensification is only possible
in the chemical, petrochemical and food industries, and for them to be employed in in heat sup-
ply, specialized boiler and pumping equipment will have to be used [16, 19, 26].

Note that active methods of intensifying the heat exchange process require the use of third-
party devices causing an increase in the energy consumption and thereby an increase in the
maintenance and repair costs.

An alternative option is the use of passive methods acting on the boundary layer due to the
application of ribbing, the use of rough surfaces, swirlers and other developed heat exchange
surfaces [17, 21]. Complex methods of intensification of the heat exchange process are also
utilized combining several methods in one technological process, €.g., a combination of rough
surfaces and swirlers [18, 20].

A feature of the device of plate heat exchangers is the design and shape of the heat exchange
surface and channels for the operating environment. The heat exchange surface is formed from

separate plates, and the channels for the operating environment have a slot-like shape. The ope-
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rating environments move at the heat exchange surface in a thin layer, which contributes to the
intensification of the heat transfer process. The shapes of the plates and their surface profiles are

shown in Fig. 2.

Q

\
o

Fig. 3. Heat exchanger plate:

a) general view of the plate; b) view A; 1 — metal plate serving as the basis of the product; 2 — a sealing gasket;
3 — outlet of the heated circuit; 4 — inlet of the heated circuit; 5 — heating circuit inlet; 6 — outlet of the
heating circuit; 7 — the main heat exchange part; 8 — corrugation (corrugation); 9 — area between adjacent
corrugations; 10 — technological recess of a spherical shape; d is the diameter of the recess, m; 4 is the height

of the recess, m; p is the step of the indentations, m; p, — distance between adjacent corrugations, m

In order to intensify the heat transfer, an original design of an intensified plate heat exchanger

with modified corrugated plates [9] is set forth whose design feature is the corrugated heat
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exchange plates shown in Fig. 3. The developed plates have spherical grooves located according
to a linear law, i.e., between adjacent corrugations of the main heat exchange part.
2. Experimental heat engineering studies of an intensified plate heat exchanger in a
laboratory setup. Conducting field experimental studies is necessary to establish the effect
on the efficiency of the intensified plate heat exchanger with the increased turbulization of the
coolant of the following factors:

1) the flow rate of the heating agent in the heating and heating circuits, Gg; Gpg, m’/h;

2) the values of the liquid temperature at the inlet to the heating and heated circuits of the

intensified plate heat exchanger, t;g, t1,g, el

Experimental studies were performed in a specialized laboratory of BSTU named after
V. G. Shukhov at the laboratory setup "Independent Heating System of a Residential Buil-
ding". At the same time, the safety requirements were observed. The aim of the experiment is
to compare the heat and power and hydrodynamic characteristics of two devices:

— serial plate heat exchanger designed in compliance with GOST (I'OCT) 15518-87;

— original intensified plate heat exchanger with corrugated plates containing spherical

technological recesses.

Table

Physical and chemical characteristics of coolants

Ne Parameter Value

Heating contour

1 Density, kg/m’ 998
2 Rigidity, mmole/l 8

3 Turbidity, cm 27—29
4 Specific heat capacity, kJ/(kg K) 4.2

5 Maximum temperature, °C 85

Heated contour

6 Density, kg/m’ 998
7 Rigidity, mmole/l 8

8 Turbidity, cm 27—29
9 Specific heat capacity, kJ/(kg K) 4.2
10 | Minimum temperature, °C 20

General view of the laboratory installation "Independent heating system of a residential

building" is shown in Fig. four.
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An intensified plate heat exchanger, the main element of which is a modified corrugated plate
with spherical depressions located according to a linear law [9], between adjacent cor-
rugations, is the central element of the laboratory setup.

The table shows the physical and chemical characteristics of the coolants used in the ex-

periments.

..{
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Fig. 4. Laboratory setup "Independent Heating System of a Residential Building":
1 — hot water electric boiler "Rusnit"; 2 — heat calculator "Vzlet TSRV-042"; 3 — Vzlet flow meters;
4 — manometers; 5 — circulation pump Grundfoss UPS 32-40;

6 — intensified plate heat exchanger; 7 — heater

The piping of the experimental setup is made with polymer pipelines with a diameter of
Dy = 15; twenty; 25; 32 mm. Shut-off valves (ball valves) and control valves (valves) of cor-

responding diameters were set up.
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According to SP (CII) 41-01-95 "Designing Heat Points", the heat transfer coefficient K,
W / (m* K), for plate heat exchangers is calculated:

Kk=—FP

11, S

o, o, A
where B is the coefficient taking into consideration the decrease in the heat transfer coefficient
due to the thermal resistance of scale and impurities on the plate depending on the quality of
the water, 1s taken equal to 0.7—0.85; a, is the coefficient of heat transfer from heating water
to the plate wall, Watt/(m® K); o, is the coefficient of heat absorption from the wall of the
plate to the heated water, Watt/(m® K); 8¢7 is the thickness of the heat exchange plate, m;
Acr is the coefficient of the heat conductivity of the plate material, Watt/(m” K).
As a result of the research, the optimal operating modes of the investigated plate heat
exchanger with increased turbulization have been identified.
It has been shown experimentally that the use of corrugated plates with spherical depressions

arranged according to a linear law causes an increase in the heat transfer coefficient K,

W / (m® K), and an intensification of heat transfer, which is confirmed in Fig. 5.
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Fig. 5. Graph of the dependence of the heat transfer coefficient on the average temperature pressure:

1 — serial heat exchanger; 2 — plate heat exchanger with corrugated plates with spherical grooves

It can be concluded that the use of corrugated plates with spherical grooves arranged accor-
ding to a linear law causes an increase in the efficiency of the plate heat exchange equipment
and the overall reduction in the cost of heating (cooling) of the coolant.

Conclusions

1. The use of plates with technological depressions of a spherical shape, arranged according to

a linear law, makes it possible to increase the efficiency of heat transfer between two heat car-
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riers, e.g., liquids, by increasing the heat transfer coefficient by intensifying the turbulence of
the heat carrier flow in the heat exchanger. In this case, additional vortex formation occurs at
the "heat carrier — plate" interface.

2. Intensification of heat exchange processes is achieved by using spherical grooves located
according to a linear law.

3. The results of the experimental studies of two plate heat exchangers confirm the advantage
of using modified corrugated plates.

4. It 1s our belief that further research in the field of intensification of heat exchange processes

would increase the reliability of heat supply systems and reduce the maintenance costs.
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