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RESEARCH OF TECHNOLOGICAL SYSTEMS OF STEAM SUPPLY
AND POSSIBLE WAYS OF INCREASING THEIR ENERGY EFFICIENCY
ON THE EXAMPLE OF DEVICES FOR DEFROSTING WAGONS

Abstract. Steam supply systems of industrial enterprises in various fields of
activity remain relevant primarily due to the thermophysical features of the use of
phase transition energy of water vapor in the process of its condensation. In addition,
in the countries of Eastern Europe, traditionally a significant number of existing
boiler houses are steam and the choice of energy carrier is determined precisely by
the presence of a characteristic source. At the same time, cargo logistics processes
are provided today largely by sea transport, and delivery to ports is traditionally
carried out by rail, which in turn requires the use of a defrosting system and
transshipment of bulk products. The paper presents the results of studies of energy
consumption of devices for defrosting wagons of port infrastructure and proposes
circuit thermal and mechanical solutions for the modernization of the steam supply
system of defrosting house. According to the results of the study, the values of heat
energy consumption per unit of output in the existing scenario and after
modernization are given. The characteristic technological and thermotechnical
features of the existing scheme of devices for defrosting wagons of the port
infrastructure of Ukraine and measures for the modernization of such systems, the
introduction of which will achieve a significant reduction in the consumption of
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thermal energy in shunting non-stationary modes of operation of defrosting houses,
are given. The feasibility of using an infrared wagon heating system using steam
registers is substantiated.

Keywords: Steam supply system, energy efficiency, technological defrosting
house, wagon defrosting device, heat loss of steam pipelines.

Introduction. There are few studies devoted to the rather narrow and
geographically limited topic of energy efficiency of steam supply systems for
defrosting wagons. First of all, this is due to the fact that defrosting houses with
steam heating devices were actively used only in Eastern Europe, and the geography
of research is mainly limited to the northern countries of this region. At the same
time, the growth of shipping is an inherent process for actively developing and
consuming humanity. Accordingly, the importance of the energy efficiency of all
processes at all stages of shipping is difficult to deny [1-2]. At the same time, the
delivery of goods by rail to ports remains an integral part of the logistics process [3-
5].

Latest research and publications. There are conclusions that increased
loading, particularly of coal and other bulk commodities to specialised marine
terminals to reduce gondola turnover, shunting and marshalling operations, may lead
to an increase in logistics turnover. Reference [6] provides data regarding the impact
of the lack of wagon defrosters; it is stated that, among other things, this deficiency
leads to slower wagon turnover.

The study [7] is devoted to improving the efficiency of the defrosting process of
freight wagons. Various variants of convection heating are given and the performance
of such variants is evaluated.

The paper [8] considers a numerical method for solving the problem of unsteady
heat transfer during coal heating in a special defrosting device with the subsequent
obtaining of a method allowing to reduce the time of coal heating due to the
application of a special thermal regime. The attention is focused on time saving at
coal heating by the value from 87,9 to 12,7 %, that is definitely very actual at
shunting modes of work of the device of a greenhouse.

The research [9] gives directions and ways of modernisation of greenhouses and
substantiation of the decision of expediency of transition from convective systems of
heating of devices of defrosting of cars to systems of infra-red heating. Similar
conclusions and emphasis on gas infra-red side screens and hearth burners are given
in the study [10]. It is stated that the heating time can be in the range of 20 minutes.

The study [11] confirms the effectiveness of the solution of using pipe registers
for extended objects, including wagon defrosting devices. The article also focuses on
gas infrared heaters.

Thus, the relevance and object of the study are confirmed and require a detailed
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study, in particular, the study of the operation and thermal-mechanical scheme of
steam heating systems of the existing wagon-defrosting devices of the port
infrastructure. This study is primarily intended to focus on improving the energy
efficiency of individual technological steam consumers of industrial enterprises, in
particular, the defrosting devices in the port infrastructure.

The article presents the results of experimental studies of the steam supply
system for greenhouses, in particular, the defrosting devices in the port infrastructure.
The paper presents the results of experimental studies of the steam supply system of
greenhouses and provides possible ways to improve the energy efficiency of wagon
defrosting devices as significant steam consumers.

Main part. The object of this study was one of the ports of Ukraine, located on
the Black Sea coast. In the total energy balance of the facility, the largest share is
occupied by the central boiler house, represented by a combination of steam and hot
water boilers with a total installed capacity of about 45 MW, of which 9 MW is the
installed capacity of hot water boilers. At the same time, the share of the installed
capacity of two devices for defrosting wagons (hereinafter, technological defrosting
house) is up to 8.8 MW in full load mode (according to the enterprise).

One of the largest technological consumers of water vapor at the enterprise are
two devices for defrosting wagons (loading one device - 20 wagons). As
thermotechnical objects, defrosting devices are long frameless buildings with two
spans and bearing longitudinal walls of concrete. The width of one span is 6 m. Side
and ceiling smooth pipe steam registers are used as heating elements (Fig. 1).

Ceiling heaf exhangers

(D)

Side heat exchangers

Fig. 1. Section of the defrosting house with an image of the location of the steam
turbines registers
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Steam registers provide intensive radiation supply of heat by heating frozen car-
goes. In stationary working conditions, with a continuous flow of goods, the devices
work effectively with an average specific consumption of
0.128...0.395 MW/wagon [8]. In order to avoid irreversible thermal effects on goods,
surfaces and elements of wagons, the average air temperature in the working space of
the defrosting house is maintained at 90... 95 °C.

As a coolant in devices for defrosting wagons, water vapor is used. From the
boiler room, overheated water vapor enters the main steam pipeline with the
parameters - overpressure 0.8 MPa, temperature 200... 220 °C. At the entrance to the
defrosting house, the water vapor is reduced, the pressure after the reduction gear is
0.2... 0.3 MPa. Such reduction can potentially also be used as part of the substitution
for low-power steam turbines with sufficient economic justification [9]. Superheated
steam enters the side and ceiling steam screens from smooth pipes, where it cools and
condenses. The system is designed in such a way that the formed condensate is
supercooled below the saturation temperature, at a pressure set in the condensate
pipeline (excess pressure in the condensate pipeline 0.18... 0.25 MPa, condensate
temperature 102... 106 °C). Overpressure ensures continuous condensate return to the
boiler house.

The principle thermal scheme of the existing heat supply system of steam de-
frosting house is shown in Fig. 2. Characteristic of the existing system:

1. Stable work is ensured in stationary operating mode.

2. The system is cheap and technically simple (with a minimum number of ele-
ments that require maintenance).

3. Condensate return due to back pressure in the system, no pumps are used to
move condensate (no additional electrical energy is consumed).

4. Low economically justified specific energy costs per unit of "finished prod-
ucts".

Along with the above advantages, attention should also be paid to the fact that
steam screens are not equipped with devices to prevent the flow of water vapor into
the condensate collection and return system - steam traps. It is known that in steam
condensate systems not equipped with steam traps, under non-stationary operating
conditions of systems, it is possible to slip "acute" (not condensed) steam into the
condensate collection and return system. The value of steam slippage can be from 5
to 30% of the nominal mass flow rate of the coolant [10-11].

In the case of condensate collection systems equipped with atmospheric tanks (a
similar system is also organized in the thermal management of the enterprise under
study), "hot" steam usually transits into the atmosphere (is lost). The second feature
of the existing steam supply system is the limited ability to replace its thermal
capacity.
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Fig. 2. Basic energy scheme of the existing steam supply system of process
defrosting houses (T71 — pipeline of superheated water vapor (P*=0.8 MPa,
T=200...220 °C); T73 — pipeline of moist saturated steam after reduction (P=0, 2...0.3
MPa); T82N — supercooled condensate pipeline (P=0.18...0.25 MPa, T=102...106
°C); T96 — drainage pipeline; T97 — pipeline for blowing ; (notations according to
SSTU B A.2.4-8:2009; *- the amount of excess pressure is given)

The power of the system is determined not by technological necessity, but by the
possibility of its reliable, trouble-free operation. Many years of experience in the
operation of steam defrosting house have shown that for the reliable return of
condensate to the boiler room, an excess pressure of 0.18...0.25 MPa must be
maintained in the collecting condensate line. This condition leads to the fact that
during periods of "hot" downtimes (when the defrosting house is "under steam"
without wagons) it is not possible to reduce the temperature in the working volume
below 90...95 °C When the time between "hot" downtimes is small, which is typical
for stationary operating conditions, the share of such energy overspending in the total
mass of usefully used energy is insignificant. If the time of "hot" downtimes turns out
to be commensurate with the useful time, then the amount of energy overspending
turns out to be correspondingly commensurate with the amount of usefully used
energy. As one of the means of reducing heat consumption during periods of "hot"
downtimes it is possible to recommend lowering the average air temperature in the
working volume of the defrosting house, thereby reducing its thermal power

10
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th = Qnu

(th—thp)
(95—thp)’

(1)

where Qy is the nominal power of the defrosting house, [MW]; ty, — average air
temperature in the working volume of the defrosting house in the "hot" reserve [°C];
toda - average outdoor air temperature during the heating period [12] [°C]; 95 is the
average air temperature in the working volume of the defrosting house under nominal
operating conditions [°C].
When changing the value ty, from 95 to 50 °C, the capacity of the defrosting
device (in the "hot" reserve) is reduced by 50%. Heat energy specifications of the de-
vices for defrosting wagons are presented in Tab. 1.

Table 1. Passport specifications of the devices for defrosting wagons
. : Defrosting house
No Name of the position Unit Nel N2
1 | Parameters of the coolant at the entrance:
Type of coolant superheated steam
coolant pressure MPa 0,8...0,85
coolant temperature °C 200...220
) Parameters of the coolant after the
reducer:
type of coolant superheated steam
coolant pressure MPa 0,2...0,3
coolant temperature °C 200...220
3 | Nominal thermal power of the device MW 2,7...8,8
4 Heat carrier cqnsumption in the nominal tons/hour 4.0...13.0
mode of operation
5 | Condensate parameters after the device:
pressure MPa 0,18...0,25
temperature °C 100...110
6 Averag§ specific costs per unit of KW/wagon 128395
production
7 Diameter of conditional passage of
pipelines:
main steam pipeline mm 300
workshop steam pipeline mm 150
workshop condensate pipeline mm 80
main condensate line mm 80, 150

11
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Steam devices for defrosting cargoes are served by a main steam pipeline with a
diameter of a conditional pass of Dn300 and a length 400 m Defrosting houses No. 1
and 2 have their own separate condensate pipelines (Fig. 2) with diameters of a con-
ditional pass, respectively, Dn80 (L=400 m) and Dn150 (L=215 m). The method of
laying the heating network is open, aboveground (on a flyover). Normative values of
the linear density of the heat flow in the main steam pipeline and collective conden-
sate pipelines [13-14] are given in Tab. 2.

Table 2. Normative linear density of heat flow from insulated surfaces of pipe-
lines operating in outdoor air for less than 5000 hours

Specifications of the pipeline

No Linear norm of heat

i Temperature of the flow density, W/m
environment in the

pipeline, °C

Diameter of conditional
passage, mm

1 300 200 149
2 150 100 52
3 80 100 37
4 150 50 29
5 80 50 21

As you can see, on condition of equality of the actual value of the linear density
of the heat flow from the insulated surface of the pipeline to the normative value
(Tab. 2), in the nominal mode of operation of defrosting houses, the amount of heat
loss should be less than 1.6% of the nominal power of the devices, and not be the de-
termining factor in the main economy of value.

The structure of thermal energy consumption by a steam device for defrosting
cargoes has the following form:

Qg =0, +0Q,+ 05 ()

where Qf - the total thermal power, which is released for the technology of defrosting
houses from the central boiler house of the enterprise, [MW]; Q; the thermal power
required to maintain the working temperature in the defrosting house (this cost item
includes both the useful heat used for heating and defrosting the cargoes, as well as

12
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the energy supplied to compensate for regulatory and unorganized losses in the de-
vice), [MW]; Q, - thermal power, necessary for compensation of heat losses in main
heat networks, [MW]; Q3 - additional, unaccounted costs associated with non-
standard heat losses (for example, with leaks, flying steam, non-return of condensate,
etc.), [MW].

Based on the task, the value of the total thermal power (Qp) was determined us-
ing the instrumental method during the "hot" reserve period of the device. The value
Q, was calculated taking into account the results of thermal imaging. The presence of
unaccounted expenses was controlled, and when processing the results, their value
was taken equal to zero Q3 = 0. The quantity Q; was determined by calculation by
known values Qg, Q,, Q5.

In order to determine the current state of the steam supply and condensate col-
lection system and to evaluating the effectiveness of the steam devices for defrosting
cargoes Nel and 2, in March 2023, defrosting house #2 was conducted and removed
to the "hot" reserve Ne2. At the time of measurements, a stationary temperature was
established in the defrosting house, and stationary parameters were established in the
steam supply and condensate collection system (Tab. 3).

Defrosting house Ne2 was operated without technological load - in "hot" reserve.
The wind speed did not exceed 4 m/s, the relative humidity of the outside air was
within 58-64%, the atmospheric pressure was equal to 763 mm.

The amount and parameters of the coolant in the steam supply and condensate
collection system of steam device for cargoes defrosting No2 operated for established
mode of operation during the "hot" reserve period.

The volumes of consumption and parameters of natural gas during the period of
tests of defrosting house No2, and the temperature values of the outside air are pre-
sented in Tab. 4. The data is obtained from the commercial natural gas consumption
accounting system of the enterprise. The system of commercial accounting of natural
gas consumption is giving corrections the measured values and brings them to stand-
ard conditions [19].

A fragment of the daily water consumption (is given sampling period is 10
hours) and steam during the test period of defrosting house No2 is presented in Tab. 5.
The data is obtained from the automated system of control and accounting of the pa-
rameters of the production processes and distribution of thermal energy of the enter-
prise.

A comparing of the results of measurements of a number of values obtained us-
ing an automated system of control and accounting of the parameters of the produc-
tion processes and distribution of thermal energy has allowed to draw a conclusion
about the incorrectness of the measurement of some parameters.

13
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Table 3. The coolant parameters in steam supply and condensate collection sys-
tem of steam device for cargoes defrosting No2
< & % §
A A T N N R
S| Sl S| £ 8|2 ¢ B 2 ¢
. 2| 8| E| §| 2| 5| & E| £| £ %
o o o o | €| 2| 8| € 2 5
o8 e s B2 E B LB
¢l 2 £ F g B 2| B 5] &) S
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s Bl £ g £ 8|2 8 8] 28
S| & &1 & &1 § > 2 7
& =
S
g 0.186|89.64|88.29 | 85.14| 102.7 [16.929.17|207.9| 12.3 | 1.502 | 104.1
S
©110.199190.09 | 89.64 | 86.49 | 103.6 |16.56|9.20207.6 | 12.02|1.502 | 104.2
o
g 0.211{90.99{90.54|87.39| 104.5 | 16.029.24 {207.5|11.67 | 1.503 | 104.2
S
$110.224191.89191.44 | 83.29| 104.5 | 15.89|9.26 |207.4 | 11.42 | 1.503 | 104.4
S
S10.232191.44(91.44 188.29(106.31|15.35]9.28 |207.0 | 11.13 | 1.503 | 104.3
S
Z10.231191.35(91.45[89.51(107.41|14.83|9.32 [206.8 | 10.78 | 1.502 | 104.2

In particular, when comparing the mass flow rates of feed water, superheated
steam, and the volumetric flow rate of consumed natural gas, it turned out that the
devices for measuring the flow rates of feed water and superheated steam, installed
on part of the pipelines of one of the boilers, show, firstly, different values, and sec-
ondly, these values correlate poorly with the values obtained from the commercial
natural gas consumption accounting system. The measurement points required verifi-
cation and could not be used for further research.

The value of the total thermal power (Qp), which was released to the technology
from the central boiler room of the enterprise during the period of the experiment,
was calculated. The theoretical amount of thermal energy released during the com-
bustion of natural gas was determined by the expression:

14
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Table 4. The fragment of data on natural gas consumption during one day

where Q - is the theoretical amount of thermal energy released during the combustion
of natural gas, [GJ/hour]; 273.15/293.15 - a numerical coefficient that takes into ac-
count the change in volume during the transition from standard to normal conditions;
Ql, - lower working heat of combustion of natural gas, [kJ/nm’]; V4, - hourly con-
sumption of natural gas reduced to standard conditions [10], [m*/hour] (Tab. 4); 10~

Gas Gas volume, m* o
Time | temperature Absolute gas | (reduced to standard Outside air
oC " | pressure, MPa | conditions, 20 °C, | temperature, °C
101325 Pa)
01:00 -0.45 0.466 1751.5
02:00 -0.66 0.472 1845.6 -5.6
03:00 -1.38 0.469 2120.2
04:00 -1.08 0.475 1785.2
05:00 -1.17 0.477 1749 -5.6
06:00 -2.01 0.468 2112.1
07:00 -0.54 0.464 2053
08:00 4.04 0.476 1230.6 -3.3
09:00 7.39 0.487 1375.9
10:00 9.71 0.487 1600.1
11:00 11.64 0.488 1551 0.3
12:00 13.64 0.493 1465.4
13:00 16.32 0.499 054.2
14:00 18.81 0.5 805.5 2.8
15:00 18.65 0.5 780.6
16:00 17.67 0.501 761.6
17:00 15.29 0.498 794.8 1.1
18:00 12.45 0.494 856
19:00 9.33 0.49 969.5
20:00 8.66 0.49 941.7 0.6
21:00 8.66 0.488 933.8
0=k0} 10

- a numerical coefficient that takes into account the transition from [kJ] to [GJ].

15
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Table 5. Dynamics of water and water vapor consumption during the day

Third party consumer Steam for own needs

Water .

D, 150 D, 100 and production
A
2 = B | & | B
3 &6 = =) )
= i — i — o 2 g 8
B9 2| g 2 &g & B8 5| g ¢
g | 4] E| €| £| g £ § ¥ B | B
s O | 9 3 5 S| 8| 8 g & s °
S| © g ®| w| B B| = g 3 5
(=W <l 8 o o o A qa o= Loé« 3
> = % < %
. g o 2 2
[a W °o |75 72} 75}
£ o R o

<

1:00 | 24 | 100 | O [259|9.11| 0 |3.57| 0 | 9.43 8.23 | 2.37
2:00 | 24 | 100 | O |[261|9.15| 0 |3.55| 0 | 1421 | 8.89 | 2.26
3:00 | 24 | 100 | O 26 [9.14] 0 [352] 0 | 19.87 | 9.01 | 2.23
4.00 | 24 [ 100 | O 2591909 0 {348 | 0 | 19.93 | 10.72 | 2.14
5:00 | 24 | 100 | 0 |259]9.09| 0 [346| O 20 15.53 | 2.08
6:00 | 2.42 | 100 | 2.21 [2.5819.09| 0 |348| O 20 15.58 | 2.02
7:00 (249|100 {608 | 2 |926| 0 [347| 0 | 19.78 | 15.1 | 191
8:00 | 2.4 | 100 | 0.03 /196|942 | 0 |[347| O 20 16 2.19
9:00 241100 | O [198/954| 0 [3.53]| O 20 16 2.37
10:00 | 2.4 | 100 | O 2 19610 [357] 0 4.6 537 | 2.44

The useful amount of thermal energy spent on obtaining superheated water va-
por was determined by the expression:

Qsv = Dsy * (igy + isw) - 1073 4)

where Qgy - is the thermal energy spent on obtaining superheated water vapor,
[GJ/hour]; Dg, - mass consumption of superheated steam, [ton/hour]; isy,isy -
enthalpy of superheated steam and feed water, respectively [kJ/kg] [20]; 1073 -
numerical coefficient, takes into account the transition [GJ/M]J].

The work efficiency of the steam generator, which is characterized by its effi-
ciency - gross, was calculated according to the direct balance:

16
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— Osv
=" (5)

Below is a graphic dependence of the work efficiency of the steam generator on
the value of its useful power (Fig. 3).
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Fig. 3. Dependence of the efficiency of the steam generator on the amount of
useful thermal power:
1 - dependencies (1-4); 2 - under the condition that the mass flow rate of steam is
equal to the mass flow rate of feed water; 3 - average characteristic of the array of
points 1

The useful power of the steam generator is laid down on the abscissa axis, Qpp,
and its gross efficiency is on the ordinate axis. In blue (1) marked the values obtained
according to dependencies (1-4). Red colour (2) indicates the values obtained under
the condition that the mass flow rate of steam is equal to the mass flow rate of feed
water. The line (3) is an average characteristic of the array of points (1), which in turn
are calculated but based on measured steam flow rates (this is the reason why the
graph shows physically incorrect indicators of steam generator efficiency more than 1
fraction of one). Values taken from the mode map of the boiler (provided by the
company) are indicated in black. As you can see, values (2) are poorly correlated
with data (1) and (3), which may indicate incorrect operation of the flow measuring
device installed in the supply line. Value (1) have a large scatter of data, in addition, a
number of values (n > 1) have unphysical results. This may indicate the function of
the sensors in the control system (measurement and regulation) at the highest and

17
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most unfavourable error. Such results are very rare, which is inside the probability of
such a high error.

Regression models that describe the obtained set of values have a low coeffi-
cient of determination (R? < 0,5), which shows a large scatter of the data and a poor
fit of the model. Considering of all the above, we assume that the useful amount of
thermal energy (which is released by the central boiler room of enterprise for tech-
nology, own needs, and third-party consumers) is determined by the calculation
method using data from the commercial natural gas consumption accounting system
and data from the mode map of the steam generator. In addition, in the amount of 3%
of the mass of the produced steam, the value of its continuous purging is taken into
account.

273,15
293,15

Qsv = 5572 Qw V- 10761+ (1 +0,03)™ (6)
where (1 + 0,03) — is a numerical coefficient that takes into account the value of
continuous purging.

The amount of superheated steam that is released to consumers:

Dsy Isv (7)

" (isy+isw)1073

The results of calculations of quantities Qgy (1) and Dgy (2) are presented in
Fig. 4.
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Fig. 4. Dynamics of changes in the useful thermal power of the object Qgy and
consumption of superheated water vapor Dgy at the time of measurements, 1 — useful
thermal power; 2 — consumption of superheated water vapour
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The main items of the balance of thermal energy costs during the measurements
were:

- expenses for own needs (hot water preparation, feed water deaeration);

- production costs (devices for defrosting cargoes and other technological con-
sumers);

- costs of third-party consumers;

- expenses for heat supply of houses and structures (water thermal network).

Subtracting from the value Qpp of current articles of thermal energy consump-
tion, we determine the value released to the device for defrosting cargoes Qg.

The calculation results are presented graphically (Fig. 5) as a function of the to-
tal mass flow rate of superheated steam (1), the mass flow rate of steam per defrost-
ing house (2) and the dependence of the average temperature in the defrosting house
on time (3). During the measurement period, the average mass consumption of super-
heated water vapor per defrosting house, during the "hot" reserve period, was 11.3
t/h. The obtained mass flow rate of superheated water vapor to the device for defrost-
ing cargoes, in the "hot" reserve, approaches the value of the mass flow rate of the
coolant when the defrosting house is operating in the nominal mode of operation (un-
der load). The average value of the total thermal power (Qg), which is released to the
technological consumer in the "hot" reserve, was equal to 6.7 MW.

The value (Q,) was determined by using the calculation-experimental approach,
which is based on the results of the thermal imaging survey, which was carried out by
the Dali TE thermal imager, and the calculation positions partially outlined in this ar-
ticle. The examples of processing the results of thermal imaging are in Fig. 6.
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Fig. 5. Results of the calculation of the mass flow rate of superheated water
vapor to the device Ne2 for defrosting cargoes
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Fig. 6. Example of thermograms for sections of the condensate line from defrosting house Ne2
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The surface of the pipeline was divided into sections located in the planes per-
pendicular to the axis of the pipeline (Fig. 6, a, 6), the averaging the temperature was
conducted the surface on each section (7).

The distribution of temperatures on the surface of the pipeline is uneven nature,
the deviation of extreme temperature values from their average value exceeds the
value of A = 0,5 ... 1,0 °C, determined by the formula Eq. 8 and accepted as the lim-
it when determining the presence and sizes of defective areas.

At 1-r

At = R_o . E’ (8)
where At — is the temperature difference between the surfaces of the base and
defective areas, [°C]; At — calculated temperature pressure, defined as the difference
between the internal temperature of the medium in the pipeline and the external air
temperature under the calculated conditions of insulation design, [°C]; Ry —
calculated value of the design heat transfer resistance of the basic section [m*°C/W]; r
— 18 the relative resistance to heat transfer, which is taken as 0.85 in the evaluation
calculations [23]; a3 —is the heat transfer coefficient of the external surface of the
pipeline, calculated taking into account the operating conditions of the surface at the
time of measurement, [W/(m?-°C)].

Similar actions were conducted during the analysis of thermograms of the main
steam pipeline. A fragment of the initial data and the results of the calculations of the
specific indicators of heat loss through openly laid down steam pipelines and conden-
sate pipelines are presented below (Tab. 6).

As can be seen from the obtained results, the path heat losses in main pipelines
are different. If for the main steam pipeline, they satisfy the regulatory requirements
(the measured heat flow is 2 of the normative value), then the actual losses in the
main condensate pipeline from defrosting house Noe2 are 1.5 times higher than the
normative ones.

The number of losses due to movable pipeline supports is taken into account by
introducing an additional equivalent length of the pipeline, by analogy with the hy-
draulic method of equivalent lengths [22]. The measurements showed that one sup-
port of the OPP2 type is thermally equivalent to the normative losses of 1 linear me-
ter of the pipeline. The total number of supports installed on the main steam pipeline
is equal to 30 units, installed on the main condensate pipeline — 30 units.

The total heat losses in the main steam and condensate pipelines at the time of
the measurements were:

Q, =(400-0,5+30-1)-150,3+(215-1,54+30-1)-52,9 =
= 34569 + 18647 = 53216 W.
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Table 6. The results of heat loss calculations in steam and condensate pipelines
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Using the dependence of Eq.1 the power (Q;) of the defrosting house in the
"hot" reserve was defined:

Ql = 6;70 - 0;05 = 6,65 MW.

Thus, the measurements carried out during the start-up and operation of the unit
for defrosting wagons Ne2 in the "hot" reserve showed that the "idle" power of the
unit - 6.65 MW (about 11 tons of steam per hour) - is close in its size to the nominal
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power. A similar picture is typical for large thermal objects (for example, chambers
for heat-humidity treatment of reinforced concrete structures), in which the regenera-
tive heat consumption for heating and maintaining parameters in the chambers is
many times higher than the useful used heat.

The variant of modernization of the scheme of the energy principle of the de-
frosting house according to the conclusions described above is shown in Fig. 7.
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Fig.7. Basic energy diagram of the modernized steam supply system of technological defrosting
houses (modernization positions: 1 — condensate collecting tank, 0.005 MPa; 2 — Ks-12-50 conden-
sate transfer pump; 3 — device for frequency regulation of the Ks-12-50 Danfoss VLT 2800 A3
pump drive, 4 — Spirax Sarco FT14HC steam trap). Other designations correspond to the designa-
tions given in Fig. 2)

Characteristic of the upgraded system:

1. Operation in stationary and periodic modes ("hot" steam supply to the con-
densate pipeline is excluded, it becomes possibility to adjusting the system power).

2. Transportation of subcooled condensate is provided by a transfer pump (elim-
inating the need to maintain a minimum overpressure in the system).

3. The thermal resistance of the enclosing structures of the building has been in-
creased (the amount of recuperative heat loss through the enclosure is reduced).

4. Heat losses in steam and condensate pipelines are reduced (due to the increase
in the thermal resistance of the heat-insulating layer, the amount of path heat losses in
the system is reduced).
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The changes made both in the design of the heat supply system and in the design
of the defrosting house allow to maintain the value of specific energy consumption at
the level of 0.11...0.34 Gcal/(h-wagon) in the mode of its periodic operation. Addi-
tional measures for the modernization of the object allow to obtain the value of spe-
cific energy consumption of less than 0.11 Gcal/(h-wagon), namely:

a) modernization of steam and condensate management with laying near the
main steam line of the condensate pipeline-satellite (allows to refuse the practice of
"hot" reserves of technological equipment);

b) partial replacement of steam heating devices to gas infrared systems (it is im-
portant to follow the balance here, since as a rule, steam boiler houses of industrial
facilities have a backup fuel supply, which allows increasing the facility's energy in-
dependence);

¢) transition from convective heating devices to infrared (allows to keep the air
temperature in the defrosting house building lower).

Conclusions. The main condition that ensures the reduction of heat consump-
tion consists either in reducing the parameters in the working mode of the unit during
the periods of "hot" reserve, or in the complete shutdown of the defrosting house in
the absence of a useful load. In the first case, there will be a power reduction, directly
proportional to the decrease in the temperature pressure, the implementation of such a
scenario is possible when switching from a gravity condensate return system to a sys-
tem with forced condensate return. The second case, in addition to the transition to a
system with forced return of condensate, requires additional modernization of the
main steam pipeline with the laying of a condensate pipeline-satellite, necessary for
the constant removal of accompanying condensate and prevention of the danger of
"freezing" of the system. Besides, additional insulation is needed by the condensate
pipes from the defrosting house Ne2. The proposed variant of modernization of the
scheme of the energy principle of the defrosting house gives higher effectiveness and
durability.
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JOCIIZKEHHA TEXHOJIOTTYHUX CUCTEM
MNAPOIOCTAYAHHSA TA MOXKJIUBI LIJISIXU NIABUILEHHS IX
EHEPITETUYHOI EOEKTUBHOCTI HA IPUKJIA I IPUCTPOIB 114
PO3MOPOKXYBAHHA BAI'OHIB

Anomauia. Cucmemu naponocmavyauHs NPOMUCIOBUX NIONPUEMCME DI3HUX
chep OiAnbHOCMI 3ATUWATOMBCS AKMYAIbHUMU HAcamMnepeo uYepe3 menioQizuuHi
0COONUBOCMI BUKOPUCMAHHS eHepeii (a308ux nepexodie 800sHOI napu 6 npoyeci ii
koHOencayii. Kpim moeo, ¢ kpainax Cxionoi €sponu mpaouyitino 3Ha4Ha KibKiCmb
OilouUX KOmejleHb € naposumMu i 8UOIp eHepeoOHOCIsA BUHAUAEMbCS came HASABHICIIO
xapaxmepnoz2o odxcepena. Pasom 3 mum, npoyecu eanmasichoi 102icmuxku cb0200HI
3a6e3neuyiomvcs NepesadCHO MOPCbKUM MPAHCNOPMOM, a O00CMABKA 8 NOopmu
MPAouYiino 30IUCHIOEMbCA 3ANIZHUYHUM MPAHCHOPMOM, WO, 8 C8010 Yepay, BUMA2AE
BUKOPUCMAHHS CUCEMU PO3MOPOICYBAHHS | NePesallo8anHs CUNY4ux npooykmis. ¥
cmammi HAgeoeHo pe3yIbmamu O0CHIOHCEHb eHePeOCNONCUBAHHS NPUCMPOI8 07
PO3MOPOIHCYBAHHS 8A20HIE NOPMOBOL THHPACMPYKMYPU MA 3ANPONOHOBAHO CXEMHI
MenioMexaniyni  pienHsi Ol MOOepHi3ayii  cucmemu  NAPONOCMAYAHHSL
PO3MOPOdHCY8aANbHOI Kamepu. 3a pe3yiomamamu O0CHIONCEHHs. HABEOEHO 3HAYEHHS
suUmMpam menyio8oi enepii Ha OOUHUYIO NPOOYKYIL 3a ICHYIOY020 CYEeHapilo ma nicis
mooepuizayii. Hageoeno xapaxkmepHi mexHoN02IUHI ma meniomexHiuHi 0coonu8ocmi
icHyIOUOi  cxemu — npucmpoig Ol POIMOPONCYBAHHS  BA20HIB  NOPMOBOL
inppacmpykmypu  Vkpainu ma 3axo0u 3 MoOepHizayii makux —Ccucmem,
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BNPOBAOIICEHHS SIKUX O00360AUMb  O0O0CASMU  3HAYHO20 3HUNCEHHS CNONCUBAHMHS
Mmennosoi  ewepeii 8  MAHEBPOBUX  HECMAYIOHAPHUX — pedcumMax  pobomu
pozmopodcysanvrux kamep. Ceped yux 3axo0ig: MooepHizayis napoKOHOEeHCamHoz20
20cnoo0apcmea  WIAXOM — NIOBUUWJEHHS — MEPMIYHO20  ONopy  Menioi3onAyil
KOHOEHCamonpogooie ma 6CMAHOBIEHHS HACOCd, 4 MAKONMC YACMKO8A 3aMiHA
naposux npucmpoie o00iepigy Ha 2a308i in@pauepsoni cucmemu. JloyinoHicms
3acmocysants  iH@pavep8oHoi cucmemu 00iepigy 6a20HI8 pA3oM i3 NAPOBUMU
pecicmpamu 06IpYHmMOBAHa.

Keywords:  cucmema  naponocmauauns,  eHepeemuyHa — eQexmueHicmb,
MEXHON02IYHUL  MEeNnIaK, NPUCMpiiU PO3MOPONACYBAHHS BA20HIG, MENI08Mpamu
naponposoois.
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