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Abstract: Coal-fired power plants generate power by rotating turbines (TBNs). According to the
high-temperature work exposure standard (KOSHA CODE 02), the turbine (TBN) building, where
essential power-generation components, turbines (TBNs), are installed, contains various types of high-
temperature equipment, creating a hazardous working environment for onsite employees. In addition,
malfunctions from lubricant leaks occur at the moving parts of such power-generation equipment in the
building, due to the high-temperature environment. In this study, we analyzed the heat concentration
phenomenon in the turbine (TBN) building using computational fluid dynamics (CFD) software and
made recommendations for its improvement. We examined options for installing automatic ventilation
windows and additional heat exhaust fans on turbine (TBN) floors. We discovered that installing an
automatic ventilation window and a heat exhaust fan on the deaerator floor can reduce the average
temperature by 1.2 ◦C and 6.6 ◦C, respectively. In addition, the mezzanine floor, where the core
heat-generating equipment is installed, is significantly affected by radiant heat. To mitigate the heat
concentration phenomenon, we recommend installing additional radiant heat shields.

Keywords: power plant; CFD; turbine (TBN) building; heat concentration; radiant heat

1. Introduction

Electricity is a necessity for human survival. As humanity has progressed, the use of
electricity has steadily increased [1]. Coal-fired power plants produce thermal energy via
coal fuel and electricity through the rotation of turbines (TBNs). Because they utilize thermal
energy from combustion, high-temperature heat is emitted around power-generation
equipment [2–4]. The turbine (TBN) building is the heart of the power plant, housing
the turbines (TBNs) that are the core power-generation components. The turbine (TBN)
building has a total of five floors. The mezzanine floor, where high-temperature main
steam pipes and reheat steam pipes are installed, and the turbine (TBN) floor, where the
core components, turbines, are installed, emits a significant amount of heat. In particular,
the heat radiation temperatures are elevated at the main stop valve, control valve, pipe
junctions, and high-intermediate pressure turbine (TBN) lagging on the mezzanine floor.
The heat concentration phenomenon is a result of undischarged emitted heat, which raises
the temperature inside the turbine (TBN) building. High-temperature steam impedes
the circulation of radiant heat in the building’s main heat-generating components, such
as the turbine (TBN), heater, and deaerator, causing the upper floors to reach 60 ◦C in
the summer. Consequently, malfunctions and lubricant leakage occur in the electronic
devices and control equipment surrounding the high-temperature components, posing
significant challenges to the stable operation of power-generation equipment [5]. The rise in
turbine (TBN) equipment’s surface temperature raises maintenance and safety management
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concerns and shortens the equipment’s lifespan [6–9]. In addition, according to the high-
temperature work exposure standard (KOSHA CODE W 02), it creates a hazardous working
environment for onsite employees [10–13]. For coal-fired power plants, it is crucial to
analyze and mitigate the heat concentration phenomenon of the turbine (TBN) building.
To address these issues, numerous studies on the heat concentration phenomenon and
ventilation systems in power plants have been conducted.

In this study, we perform a computational analysis of the heat concentration phe-
nomenon on the turbine (TBN) and mezzanine floors in the turbine (TBN) building. In
addition, we propose measures to mitigate the heat concentration phenomenon, consid-
ering the primary power-generation equipment and working environment. This research
employs commercial computational fluid dynamics (CFD) software (ANSYS-FLUENT
R18.0) to mitigate the heat concentration phenomenon in the turbine (TBN) building of a
coal-fired power plant.

Research has been conducted to analyze and improve the thermal effects caused by
high-temperature equipment in power plants.

Jiajun Du et al. [14] studied the high-temperature heating surface stress of boilers
during variable load operation. The location of the maximum heat flux concentration was
identified under various load conditions. As a result, at high loads, the maximum heat
flux was concentrated on the side walls of the combustion zone, and increased stress and
expansion occur on the high-temperature heated surface.

Hongcai Zhang et al. [15] developed a monitoring system for high-temperature parts
in power plants. In order to detect thermal deformation, research was conducted to extend
the lifespan of components through high-temperature pipe monitoring.

Guo, X et al. [16] studied boiler water wall steam temperature characteristics based
on a hydrodynamic coupling model. The water wall steam temperature deviation was
analyzed according to the operating conditions of the power plant equipment, and the
measures to reduce variation were limited.

Much research has been conducted to analyze and improve the phenomenon of high-
temperature heat concentration.

Wang, H et al. [17] conducted a simulation analysis of the performance of a high
radiant heat plant based on Fluent S/W. The effect of waste heat recovery according to the
indoor temperature was examined through temperature changes and cooling water flow
within the factory, and, by applying a heat-absorbing screen, it was possible to provide a
comfortable working environment for workers.

Brzezińska, D et al. [18] conducted research on ventilation solutions for heat and
smoke control in industrial power plant buildings. A new optimal heat control ventilation
system within the boiler building was proposed.

Yang, Y et al. [19] analyzed the roof shape and ventilation characteristics of the building
and analyzed the impact of natural ventilation on thermal comfort.

The methodology of this study is as follows. The TBN floor and mezzanine floor of the
thermal power plant TBN building are analyzed using computational fluid dynamics. For
this purpose, the surface temperature of the high-temperature equipment is measured and
used as primary data, and it reflects seasonal characteristics. Through this, the internal flow
rate, internal air temperature, and radiant heat results of the TBN building are extracted.
Based on the results of the analysis, the suitability of the high-temperature power generation
facilities and the working environment of the surrounding workers is reviewed, and
improvement measures are derived.

In Section 2, we discuss the results of the heat concentration phenomenon on the turbine
(TBN) floor. The high-temperature heat generated from the turbine (TBN), the main stop valve,
and the control valve are concentrated on the turbine (TBN) floor. Therefore, we analyzed the
effects of adding automatic ventilation windows and mechanical fans for heat discharge.



Fluids 2024, 9, 145 3 of 15

Section 3 discusses the results of installing pipelines, through which heated main steam
flows, and the valves that control these pipes emit high-temperature heat. Thus, using
CFD, we analyze the heat concentration phenomenon on the mezzanine floor and propose
improvement measures. In Section 4, the results of our experiment are summarized.

2. Analysis of the Heat Concentration Phenomenon on the Turbine (TBN) Floor
2.1. Structure of the Power Plant Turbine (TBN) Building

This study performs a CFD analysis on the main turbine (TBN) building of the S
Thermal Power Plant. Below, Figure 1 illustrates the shape of the turbine (TBN) building.
The S Thermal Power Plant was completed in 1984 and has been in operation since then.
Due to aging equipment, the internal temperature of the turbine (TBN) building rises
sharply during the summer, and this working environment has a critical impact on the
health of the field workers. The turbine (TBN) facilities at the S Thermal Power Plant
are managed according to waste heat management standards. The waste heat amount
is 181~559 kcal/m3h, and the surface temperature of the turbine (TBN) body is below
55 ◦C. Thermal power plant lagging serves to separate the turbine (TBN) building and
the high-intermediate pressure turbine (TBN). Additionally, the hot air that rises into the
main turbine (TBN) building is expelled through the roof fans. However, excessive heat
accumulation can overheat the interior of the building and cause thermal damage to the
piping and equipment. Figure 2 shows the main heat-generating equipment in the main
turbine (TBN) building. Figure 2a depicts the heat-emitting surface of the central crossover
pipe at the top of the high-intermediate pressure turbine (TBN). Temperatures exceeding
88.3 ◦C are measured on surfaces where insulation is absent. In this study, the internal
structure of the high-intermediate pressure turbine (TBN) is not modeled; instead, the
rising hot air is measured and applied. This is the area where the high-temperature air
generated from the main stop valve in the mezzanine floor below the turbine (TBN) floor
rises to the turbine (TBN) floor. The mezzanine floor is located below the turbine (TBN)
floor. Due to the main power-generation equipment and high-temperature piping, the
internal temperature rises rapidly. There are no separate ventilation facilities to protect
the main equipment. Additionally, there are many pipes with insufficient insulation,
leading to heat accumulation inside. The main stop valve and control valve collect the
steam exhausted through the low-pressure turbine (TBN) and initially heat it in the main
condenser. The main stop valve, control valve, and high-pressure steam piping are sources
of high temperature, while the lubrication oil piping and low-temperature piping are
excluded as heat sources. Figure 2b shows the surface temperature of the main stop
valve on the mezzanine floor. The high-temperature surface with insufficient insulation
is exposed. Therefore, in this study, the surface temperatures of the main stop valve and
control valve were used as boundary conditions.
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2.2. Structure of the Turbine (TBN) Floor and Modeling

Turbines (TBNs), the core components of power generation, and multiple tanks for
storing high-temperature steam are installed in the turbine (TBN) building. Therefore,
high-temperature air is concentrated on the turbine (TBN) floor, and its condition needs to
be improved. Consequently, we aimed to derive the results of heat accumulation within
the turbine (TBN) floor using CFD.

As shown in Figure 3, we first modeled the layout of the turbine (TBN) floor. On the
turbine (TBN) floor, there are two turbines (TBNs), the deaerator and the heater, which
handle high-temperature and high-pressure steam, and the high-intermediate pressure
turbine (TBN), which discharges high-temperature air. For ventilation, there are windows
and roof fans. For natural ventilation, windows are installed on the front and the sides of
the building, and the rear of the deaerator. For mechanical ventilation, there are eight roof
fans that exhaust the high-temperature indoor air outside. The turbines (TBNs) require
regular maintenance. Thus, as shown in the figure, a container that contains spare parts for
turbine (TBN) replacement is located on the turbine (TBN) floor.
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2.3. Measuring the Temperature of the Main Heat-Generating Parts on the Turbine (TBN) Floor

As mentioned above, high-temperature heat accumulates in the turbine (TBN) building
of coal-fired power plants due to many heat sources. To collect fundamental data for
the computational analysis in order to mitigate the heat concentration phenomenon, we
measured the temperature of the primary heat-generating components. The temperature
and velocity data were measured and used as boundary conditions. To measure the
temperature and flow rate of the incoming air, a TSI-9535 hot-wire anemometer was used.
The surface temperature data of the heat-generating equipment were measured using an
SDT-341 contact thermometer. Direct surface temperature measurement of the main stop
valve and control valve is not possible. Therefore, a thermal imaging camera was used to
measure the temperature of these heat-generating parts. The average temperature of the
measured area was calculated and used as a boundary condition. As shown in Figure 4,
the surface temperature of the heat-generating equipment was automatically recorded over
an extended period using LabVIEW and K-type thermocouples.
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The internal temperature of the turbine (TBN) building varies by season. Therefore,
we measured the temperature of the primary heat-generating components during the
summer, when the temperature is highest. The measured temperatures of the primary heat-
generating components are demonstrated in Figure 5. The outdoor ambient temperature
was measured over 3 months, and the surface temperature of the primary heat-generating
components was measured once, as shown in the graph below. The highest surface tem-
perature of the deaerator was 65.7 ◦C, while those of the heater and turbine (TBN) were
60.0 ◦C and 45.0 ◦C, respectively. Figure 6, below, shows the surface temperatures of the
primary heat-generating components measured in real time from September to December.
The surface temperature of the deaerator reached up to 70 ◦C and gradually decreased to
60 ◦C as winter approached. The deviation in outdoor ambient temperature was around
25 ◦C, and the maximum deviation in the surface temperature of the primary heat-
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generating components was 17 ◦C. Some measured temperatures dropped drastically on
30 November, when the operation was temporarily suspended for turbine (TBN) main-
tenance. It is practically impossible to measure the entire surface temperature of the
heat-generating components in the turbine (TBN) building. Therefore, in this study, we se-
lected representative points on the heat-generating surfaces and applied the average surface
temperature of the equipment. Additionally, we used a thermal imaging camera to obtain
the average temperature of the captured area and utilized these data for high-temperature
areas that are otherwise impossible to measure.
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2.4. Boundary Conditions for the Computational Analysis

As mentioned above, the turbine (TBN) building’s ventilation system consists of win-
dows and roof fans. However, the current ventilation facilities are insufficient to address all
the issues caused by the internally concentrated heat. Therefore, we evaluated the efficacy
of our recommendations for the improved ventilation system on the turbine (TBN) floor
using a computational analysis. In the current study, we examined two ventilation facility
improvement measures: (1) the installation of automatic ventilation windows and (2) the
installation of additional roof fans. The boundary conditions for the computational analysis
are listed in Table 1. We derived results from three cases in total. The first case evaluated
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the efficacy of the current ventilation facilities on the turbine (TBN) floor, generating results
for the regular windows and eight roof fans. The second case examined the efficacy of
installing fully opening automatic windows, which increased the amount of incoming
air, while keeping the total number of roof fans at eight. In the third case, we evaluated
the efficacy of installing automatic windows and additional fans at the rear of the deaer-
ator. Two additional fans were installed, for a total of ten roof fans. We estimated the
temperature of the primary heat-generating components of the power-generation equip-
ment on the turbine (TBN) floor using the previously measured temperature data. As
previously mentioned, the CFD boundary conditions are based on the measured values.
The inlet on the turbine (TBN) floor is the window, which is set as a pressure outlet. The
temperature of the air entering through the window is based on the ambient tempera-
ture measured in Figure 2. The roof fan is set as an outlet condition with a flow rate of
2900 m3/min, as shown in Table 1.

Table 1. Boundary conditions for computational analysis.

Division Ventilation Conditions Temperature of Heating Parts

Case1 Window: half open
Roof fan: 2900 m3/min × 8 • Deaerator: 65.7 ◦C

• Deaerator storage tank: 61.5 ◦C
• Heater: 60.0 ◦C
• Turbine (TBN): 45.0 ◦C
• Outdoor air: 26.8 ◦C

Case2 Window: full open
Roof fan: 2900 m3/min × 8

Case3
Window: full open
Roof fan: 2900 m3/min × 8
Dea. Fan: 2900 m3/min × 2

The software used for the computational analysis is ANSYS-FLUENT R18.0. It is a commer-
cial CFD software that solves the mass, momentum, and energy conservation equations using
the finite volume method (FVM). In this study, we apply the three-dimensional incompressible
flow continuity equation, momentum equation, energy equation, and turbulence model. The
turbulence model used is the standard k-e (SKE) model. The SKE model is the most widely used
engineering turbulence model in various industrial fields and is known for its high accuracy.
The energy equation is used to output density, specific heat, and thermal conductivity based on
temperature. Many composite properties are applied in the turbine (TBN) building. However, in
this study, the material properties were simplified to concrete and aluminum. Table 2 shows the
polynomial coefficients for air and the properties of the main materials as functions of tempera-
ture. Considering the convergence of the analysis, the geometry was simplified. The mesh for
the turbine (TBN) floor modeling was generated by extracting the flow field area. Hexa/Tetra
elements were used, and the total number of cells is 14,760,000.

Table 2. Material properties and coefficients polynomial profile in terms of temperature.

Properties Calcium-Carbonate (CaCO3) Aluminum (Al)

Density (kg/m3) 2800 2719
Specific heat (J/kgK) 856 871
Thermal conductivity

(W/mK) 2.25 202.40

Properties
P = C1T2 + C2T + C3

C1 C2 C3

Density (kg/m3) 2.9082 × 100 −7.800 × 10−3 6.9148 × 10−6

Specific heat (J/kgK) 1.0629 × 103 −3.9570 × 10−1 6.9204 × 10−4

Thermal conductivity
(W/mK) −7.8959 × 10−4 1.0490 × 10−4 −5.0803 × 10−8

Viscosity (kg/ms) 1.4801 × 10−6 6.6959 × 10−8 −3.4979 × 10−11
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2.5. Results of the Heat Concentration Phenomenon on the Turbine (TBN) Floor

We conducted a computational analysis to evaluate the heat concentration phe-
nomenon on the turbine (TBN) floor and to recommend improvement measures. As
previously stated, we selected three cases and derived the results, shown in Table 3 below.

Table 3. Computational analysis results of heat concentration in turbine (TBN) building.

We visualized temperature contours and the volume of heat accumulation above
43 ◦C using a computational analysis. In the first case, which evaluated the effectiveness
of the current ventilation system, we discovered that the high-temperature air of the high-
intermediate pressure turbine (TBN) rose, and heat accumulated in its upper part. In
particular, the heat was not discharged, and it accumulated near the deaerator. The capacity
of the existing ventilation system was insufficient to discharge the internally generated heat,
and there was a need to mitigate the heat accumulation by boosting the ventilation capacity.
In the second case, where fully opening automatic windows were installed, the amount of
incoming air increased, and the volume of accumulated heat was reduced. However, high-
temperature air, emitted from the high-intermediate pressure turbine (TBN), caused heat to
accumulate in some areas near the deaerator and the upper portion of the turbine (TBN). In
the third case, where additional fans were installed at the rear of the deaerator, the amount
of heat accumulated within the building was reduced. The fans externally emitted the heat
accumulated in the deaerator, while the fully opening automatic windows increased the
amount of incoming air. Although high-temperature heat accumulated at the top of the
high-intermediate pressure turbine (TBN), the workspace of onsite workers remained at
or below 30 ◦C. Malfunctions in core equipment and lubricant leakage occur due to the
heat accumulation phenomenon on the turbine (TBN) floor. Therefore, there is a need to
review the volume average temperatures in locations where core components are installed.
Consequently, we noted the locations of the core components, and these are presented in
Figure 7. The core components of the turbine (TBN) floor include the lower portions of
the deaerator and heater, as well as the crane device on the upper portion of the turbine
(TBN). These three components experience frequent malfunctions and lubricant leakage
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due to high temperatures. Thus, we reviewed the volume average temperatures of the
surrounding areas and analyzed the effects of improving the ventilation system. The vol-
ume average temperatures are shown in Figure 8. In the first case of the current ventilation
system, the volume average temperature of Heater 1 was 34.3 ◦C, and that of Heater 2 was
36.6 ◦C. The deaerator had the highest volume average temperature, 43.0 ◦C and 43.8 ◦C for
Deaerator 1 and Deaerator 2, respectively. The volume average temperature of the crane was
43.9 ◦C. In the second case, we observed that the volume average temperature decreased
by an average of −1.2 ◦C overall. In particular, the temperature decreased the most in the
crane, by −1.4 ◦C. In the third case, where additional fans were installed on the deaerator,
the volume average temperature decreased by an average of 6.6 ◦C, demonstrating the
greatest effectiveness. In particular, the volume average temperature of Heater 2 decreased
by 8.1 ◦C, showing the greatest effect. The mesh for the mezzanine floor modeling is
generated by extracting the flow field area. Hexa/Tetra elements were used, and the total
number of cells is 1,804,595.
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3. Analysis of the Heat Concentration Phenomenon on the Mezzanine Floor
3.1. Structure and Shape Modeling of the Mezzanine Floor

There are numerous high-temperature main and reheat steam pipelines on the mezzanine
floor between the turbine (TBN) floor and the ground floor. Due to poor insulation conditions
at the piping connections of the main stop valve, control valve, and high-intermediate pressure
turbine (TBN) lagging, the heat radiation temperature is high. Since the emitted heat is
not dissipated, heat accumulates, and the temperature inside the power plant rises. Heat
can destabilize the operation of electronic devices and equipment near high-temperature
components, causing malfunctions and lubricant leakage. Figure 9 depicts the mezzanine
floor’s modeled form. There are two turbine (TBN)s surrounding the central unloading bay.
Six main steam pipelines are connected to the main stop valve and control valve, which are
predicted to have the greatest impact on temperature rise, and the turbine (TBN) condenser,
the lower portion of the turbine (TBN), is located in the center. Between the ceiling of the
main stop valve and the condenser, there is the high-intermediate pressure turbine (TBN) and
three gratings, allowing high-temperature air around the main stop valve to rapidly reach
the turbine floor. No windows that allow outside air to come in are installed, and there is a
room on the right side of each unit. The second and third heaters are centered around the
turbine, whereas the boiler feed water pump turbine (TBN) and the first heater are situated in
the lower portion of the turbine (TBN) condenser. The majority of the floor is composed of
gratings, allowing for the seamless inflow of air from the lower floor.
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3.2. Temperature Measurement of the Main Heat-Emitting Components on the Mezzanine Floor
and Boundary Conditions for the Computational Analysis

The current study analyzed the heat flow on the mezzanine floor of the turbine (TBN)
building under three-dimensional steady-state conditions. To investigate the effects of radiant
heat on workers and electronic devices, we used the discrete ordinates (DO) model, one of
the CFD radiation models. To set software boundary conditions, we measured the air flow
rate and temperature, as well as the surface temperature of heated parts on the mezzanine
floor, using an anemometer and a contact thermometer. Table 4 shows the results of the
surface temperature measurements of the power-generation equipment on the mezzanine
floor. Measurements were taken twice, in summer and winter, using a contact thermometer.
Main stop valve pipe 1 recorded the highest temperature (a maximum of 110.0 ◦C in summer
and 100.0 ◦C in winter), whereas the boiler feed water pump turbine (TBN) recorded the
lowest temperature (a maximum of 42.0 ◦C in summer and 36.0 ◦C in winter).
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Table 4. Surface temperature of power generation parts on mezzanine floor.

Parts
Temperature (◦C)

Summer Winter

Main stop valve pipe 1 110.0 100.0
Main stop valve pipe 2 80.0 70.0

Boiler feed water pump turbine (TBN) 42.0 36.0
Heater 1 36.1 31.5
Heater 2 35.6 32.0
Heater 3 39.8 36.0
Heater 4 54.6 50.0

High-intermediate pressure turbine (TBN) 1 54.6 50.0
High-intermediate pressure turbine (TBN) 2 63.3 60.0
High-intermediate pressure turbine (TBN) 3 69.2 66.5
High-intermediate pressure turbine (TBN) 4 59.0 56.3
High-intermediate pressure turbine (TBN) 5 64.3 62.0
High-intermediate pressure turbine (TBN) 6 53.1 49.0

3.3. Analysis Results of the Heat Concentration Phenomenon on the Mezzanine Floor

In the turbine (TBN) building, the mezzanine floor contains many control equipment
devices, resulting in significant thermal damage due to high temperatures. Therefore,
to analyze the causes, we examined the results for velocity field, temperature field, and
radiant heat. The results for the internal flow field on the mezzanine floor during summer
and winter are shown in Table 5, the temperature field results are shown in Table 6, and
the radiant heat results are shown in Table 7. First, we observed the airflow through the
HIP and MSV sections of each unit. On the mezzanine floor, flow stagnation was observed
in most areas except around the main stop valve. The air around the high-temperature
main stop valve heats up, rises due to natural convection, and is expelled to the TBN floor
through the HIP. These flow characteristics on the mezzanine floor are similar regardless of
seasonal changes.

Table 5. Results of flow characteristics in summer and winter.



Fluids 2024, 9, 145 12 of 15

Table 6. Results of temperature characteristics in summer and winter.

Table 7. Results of radiant heat temperature characteristics in summer and winter.

Next, we examined the temperature field results on the mezzanine floor. In the summer,
the average temperature on the surface of the HIP was 29.05 ◦C. The upper part of the HIP,
where the internal air heated by the MSV is expelled, had a temperature of approximately
34.6 ◦C, which was higher than the surrounding temperature. These temperature results
cannot be the cause of electronic device malfunctions and have minimal impact on the
working environment of the workers. Therefore, it was assumed that most of the heated
internal air was expelled through the HIP, having little effect on the temperature rise of
the mezzanine floor. Similarly, in the winter temperature field results, most of the heated
internal air rose to the ceiling and was expelled through the HIP. The temperature at the
height of the employees and electronic equipment was lower than that of the ceiling. Most
of the heated internal air was expelled to the TBN floor through the HIP and did not remain
on the mezzanine floor. Consequently, the internal air heated by the high-temperature
steam pipelines and the surface of the TBN condenser had little to no effect on the rise in
indoor temperature. Therefore, the high-temperature air heated by the pipes and the main
stop valve does not affect the room temperature through convection.

Lastly, we examined the radiant heat results on the mezzanine floor. Due to the radiant
heat from the surfaces of the main stop valve, power equipment, and high-temperature
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steam pipelines, the radiant heat temperature in the workspaces and electronic device
areas adjacent to Main Stop Valve 1 was 47.2 ◦C. In the workspace adjacent to the high-
intermediate pressure turbine (TBN), the radiant temperature ranged from 50.8 ◦C to
51.4 ◦C. Particularly, in the area adjacent to the main stop valve where electronic control
devices are installed, the temperature remained at a minimum of 50.8 ◦C regardless of the
season. Consequently, the radiant heat falls within a temperature range that can affect the
electronic devices and workers operating near the main stop valve for extended periods.

The average temperatures on the mezzanine floor are listed in Table 8. Based on the
appropriate temperature of 38 ◦C set by the high-temperature work exposure standard
(KOSHA CODE W 02-2007) [20], the ambient air temperature did not exceed the exposure
standard, but the radiant heat did exceed this temperature. Consequently, radiant heat
appeared to have had a significant impact on the increase in internal temperature.

Table 8. Temperature characteristics result on mezzanine floor.

Summer Winter

Static Temp. Radiation Temp. Static Temp. Radiation Temp.

5 6 5 6 5 6 5 6

High-intermediate
pressure turbine (TBN) 29.0 29.2 50.8 51.4 22.5 22.8 42.9 43.3

Main stop valve 29.1 29.4 46.5 47.2 22.5 22.7 46.7 39.3

4. Results

The objective of the current study was to identify the causes of the temperature rise in the
turbine (TBN) and mezzanine floors in the turbine (TBN) building, as well as to find solutions.
An internal three-dimensional thermal fluid analysis was conducted using the commercial
CFD software, ANSYS FLUENT R18.0. The results can be summarized as follows.

We evaluated the efficacy of installing automatic ventilation windows and additional
heat exhaust fans on the deaerator floor to mitigate the heat concentration phenomenon
on the turbine (TBN) floor. The installation of automatic ventilation windows decreased
the temperature around the main power-generation equipment by 1.2 ◦C on average,
while the installation of additional heat exhaust fans on the deaerator floor reduced the
temperature by an average of 6.6 ◦C compared to the existing conditions. Installing heat
exhaust fans at the rear of the deaerator floor, where heat accumulated the most, was
found to be most effective in complementing the existing ventilation system. The turbine
(TBN) building contains numerous high-temperature power generation equipment, and
continuous maintenance is required for aging power plants. Installing many fans and
windows to address the heat concentration phenomenon in the turbine (TBN) building
can create difficulties in managing the winter temperatures and may not be an economical
investment. Additionally, operating fans on a fixed cycle without considering ambient
temperature changes can lead to frequent fan malfunctions. Therefore, to improve the
heat concentration phenomenon in the turbine (TBN) building, identifying specific heat
concentration locations and installing a small number of localized exhaust fans to expel
radiant heat rising through the high-intermediate pressure turbine (TBN) and near the
deaerator can significantly reduce temperatures and ensure the stable operation of the
internal power generation equipment.

On the mezzanine floor, we found that the air temperature, heated by the high tem-
peratures of the pipes and condenser wall surfaces, did not have a significant effect on the
increase in indoor temperature. Heated indoor air around the main stop valve and the
high-temperature power apparatus was discharged through the high-intermediate pres-
sure turbine (TBN) affixed to the ceiling. Since the majority of the floor was composed of
gratings, cooler outdoor air entered, and the temperature at the workers’ locations was not
high. Due to the fluidic characteristics, the cause of the temperature rise was not identified.
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The radiant heat emitted from the surface of the high-temperature power plant locally led
to an increase in the perceived temperature for onsite workers and malfunctions in the
surrounding electronic devices. The high temperature around the main stop valve heats the
surrounding air, and the heated air rises to the upper high-intermediate pressure turbine
(TBN). Therefore, it was confirmed that this does not significantly affect the temperature
rise on the mezzanine floor. In the case of radiant heat, temperatures of at least 50.8 ◦C
were maintained regardless of the season, which could cause malfunctions in the control
devices adjacent to the main stop valve and seriously affect onsite workers who work
for extended periods. Notably, the radiant heat exceeded the KOSHA CODE standards
for high-temperature work. Therefore, installing radiation shields and insulation on the
surface of the main stop valve, and controlling valve pipe connections on the mezzanine
floor, will enable more stable operation of the equipment.
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