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INTRODUCTION

Statement of problem
Currently, the climate change process is happening at a faster rate and the

scope of influence has spread on a global scale. The consequences of climate
change are becoming increasingly serious, especially the problem of rising
temperatures and air pollution. According to the WMO report [1], the average
global air temperature in 2024 has increased (1.55%0.13)°C compared to the
period 1850 - 1900. The main cause of global warming is due to the concentration
of gases such as CO,, CHs and N,O in the air being too high. These gases cause
the greenhouse effect, preventing the escaping processes of heat radiations from
the Earth's surface. At the end of 2023, the concentration of CO; reached (
420.010.1) ppm, the concentration of CHy reached (1.934+0.002) ppm, the
concentration of N;O reached (0.3369+0.0001) ppm. These substances are
mainly created from the burning of fossil fuels such as coal, gasoline, and oil for
electricity production and human transportation. The more developed a country
is, the greater its demand for electricity and transportation fuels. Therefore, it is
necessary to have binding regulations and policies on a global scale to ensure a
fair and sustainable development of the world. No country is left out in preventing

climate change.

At COP 26, Prime Minister Pham Minh Chinh committed that Vietnam will
develop and implement strong measures to reduce greenhouse gas emissions to
achieve net-zero emissions by 2050. Vietnam has since taken many specific
actions to implement this commitment. In particular, the Prime Minister has
signed and issued a number of important projects and plans such as: Establishing
a National Steering Committee to implement Vietnam's commitments at COP26
under Decision No. 2157/QD-TTg dated December 21, 2021 [2]; Approving the
Project to implement the Political Declaration on establishing the Just Energy

Transition Partnership (JETP) under Decision No. 1009/QD-TTg dated August
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31,2023 [3]; Approving the revised National Power Development Plan VIII under
Decision No. 768/QD-TTg dated April 15, 2025 [4].

Through the declarations and the revised National Power Development
Plan VIII, Vietnam will maximize the development of electricity from renewable
energy, continuing to increase the proportion of renewable energy in the power
structure. In particular, promoting the development of onshore, nearshore and
offshore wind power in accordance with the absorption capacity of the grid
system, reasonable transmission costs associated with ensuring operational safety
and economy, making the most of the existing grid infrastructure. Total onshore
and nearshore wind power capacity will reach about 26,066 MW - 38,029 MW in
2030, about 84,696 MW - 91,400 MW in 2050. Total offshore wind power
capacity for power generation will reach about 6,000 MW - 17,032 MW in the
period 2030 - 2035 and about 113,503 MW - 139,097 MW by 2050. Offshore
wind power capacity for new energy production will reach about 15,000 MW in
2035 and about 240,000 MW in 2050 [4]. According to EVN's report on April 30,
2025 [5], no offshore wind power plant has been built, while the onshore wind
power capacity receiving COD has only reached 1,214.5 MW. Clearly, the
Vietnamese Government needs to take stronger and more practical actions to

achieve the commitments and goals in the revised National Power Development

Plan VIIL.

According to the Government's viewpoint as issued in the revised National
Power Development Plan VIII, the planning for the development of power source
projects must have a long-term, effective and sustainable vision. Power
development must be based on the principle of optimizing the overall factors of
power source, transmission, and distribution associated with ensuring energy
security and environmental protection. However, wind power projects that have
been deployed in practice show many shortcomings, such as the lack of a national-
scale master plan; have not mastered the technology of surveying, designing,

manufacturing, installing, operating, maintaining, and handling wind turbines;




3

completely dependent on foreign consulting, investment, and equipment supply
companies. As a result, many new factories have had incidents and accidents such
as broken turbine blades, generator explosions, operating below design capacity,
etc. or some wind power plants have transferred ownership to foreign corporations
after signing PPA. This leads to low investment efficiency, causing energy

insecurity and reducing people's trust in wind power projects in general.

Based on practical issues, this thesis has been titled "Proposed models for
designing wind turbine blades and installed configurations of onshore wind farms
in Vietnam". This research topic is a scientific work that can be used as a reliable
reference source, helping managers and investors make more accurate decisions
in the stages of surveying, planning, selecting project locations, designing,
selecting turbines and optimizing the installation configuration of turbines in an
onshore wind farm, in accordance with the specific features of terrain,

infrastructure and wind resources.

Target, object and scope
Target of this research is to build models for designing turbine blades and

wind farm configurations in Vietnam. The models are used to determine the
development area, design turbine blades and installation configurations in onshore
wind farms. Thereby helping to improve the operational efficiency of the onshore
wind farms by maximizing the AEP value and ensuring the LCOE value is

consistent with the current electricity purchase price in Vietnam.

The scope of this research is wind power generation technology using small
three-bladed horizontal axis turbines. The research objects of this thesis are the
blade profiles of under-100kW horizontal axis turbines and the installation
configuration of onshore wind farms in Vietnam.

Scientific and practical significance

Researching, analyzing, selecting and designing turbine blades and

installation locations in an onshore wind farm area is an issue of concern

worldwide. This is a complex issue, involving many practical factors such as
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terrain characteristics, wind resources, turbine types, infrastructure and power
grids, and specific policies in each country. Therefore, this research topic has great
practical significance. The design models proposed in this thesis can be widely
applied and bring great benefits not only in terms of economy but also in other
aspects such as environment and society. In particular, in the context of the world

implementing the energy transition process and Vietnam is one of the leading

countries.

The design models proposed in this thesis uses a combination of physical
theories, statistical theories and computational models. Physical and statistical
theories form the basic and reliable foundation for computational models
implemented on computers. GIS and CFD models are the main simulation and
computational models in this thesis. GIS with geographic data sources is
continuously updated from satellite image data with increasingly high accuracy.
Exploiting the powerful features of GIS to select suitable locations for wind farm
development has high scientific significance. In addition, CFD is a state-of-the-
art computational model with a combination of many advanced mathematical
solutions. Establishing effective and highly accurate CFD calculation models in
aerodynamic problems for wind turbines according to different terrain and wind
resource characteristics is a very difficult task, with very high scientific
significance. The perfect combination of GIS and CFD is being carried out by
many scientific research groups in the world and increasingly brings about
analysis results with almost absolute accuracy. The analysis results based on GIS
- CFD in this thesis also show an error of only a few percent compared to the
experiment and reality. Obviously, this combined model can contribute and has
scientific significance to the global scientific community.

Research methods
To conduct the research contents in the thesis, a number of research

methods have been used including:

- Method of searching, collecting, and processing information and data
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online: This method is used to solve problems related to data sources such as
terrain characteristics, infrastructure, wind resources, design parameters of
turbines; theoretical basis of BEM, BOM, AEP, WL and LCOE,; theoretical basis
and data library of GIS, CFD, PM, LLFVWM models.

- Physical simulation method: Different physical theories are used to
describe, analyze, and interpret the processes of movement and interaction of air
flows under different specific conditions. Physical conservation equations are the
basic foundation for analytical models, numerical simulations such as numerical
weather forecasting, GIS and CFD models. The characteristics of terrain,
infrastructure, wind resources in the interest areas will be built and displayed on
digital maps based on BlenderGIS, QGIS or Ansys CFX, Fluent. Then, creating
2D, 3D models of the objects. Then, these models will be used to simulate the
interaction processes of wind under different conditions. From there, the
interaction processes, wake effects, energy loss when the wind blows through this
area will be determined. These results will be used to calculate the operating
parameters of different turbines to evaluate and select the suitable locations to

install turbines in the surveyed areas.

- Statistical method: This method is based on large historical data to make
forecasts. This method is implemented according to time series analysis to build
wind speed frequency distribution functions in areas or wind speed distribution
functions according to terrain height at different locations. These functions will

provide important input data for design calculations and simulation models.

- Analytical method:

+ BEM, BOM theories combined with PM, LLFVWM, CFD models will
be used to study and optimally design wind turbine blade profiles according to

terrain characteristics and wind resources in the surveyed areas. From there, the

most suitable turbine designs will be determined.

+ BEM, Jensen theories combined with GIS, CFD models will be used to

study the optimal turbine installation configurations in the wind farm
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development areas to obtain the largest AEP and reasonable LCOE. Finally, the
optimal turbine installation configurations for the entire wind farm development

areas will be determined.

This thesis combines the above methods to obtain values and results
according to the research objects. Then, these results will be analyzed, evaluated,

and compared with experimental and practical values in some specific cases.
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CHAPTER 1. OVERVIEW

I.1. Wind power development trends
Wind power is expected to be an alternative energy source to fossil energy

sources to simultaneously solve major problems such as ensuring energy security,
reducing greenhouse gas emissions, reducing environmental pollution, and

ensuring sustainable development of mankind on Earth.

According to the GWEC 2025 report [6], the total installed wind power
capacity worldwide has reached 1,136 GW. Of which, onshore wind power
capacity has exceeded 1,000 GW, offshore wind power capacity has reached 83.2
GW. GWEC forecasts that the growth rate of global wind power capacity will be
about 8.8% per year in the period 2025 - 2030. Onshore wind power still maintains
strong growth momentum, offshore wind power will gradually grow. This shows
that onshore wind power projects will still play a leading role in the global energy

transition in the coming time.

For Vietnam, the revised National Power Development Plan VIII [4] states
that the total onshore and nearshore wind power capacity will reach about 26,066
MW - 38,029 MW (14.2% - 16.1%) in 2030, about 84,696 MW - 91,400 MW
(10.9%) in 2050. The total offshore wind power capacity serving power
generation needs will reach about 6,000 MW - 17,032 MW in the 2030 - 2035
period and about 113,503 MW - 139,097 MW (14.7% - 16.6%) by 2050. The
offshore wind power capacity for new energy production will reach about 15,000
MW in 2035 and about 240,000 MW in 2050. In the field of power transmission,
penetration of large wind power is a very difficult problem. Because wind is an
intermittent and highly unstable energy source. This will cause incidents in the
operation of the national power transmission system. To limit the risks, studies to
forecast power generation capacity or power output in the short term, medium

term and long term are necessary.

The appendices attached to the revised National Power Development Plan

VIII list a number of areas where onshore and offshore wind power projects are
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expected to be built. However, the exact locations for these projects have not yet
been determined. In addition, most of the onshore areas of Vietnam have wind
speeds between 4.5 m/s and 6.5 m/s. This wind speed is significantly lower than
the rating wind speed of commercial turbines on the market. Therefore, studies on
the models for designing suitable turbine blade profiles and installation
configurations also need to be conducted in the specific areas.
I.2. Main phases of wind power farm development

For a wind farm to be operational in practice, it needs to go through many
different stages. The main stages may include: Planning; obtaining license and
approval; negotiating and signing a Power Purchase Agreement; conducting
Engineering, Procurement and Construction Agreement; operating, maintaining,

and decommissioning.

- Planning: A wind power project needs to be well planned to shorten the
time for licensing and approval. The first task of planning is to choose a strategic
location for the wind power plant. To choose the best location, the characteristics
of the terrain and wind resources need to be collected and evaluated. These
locations need to be considered whether they are located in areas that need
conservation (nature, culture), national security, or near residential areas. In
addition, whether the location is close to infrastructure such as roads, rivers,
power transmission systems and especially has good wind energy potential also
needs to be carefully considered. After that, feasibility studies such as
transportation, detailed design and grid connection will need to be carried out to

evaluate the cost and investment efficiency of the project.

- Licensing and approval: Onshore wind farms need to apply for land lease
and construction permits. In addition to documents related to the feasibility study
phase, investors also need to have environmental impact assessment research

documents attached during the project approval process.

- Negotiating and signing a Power Purchase Agreement: This type of long-

term contract stipulates the price of electricity and the amount of electricity to be
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supplied. The price terms in a Power Purchase Agreement are important in the
development of a wind farm, as the price allows the developer to estimate the total
revenue available for the terms of the contract. If the price is too low, the cash
flow may not be sufficient to fund the project, leading to the project not being able
to proceed with the chosen location. On the other hand, if the energy price is too
high, the customers will not agree to buy at an uneconomical price. Obviously,
the developers need to demonstrate what price is appropriate for each specific
wind power project. Long-term forecasting of electricity production is very

important for accurate pricing.

- Execution of Engineering, Procurement and Construction Agreement:
The developers will execute a contract for the design, procurement and
construction of the wind farm. In this contract, the contractor is responsible for all
stages of the work. However, the contract for a wind farm may be different, as the
developers will usually be responsible for the procurement of the components of
the wind turbine and the contractor will be responsible for the procurement of the
remaining materials required for construction. Studies of the terrain
characteristics and wind resources play a decisive role in selecting the most

suitable turbine design.

In Vietnam, EVN is in charge of implementing Power Purchase Agreement.
According to Decision No. 1508/QD-BCT dated May 30, 2025 [7], the purchase
price of onshore wind power in the Northern region is 1,959.4 VND/kWh, the
Central region is 1,807.4 VND/kWh, the Southern region is 1,840.3 VND/kWh;
the purchase price of nearshore wind power is 1,987.4 VND/kWh for all regions.
According to Decision No. 1824/QD-BCT dated June 26, 2025 [8], the maximum
price for offshore wind power plants in the Northern sea area is 3,975.1
VND/kWh, the South Central sea is 3,078.9 VND/kWh, the Southern sea is
3,868.5 VND/kWh. Obviously, with the current electricity purchase price
calculation, investors who want to have high investment efficiency need to

conduct research, choose the suitable wind turbine designs and locations for wind



10

farms. In addition, managers also need to conduct research closely following
reality to provide more detailed prices, to ensure that the prices offered are

appropriate and attract domestic and foreign investors.

Through the above analysis, the main stages play the important role,
deciding the success or failure of a wind power project. In which, the problem of
determining the terrain characteristics, infrastructure, and wind energy potential
plays a key role in choosing a strategic location. Next, determining the type of
turbine and the installation configuration in a selected farm area will play a
decisive role in the operating efficiency of the turbines and the investment
efficiency of the entire project. This requires detailed studies for each region,
province, and locality. Because Vietnam has a long terrain, the mainland is mainly
mountainous, which greatly affects the transportation and installation of turbines.
A more serious problem is that the interaction of air flow when blowing through
mountainous areas will be disturbed, causing energy and force losses to the

components of the turbine, especially the blades.

I.3. Related research contents and methods
In general, each country in the world has its own characteristics in terms of

terrain, infrastructure, wind resources, regulations and policies. Therefore, each
country has its own research groups to conduct the above contents. In recent years,
groups in Vietnam have also been participating in research in many fields with
the aim of supporting the overall development of the wind energy sector. Related

domestic and international studies:

In recent years, domestic wind turbine researches are still limited. In
general, domestic research directions are mainly related to the problem of
surveying and evaluating the theoretical potential of wind energy. Some notable
published contents are in the article "Observation and Simulation of Wind Speed
and Wind Power Density over Bac Lieu Region" by the authors at the Institute of
Geophysics, Vietnam Academy of Science and Technology [9]. The authors used

the WRF weather forecast model to simulate wind speed and wind power density
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in Bac Lieu province, with a spatial resolution of 2.0 km. The obtained results are
wind speed and wind power density in the height range from 50 m to 200 m. The
simulation method based on the WRF weather forecast model is a modern method,
providing high reliability and is widely used in the world. However, the basis of
this method is based on weather data from NASA satellites, then based on weather
data that occurred in a certain period of time in the past, and finally giving
forecasts on the average wind characteristics of the area. In addition, this method
has a large spatial resolution, usually about kilometers, so the accuracy is also
limited. The study "Offshore wind resources in the context of global climate
change over a tropical area" by the authors at VNU-Hanoi — University of
Engineering and Technology [10] also used the RegCM4 weather model
combined with 2 climate change scenarios RCP4.5 and RCP8.5, the spatial
resolution used is 25km. The result of this study is the forecast of annual
electricity production of offshore wind power in Vietnam reaching about 30.7
GWh to 50.9 GWh in the period 2080 to 2099. The method used in this study also
has the same limitations as in the research paper of the authors from the Institute

of Geophysics.

Also studying the forecast of wind resource potential, the study " Marine
spatial planning for offshore wind power using GIS" by the researchers at Power
Engineering Consulting Joint Stock Company 2 [11]. The authors used the GIS
method combined with the Fuzzy Logic method to forecast some areas with
potential for nearshore and offshore exploitation in Vietnam. The method is based
on data based on maps of sea areas, continental shelves and regulations on the
development of marine and island resources of Vietnam, then combined with
analytical calculation models to determine areas with potential for wind energy
exploitation. This method is not highly accurate and reliable, only suitable for the
preliminary survey stage of wind resources. Clearly, domestic studies on wind
energy potential assessment are still limited, and the models and methods used

still have many shortcomings.
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The second research direction is research topics and articles on the field of
calculation and design of wind turbines. The study "Study the overview of wind
turbines and the factors that affect the power output of the turbine" by the author
at Quang Binh University [12]. The author has conducted an overview of some
theories to determine the output capacity of a wind turbine. This publication is
only intended to introduce some basic information in the field of wind turbine
calculation. In addition, a study on wind turbine design that can be mentioned is
"Research and calculation design for counter — rotating wind turbine use with low
wind speed range" by the researchers at Hanoi University of Science and
Technology [13]. The authors used the BEM method, combined with the Krangten
and Glauert model to design a horizontal axis turbine with a double-blade type,
the capacity of this type of turbine reaches from 1.5-5.0 kW operating at a wind
speed of 6.0 -9.0 m/s. The methods are mainly based on analytical formulas, not
comprehensively evaluating the influencing factors. The turbines have blade
diameters of 4.2 m and 5.2 m, but generate too low power, ineffective in wind

regions with speeds of 6.0 — 9.0 m/s.

Recently, a number of studies on the design of vertical axis wind turbines
of the Savonius and Darrieus types have also attracted [14], [15]. These researches
use different methods to design and improve the blades of vertical axis turbines.
Then, the researchers use CFD methods to simulate, verify the results, and finally
manufacture pilot models. These turbine designs are all compact, about a few
meters in size, suitable for installation in densely populated areas such as urban
areas and large cities. However, the capacity of these types of turbines is quite
small, so they cannot achieve high operating efficiency. Clearly, domestic
researches on wind turbine blade design is receiving increasing attention.
However, the models and methods used are often isolated. Therefore, the results

obtained have not contributed much to practical applications.

- The third research direction is to use commercial softwares to design wind

farm configurations. Among these, WindPRO software is receiving much
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attention and is quite commonly used for wind power projects in Vietnam.
WindPRO has functions to perform calculations for wind farms. The
mathematical basis of this software is based on purely analytical equations such
as BEM and Jensen. Input data such as terrain, roughness, wind speed distribution,
turbine type, and turbine layout configuration in the farm will be provided by the
user into the software. From there, analytical calculations will be performed and
the final results will be given. The results obtained from the WindPRO software
will be accurate if the wind speed distribution data at each turbine location is
provided. This is very impractical. Because the investor will not be able to build
enough wind measurement stations at all the planned turbine installation
locations. Therefore, the WindPRO software will only rely on long-term historical
wind speed data and combine it with wind speed measured at a station that the
user provides in wind atlas format for calculation. Historical wind speed data is
taken from NASA satellite images with high resolution of kilometers. Therefore,
wind atlas data also has high resolution and low accuracy. This causes a
significant deviation of wind speed values at each location compared to reality,

especially in areas with complex hilly terrain [16], [17], [18].

From the analysis of domestic research topics and publications related to
the field of wind energy as above, the author believes that domestic researches are
still lacking in both quantity and quality. This shows that there is a need for more
in-depth research, using more modern methods, especially in the field related to
design, improving the operational efficiency of wind turbines and wind farm

configuration.

For international researches, research on wind resource assessment for
wind farm construction areas is of great interest, such as in the article “Micro-
scale wind resource assessment in complex terrain based on CFD coupled
measurement from multiple masts” by German scientists [19]; or the article
“Topology optimization of wind farm layouts” by Danish scientists [20]; The

article “Wind energy evaluation for a highly complex terrain using CFD” by
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Mauritian scientists [21], etc. The methods used by these groups are all based on
CFD combined with a number of different models to evaluate the wind resources
at each specific location, and finally provide an optimal configuration for

installing wind turbines.

In addition, there are currently tens of thousands of studies on the design
and improvement of aerodynamic performance of wind turbine blades under
different operating conditions around the world. For example, the article “CFD-
based curved tip shape design for wind turbine blades” [22], using the CFD
method to redesign the shape of the turbine blades; The article “NACA2412
airfoil based method for design and aerodynamic analysis of small HAWT using
modified BEM approach” [23] using the BEM method to design small turbine
blades based on the NACA2412 model; Or the article “Aerodynamic performance
enhancement of horizontal axis wind turbines by dimples on blades: Numerical
investigation” [24], the authors created holes on the blade surface to increase the
lift force of the turbine blade, etc. Currently, most research groups in the world
are focusing on changing the design of the turbine blade, designing the blade to
exploit the kinetic energy of the wind most optimally. This is the most important
content, contributing decisively to the problem of improving the operating

efficiency of wind turbines.

In order to exploit more wind power, turbine blades are increasingly being
researched and manufactured to be larger. However, we must also pay attention
to the problem of the compatibility between the kinetic energy of the wind and
the size of the turbine blade. This is also a very important issue to ensure the
efficient operation of wind turbines. Some studies on the investigation of blade
type and blade size for different wind speed conditions can be found in the article
“High-resolution direct numerical simulations of flow structure and aerodynamic
performance of wind turbine airfoil at wide range of Reynolds numbers” [25], or
in the article “Airfoil type and blade size effects on the aerodynamic performance

of small-scale wind turbines: Computational fluid dynamics investigation” [26].
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This investigation plays a very important role, however, if real models are built
for testing and investigation, it will be very expensive. Therefore, research groups
often use CFD analysis method, which is a very modern method and gives highly

accurate results.

Through brief analysis of a number of research topics and scientific works
published domestically and internationally in recent times, the author has noted
some values in terms of both content and research methods needed to improve the
operational efficiency of wind turbines in Vietnam. The research contents that are

still lacking include:

- Research and assessment of wind energy potential of the entire territory
and islands of Vietnam, thereby providing a basis for making macro forecasts on
the development potential and contribution of wind power. This content has been

researched by many groups and achieved many clear and reliable results.

- Research and detailed assessment of wind resource characteristics and the
influence of terrain in wind farm construction areas, thereby determining optimal
installation locations for wind turbines. This content has not yet received much

attention and research from domestic investors and scientists.

- Research on the suitability and improvement of aerodynamic performance
of wind turbine blades under operating conditions with wind speeds in each
specific area. These studies are often divided into two groups: research on
changing the design of the blade model, and research on changing the
configuration and size of the entire wind turbine blade. This content has not yet

received much attention and research from domestic investors and scientists.

- Research on the design or selection of different types of generators to
solve problems related to grid connection. This content has not yet received much
attention and research from domestic investors and scientists. However, this

content is not studied in depth in this thesis.
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- Research on the recyclability of the main components of wind turbines
after they have expired and stopped operating. This content has not yet received
much attention and research from domestic investors and scientists. However, this

content is not studied in depth in this thesis.

Obviously, the author has inherited the research content and research
methods from domestic and foreign research groups. However, there are still some
contents that have not been studied clearly and accurately, such as the content on
evaluating wind source characteristics according to the terrain of the specific
construction area, the content on designing to improve aerodynamic efficiency
and the installation configuration of wind turbines according to different specific
conditions of the farm. Therefore, this thesis will conduct in-depth research on the
above two contents. Regarding the research method, domestic publications often
use models and methods that have been popular in the world. Therefore, the
accuracy is still limited. This thesis will mainly use the CFD method combined
with the GIS method to conduct simulation research. The CFD method is a
method that is favored by many countries because of its clarity and high accuracy.
GIS methods provide detailed terrain and infrastructure data, making farm

configuration location selection intuitive and practical.

In the wind farm scope, to forecast or calculate the generating capacity or
AEP, it is necessary to perform two main tasks: calculating the change in wind
speed over a long period of time at the height corresponding to the turbine HUB
and determining the wind energy losses caused by terrain and turbines during
operation. In which, terrain factors, design and installation configuration of
turbines have an impact on the characteristics of wind resources. Therefore, to
accurately determine the AEP value, it is necessary to consider the three most
important input factors: wind resource, turbine type and terrain. The shortcomings
of WindPRO will be completely addressed by the design model proposed in this
thesis. GIS data will provide topographic and roughness data of the area with a

spatial resolution of 30m. These data, combined with wind measurement data at
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one or several points, will be used as initial data for the CFD model. From there,
the entire process of wind speed changes at all points in the farm will be accurately
simulated. Finally, the wind speed distribution at each planned turbine installation

location will be obtained with high accuracy.
- Methods for assessment changes in wind speed in the long term include:

+ Physical simulation method: Method of gradually reducing the scale from
global, continental, regional, local, wind farm area based on numerical weather
forecasting models. The numerical weather forecasting models can directly use
real-time satellite image data or use reanalysis data libraries. This method uses a
lot of data on terrain roughness, temperature, pressure, humidity, etc. as input data
for physical equations [27], [28], [29], [30]. These physical equation systems can
then be solved using many different techniques. In this thesis, the RANS
technique will be used to solve the physical conservation equation systems for
CFD models. This method is used to calculate the characteristics of terrain, wind
source, and interactions with turbines on a farm. Therefore, this method requires
the implementer to have high expertise and experience, along with a high-

configuration computer system.

+ Statistical methods: This method is based on large historical data to make
forecasts, not based on specific actual conditions. In the past, this method was
often implemented according to time series analysis to construct linear and
nonlinear functions. Then, based on the regression techniques Auto-Regressive
Moving Average, Auto-Regressive Integrated Moving Average, and Support
Vector Regression to make forecasts [31], [32], [33]. In recent years, this method
is often implemented with artificial intelligence models such as neural networks,
neuron-fuzzy networks, etc. In this thesis, the statistical method is used to evaluate
the wind speed frequency distribution functions according to different locations

and heights in the farm area.
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+ Machine learning or deep learning methods: Al-based forecasting
methods include Extreme Learning Machines, Light Gradient Boosting Machine,
Artificial Neural Network, Convolutional Neural Network, Recurrent Neural
Network, Long Short-term Memory Network [32], [34]. These models are based
on relationships between historical power, wind speed and direction, and
meteorological variables to make future forecasts. These models need to be fed
with more historical data to get more accurate forecasts. This requires sufficient
historical data for the wind farm area to be able to make reliable forecasts. In
addition, the forecast models for this plant cannot be used for other plants.
Therefore, these methods are facing major limitations because wind power plants
in Vietnam have not been in operation for long time. Therefore, machine learning
and deep learning methods are not used in this thesis. However, they will be

developed in near future studies.

+ Spatial correlation method: Many mathematical models are also involved
in the problem of forecasting wind speed and direction for specific terrains, such
as the spatial correlation model. This model helps determine wind speed values at
different locations from a specified reference point. From there, forecast models
can be given for an area based on measurements and observations in another area
[35]. This method can also be integrated into artificial intelligence models
Artificial Neural Network, Local Feedback Dynamic Fuzzy Neural Network,
Adaptive Neuro-Fuzzy Inference System [32]. This method is also not used in this

thesis because of insufficient real-world data.

+ Combined method: Recently, combined forecasting studies are
increasingly being developed to combine the strengths of each method. Some
prominent combined models are CFD and Artificial Neural Network [36];
combines Al models such as XGBOOST, Multi-Layer Perceptron with Bayesian
Optimization, Gradient Boosting Regression Tree, Ensemble (Gradient Boosting
and XGBOOST), and CNN Long Short-Term Memory [32], [34], etc. This

method has many advantages compared to using a single method. Therefore, the
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combined method is used as the basic framework. This thesis uses a combination

of CFD with theoretical functions to determine the quantities related to the AEP

objective function.

- Wind energy losses due to terrain and turbines: In addition to wind
resource data, the input factors for this analysis include: Topography of the site
and surrounding area; Wind farm configuration and turbine HUB height; Wind
turbine operating characteristics such as power curve and thrust curve versus wind
speeds; Air density and turbulence intensity of the incoming flow at the turbine
blade locations. The combined CFD and theoretical functions are also further used
to determine the interactions and wind energy losses due to terrain and turbines.
GIS data is also used to provide topographical characteristics of the wind farm,

providing input data for the combined CFD models.

This thesis conducts research on design models to improve the efficiency
of wind energy exploitation of turbine blades and installation configuration of

onshore wind farms under specific conditions in Vietnam. The main research

contents include:

- Research on terrain, infrastructure, and onshore wind energy potential in
planned planning areas. From there, identify strategic and optimal locations for
wind farm development. The obtained results will be the input basis for

developing turbine blade designs and installation configurations in the farms.

- Research and build a turbine blade design model according to the
characteristics of wind resources in wind farm development areas. From there,

propose turbine blade designs for the largest power coefficient.

- Research and build a turbine installation configuration design model in

wind farm areas to obtain the largest AEP and reasonable LCOE.

These research contents will contribute mainly to the important stages for
developing onshore wind power projects in Vietnam, which is the “Planning and

Signing a Power Purchase Agreement”. The thesis uses a combination of physical
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methods, statistical methods through numerical simulation techniques and

analytical calculations to solve the research contents.

Summary:

In order for onshore wind power projects in Vietnam to achieve high
efficiency, it is necessary to ensure the AEP value is maximized and the LCOE
value is consistent with the current electricity purchase price. To calculate AEP
and LCOE values, it is necessary to have calculating methods based on specific
conditions of terrain, wind resources, and turbine types for each specific farm in
the long term. Research on these contents have not been conducted in Vietnam.

This is a research gap and this thesis conducted research to fill this gap.

The state-of-the-art methods such as machine learning and deep learning
are very good forecasting capabilities. However, the limitation of these methods
is that they require large enough historical data to train the Al-based models.
Therefore, these methods are currently not effective for wind power plants in

Vietnam.

Therefore, the thesis used a combination of physical and statistical methods
through GIS, CFD, PM analysis models and BEM, BOM, Jensen theories to build
turbine blade profile and installation configuration design models of wind farms
for the highest efficiency of wind energy exploitation. The detailed theoretical

basis of these methods and theories is presented in Chapter I1.
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CHAPTER II. METHODOLOGY
This thesis studies 02 main contents including: Research on the turbine
blade profile design model according to the characteristics of wind resources in
wind farm areas. From there, the blade profile designs for the largest power
coefficients are proposed; Research on the turbine installation configuration
design model in wind farm areas with the goal of obtaining the largest AEP values

and reasonable LCOE values.

To conduct the above main research contents, some analytical theories and

simulation models need to be used including:

- GIS and CFD models to study, evaluate and select potential regions for
onshore wind farms. The results from this analytical model will determine the
terrain and wind resource characteristics such as terrain height and roughness,
average wind speed and turbulence intensity to serve as input parameters for the

turbine blade profile and installation configuration design models.

- BEM and BOM analytical theories combined with PM, LLFVWM and
CFD simulation models to study the blade profiles and operating parameters of
wind turbines according to wind resource characteristics with the goal of

obtaining the largest power coefficients.

- BEM and Jensen analytical theories combined with GIS and CFD models
to study the design of turbine installation configurations in wind farm areas with
the goal of obtaining the largest AEP values and reasonable LCOE values.

IL.1. GIS and CFD models

GIS is a model that provides topography data, maps of terrain and
infrastructure with high accuracy based on satellite images. Therefore, this model
is essential to provide 3D maps of complex objects such as urban or mountainous
areas. In recent years, GIS models have been widely used in studies on site
selection for wind farms [37], [38], [39]. In this study, BlenderGIS and QGIS are

used as software tools to provide 3D maps of the wind farms. BlenderGIS and
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QGIS are open softwares that are fully featured and easy to use for researchers

who are not specialized in digital maps [40].

CFD is a model that simulates the motion, interaction, heat transfer or
reaction processes of fluids based on conservation equations such as mass
conservation, momentum conservation and energy conservation. This model is
commonly used in fields such as aviation, aerospace and energy systems. The
conservation equations that govern fluid processes are commonly known as the
Navier-Stokes equations and are often implemented in the form of partial
differential equations. For example, mass conservation is often expressed through
the Continuity equation; Momentum conservation is expressed through Newton's
2" Law; Energy conservation is expressed through the 1* Thermodynamics Law

as expressed in equations (2.1) - (2.3) [41], [42].

The Continuity equation:
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The conservation equations (2.1) - (2.3) are often solved through the
concept of the Reynolds-Averaged Navier-Stokes (RANS) equations by Direct
Numerical Simulation (DNS) method. In the field of wind energy, the flow of air
is often turbulent. Therefore, turbulent flow models are often used to determine
more accurately the values of wind speed and pressure at each point in space.

Among them, the k—¢& turbulent flow model is most commonly used and has
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been verified by many previous research groups [42], [43]. The turbulent flow

equation system in this model is represented as in equation (2.4):

i ™

Wy B OISR g iop

ot ox, ox\ o, Ox
J (2.4)
o0& oe O K ok £

—+U,———| —— |=—(C Ps—C_,e+C

o, axf(ag B (\CaPs=Cat+ Csf))

In which: x; are the coordinates: x; =x,x2=y,x3 =z, 0, =1.0, o, =1.3
are the Prandtl constants; C,, =1.21,C,, =192, C_, =1.0 are the coefficients of

the model.

By solving the system of equations (4), the value of K and 1 are determined

as in equation (2.5) with C, =0.03 for the flow of air in the surface layer [44],

[45], [46]:
2
K=~
-
k:'..fz (2'5)
l - C‘i” 7

11.2. BEM and BOM theories
The theory of determining the power of horizontal axis wind turbines was

proposed by Betz and Glauert in the 1930s. Initially, the characteristics of the
turbine were determined based on the moment theory and the blade element
theory. Then, these two theories were combined into the BEM theory. Nowadays,
the BEM theory is widely used in the aerodynamic design and performance

analysis of horizontal axis wind turbine rotors.

The BEM theory assumes that the air flow will move through a control
volume, which is limited by cylindrical surfaces. The turbine rotor is represented
by an actuator disc as shown in Figure 2.1. The air flow moving through the

control volume is assumed to be incompressible, uniform and steady [47], [48].
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Figure 2. 1. Illustration of the BEM theory [48)].

This theory also assumes that the number of turbine blades is infinite, the
force acting uniformly on the entire actuator disc, and no vortex formation behind
the turbine when rotating. Considering the above system as closed and using the
momentum conservation law, the force acting on this turbine can be determined

as in equation (2.6):
Th:Ul(pAlU,)—U4(pA4U4) (2.6)

Under steady flow conditions, the mass conservation law allows

determining the air flow rate as in equation (2.7):

m= pAlUI = pA4U4 (2.7)

Combining equation (2.7) into equation (6), the force acting on this turbine

can be determined as in equation (2.8):
Th=m(U,~U,) (2.8)
Applying Bernoulli's law to the air flow in front of the turbine:
Pt PUL = py 4 pU 29)
Applying Bernoulli's law to the air flow behind the turbine:

1 4 1
p3+EpU3:p4+EpUj (2]0)
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Because the pressure at the inlet and outlet is equal to the ambient pressure,
p1=pa, the air flow rate in front of the turbine and behind the turbine are equal,
U>=Us. From there, the force acting on one side of the turbine is determined as in

equation (2.11):

T=4(pap) =5 pAo(U}-U3) @11)

Combining equation (2.8) and equation (2.11), the wind speed behind the
turbine rotor is determined as in equation (2.12):

...U1+U4

U
. 2

(2.12)

Let a be the axial induction factor of the air flow, the value of a is

determined through the change of wind speed as in equation (2.13):

~i—Ch
Ui

a (2.13)
Finally, the wind power exerted on the turbine rotor is determined as in
equation (2.14):
1 2 2 1 3 2
P=ThxU, = p4, (U -Ui)u, = S PAUMa(1-a) (2.14)
Let Cp be the power coefficient, which is the ratio of the power generated

by the turbine to the power of the freestream before reaching the rotor plane. The

value of Cp is determined as in equation (2.15):

., :%:4&!(1—{1)2 (2.15)
EPAEU]

Deriving equation (2.15) will find the maximum value of Cp, Cp=16/27 at
a=1/3. This means that the best turbine rotor design will have a flow velocity at

the rotor front plane that must be 2/3 of the freestream velocity and the highest
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wind energy extraction efficiency of the wind turbine that can be achieved is only

59.26% [48].

At this stage, the thrust force acting on the turbine rotor can also be

determined according to a as follows:
Tk=%pA2Uf4a(l—a) (2.16)

Let Cpy, be the thrust coefficient, which is the ratio of the thrust force on the

turbine rotor plane to the thrust force of the inlet freestream flow:
C,,=4a(1-a) (2.17)

The wind power generated from the turbine rotor will be converted into
output electrical power through the mechanical systems, gearbox and generator.
From here, the output electrical power of the horizontal axis wind turbine can be

determined as in equation (2.18):

1
F, =5 pAUCarl,, (2.18)

In fact, the number of blades of the industry turbine is limited due to the
limitation of installation space on the HUB. The most common number of blades
is 3 blades. When considering the number of turbine blades as finite, the
maximum power coefTicient of the entire rotor is determined by the Wilson theory

as in equation (2.19):

132+(T"’1R“8]2 _
. B
Cpo =2 X TSR x| TSR + . - TR 1 (2.19)
27 i _-f-_x(rsm—)
C, 2B
R
FiR== (2.20)
U

1
From equation (2.19), the maximum power coefficient of the turbine needs

to be considered in relation to the number of blades, the tip speed ratio, and
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especially the ratio between the lift coefficient and the drag coefficient of the
entire blade. Equation (2.20) shows that the power coefficient also depends on the

rotor rotation speed during actual operation.

The ratio between the lift coefficient and the drag coefficient of the entire
blade depends on the profile design, the twist angle and the length of each
different section on the blade. The BOM theory is used to describe the dependence
of the airfoil length, thickness, and twist angle, the tip speed ratio on the overall
blade length and the total number of blades used to form a rotor. This relationship
is expressed as in equations (2.21) - (2.22) [49], [50], [51], [52]:

The airfoil length at a distance r from the rotor center is determined as in

equation (2.21):

_167R !

C(r)
C; 2

9B " rsr |rsre[ L) +2

. R) 9

(2.21)

The twist angle of the i™ airfoil section at a distance r from the rotor center

is determined as in equation (2.22):

p(r)= arctan[ =

— Ao’ 053
%ﬂSRJ v (222)

I1.3. PM, FIDM and LLFVWM methods
I11.3.1. Panel method

The profile of an airfoil design can be determined through characteristic
quantities such as maximum thickness, maximum thickness position, maximum

camber and maximum camber position as shown in Figure 2.2.
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Figure 2.2. Main parameters of an airfoil profile

The PM method is used to conduct aerodynamic analysis of an airfoil model
in two-dimensional space. The PM method divides the geometry of the airfoil into
many equal parts or many equal panels. The number of panels depends on the
requirements of the specific problem. Since each blade design is made up of many
different airfoil parts, it is necessary to find the appropriate number of panels for
each specific type of airfoil model. Usually, the number of panels is chosen from
90 to 250 panels. The mathematical model of PM is explained by M. Drela [53],
the geometry of the airfoil model when divided into panels and determining the

vortex points is illustrated in Figure 2.3.
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Figure 2.3. lllustrates the process of dividing the airfoil model [53]
After determining the appropriate number of panels, the contact points
between the panels and the airfoil surface will be the important points to determine

the interaction processes of the wind with the airfoil surface. These interactions

will be determined from the kinetic energy of the incoming flow with different
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AoAs at different points. The incoming flow function at point (x, y) is determined

as in equation (2.23) [53]:
1 ; I :
‘P(x,y)=umy—vmx+E!y(s)Mr(s,x,y)ds +E!a(3)9(3,x,y)ds (2.23)

In which: u, =U, cos(Ao4),v, =U, sin(AoA) are the velocity components
of the incoming flow at any point (x,y) along the ox and oy axes.

The vorticity values at airfoil surface points are determined as in equation
(2.24):

¥; = ¥,c08( 404, ) + v, sin (Ao4,) (2.24)

Finally, the lift coefficient, drag coefficient and pressure coefficient of the

airfoil model are determined as in equation (2.25) [53], [54]. These quantities are

important parameters to determine the wind energy exploitation efficiency of each

airfoil design.

N
zp'ivmfyf
—

N
zpiunofyi
C = = £l r

N 2
Z}Vf
SCd_l L] CP:I— =

1 2 L d.,
> P 5 P4

(2.25)

I1.3.2. Full-inverse design method

When the analysis of the airfoil aerodynamics model with PM has done,
the obtained results will be the values of the quantities as shown in equation
(2.25). This means that the geometry of the airfoil pattern is directly related to the
quantities C,, C4 and C,. From there, if the wind velocity or C, function is
modified, the geometry of the corresponding airfoil pattern will be obtained, this
is called inverse design.

The inverse design method is divided into two types, namely partial inverse
design and full inverse design. The partial inverse design allows to edit wind
velocity or the C; distribution in any part of the airfoil pattern, then redesigning

the corresponding part of the airfoil pattern. Similarly, full inverse design allows
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to adjust the wind velocity or C, distribution of part or whole pattern of the airfoil,
then redesigning the entire airfoil pattern. Both these inverse design methods are
based on conformal mapping method [53], [55], and this paper uses full inverse
design method. Figure 2.4 illustrates the process of editing the wind velocity
distribution on the airfoil surface, and then creating a new airfoil configuration.
The black line is the value of the original airfoil pattern, the blue line is the

modified values for the new one.
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Figure 2.4. The airfoil redesigning process by modification of wind velocity
distribution.

After editing the wind velocity distribution or C, distribution, the new
corresponding airfoil pattern will be received, but the parameters of the airfoil
pattern may not meet the requirements. To complete the new pattern parameters,
the MT, MTP, MC and MCP values can be changed by entering exact numbers.
Then all new models will be analyzed by PM method to find out the airfoil model
with the largest Ci/Camax.

[1.3.3. Lifting line free vortex wake method
Qblade is a multiphysics software, that is widely used in preliminary design
of horizontal and vertical axis wind turbine systems on both onshore and offshore.

Qblade software uses the LLFVWM method to determine the aerodynamic

o
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parameters of turbine blade. Unlike the wake approximation as in the traditional
BEM method, the LLFVWM method will model explicitly the rotor wake through
Lagrangian vortex elements. Therefore, the analysis results of wake effects on

rotor using LLFVWM give higher accuracy when compared with BEM [56].

In Qblade software, the blades will be divided into sections corresponding
to the airfoil models and designed dimensions. Initially, the forces acting on the
blades will be determined by the LLFVWM method through two dimensional
sectional airfoil polar data, and the shed from the blades will be explicitly
resolved. The two dimensional sectional airfoil polar data will be determined by
the panel method (PM) [53] for a specified range of angle of attack (AoA) values,
and then extrapolated to the entire 360° angle. The model of a blade in Qblade

software as shown in Figure 2.5.
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Figure 2.5. A blade and wake model with the LLFVWM [56]

Each blade will be represented by a lift line located at the chord quarter of
the 2D airfoil model. The entire blade will be divided into a number of panels,
each panel is represented by a vortex ring which consists of four straight vortex
filaments as shown in Figure 2.5. The circulation of the bound vortex lines is
calculated from the relative inflow velocity. The lift and drag coefficients that are

obtained from tabulated airfoil data. The sectional circulation is calculated
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according to the Kutta-Joukowski theorem, then the i" sectional lift force at the

AoA is determined by the equation (2.26) [56]:

OF,,(Aod)= p¥,

rel

or, (2.26)

Then, the aerodynamic characteristics of the entire blade such as lift force,
drag force and other secondary effects will be determined in detail through a
number of different mathematical models such as OYE or IAG. Previously, the
model describing dynamic stall in Qblade could be implemented by using either
the unsteady LLFVWM or BEM via the OYE Model. However, this model only
calculates the dynamics of separated flow of airfoil. Additionally, the AoA values
is only determined in the range from -50° to 50°. Recently, the IAG dynamic stall
model has been developed and widely used. This model replaces the previous
models in Qblade. In the group's latest research, the authors have proposed an
improved IAG mathematical model and compared it with other models and
experiments based on airfoil models such as S801, S809 and S814. The IAG
model in a state-space will divide the flow into three states: attached flow,
separated flow and vortex lift state. Finally, the lift and drag coefficients of the

blade's sections in space are determined as equations (2.27) and (2.28) [57]:
C[, = Cycos(AoA,)—Cysin(AoA,) (2.27)

Cg; o C;'; + (AGAf i AOAe: )Cﬁf

Hcn-c) [“—(QJ -[i] el T

2

Where:Cyy = Cf, +Cy,is the normal force;Cp =C;'(dod,) is the

tangential force; C,, ,Cpr, f are the static values of drag coefficient, drag level at

the zero normal force AoA and static separation position, respectively; x4(t) is the

unsteady trailing edge separation point; x5(t) is the normal force due to the vortex

lift effect.
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The results published by this group show that the current IAG model in
Qblade software has helped to overcome the limitations of previous models
related to dynamic stall of airfoil patterns. This new model can cover the effects
of unsteady flow parameters, airfoil thickness, large changes in Reynolds number,
AoA changes from -180° to 180° and also the problem of surface roughness of the
airfoil models. Consequently, the aerodynamic analysis results of wind turbine
blades using Qblade software are highly accurate and reliable.

I1.4. Jensen, AEP, WL and LCOE theories

Once a wind farm has been sited, turbines will be installed in different
configurations depending on factors such as terrain, infrastructure, wind speed,
wind speed frequency and main wind direction. Some issues that need to be
carefully considered include the type of turbine that must be suitable for the wind
energy potential and how to arrange these turbines to minimize the effects on each
other during operation. Of these, the wake effects are the most concern. Wind
energy loss from the wake effects can come from the roughness of the terrain or
from the operation of the turbines. The theory of calculating the wake effects is
intended to determine the effects on the output power of the turbines when their
distance is different. When the blades of the front turbine rotate, it will create
wake flows behind. This wake region is gradually expanded with distance behind
that turbine as shown in Figure 2.6. The wake will cause an increase in turbulence

intensity and reduce the air flow velocity to the behind turbines [58].
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Figure 2.6. lllustration of the wake effect caused by a turbine

When considering the wake effects on the behind turbines, the two main
contributing components are the wind velocity deficit and the turbulence intensity.
The wind speeds at these different locations are affected by wake due to both the
forward turbines and the terrain slope. Obviously, the value of Uy can be
determined through some approximate assumptions for the terrain type and turbine
type. However, in this study, the exact values of Ug will be determined by a modern
method based on a combined GIS - CFD model. The balance equation between the
vortex moment and the wind velocity deficit is determined according to Jensen

theory as in equation (2.29) [59], [60]:

U,=U|1-—2— (2.29)

Because each area has a different terrain slope, the rate of change of wind
speed with terrain slope (r.w) needs to be determined by the combined GIS - CFD
method. r., is the rate of change in wind speed caused by the surface roughness
of the wind farm terrain. A given terrain area will have a function of r., along
the main wind direction (along the turbine rows). Based on the function of ry,

the change in wind speed at different locations in the same row can be

T L B (R R L TR
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determined. From there, it is only necessary to determine the wind speed at one
point in the farm area to interpolate the wind speed at other points. This helps to
accurately determine the wind speed at each point where turbines are expected
to be installed in the farm area. The r., function can be determined by
experimental measurements, or using the CFD simulation method. In this thesis,
rew 18 determined by the GIS - CFD model. For a terrain area, it is only necessary
to build a GIS - CFD model once using the average wind speed to determine the
r.w function. The wind speed at the behind turbine at a distance will be multiplied

by rcw as shown in equation (2.30):

U,=rU|1- (2.30)

W

Then, the wind velocity deficit (VD) at point d behind the first rotor is

determined as in equation (2.31):

VD:(I—%)XIOO%— ——— |x100% (2.31)

Witha, is a decay coefficient,a, = 0.075 for onshore wind farms [60].

The turbines are typically installed in rows and each farm will have
multiple rows of turbines depending on the actual conditions. The annual

electricity production of the turbines can also be determined according to
equation (2.32) [61], [62]:
AEP =8760%"(Pe, x f}) (2.32)
i=l j=1
Where: n is the number of turbine rows; m is the number of wind speed

intervals; Pe! is the turbine’s output power for wind speed interval j at row i,
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kW; 7 is the Weibull distribution function value of wind speed interval j at row
i.

The Weibull distribution function is expressed as in the equation (2.33):

o ) e

With W and S are the width and scale parameters of the wind speed
distribution, respectively.

The parameter that causes the largest error for AEP is the wind speed
frequency. Therefore, the error of AEP will be determined by the error
propagation method through the output power and Weibull distribution function

as follows:
AAEPzS?éOZI:ZI:(APe; f]+PeAs)) (2.34)
=l j=
With:
P ] 2 H 2 i 2 35
APe; = paR C,n.m,3(U}) AU, (2.35)
AW \W-2 \2(W-1)
_ W UJ'l Uj- UJ-
= Fxp| - L | [[(W-1)| L] -W|-L AU 2.36

Where: AAEP1is the absolute error of AEP, kWh/year; Af7 is the absolute
error of wind speed frequency at the (i,j) turbine’s HUB; AU is the absolute

error of wind speed at the (i,j) turbine’s HUB, m/s.

The wake loss can be determined as in equation (2.37):

AEP

WL =[1- Jxl(]()% (2.37)

no-watke
Where: AEP and AEP, . are the annual electricity production with and
without wake effects, respectively.
LCOE is an important parameter for investors to make investment decisions

on any wind power project. In addition, electricity market stakeholders in Vietnam

e
Sl S e A R
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such as EVN also need to rely on actual LCOE to advise the Ministry of Industry
and Trade to issue electricity purchase prices for the power purchase agreements.
LCOE calculation models need to consider many factors such as land rental,
equipment purchase, transportation, installation, operation, maintenance, etc.
However, many published studies have shown that the costs should be grouped
into two parts: capital investment cost (CapEx) and operating cost (OpEx). The

LCOE value for an onshore wind farm can be determined as shown in equation

(2.38) [63], [64]:

T .
CapEx+ Y OpEx,(1+rd)”
LCOE = —— (2.38)

> AEP(1+rd)’
i=1

IL.5. Research methods
This thesis uses a combination of physical and statistical methods as the

basis for analytical calculations and numerical simulation models. These models
will be combined to create the models for designing turbine blade profiles and
installation configurations in wind farms. The powerful features of the methods
will be exploited through the specific models proposed in the thesis. In addition,
a number of other methods are also used to support the construction of design

models, specifically including:

- Methods of searching, collecting, and processing information and data
online: This method is used to solve problems related to data sources such as
terrain characteristics, infrastructure, wind resources, design parameters of
turbines; theoretical basis of BEM, BOM, AEP, WL and LCOE theories;
theoretical basis and data library of GIS, CFD, PM, LLFVWM analytical models.

- Digital map construction method: The characteristics of terrain,
infrastructure, wind resources in areas of interest will be built and displayed on

digital maps based on software tools BlenderGIS and QGIS or Ansys CFX and
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Fluent. From there, create 2D, 3D models of the objects to study, evaluate, select

the most suitable locations.

- Digital simulation method: The 2D, 3D models of the onshore wind farm
areas will be used to simulate wind interaction processes under different
conditions. From there, the interaction processes, the influence of eddies, and
energy losses when the wind flow blows through these areas will be determined.
These results will be used to calculate the operating parameters of different
turbines to evaluate and select the most optimal locations to install turbines in the

surveyed areas.
- Analytical calculation method:

+ BEM, BOM theories combined with PM, FIDM, LLFVWM, CFD
models are used to study and design optimal wind turbine blade profiles according
to terrain characteristics and wind resources in the surveyed areas. From there, the
most suitable optimal turbine blade profile designs for the surveyed areas will be

determined.

+BEM, Jensen, Weibull theories combined with GIS, CFD models are used
to study the optimal turbine installation configurations in the wind farm
deveiopment areas to obtain the largest AEP values and reasonable LCOE values.
Finally, the optimal turbine installation configurations for the entire wind farm
development areas will be determined.
Summary:

This thesis uses physical and statistical theories such as the laws of
conservation of mass, energy, momentum through BEM, BOM, Jensen, Weibull

to calculate the aerodynamic parameters of turbine blades and the values of AEP,
WL, LCOE for wind farms.

Numerical simulation and analytical models such as GIS, CFD, PM, FIDM,
LLFVWM are used to carry out the stages in building the models for designing

turbine blade profiles and installation configurations of onshore wind farms.

2
’
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CHAPTER I11. A PROPOSED MODEL FOR DESIGNING WIND
TURBINE BLADE PROFILES

II1.1. Changes in wind speed according to terrain and altitude
Vietnam has a territory stretching from North to South, the terrain is mainly

mountainous. The terrain elevation increases gradually from East to West. Wind
direction changes seasonally and regionally, mainly from Southwest and

Southeast, sometimes from Northeast.

When the air flow moves, the characteristics of the wind resources will
depend greatly on the terrain. Because air is a type of fluid, the properties and
shape of the fluid generally depend on the environment around them. The moving
air flow will change its state continuously with three forms: laminar flow,
transition flow and turbulent flow. At each state, the important properties such as
direction, flow, density, viscosity, etc. will change accordingly. Therefore, with
the same initial wind resources, but when moving to different terrain areas, almost
all of their properties will be changed. Therefore, it is necessary to have detailed
and specific research for each area according to the terrain characteristics and
wind resource to ensure that all processes occurring are calculated in advance and
ensure that the turbines will exploit the most energy efficient during the entire

operating life of the wind farms.

In order to accurately describe the air flow processes, some important initial
parameters need to be clarified such as: Direction, speed and turbulence intensity
of the incoming flow; The surrounding material layer, in direct contact with the
flow, is often called the Boundary Layer. At the contact surface with the Boundary
Layer, the flow speed will be zero. The roughness of the Boundary Layer will
greatly affect the formation of friction with the air layer in direct contact, thereby
creating turbulent, eddies, and opposite-direction flow regions as illustrated in
Figure 3.1. This leads to loss of flow energy and other problems such as vibration

(fatigue problem), noise (health problem) for the turbines during operation. It is
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necessary to clearly determine the width of this interaction zone to avoid

unnecessary impacts and losses on the actual operation of the turbines.
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Figure 3.1. Illustration of the wind speed distributions
Wind turbines are usually located 100 m above ground level, so the wind
speed distribution functions with height need to be determined as accurately as
possible. The wind speed distribution with different heights and terrains is often

described by the Hellmann wind speed ratio function as shown in equation (3.1)

[48]:
Uy _ m G.1)
Uf:n h()
The values of the Hellmann coefficient vary with different terrain types
over a wide range. If considering at each point in a narrow range, it is necessary

to use actual measurement systems or CFD numerical simulation models to

determine the exact Hellmann coefficient values.

In addition, wind flow often exists in a turbulent state. The turbulent flow

state is characterized by the turbulence intensity as defined in equations (3.2) -
(3.4) [48]:

3
I
o

(3.2)
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o, = \j Nl—li(ui -0) (3.4)

Where N; is the number of data recordings; u; is the wind speed recorded at

each measurement, m/s.

Vietnam's territory is mainly mountainous, with large differences in
altitude. Therefore, it is necessary to conduct research for each area where the
farm is planned to be built in order to determine the most accurate wind speed

distribution.

In this study, the mountainous area of Ninh Phuoc commune, bordering the
two former provinces of Ninh Thuan and Binh Thuan, which has a large wind
source, was selected for building a wind farm model. To accurately model the
terrain of this area, it is necessary to use Google Earth satellite image data. This
data is integrated into the BlenderGIS or QGIS software tools. The softwares will
be used to collect and create 2D or 3D topographic map data of this area. Then,
the 3D terrain map will be converted to the format of Ansys CFX or Fluent
softwares to carry out boundary condition settings, initial conditions, turbulence
models and analyze aerodynamic quantities based on the CFD method. The
interaction processes of incoming flow with terrain obstacles will be shown in
images, graphs, wind speed distribution functions according to heights at diffirent
points such as valleys, slopes, mountain peaks, etc. From there, we can determine

the best locations for selecting and installing wind turbines.

The flowchart analyzing terrain characteristics and wind resources in the

area corresponding to a wind farm is shown in Figure 3.2.
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Figure 3.2. The flowchart analyzes terrain characteristics and wind resources
Following the steps in Figure 8, the terrain and infrastructure data of the
Ninh Phuoc commune area were firstly modeled using BlenderGIS software and
then transferred to Ansys CFX software for completion. The model has a

rectangular shape with a width of 12,040 m, a length of 16,882 m and a height of

936 m above sea level as shown in Figure 3.3.
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Figure 3.3. Modeling the terrain of the wind farm development area on
BlenderGIS (a) and Ansys CFX (b),(c)

The model was then divided into smaller spaces to apply the numerical
solution methods, the grid size was 200 m, meaning that the spatial resolution in
the horizontal plane was 200 m. The grid type used was a combination of
Quadrilateral and Hexagonal grids. The boundary mesh layer in contact with the
ground surface has a thickness of 10 m, each subsequent layer has a thickness 1.2
times greater than the previous layer, the total number of boundary layers is 5
layers. The total number of meshes of this model is 384,766 meshes, the meshing

quality of the entire model 1s about 0.85.

To determine the initial conditions of the wind speed distribution for the
model, data provided by the WorldBank at heights of 10 m, 50 m, 100 m, 150 m
and 200 m were exploited. This is a data source presented in atlas form and is
widely used in global wind energy studies. These data are shown in Figure 3.4

and Table 3.1 [65].
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Figure 3.4. Wind resource data provided by the WorldBank
Table 3.1. Average wind speed distribution by height in the Ninh Phuoc area

No. h, m U, m/s
1 10 3.2
2 50 9.5
3 100 10.4
4 150 10.9
5 200 113

Model Reliability Assessment:

According to reference [66], the Pacific Northwest National Laboratory
conducted wind resource characteristic measurements from November 16, 2010
to March 21, 2012 in northeastern Oregon. This project provided experimental
data on wind speed and wind direction in this complex terrain area, according to
the altitude of the atmospheric boundary layer. The measurements used
anemometers, propellers, and ultrasonics mounted on a 62 m high tower and a
wind analysis radar to collect and process the data. The coordinate location of this
tower is (45.9551°N, -118.6877°W) as marked in Figure 3.5. The wind resource
and terrain data of this area are very complete, so this area was selected to evaluate

the reliability of the proposed method.
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Figure 3.5. Topography of the area around coordinates (45.9551°N, -
118.6877°W).

Following the steps in Figure 3.2, the terrain data of the area around the
coordinates (45.9551°N, -118.6877°W) was collected in BlenderGIS and the
boundary and initial conditions in Ansys CFX were set up similar to those in
Figure 3.3. These parameters have been used in some previously published studies
[67], [68]. This model has a total of 994,735 elements and 210,697 nodes. Using
a computer configuration with a core i7 processor and 128Gb ram, the analysis

run time is about 30 minutes for a model.

The average wind speed values at 5 different altitudes are shown and fitted
in Figure 3.6. This theoretical fitting function represents the relationship between
wind speed distribution and height for terrain surfaces with different characteristic
roughnesses. The theoretical fitting function obtained from Figure 3.6 is shown in
equation (3.5) with a Hellmann exponent of 0.12, which is used to establish the

height-averaged wind speed value at the input plane of the simulation model:

h 012
WindSpeed = 6.14 x (-1—0) (3.5)
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Figure 3.6. Height-averaged wind speed distribution obtained from
WorldBank data [65]

From equation (3.5), the average wind speed at 62 m height is calculated to
be 7.64 m/s, which is very close to the experimental measurement value of 7.7
m/s by the Pacific Northwest National Laboratory [66]. In this case, the deviation
between the values obtained from the model and the experiment is only about
0.8%. This proves that the input data and simulation model built in this study are
highly reliable. Furthermore, according to reference [69], the wind speed at an
altitude of 80 m in the coordinate region (45.9551°N, -118.6877°W) has a value
of about 7.5 m/s to 8.0 m/s as shown in Figure 3.7. This value is very consistent
with the values obtained from equation (3.5). This further confirms the reliability
of the wind speed distribution function according to altitude used in this research

model.
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Figure 3.7. Average wind speed at an altitude of 80 m: (a) Day, (b) Night [69]
After confirming the reliability of the model, the Ninh Thuan model will be
run for analysis in steady state with a total of 500 iterations. Afier the solution
process is finished, to have an overview of the wind speed distribution in the entire
model, the wind speed distribution in 3D space is processed and shown in Figure

3.8.
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12428+07

Figure 3.8. Wind speed distribution in 3D space

Figure 3.8 shows that the front mountain slope area, blowing from the East
Sea direction, will give higher wind speed values than other areas. On the
contrary, the behind mountain slope area, the western slope, gives very low wind
speed. The reason for this difference can be roughly explained that when the wind
meets the front mountain slope, the space will be narrowed, leading to the wind

speed having to increase to ensure the law of mass conservation. In the case of
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wind going to the back slope, the wind flow will be formed into vortexes due to
friction with the rough terrain surface, from which the wind directions will be
canceled out, leading to a significant decrease in the value of wind speed. The
wind speed distribution in the cross section at different heights is shown in detail
in Figure 3.9.
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Figure 3.9. Wind speed distribution at different heights: (a) h=166 m, (b)
h=216 m, (c) h=266 m, (d) h=316 m, (e) h=366 m, () h=416 m, (g) h=466 m
and (h) h=516 m.

The detailed wind speed distributions from Figure 3.9 clearly show that the
areas from the East to the center of the model have flat terrain, with wind speeds
greater than 9.9 m/s. Figure 3.9 (2) shows the eastern region at an altitude of about
160 m with an average wind speed of about 9.0 m/s. This region is adjacent to the
sea, has flat terrain and available roads, which is very suitable for building a wind
farm. The length of this region is about 12,000 m and the width is about 6,000 m.
Assume this region is installed with 4 MW turbines. These turbines are installed
in horizontal rows, each turbine is 1,000 m apart, then each row along the width
of the model can install 12 columns. The model can be installed with a maximum
of 5 rows. The total number of wind turbines that can be installed will reach 60,

corresponding to a total installed capacity of 240 MW.

However, Vietnam often has big storms, which can affect the integrity of
the turbines throughout their operating life (about 20 years). Therefore,
considering the case of a very strong storm wind of level 12 according to the
Beaufort wind scale [70], the wind speed reaches from 32.19 m/s to 37.10 m/s.
Select the wind speed at the boundary condition of the model as 35.0 m/s and the
turbulence intensity as 10% and re-run the model analysis as the steps above. The

results obtained are similar to those in Figure 3.10.

T e e




Figure 3.10. Wind speed distribution at heights under storm wind
conditions: (a) h=166 m, (b) h=216 m, (c) h=266 m, (d) h=316 m, (e) h=366 m,
() h=416 m, (g) h=466 m and (h) h=516 m.

T T R T e T




51

From Figure 3.10, when a major storm occurs, the area from the middle
part to the southern part of the model is very windy, with wind speeds reaching
more than 40.0 m/s. This can cause incidents such as broken turbine blades,
causing serious economic and safety losses to the plant. The differences in wind
speed distributions on the two sides are mainly due to different terrain. The
southwest area has many hills, when the wind blows in from the sea, it will collide
with the obstacle of hills, causing changes in direction, the wind will blow
stronger, leading to an abnormal increase in wind speeds. These changes will
become more obvious as the inlet wind speed increases. On the contrary, the
northeast area of the model is flatter, so the wind speeds in this area will always
be more stable than the remaining areas. In order to avoid the negative impacts
caused by major storms, the area suitable for building turbines is narrowed by

half. The most suitable area is the northeastern area of the model with an area of

about 3,000 ha.

The GIS-CFD model is used to identify areas with the best wind energy
potential. In addition, this model also indicates locations with high risks when
storms occur. In recent years, super typhoons with wind gusts up to level 17 have
occurred, with corresponding wind speeds of approximately 56.1 m/s to 61.2 m/s.
Due to the influence of the terrain surface, it can create areas with vortexes and
abnormally high wind speeds, which can cause serious damage to turbine blades.
According to the IEC 61400-1 standard [71], the 1A, IB turbines, with a rated wind
speed of 10.0 m/s, must withstand gusts of 70.0 m/s for 3 seconds over 50 years.
The IIA, IIB turbines, with a rated wind speed of 8.5 m/s, must withstand gusts of
59.5 m/s. The IIIA, IIIB turbines, with a rated wind speed of 7.5 m/s, must
withstand gusts of 52.5 m/s. The S-type turbines, with a rated wind speed of
6.0m/s, must withstand gusts of 42.0 m/s.

To ensure compliance with IEC 61400-1 standards, turbine manufacturers
need to select appropriate technology and materials. Detailed information on these

contents are often not available.
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In the thesis, the research objective is to build a turbine blade profile design
model to achieve the best wind energy exploitation efficiency when operating at
common wind speeds in Vietnam (4.5 m/s - 6.5 m/s). Through the initial results
obtained, the VAST-EPU turbine blades give the highest efficiency with blade
lengths of about less than 10.0m. With this size, VAST-EPU blades can be
manufactured through 3D printing technology with composite materials. The
materials are lightweight and very durable. Therefore, the VAST-EPU turbine
blades completely ensure the structural integrity and fatigue load in extreme
weather conditions. The detailed research content on these characteristics will be

continued in the coming time.

Clearly, the GIS — CFD model proposed in this study can help select the
most optimal areas and locations for developing onshore wind power projects in
Vietnam. The results obtained from this model include the locations and terrain
characteristics of the farms, wind speed distributions according to terrain and
altitude, which will be important bases for conducting further studies on blade
profile designs and installation configurations of turbines in the farm areas.

II1.2. Turbine blade profile design model

The GIS — CFD model allows to determine the terrain characteristics and
wind resources at each location in the wind farm development areas. The wind
speed distribution function and the turbulence intensity according to height are

important bases for selecting or designing suitable wind turbines.

Vietnam has great potential for wind energy, the total onshore wind energy
potential is about 221,000 MW, the total offshore wind energy potential is about
600,000 MW. The wind speeds at an altitude of 80 m has a value in the range of
3.0 m/s — 8.0 m/s. However, the wind speeds is mainly from 4.5 m/s — 6.5 m/s,
very few areas have wind speeds greater than 6.5 m/s [4]. By 2025, onshore areas
with average wind speeds higher than 8.0 m/s have been used or included in the
planning. These areas can only generate a very small portion of the capacity. At

present, it is necessary to take into account the exploitation of areas with lower
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wind speeds. This requires studies on the design of wind turbine blade profiles to
achieve the highest power coefficient when operating in these low wind speed
areas. From the GIS - CFD model, forecasting the changes of wind speeds
according to terrain and height as proposed in Section IIL1, the average wind
speed values according to terrain and height at each expected location will be
accurately determined. This is the practical basis for designing blade profiles for

the highest power coefficient values.

The general theoretical basis for calculating the parameters of a wind
turbine is the BEM theory. The operating principle of a three-bladed horizontal
axis turbine can be summarized as follows: Wind hits the turbine blades,
transmitting its kinetic energy to rotate the turbine blades; The turbine blades are
connected to a HUB to form a rotor. The rotor is linked to a system of drive shafts,
gearbox and generator. When the rotor rotates, it will create mechanical energy to
rotate the drive shafts, bringing this energy to rotate the generator, and finally
converting it into electrical energy; This electrical energy is led by cable down to
a small transformer located at the foot of the tower foundation, then transmitted
to the central transformer station of the wind farm. An illustration of the main

components of a three-bladed horizontal axis turbine is shown in Figure 3.11.

Pitch Control System
: Anemometer

Low Speed Shafl

Generator

Rotor Gearbox

Blade b : Tower

Figure 3.11. Illustration of the main components of a three-bladed

horizontal axis turbine [72]
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According to the BEM theory, the output electrical power of the wind
turbines will depend on factors such as air density, incoming wind speed, blade
length, power coefficient, mechanical system efficiency and generator efficiency
as detailed in Section I1.2. Each turbine design will be associated with a Power —
Wind speed characteristic curve to represent the output electrical power value
obtained when the turbine operates at the actual wind speed value. This

characteristic curve is illustrated in Figure 3.12.
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Figure 3.12. lllustration of the Power-Wind speed characteristic curve of
the turbine

In fact, there are many turbine designs that have a large rating powers (Pr),
but the actual output electrical powers are small. Because, they have to operate in
the wind speeds below the design threshold. This causes huge losses not only
economic problems but also technical problems related to the mechanical
properties of the components and equipment in the turbine. Terrain areas in
Vietnam have wind speeds of less than 8 m/s, lower than most of the rating wind
speed values of turbines currently popular on the market. In order for wind
turbines to achieve the highest operating efficiency, it is necessary to have
research, evaluation, and improvement of the design of the components. In which,
the improvement design of the turbine blade profiles according to the actual wind

speeds is the first and most important issue.
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Wind turbine blades are often designed from many different airfoils. The
airfoil sections will be placed in different positions, thicknesses, lengths, and twist
angles to create a complete blade design. Figure 3.13 illustrates the design of a

horizontal axis wind turbine blade.

Blade _'- /

An airfoil section

An airfoil model

Figure 3.13. lllustrates the design of a horizontal axis wind turbine blade [73]

When the incoming wind interacts with the surfaces of the airfoil sections,
depending on the wind speed, AoA, size and surface roughness of the blade,
different phenomena will occur as illustrated in Figure 3.14. If the airfoil models
are designed in terms of size and AoA values to match the incoming wind speeds,
it will create the largest lift force and the smallest drag force, then the Cy/Cg ratio
will reach the largest value. On the contrary, if the airfoil size or AoA values are
not suitable for the incoming wind characteristics, it will create a lot of drag force

and reduce lift force, leading to a low C\/Cq4 value.
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Figure 3.14. Illustration of the interaction processes of incoming Sflow
with an airfoil [48]

When the incoming wind interacts with the turbine blade under an AoA
value, each airfoil section will receive the wind at a different angle. The power
coefficient of the entire blade will depend on the lifi-to-drag ratio of each airfoil
section. Therefore, to design a complete blade, it is necessary to study the design
of the airfoil models. Then, the selected airfoil sections will be combined to create
an optimal blade profile based on the BOM theory. The detailed model for
designing the turbine blade profiles proposed is shown in Figure 3.15. The optimal

design model of the turbine blade profiles includes 11 steps as follows:

- The 1% step: Select an airfoil model with high wind energy exploitation

efficiency - Original airfoil model.

- The 2™ step: Analyze the aerodynamics parameters of the original airfoil
model in the wind speed region of interest using the PM. The results are the lift
coefficient, drag coefficient, lift to drag coefficient ratio when operating in the
wind speed and the graph or function of wind speed distribution or wind pressure

on the surface of the original airfoil model.
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Adjust parameters of the new Select the new airfoll model
Original airfoil mode! data W*“mmﬂmu:s ——»| has a mavimum CKCd value
or CFD method

T l

Optimize design of complete
Aerodynamic analysis of the Aerodynamic analysis of the turbine blade using the new Data of the optimal airfoll
original airfoil model using PM new airfoll model using PM airfoll model using BOM model and blade designs
theory
I l 'y
Modification of surface Aerodynamic an. of the Calculate the operating
pressure distribution fanction | Save design data of new optimal blade m;l;sli i parameters of the turblue
of the original airfoll model | airfoll model LLFVWAM or CFD method the optimal blade design using
using FIDM BEM theory

Figure 3.15. The flowchart of the optimal blade design model
- The 3" step: Modify the graph or wind speed distribution function or wind
pressure distribution function on the surface of the original airfoil model to obtain
a new graph or pressure distribution function with the largest difference between
the upper and lower surfaces of the original airfoil model. The result is to obtain
a new wind speed distribution function or new wind pressure distribution
function. Then, a new airfoil profile will be created based on the new wind speed

distribution function or new wind pressure distribution function using the FIDM.

- The 4" step: Save the data of the new airfoil profile with a suitable name

or identification number.

- The 5™ step: Analyze the aerodynamics parameters of the new airfoil
model in the same wind speeds using the PM. The results are the lift coefficient,
drag coefficient, lift to drag coefficient ratio. Compare and evaluate the values

obtained from the new airfoil model with the original one.

- The 6™ step: Continuously adjust the design parameters of the new airfoil
model such as MT, MTP, MC and MCP to obtain the new airfoil model profiles.
Then, all the new airfoil models are aerodynamically analyzed using PM or CFD
methods. The results are obtained lift coefficients, drag coefficients, lift
coefficient to drag coefficient ratios of the new airfoil models in the same wind

speeds.
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- The 7™ step: Compare and evaluate the lift coefficient to drag coefficient
ratios of the original airfoil model and the new airfoil models, then select the
airfoil model with the largest lift coefficient to drag coefficient ratio. The result is

to obtain the optimal airfoil model profile in the wind speed region of interest.

- The 8" step: Use BOM theory to arrange the airfoil models according to
different size and twist angle parameters to create complete blade designs. Each
complete blade design can use several different airfoil types, but it is also possible
to use only the airfoil model with the largest C;/Cq. The result is the turbine blade

profiles.

- The 9" step: These new blade profiles are aerodynamically analyzed using
LLFVWM or CFD methods to calculate Cp values at different wind speeds. The
blade profile design with the largest Cp value is selected.

- The 10™ step: The blade profile with the largest Cp is used to create a 3-
blade horizontal axis turbine. The BEM theory is then used to determine the
turbine operating parameters such as the output electrical power based on the
mechanical system and generator parameters. The result is the operating values of

the turbine designs under different conditions.

- The 11" step: Compare the power coefficient values of the turbine designs
and select the blade design with the largest Cp value. The result is an optimal
turbine blade design in the wind speed region of interest. Finally, the detailed data
of the optimal turbine blade design is exported and given a suitable name.The
optimal design model of turbine blade profiles as shown in Figure 3.15 is then
implemented in this thesis. According to the first step in the optimal design model,
some original airfoil models with good wind energy exploitation efficiency and
are commonly used in the wind power field are selected such as: NACA6409,
S1010, §1223. These airfoil designs represent symmetrical and asymmetrical

airfoil models.
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From the step 2 to step 7, these airfoil models are analyzed by PM or CFD
methods to determine the characteristic aerodynamic quantities under operating
conditions with wind speeds in the range of 3.0 m/s - 10.0 m/s. The dimensions
of the airfoil models will be brought to the standard length of c=1.0 m, and divided
equally into 149 panels when using PM. However, because the main wind speed
region in Vietnam is in the range of 4.0 m/s - 6.0 m/s. Therefore, the analysis
results with this wind speeds will be presented specifically in this thesis. All 03
original airfoil models were analyzed in the same steps and after comparison and
selection, 03 new airfoil models were obtained for the corresponding maximum
lift coefficient to drag coefficient ratio. The new optimized models were named
based on the research cooperation between Electric Power University and
Vietnam Academy of Science and Technology: VAST-EPU-N6409, VAST-EPU-
S1010, VAST-EPU-S1223.

Reliability of PM and CFD methods:

The turbine blade profile design model uses PM and CFD methods to
determine aerodynamic quantities. The PM method provides faster analysis time
than CFD. Therefore, the PM method is used for initial evaluation of the airfoil
models. Then, the airfoil models with the best wind energy extraction efficiency
will be analyzed by CFD method to obtain more accurate results.

To compare the reliability of PM and CFD, the analyses were conducted
with the NACA64A010 models operating at wind speeds of 2.96 m/s, 4.87 m/s
and 9.73 m/s, respectively. Then, the results obtained from the simulation models
will be compared with the experimental results from the study of Selig et al. [72].
In the analysis models with PM method, the airfoils are divided into 149 panels.
The aerodynamic parameters will be determined based on the analytical functions
as presented in section I1.3.1. In the CFD models, the airfoil is placed in the center,
the front surface is a semicircle with a radius of 40c, the space behind is a
rectangle with a side length of 60c. The space surrounding the airfoil is shown in

Figure 3.16. The chord length of the airfoil is 0.3048 m. The distance from the

| =
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leading edge and two side edges to the center of the airfoil is 12.0 m. The distance
from the outlet boundary to the center of the airfoil is 18.0 m. To ensure the
reliability of the mesh model, a survey of the mesh's independence from the lift
coefficient C, of the airfoil was conducted. The mesh type kept fixed is a mixture
of quadrilateral and hexagonal meshes. The mesh size will be adjusted gradually
from 0.09m to 0.025m. The results show that the C; value stabilizes when the
mesh size is less than or equal to 0.03m. Therefore, the mesh size is fixed at
0.03m. The first boundary layer is 0.005 m, the ratio between layers is 1.2 and the
number of layers is 11. The chosen solver is RANS, the turbulence model is k —&

. the number of numerical solving iterations is 1,000 for each analysis case.
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Figure 3.16. CED model for the airfoil
The results obtained from the PM and CFD models are shown in Figure 3.17,
Figure 3.18 and Figure 3.19. The error of the PM method is about 10%, while the
error of the CFD method is only about 3%. The results confirmed that the PM
method is less reliable than the CFD method. The error of the PM method is larger
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Figure 3.17. Comparison of aerodynamic parameters of the NACA64A4010
when the wind speed is 2.96 m/s: C (a); Ca (b); C/Cy (c)
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Figure 3.18. Comparison of aerodynamic parameters of the NACA64A4010
when the wind speed is 4.78 m/s: Ci (@); Ca (b); C/Ca (c)
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Figure 3.19. Comparison of aerodynamic parameters of the NA CA644010
when the wind speed is 9.73 m/s: Ci (a); Ca (b); C/Ca (c)

I11.2.1. NACA6409 airfoil model

The basic parameters of the original airfoil model and the optimized new

airfoil model obtained from applying the proposed design model are shown in

Table 3.2 and Figure 3.20.

Table 3.2. Basic parameters of NACA6409 and VAST-EPU-N6409 models

Parameters | NACA6409 | VAST-EPU-N6409
MT 9.00% 10.30%
MTP 30.03% 32.03%
MC 6.0% 7.99%
MCP 40.44% 51.45%
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Figure 3.20. Shapes of NACA6409 and VAST-EPU-N 6409 airfoil models
After aerodynamic analysis using PM, the obtained values of lift

coefficient, drag coefficient, and lift-to-drag coefficient ratio when these two

airfoil models operate at a wind speed of 4.0 m/s are shown in Figure 3.21.
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Figure 3.21. The obtained values of C; (@), Ca (b), C/Cy (c), Cicompared to
C,; (d) when operating at a wind speed of 4.0 m/s

Similarly, the graphs showing the obtained values of lift coefficient, drag

coefficient, lift to drag coefficient ratio when these two airfoil models operate at

a wind speed of 5.0 m/s are shown in Figure 3.22.
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Figure 3.22. The obtained values of Ci(a), Cy (b), C/Cy (c), C; compared

to C, (d) when operating at a wind speed of 5.0 m/s
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Finally, the graphs showing the obtained values of lift coefficient, drag

coefficient, lift-to-drag coefficient ratio when these two airfoil models operate at

a wind speed of 6.0 m/s are shown in Figure 3.23.
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Figure 3.23. The obtained values of Ci(a), Ca (b), C/Cy (c), Ci compared to

C. (d) when operating at a wind speed of 6.0 m/s
The results show that the VAST-EPU-N6409 model has a smaller thickness

and larger curvature than the NACA6409 model. When operating at wind speeds
between 4.0 m/s and 6.0 m/s, the maximum Cy/Cq value of the VAST-EPU-N6409
model is 4.5, 3.0, 1.2 times higher than that of the original model, respectively.
This shows that the VAST-EPU-N6409 model has a very high wind energy

exploitation efficiency when operating at common wind speed values in Vietnam.
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I11.2.2. $1010 airfoil model
The basic parameters of the original airfoil model and the optimized new
airfoil model obtained from applying the proposed design model are shown in

Table 3.3 and Figure 3.24.

Table 3.3. Basic parameters of S1010 and VAST-EPU-S1010 airfoil mocdels

Parameters | $1010 | VAST-EPU-S1010
MT 6.02% 8.00%
MTP 23.42% 20.32%
MC 0.00% 5.96%
MCP 0.00% 72.77%
R
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Figure 3.24. Shapes of S1010 and VAST-EPU-S1010 airfoil models
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Similarly, the graphs showing the obtained values of lift coefficient, drag

coefficient, lift to drag coefficient ratio when these two airfoil models operate at

a wind speed of 4.0 m/s are shown in Figure 3.25.
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Figure 3.25. The obtained values of Ci (a), Ca (b), C/C, (¢), Ci compared to
C, (d) when operating at a wind speed of 4.0 m/s

The graphs showing the obtained values of lift coefficient, drag

coefficient, lift to drag coefficient ratio when these two airfoil models operate at

a wind speed of 5.0 m/s are shown in Figure 3.26.
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Figure 3.26. The obtained values of Ci (a), Ca (b), C/Cy (c), Ci compared to
C. (d) when operating at a wind speed of 5.0 m/s

Finally, the graphs showing the obtained values of lift coefficient, drag

coefficient, lift-to-drag coefficient ratio when these two airfoil models operate at

a wind speed of 6.0 m/s are shown in Figure 3.27.
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Figure 3.27. The obtained values of C; (a), Cy (b), C/Cy (¢), C) compared to

Ca (d) when operating at a wind speed of 6.0 m/s
The results show that the VAST-EPU-S1010 model has a lager thickness
and larger curvature than the S1010 model. When operating at wind speeds
between 4.0 m/s and 6.0 m/s, the maximum C,/Cq4 value of the VAST-EPU-S1010
model is 35.7%, 40.2%, 45.5% higher than S1010 respectively. This shows that
the VAST-EPU-S1010 model has a good wind energy exploitation efficiency

when operating at common wind speed values in Vietnam.

I11.2.3. S1223 airfoil model
The basic parameters of the original airfoil model and the optimized new
airfoil model obtained from applying the proposed design model are shown in

Table 3.4 and Figure 3.28.

Table 3.4. Basic parameters of S1223 and VAST-EPU-S1223 airfoil models
Parameters | S1223 | VAST-EPU-S1223

MT 12.14% 5.0%
MTP 20.12% 19.82%
MC 8.68% 8.16%

MCP 47.45% 48.65%
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Figure 3.28. Shapes of S1223 and VAST-EPU-51223 airfoil models
The graphs showing the obtained values of lift coefficient, drag coefficient,

lift to drag coefficient ratio when these two airfoil models operate at a wind speed

of 4.0 m/s are shown in Figure 3.29.
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Figure 3.29. The obtained values of Ci (@), Ca (b), C/Cq (c), C; compared to
C, (d) when operating at a wind speed of 4.0 m/s

The graphs showing the obtained values of lift coefficient, drag coefficient,

lift to drag coefficient ratio when these two airfoil models operate at a wind speed

of 5.0 m/s

2:5

are shown in Figure 3.30.
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Figure 3.30. The obtained values of C, (a), C4 (b), C/Ca (¢), Ci compared to

C (d) when operating at a wind speed of 5.0 m/s
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The graphs showing the obtained values of lift coefficient, drag coefficient,
lift to drag coefficient ratio when these two airfoil models operate at a wind speed

of 6.0 m/s are shown in Figure 3.31.
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Figure 3.31. The obtained values of Ci (@), Ca (b), C/Ca (c). Ci compared to

C, (d) when operating at a wind speed of 6.0 m/s
After analysis and comparison, the most optimal airfoil models were
selected and proposed. These new airfoil designs give lift-to-drag coefficient

ratios larger than the original airfoil models by about 10% to 50%.

However, from the graphs, it can be seen that at some AoAs, the C;, Cy
values are not obtained. This is because the number of dividing panels is 149 and
other boundary conditions make the solution of the equations not converge. If
these points are converge, it is necessary to redistribute the number of panels

according to each AoA value. However, the lack of some C;, Cq values at some
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AoA points does not affect the overall evaluation of the design of the airfoil
models. However, this also clearly shows the weakness of PM in the aerodynamic

analysis problem for airfoil models.

To overcome the weakness of PM, the airfoil models continue to be
analyzed using the CFD method to compare and confirm the reliability of the
analyzed data.

The CFD models and implementation steps for the airfoil models are the
same. Then, the numerical solution process is performed, the changes of the
quantities according to the number of iterations is shown as in Figure 3.32. When
the variations are close to constant, it means that the solution process has
converged and can be stopped to process the results. In this thesis, the analysis
results of the S1010 and VAST-EPU-S1010 airfoil models are presented as a
typical example. The results are shown as in Figure 3.33, Figure 3.34, Figure 3.35.
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Figure 3.34. Obtained values of C; (a), Cq (b), C/Cu (c), Cicomparedto Cq
(d) when operating at a wind speed of 5.0 m/s
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Figure 3.35. Obtained values of C; (a), Ca (b), Cy/Cy (c), C; compared to Ca

(d) when operating at a wind speed of 6.0 m/s
The results obtained by the CFD analysis models can also be presented in
the form of visual images showing the flow passing through the VAST-EPU-
$1010 airfoil surface, along with the flow separation locations and the magnitude
of the eddies according to the AoA angles. This is a great advantage of the CFD

method in the problems of aerodynamic analysis. These results are shown in

Figure 3.36, Figure 3.37 and Figure 3.38, respectively.

@"

Figure 3.36. Airflow contours and eddies when interacting with the VAST-
EPU-S1010 airfoil surface with angles: AoA=-5° (a), AoA=-0" (b), AoA=5° (c),
AoA=10°(d) at a wind speed of 4.0 m/s
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Figure 3.37. Airflow contours and eddies when interacting with the VAST-EPU-
S1010 airfoil surface with angles: AoA=-5° (a), AoA=-0° (b), AoA=5° (c),
AoA=10°(d) at a wind speed of 5.0 m/s

(c) &1 i+ i(d)
Figure 3.38. Airflow contours and eddies when interacting with the VAST-

EPU-S1010 airfoil surface with angles: AoA=-5° (a), AoA=-0" (b), AoA=5° (c),
AoA=10°(d) at a wind speed of 6.0 m/s
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From the obtained results, the CFD method gives more reliable results than
PM. Through the results obtained from CFD analysis, it is once again confirmed
that the new airfoil models proposed in this thesis can achieve much higher lift-

to-drag coefficient ratio values than their original models.

Among the new airfoil prototypes, the VAST-EPU-S1223 model meets the
highest C/Cq ratio under operating conditions with wind speeds from 4.0 m/s to
6.0 m/s. Therefore, the VAST-EPU-S1223 model will be used to design the
complete turbine blade profile.

I11.2.4. Optimized turbine blade profiles

According to the design model as shown in Figure 3.15, the first 7 steps
help to design the airfoil models for the largest C/Cq4. From steps 8 to 11, these
airfoil models will be arranged according to different sizes and twist angles
depending on the rotor radius. The final goal is to find the blade profiles for the
largest power coefficients under the specific operating conditions of the turbines.
Among the new airfoil models, VAST-EPU-S1223 is continued to be used to
design the complete turbine blades based on the BOM theory.

Firstly, to have a basis to verify the superiority of these new airfoil models.
The SG6043 airfoil model is used to optimally design the turbine blade profile
operating in the wind speed range from 3.0 m/s to 10.0 m/s according to BOM
theory. The SG6043 airfoil model is known as the model with very high wind
energy exploitation efficiency and has been researched by many scientists in the
world. The blades using SG6043 airfoil will have different lengths ranging from
1.0 m to 10.0 m. According to BOM theory, the relationship between the length,
the twist angle of the airfoil sections and the entire blade length is shown in Figure

3.39.
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Figure 3.39. Relationships between the length (a), twist angle (b) of the
airfoil sections and the entire blade lengths using SG6043 model
These blades are used to design 3-blade horizontal axis turbines respectively.
The operating parameters of the turbine such as TSRs and rotor rotation speeds
are adjusted in a wide range. The TSR value varies from 0 to 12, the rotor rotation
speed varies from 30 rpm to 360 rpm. The operating parameters of the turbines
are described by LLFVWM combined with BEM. Finally, the values of maximum
power coefficients and maximum output electric powers of the turbines against

wind speeds are shown in Figure 3.40.
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Figure 3.40. Maximum output electric powers (a) and maximum power
coefficients (b) of the turbines using SG6043 according to wind speeds

From the data shown in Figure 3.40 (a), the longer the turbine blades, the
greater the output electric powers. However, according to Figure 3.40 (b), it is
clear that the turbines have increasing Cp values as the blade length increases from .5
0.0 m to 8.0 m when operating at wind speeds less than 8.0 m/s. The Cp value will |
decrease as the blade length continues to increase. This clearly shows that turbines
operating in the common wind speeds in Vietnam should only be designed with a

maximum blade length of 8.0 m to obtain the maximum Cp value. For turbine
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blades using SG6043 model, Cp can be achieved approximately 48% when
operating at wind speeds between 4.0 m/s and 8.0 m/s.

When considering the wind speeds from 4.0 m/s to 6.0 m/s, the turbine with
a blade length of 5.0 m gives the largest power coefficient, Cp=47.6%. The largest
output electric power is 2.75 kW when operating at a wind speed of 5.0 m/s. The
design of this turbine is classified as a small turbine, suitable for use by
households in rural areas, forests, and islands. The design parameters of this 5m

long blade profile are shown in Figure 3.41 (a).

From the results obtained in the study with the SG6043 blade profile, the
VAST-EPU-S1223 airfoil model will be optimally designed with a blade length
of 5.0 m. The design parameters and profile of this blade are shown in Figure 3.41
(b). Under similar conditions to the case of the SG6043 blade, the maximum
output electric power of the turbine using the VAST-EPU-81223 is 3.05 kW, with
a maximum power coefficient of up to 50.5%. This power coefficient value is
approximately 1.59 times larger than the original airfoil model and 1.11 times
larger than the SG6043 model under the same operating conditions with a wind
speed of 5.0 m/s. In fact, the best commercial turbines today can only achieve a

power factor value of about 45% to 48%.
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Figure 3.41. Design parameters of 5.0 m long turbine blades using the
SG6043 model (a) and the VAST-EPU-S1223 model (b)
One of the main objectives of the thesis is to develop a turbine blade profile

design model for good wind energy exploitation efficiency in the common wind

R RS B

speed range from 4.5 m/s - 6.5 m/s. Through the results obtained, some small-
sized VAST-EPU blade designs (blade length under 10m) have been identified.
In particular, the VAST-EPU-S1223 airfoil, when designed for small turbine
blades, can achieve a power factor of up to 50.5%. This blade design helps to

T T AT A AR L e

efficiently harness wind energy at low speeds.

To manufacture these blades, more researches are needed related to the
technical-economic analysis problems, specifically manufacturing technology,
materials, and costs. These studies are being planned for the next research phase

of this thesis.



83

However, some studies have been published by other research groups with

specific relevance as follows:

- According to Suresh A. [73], a 100W small turbine design was fabricated
by 3D printing technology using Polylactic Acid (PLA) material. This turbine
uses the SD7080 airfoil model, similar to the VAST-EPU models. The blade made
from 100% PLA material will have a density of 1.25 kg/m?, a Young’s Modulus
of 3.0 N/m? and a Poisson Ratio of 0.552. When operating at a wind speed of 8.0
m/s, the PLA blade is subjected to a stress of 3.73 x 10°Pa and at a wind speed of
15.0 m/s, the blade is subjected to a stress of 1.31 x 107 Pa. This confirms the
structural integrity and fatigue load of the blade under harsh operating conditions.

- According to Mohammad [74], the cost to manufacture a turbine with a
rotor radius of 0.117m using PLA material using 3D printing technology is 43.71
$. The cost calculated by rotor mass is 124.18 $/kg.

- According to Jakub Jurasz [75], small turbines have high economic
potential in Poland under the condition of 20 years operating life. Among them,
small turbines of 3.0 kW, rated wind speed of 5.0 m/s, are the most efficient. The
average CapEx is 3,367.5 $/kW; the average OpEx is 84.1 $/kW/year; the
discount rate is 6.0%. From that, the average LCOE of small turbines is 336.4
$/MWh. Clearly, the LCOE of small turbines is still about 4 times higher than that
of large turbines.

Summary:

To design or select a turbine suitable for the onshore wind power project
development area, it is necessary to carry out two main contents including:
Determining the terrain characteristics and wind resources in the area according
to different locations and heights; calculating the design or selecting a turbine
design suitable for the terrain characteristics and wind resources to obtain the
largest power coefficient value. This proposed design model combines the
powerful features of both theoretical models and numerical simulations. The

obtained results are highly reliable and visual.
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For areas with high average wind speeds, turbine blades are often designed
longer, the airfoil models used also have large MT and small MC. For the actual
wind speeds in Vietnam, mainly from 4.0 m/s to 6.0 m/s, the turbine blade length
should be designed in the range of 4.0 m to 8.0 m. The airfoil models used should
have small MT (MT<10%) and large MC (MC>10%) to obtain the largest power
coefficient value. This ensures the most efficient wind energy exploitation of the

turbines.

The turbine blade profile design model in this thesis is to find the blade
designs that give the higher efficiency for the common wind speeds in Vietnam.
Therefore, the methods used for design and analysis are FIDM, PM and CFD. If
this model is used to design the blade for the high wind speed regions, it will still
meet the requirements. However, at this time, the PM method will no longer be
able to participate in the initial survey. All aerodynamic analyses with the blade
model must be performed by CFD method. The CFD is a method that requires a
lot of time to perform. Each analysis model can take hours. Therefore, applying
the model proposed in this thesis to the high wind speed regions is completely

feasible, but the implementation time is longer.

Obviously, the turbine blade profile design model proposed in this thesis
can help design blade profiles for the higher wind energy exploitation efficiency
according to the characteristics of the terrain and wind resources in the wind farm
development areas. The output electric powers of these turbines will be important

input parameters of the wind farm configuration design problem.

Once the turbines have been designed to best suit the characteristics of the
terrain and wind resources, the next problem that needs to be solved is the
configuration of the installation location of these turbines in the wind farm area.
Because, when the turbines operate, they will cause losses in wind speeds and
increase the intensity of turbulence. These effects will cause energy losses for
neighboring turbines in the same farm. In addition, the terrain factors also cause

energy losses and turbulence intensity of the incoming flow. The problem of
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designing the wind farm configuration to obtain the largest AEP value and
reasonable LCOE value will be solved in Chapter V.
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CHAPTER IV. A PROPOSED MODEL FOR DESIGNING INSTALLED
CONFIGURATIONS OF ONSHORE WIND FARMS

IV.1. A model for designing wind farm installation configurations
When an onshore area has been identified as having potential and planned

for wind power project development, it is necessary to exploit the wind energy
resources in this land area most effectively. The efficiency of wind energy
exploitation depends mainly on factors such as wind resource characteristics,
turbine design, and turbine arrangement configuration in the wind farm. Wind
resource characteristics will change continuously depending on the terrain and
turbine arrangement as analyzed in the previous sections. When the wind collides
with obstacles, it will create eddies, causing turbulence and energy loss of the
flow, which will ultimately reduce the output electric powers of the turbines. This
thesis presents an optimal design model for the installation configuration of
turbines in an onshore wind farm based on the combination of GIS, CFD
numerical simulation models and BEM, Jensen theories. The objective of this
optimization model is to determine the installation configuration of certain
turbines in a farm area to obtain the largest AEP value and reasonable LCOE
value. A reasonable LCOE value means it must be less than the regional wind
farm electricity purchase price (EPP) currently applied in Vietnam. The flowchart
of the model for designing this turbine installation configuration is shown in

Figure 4.1.
The proposed model consists of five main processes:

- The 1% process: The terrain and wind resource characteristics in the wind
farm development area are collected. The details of this work have been described

in the first part of Chapter III.

- The 2™ process: Simulate the interaction process of wind resources with
the terrain of the farm area under different conditions. Through the GIS - CFD
combined analysis model, wind cnergy losses due to terrain factors will be

determined. The results are wind speed distribution functions at different locations




87

and heights. From there, the types of turbines and the expected installation

configurations in the farm area will be determined. The details of this work have

been described in the first part of Chapter IIL

Topography
and wind
resources data

r

GIS — CFD Model

Jensen’s Wake and Turb::!e parameters
BEM Theories o
configurations
AFP=AFPpx
LCOE<EPP

Figure 4.1. The flowchart of the model for designing turbine installation
configurations

- The 3 process: Wind energy losses due to turbines with different

installation configurations will be determined using Jensen’s wake theory.

Different configurations will be based on different spaces of turbine rows. The

distances will have increasing values from small to large. Then, the actual

operating power of the turbines will be determined using the BEM theory.

Detailed descriptions of Jensen and BEM theories as presented in Chapter 11.

- The 4™ process: The AEP and LCOE values of different turbine

installation configurations will be determined in turn according to theoretical
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functions based on wind resource data after correcting for energy losses caused
by terrain and turbine factors. At each installation configuration, the
corresponding AEP and LCOE values will be determined. If the AEP of the
configuration is larger than that of the previous configuration, the turbine
installation configuration will continue to be changed. If the configuration has a
smaller AEP than the previous configuration or the distance between turbine rows
has exceeded the width of the wind farm area, the configuration change process
will stop. At this time, check which configuration gives the largest AEP value and
consider the condition that LCOE is smaller than EPP. In the case that the
configuration meets the largest AEP but LCOE is larger than EPP, the
configuration with the largest AEP will still be given priority. Because the

objective function aims at the maximum efficiency of wind energy exploitation.

- The 5% process: Determine the optimal installation configuration which is
the configuration that simultaneously satisfies both constraints of the largest AEP
and LCOE<EPP. If the analysis results show that LCOE is larger than EPP, this
result can be used as a scientific basis to convince state managers such as EVN to

adjust the EPP value more appropriately.

IV.2. Apply the designing model to an onshore wind farm area in Khanh Hoa
province
This design model is applied to an area in the Khanh Hoa province (Ninh

Thuan), around the coordinates (11°27'51.1"N; 109°00'17.6"E). There is a wind
farm in operation here but the wind farm has been sold to a foreign energy group.
This farm currently has 16 wind turbines and a series of other areas with solar
panels. To avoid the effects of photovoltaic panels on the wind resources in the
area, this thesis has removed the area containing photovoltaic panels, this removed
area has 6 turbines. The remaining area contains 10 turbines of the ENERCON
E103/2350. The main parameters of the turbine are shown in Table 4.1 [76], [77].
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Table 4.1. Main parameters of ENERCON E103/2350 turbine

Parameters Value Parameters Value
Manufacturer Enercon Minimum rotor speed 6 rd/min
Name E103/2350 | Maximum rotor speed 15 rd/min |
Rotor diameter 103 m Cut-in wind speed 2.5 m/s
Number of blades 3 Rating wind speed 12.0 m/s '
HUB’s height 98 m- 138 m | Cut-out wind speed 25.0 m/s
Power control Pitch Rating power 2,350 kW

The thesis use the design model as shown in Figure 4.1 to study and
evaluate whether this farm has selected the appropriate turbine type and
installation configuration, from which an optimal installation configuration for
this area will be proposed. The first task is to build a topographic map and wind
resources in the area around the coordinates (11°27'51.1"N; 109°00'17.6"E) as in

the 1% step and 2™ step. The implementation of these two steps has been presented

in detail in Section I1I.1. The modeled area has parameters shown in Figure 4.2.

o Y e
i [il‘lcalioﬂ_ "
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Figure 4.2. Farm area around the coordinates (11°27'51.1"N;

109°00°17.6"E)
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The terrain elevation distribution of this area is also determined based on
the digital terrain elevation data source DEM (SRTM 30m) integrated in QGIS as

shown in Figure 4.3.

Figure 4.3. Terrain elevation distribution of the area around coordinates
(11°27'51.1"N; 109°00'17.6"E)

The analytical model was built on Ansys CFX software (student version)
with a length of 5,000 m, a width of 4,500 m, and an air layer height of 500 m
above sea level. The mesh type used is a mixture of Quadrilateral and Hexagonal.
The largest mesh size is 100 m, the total number of meshes is 166,495, and the
total number of nodes is 38,618. Then, the model is set up with boundary
conditions as shown in Figure 4.4. The detailed explanations of the model
building process, meshing, setting up boundary conditions, and initial conditions

are similar to those in Section I11.1.

-
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Figure 4.4. Setting up boundary and initial conditions for the model
The average wind speeds by heights in this area are determined based on

wind resource data provided by the WorldBank [65]. The theoretical fitting
function for the average wind speed distribution by height is shown in Figure 4.5

and equation (4.1). The wind direction and wind speed frequency distribution are

shown in Figure 4.6.
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Figure 4.5. Wind speed distribution function with height :
The average wind speed distribution function with height is determined as

in equation (4.1):

h‘ 013
WindSpced:??!)x[l—OJ (4.1)
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Figure 4.6. Windrose diagram at this farm area

The wind speed distribution with height at the entrance surface and the
incoming wind direction are set into the analysis model in Figure 4.4 to establish
the initial conditions. The main incoming wind direction is determined to be from
the Northeast to the Southwest. The main wind direction is 60° with the OX axis.
The boundary conditions of this analysis model are that the ground surface is set
as a solid, fixed medium and the surrounding air is open. The turbulence model
used in this analysis is k—& . Then, this model will be solved by the RANS
method with a total of 500 iterations. The variation processes of the quantities

participating in the simulation model are shown in Figure 4.7.
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Figure 4.7. Error fluctuations of the quantities: speed and momentum (a);
k ande (b)

The error variation of the quantities such as flow velocity along the axes
0X, OY, OZ, momentum, and all converge after about 250 iterations. Therefore,
the results obtained from this analysis model ensure reliability in terms of
calculation method. This analysis model will be stopped to record the results after

500 iterations.

The obtained results show detailed parameters of wind speeds and main
direction at all spatial points contained in the model. However, to reduce the data,
only a few potential areas will be processed, analyzed, and evaluated further.
From the satellite data as shown in Figure 4.2, Figure 4.3, the mountain top and
western areas have steep terrain, about 200 m above sea level. Therefore, it is
difficult to install wind turbines here. The eastern area has flat terrain, with
convenient roads for transporting and installing wind turbines. Therefore, this area
will be surveyed in detail. Vertical sections perpendicular to the East direction are
constructed, each section is 1,000 m apart. Along the section are vertical positions,

each line is 500 m apart as shown in Figure 4.8.
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Figure 4.8. Locations surveyed in detail in the model

The wind speed distributions according to the height of 200 m above the

ground are shown in Figure 4.9. The results show that the terrain height increases
gradually from the East to the West. The height difference between the cross-
sections is about 30 m. The wind speed at the height of 150 m above the ground
also increases gradually from the East to the West. Figure 4.9 (a) shows that this
wind speed is about 10.5 m/s, Figure 4.9 (b) shows that this wind speed is about
11.0 m/s, Figure 4.9 (c) shows that this wind speed is about 11.5 m/s. The wind
speed increases due to the increase in terrain height, the volume of space is

reduced according to Bernoulli's law.
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Figure 4.9. Wind speed distributions according to height at different

locations

For comparison and verification of the WorldBank wind resource data,

experimental data from 2008 to 2010 in this area were also used [78], [79]. The

values of wind speed and main wind direction are similar to the results obtained

from the analytical model with the WorldBank wind resource data. The Weibull

wind speed distribution function in this area according to the main wind direction
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NNE has parameters W=2.8 and S=8.9. The wind speed distribution values
according to the Weibull function are shown in Figure 4.10 [80].
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Figure 4.10. Weibull wind speed distribution function in the farm area

From the results obtained as in Figure 4.9, the rate of change of wind speeds

at 100 m height according to the terrain (rey) of this area from East to West is
determined as in Figure 4.11. This change is due to the impact of terrain factors

on the wind resource.
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Figure 4.11. Rate of change in wind speed at 100 m height according to

regional terrain
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The values of r., are used to recalibrate the values of wind speed and
frequency at different locations in the analysis area. From there, the Weibull wind
speed frequency distribution function of this area is calibrated and represented as

in Figure 4.12.
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Figure 4.12. Corrected Weibull wind speed frequency distribution function
The wind speed and wind speed frequency values after correction will
contain certain errors. The contributions of these errors to the AEP calculation

results are described in equations (2.34) — (2.36).

The wind speed at the points in this farm is shown in Figure 4.9, the wind
speed value is in the range of 10.5 m/s to 11.5 m/s at a height of 100 m above the

ground. Therefore, the turbines designed with rating wind speeds in this range are

suitable.

As mentioned above, this area is currently being installed with 10 Enercon

E103 turbines. These turbines are designed with a rating wind speed of 12.0 m/s.

Therefore, this turbine is also relatively suitable for operation in this farm area.

The locations of these turbines are marked with red stars as shown in Figure 4.13.



Figure 4.13. Locations of 10 E103 wind turbines in the area

The E103 is a 3-blade horizontal axis turbine with a rotor diameter of 103

S

m and a tower height of up to 138 m. The designed capacity is up to 2,350 kW
when operating at a wind speed of 12.0 m/s. The dependences of the capacity and

N

power coefficient of the E103 turbine on wind speed are shown in Figure 4.14.

T - T ' T - r T r 0.5
2500000 - . -
@ ® E EEEE R EREEEEEEN
® = J04
2000000 - @
= w
s il [ ] 403 .2
< 1500000 . ©
=~ 1] —
= ® 1 8
b |
= 1000000 - ® o2 %
(@] @ T o
o m @ =
J 3
500000 = e AL
‘ . Di
" - ®e @
0~ e ®s0q
T T y T T T T T Y r 0.0
4] 5 10 15 20 25

Wind Speed (m/s)

Figure 4.14. Capacity and power coefficient of the E103 turbine according

to the wind speeds
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From Figure 4.13, 10 turbines have been installed scattered in the Eastern
area. The distance between the turbines is about 3Drotor, d=309 m. The AEP, WL
values of the total of these 10 turbines are determined by formula (2.29) - (2.37),
Figure 4.11 and Figure 4.12 are (99,907,006.4+25,023,328.2) kWh and
WL=0%. According to the guidelines in IEC-61400-12-1 [81] and IEC-61400-
12-5 standards [82], the horizontal distance between the 2 nearest turbines is
between 2Drotor and 4Drotor. The vertical distance between the two nearest
turbines is between 2Drotor and 20Drotor depending on the complexity of the
terrain. Therefore, the E103 turbines installed in this farm meet this requirement.
According to the data in Figure 4.3 and Figure 4.9, the turbines T3, T7, T8, T9
are installed at lower positions than the remaining turbines. The maximum height
difference is about 50 m. This shows that the installed configuration of these 10
turbines has not achieved the maximum AEP value. According to equation (4.1),
the higher the positions, the higher the average wind speeds. Therefore, all 10
turbines should be installed in areas between the contour lines from 50 m to 100

m as shown in Figure 4.15.

| dy=3D rotor

1 Yy

Figure 4.15. Proposed installation configuration of 10 turbines
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If the 10 turbines are installed according to this newly proposed
configuration, the wind resource to the turbines will be more uniform and have a
larger average value (1.=1.05). The annual electricity production value is (
104,054,042 +26,518,798) kWh. Obviously, when using this new installation
configuration, the AEP value of 10 turbines will increase by 4,147,035.8 kWh
(4.2%). This brings higher economic benefits with the amount of electricity sold
increasing by about 7.6 billion VND/year based on the wind electricity purchase
price for the South regions in 2025.

In fact, the positions of the turbines are not arranged in straight rows, not
in any relative shape. This leads to the turbines operating at uneven wind speeds,
causing instability in the control of the output power parameters. Obviously, the
turbines should be installed in horizontal rows perpendicular to the East direction
so that all turbines in a row will operate at the same wind speed as illustrated in
Figure 4.16. From here, the next steps of the design model as shown in Figure 4.1
will be implemented in turn to evaluate and select the optimal installation
configuration with the characteristics of this farm area. The horizontal turbine
space is about 3Drotor as in practice today. The vertical turbine space from East
to West will be changed from 3Drotor to 20Drotor. The axial induction factor
values of E103 turbine with wind speed are shown in Figure 4.17. When this

turbine operates at wind speeds of about 11.0 m/s or more, the value of a1 0.1.
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Figure 4.16. llustration of the installation configuration of turbines
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Figure 4.17. Axial induction factor of E103 with wind speed
The wind velocity deficit with distance of the rear turbine is determined
based on Jensen’s wake theory for the E103 turbine as shown in Figure 4.18. The
data shows that the wind velocity deficit decreases sharply with distance from
2Drotor to 10Drotor. From distances greater than 10Drotor, the wind velocity
deficit decreases insignificantly. From here, the optimal distance for installing the
rear turbines is 1030 m. At this distance, the wind velocity deficit is 11.8%. This

value is generally accepted in the actual operation of onshore wind farms.
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According to Figure 4.2, Figure 4.3, the flat area from the coast to the foot
of the mountain is about 2,500 m. When excluding residential areas, the area
where wind turbines can be installed is about 2,000 m wide and 4,000 m long.
The configurations that can be installed are as follows: If the distance between
turbine rows is 3Drotor, 6 rows can be installed; if the distance is 4Drotor, 4 rows
can be installed; if the distance is 5Drotor to 6Drotor, 3 rows can be installed; if
the distance is 7Drotor - 10Drotor, 2.5 rows can be installed; if the distance is
from 11Drotor to 19Drotor, 2 rows can be installed; if the distance is over
20Drotor, 1 row can be installed. These configurations are calculated specifically

as follows:

- The 1% configuration: Installed configuration with a row spacing of
3Drotor, the distance between the two closest turbines in each row is 309 m, the
total number of turbines is 72. Then the wind speed at each row of turbines behind
will be reduced by 42.2% respectively as shown in Figure 4.18. This causes the
turbines in the 4™ row to have wind speeds below the operating level, only the
first 3 rows can operate. The total AEP is (152,778,722.7+41,745,155.8) kWh

and WL is 78.8%.

- The 2™ configuration: Installed configuration with a row spacing of
4Drotor, the distance between the two closest turbines in each row is 412 m, the
total number of turbines is 48. Then the wind speed at each row of turbines behind
will be reduced by 31.7% respectively as shown in Figure 4.18. The total AEP is
(184,596,510.4£51,939,780.0) kWh and WL is 61.5%.

- The 3 configuration: Installed configuration with a row spacing of
6Drotor, the distance between the two closest turbines in each row is 618 m, the
total number of turbines is 36. Then the wind speed at each row of turbines behind
will be reduced by 21.1% respectively as shown in Figure 4.18. The total AEP is
(230,843,859.7 + 64,878,160.2) kWh and WL is 35.8%.
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- The 4% configuration: Installed configuration with a row spacing of
10Drotor, the distance between the two closest turbines in each row is 1,030 m,
the total number of turbines is 30. Then the wind speed at each row of turbines
behind will be reduced by 12.7% respectively as shown in Figure 4.18. The total
AEP is (230,843,859.7 + 64,878,160.2) kWh and WL is 15.8%.

- The 5™ configuration: Installed configuration with a row spacing of
19Drotor, the distance between the two nearest turbines in each row is 1,957 m,
the total number of turbines is 24. Then the wind speed at each row of turbines
behind will be reduced by 6.7% respectively as shown in Figure 4.18. The total
AEP is (236,118,269.7 £59,766,995.9) kWh and WL is 1.5%.

- The 6" configuration: Installed configuration with a row spacing of
20Drotor, the distance between the two nearest turbines in each row is 2,060 m,
the total number of turbines is 12. Then the wind speed at each row of turbines
behind will be reduced by 6.3% respectively as shown in Figure 4.18. The total
AEP is (119,888,407.7 £30,027,993.8) kWh and there is no wake loss due to the

front turbine in this case.

These results are shown in Figure 4.19.
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Comparing the results obtained from 6 different installation configurations
as shown in Figure 4.19, the 4™ configuration with a turbine row spacing of
10Drotor gives the largest AEP and a wake loss of only 15.8%. This is the most
optimal configuration for the E103 turbines installed at this wind farm. The third
row of this configuration has half of it passing through the foothills, so it is not
possible to install the turbines here. Figure 4.20 illustrates the installation
configuration of the E103 turbines in the survey area according to the 10Drotor

spacing. The installation locations of the turbines are shown as yellow stars.

Figure 4.20. Optimum configuration for installing the E103 turbines at the farm

If the E103 turbines are installed at the locations marked with yellow stars
in Figure 4.20, the power of the turbines will be more uniform. This helps with
the control and output power quality issues. In addition, the total number of
turbines that can be installed in this area is 30, which is 3 times larger than the
actual number. The annual electricity production of the optimal configuration can

be about 2.5 times larger than the current configuration.

Wind farms impact the national grid by causing voltage and frequency

fluctuations due to the variable and intermittent nature of wind. This can affect
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the quality and stability of electricity, especially at high penetration levels.
Optimum configuration of wind farms will help to achieve more uniform power
output from turbines. However, the nature of wind resources is intermittent.

Therefore, wind farms still cause some specific problems as follows:

- Intermittency and fluctuation: Wind power output fluctuates based on
wind speeds, which can cause sudden changes in power generation. This makes it

difficult to balance supply and load in real time.

- Power quality issues: Changing wind speeds can cause voltage

fluctuations and harmonics, which can affect power quality.

- Reduced grid inertia: Modern wind turbines are connected via inverters,
without the physical inertia of traditional synchronous generators. This reduces
the overall inertia of the grid, meiking it less resilient to sudden disturbances and

increasing the risk of frequency sags.

- Grid stability challenges: High penetration can lead to stability issues,
such as power fluctuations, which may require additional control systems to

manage.

- Infrastructure needs: Many areas with high wind speeds are remote,
requiring the construction of new transmission lines to transport electricity to

population centers.

However, optimally designed wind farms can also have positive impacts,

such as:

- Voltage support: Wind farms, especially those with reactive power control
systems such as STATCOMs, can support and stabilize voltage, especially in

areas with poor voltage quality at the end of long and weak lines.

- Improved grid management: Geographical diversification of wind farms

can help smooth out power output fluctuations.
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- Modern turbine technology: New turbines are designed with advanced
control systems to help maintain stability and overcome disturbances without

disconnecting from the grid.

- Control technology: New control technologies and integration of energy
storage systems are being developed to help modern wind turbines provide grid

services such as frequency response and aggregate inertia.

To increase the feasibility of this optimal installation configuration, the
thesis continues to calculate the LCOE value of the proposed installation
configurations according to equation (2.38). LCOE is determined based on four
main quantities: CapEx, OpEx, rd and AEP. CapEx includes all initial investment
costs such as turbine purchase costs, transportation, installation, land rental,
project management costs, etc.; OpEx includes costs related to operation and
maintenance, and repair of the turbine throughout its operating life. The discount
rate, rd, is the interest rate used to discount the cash flows in and out of the project;

AEP is the annual electricity production of the wind farm.

According to IRENA [83], the global average total installation cost
decreased by about 12% per year in the period 2010-2024. The global average
CapEx is 1,041 $/kW in 2024. The CapEx of the Vietnamese market is about
1,500 $/kW in 2024. This is because the turbines have to be completely imported,
mainly from European suppliers. This leads to higher project management and
transportation costs. In general, the world average CapEx is relatively stable. This
also helps the CapEx value for the Vietnamese market to maintain a steady
downward trend. The decrease in CapEx value is mainly due to the expansion of

production scale and improved capacity factor of turbines.

Operation and maintenance costs play an important role in maintaining the
performance, reliability and long-term efficiency of wind energy projects. As
wind power deployment expands globally and operations and maintenance

techniques become more sophisticated, data-driven, and cost-optimized, this has
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led to a significant decline in OpEx values over the 2010-2024 period. In addition,
OpEx is also subject to a number of changing factors such as insurance, land rental
prices, and tax incentives from countries. For Vietnam, the government has
always affirmed tax exemptions and land rental costs for renewable energy
projects, especially wind power. Obviously, OpEx will maintain a stable value for

the next several decades.

Currently, wind power projects in Vietnam mainly involve large foreign
corporations. Investment cash flow is relatively stable. In addition, the
Vietnamese market is also a stable market. Therefore, changes in the discount rate
of wind power projects are insignificant, with very little impact on LCOE. Also
according to IRENA, the global average LCOE value for onshore wind power
projects decreased by 3% per year during the period 2010 — 2024. LCOE values
ranged from 24.0 $/MWh to 75.0 $/MWh in 2024.

Detailed calculations of LCOE are not the research objective of this thesis.
LCOE is only used as a value showing the conformity with the actual electricity
purchase price currently applied in Vietnam. Therefore, based on published
figures for an equivalent turbine (2.6 MW) as in references [63] and [64]. CapEx
is determined based on three main quantities: turbine capital cost (991 $/kW),
balance of system (326 $/kW), financial costs (120 $/kW). From there, CapEx is
determined to be 1,436 $/kW. The OpEx of this onshore turbine depends on the
policies of each country, the OpEx value is usually between 32 $/kW/year and 54
$/kW/year. In this thesis, the OpEx value is determined to be 43 $/kW/year. The
discount rate depends on the markets, policies and capital of the investor. In this
calculation, rd is chosen to be 14.6% and the operating time is 20 years [83]. The

calculation results are shown in Table 4.2 and Figure 4.21.
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Table 4.2. WL, AEP and LCOE values according to different turbine

installation configurations in the farm

Configurations WL AEP LCOE
(“0) (GWh/year) ($/MWh)
Reality 0 99.9+25.0 67.1 +16.8
3D 78.8 1528+41.8 | 315.7 £86.3
4D 61.5 184.6+51.9 174.3 +49.0
6D 358 2308649 | 1045 +294
10D 15.8 25231674 | 79.7 +£21.3
19D B 236.1+59.8 | 68.1 +17.2
20D 0.0 1199+30.0 | 67.1x 16.8

From the data shown in Figure 4.21, the LCOE value of the optimal
installation configuration is 79.7 $/MWh, the actual installation configuration is
67.1 $/MWh. These two values are approximately equal and are completely
acceptable according to the electricity purchase price from wind power projects
in Vietnam, EPP=79.5 $/MWh in 2025 [7]. This once again confirms that the 4%

configuration is the optimal installation configuration for this wind farm area.
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If the E103 turbines are installed at the locations marked with yellow stars
in Figure 4.20, the output electric powers of the turbines will be more uniform.
This helps to control and improve the quality of the output electric power. In
addition, the total number of turbines that can be installed in this area is 30, which
is 3 times the actual number. The annual electricity production of the optimal
installation configuration can be about 2.5 times larger than the current

configuration.

When considering the problem, assume the installation of a small wind
turbine using the VAST-EPU-51223 model as designed in Chapter III. The rotor
diameter of the VAST-EPU-S1223 turbine is 10.0 m. The rated power of this
turbine is 6.57 kW when operating at a rated wind speed of 8.0 m/s. This rated
wind speed is consistent with the average wind speed in the farm. These turbines
will also be installed in the optimal configuration as for the E103 turbines. From
the area of the farm and the rotor diameter, this farm will be able to install 25 rows
of turbines, each row will have 130 turbines. The changes in power and power
coefficient of the VAST-EPU-S1223 turbine with wind speeds are shown in
Figure 4.22.
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Performing the same calculation steps as for the E103 turbines, the AEP
values obtained from the VAST-EPU-S1223 turbine rows are given in Table 4.3.

Table 4.3. AEP values obtained from the VAST-EPU-S1223 turbines

Row AEP (kWh) Row AEP (kWh)
1 5763044.0£1154155.4 9 266537.3+103308.2
2 4621008.9+1036440.1 10 155582.9+£67246.6
3 3582920.6+902152.7 11 85362.7+41528.2
4 2654905.2+739043.1 12 30188.7+18757.5
5 1754776.5+515870.3 13 13053.4+9144.9
6 1191269.9+354379.8 14 2686.61£2363.9
7 752238.9+231674.5 15 362.6+393.2
8 455214.81 154076.1 16 = 0

When the turbines are installed with 3Drotor apart in the perpendicular
direction and 10Drotor in the main wind direction, only the first 15 turbine rows
receive enough wind energy to operate. The wind speeds up to the 16" turbine
row onwards has a value less than 3.0 m/s, so these turbines cannot operate. The
total number of operational turbines is 1950. The AEP value is

(21.329.162,2i1.938.592,9)1(Wh. This value is only 21.3% of the actual

configuration and 9.2% of the configuration using the newly proposed E103
turbines. This indicates that turbines optimally designed for wind speeds from 4.0
m/s to 6.0 m/s will not operate efficiently at wind speeds of 8.0 m/s or higher.

Considering the problem with the prevailing wind speeds in Vietnam, let's
assume the wind farm arca has an average wind speed of 5.0 m/s. The wind speed
frequency distribution function has parameters W=2.8 and S=5.0. The calculation
steps are performed similarly to the section above. The results show that the
configuration using E103 turbines with a distance of 10Drotor will have an AEP
of (49.117.308,7 +1.496.188,4) kWh. This value is only 19.5% compared to the
case where the average wind speed is 8.9 m/s. The corresponding LCOE value is

$409.37/MWh. In this case, the LCOE value has increased 5.1 times. In the case
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using VAST-EPU-S1223 turbines, there are 10 rows of turbines that can operate,
with a total of 1300 turbines. The AEP value of this farm 1is

(6.604.136,4 + 88.]76,3)kWh. This value is 30.9% compared to the case with an

average wind speed of 8.9 m/s. According to Jakub's publication [ 78], the average
LCOE value of this case is approximately $336.4/MWh. Clearly, for farm areas
with an average wind speed of about 5.0 m/s, the configuration using small
VAST-EPU-S1223 turbines provides better wind energy exploitation efficiency
and lower LCOE costs compared to the configuration using large turbines such as
E103

Summary:
The wind farm installation configuration design model proposed in this

thesis can determine the influence of terrain factors, wind resources, turbine types
and turbine installation configurations in a wind farm development area on the
AEP value. The goal of this design model is to determine the installation
configuration of turbines in the farm to obtain the largest AEP value. This model
uses GIS-based terrain data sources. Therefore, the farm's terrain surface data such
as roughness and elevation are presented visually and clearly. Then, only wind
resource data at a point in the farm area is needed. The CFD method simulates the
entire interaction processes of this wind resource with the specific terrain. From
there, the wind resource characteristics at each location in the wind farm area are
determined. This is a great advantage of CFD compared to all other methods.
Obviously, the GIS — CFD combined model has many outstanding features in

solving the aerodynamic problems of wind farms.

Jensen and BEM theories perform calculations to determine AEP based on
the results obtained from the GIS — CFD model. Combining theories and
simulation models simultaneously makes this design model perfect,
simultaneously evaluating many different factors affecting the AEP of an onshore

wind farm.
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CONCLUSIONS

The proposed models for designing turbine blade profiles and turbine
installation configurations of onshore wind farms. These models include three
main parts: determining locations with high wind energy potential, turbine blade
profiles for the higher power cocfficients and installation configurations for the
higher annual electricity productions. Specifically, the blade profile design model
was implemented, and the VAST-EPU-S1223 blade design was found to have a
power factor of up to 50.5% under operating conditions at a wind speed of 5.0
m/s. The wind farm configuration design model, when applied to a farm in Khanh
Hoa province, proposed a configuration using 10 E103 turbines, resulting in a
4.2% increase in annual electricity production, generating more approximately
VND 7.6 billion per year. In addition, a configuration with a larger number of
turbines was also proposed to more efficiently utilize the land area at this farm. A
configuration with 30 E103 turbines would allow for an annual electricity
production increase of up to 2.5 times compared to the farm's current

configuration.

These models are impremented by using both analytical theories and
numerical simulations. The relationships between the quantities describing the
operation of wind turbines are determined clearly and accurately. Numerical

simulation models can improve the values of wind speed, turbulence intensity,

wind speed frequency, and wind direction at locations in the wind farm

development area. Therefore, the models could be widely applied in Vietnam.

In addition, these models only need wind resource data measured at a
location in the farm area. Then, the entire processes of movement, interaction and
transformation of wind resource characteristics according to the terrain will be
accurately described by the GIS - CFD model. From there, some hypothetical risk
analysis cases under extreme weather conditions can also be easily identified,

helping to minimize problems related to incidents and acecidents throughout the
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life cycle of the turbines. This is also a great advantage of the model compared to

other design models.

The proposed models are highly effective and intuitive for managers and
inventors in the wind industry. However, the participating models such as GIS
and CFD are modern, big data models. To use these tools, a computer system with
a large enough configuration is required and the person performing these analyses
must have sufficient knowledge and experience. Especially experiences in

selecting mesh type, meshing, selecting solver, turbulence model in CFD models.

Contributions of the thesis are as follow:
e (1) The proposed models are highly effective and accuracy. The

models base on the combination of BEM, Jensen theories and modern numerical
simulations such as GIS, CFD. GIS models use large, high-resolution spatial data
sources to accurately determine the terrain characteristics of the wind farm area.
CFD models are modern analysis and simulation tools. Systems of conservation
equations are used to accurately and visually describe all possible interactions of
wind resources in the farm area.

e (2) Currently, Vietnam is in the process of implementing many
onshore and offshore wind power projects. This thesis provides the models for
designing blade profiles and installation configurations of onshore wind farms.
These models can contribute to the management and investment efficiency of
onshore wind power projects in Vietnam. The thesis has contributed 02 new

design models, specifically including:

+ Proposing the design model of turbine blade profiles according to actual
wind resource conditions in Vietnam, in order to obtain the higher power

coefficients.

+ Proposing the design model of turbine installation configurations of
onshore wind farms according to actual terrain and wind resource conditions in

Vietnam, in order to obtain the higher AEP values.

= £
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Related contents that have not been implemented:
The turbine blade design model only stops at the goal of designing the blade
profiles for the higher wind energy exploitation efficiency. It has not considered

different issues of materials, structures, manufacturing capabilities, costs, etc.

The turbine installation configuration design model in the farms only
provides specific location configurations and then calculates the value of annual
electricity production. This thesis has not comprehensively considered different
types of turbines, and has not surveyed in detail the wake effects in different
directions. Therefore, the initial application results of the model are still limited.
These limitations are largely due to the lack of actual data from wind farms in
Vietnam.

Future Work:

The results presented in this thesis are only the first step. In the next steps,
research directions related to the selection of materials for manufacturing turbine
blades and turbine blade manufacturing technology based on modern technologies
such as 3D printing will be prioritized. In addition, studies using artificial
intelligence models will also be conducted to compare and verify with the results

obtained from the models proposed in this thesis.
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Piéu 3. Trudng céc don vi: Phong Quéan 1y Déo tao, Phong K& hoach Tai chinh,
Khoa Néng lugng moéi, cdc don vi khéc c6 lién quan, cic thanh v1en Hoi dong va
nghién ctru sinh c6 tén tai Piéu 1 chju trach nhiém thi hanh Quyét dinh nay./. T

Nai nhgn:
- Nhu Piéu 3;
- B6 GD&PT (dé blc);

- P Hiéu trudng (dé biét); ff
- Lwu: VT, QL Pao tao, ThuyDTT (08)

__HIEU TRUONG

_PES.TS. Pinh Vin Chau



BO CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC PIEN LUC Pic lip — Ty do — Hanh phic
HQI DPONG DANH GIA LUAN
AN TIEN SI CAP TRUONG
QUYET NGHI

CUA HOI PONG PANH GIA LUAN AN TIEN ST CAP TRUONG

I. Danh sach cic thanh vién Hoi ddng
Danh sach céc thanh vién Hoi dong:

Trach nhiém

» - .~ C -~
STT | Ho tén thanh vién HD 0" quan cong tac trong HD
1 | PGS. TS. Vi Thi Thu Nga Trudng Pai hoe Dién luc Cht tich HD
' Uy vién Thu
2 | TS. Pham Quang Vi Truong Pai hoc Dién luc " yvien
Yy

Trudng Pién-Dién tir, Pai hoc

3 | PGS. TS. Nguyén Puc Tuyén Phan bién 1

Bach khoa Ha Noi
Vién Han 148m Khoa hoc va !
4 | TS. Vii Minh Ph4 ' Phén bién 2
$ M Kligp Cong nghé Viét Nam w
5 | PGS. TS. Lé Xuén Thanh Trudng Dai hoe M6 - Dia cht | Phan bién 3
PGS. TS. Nguyén Tung Linh | Truémg Pai hoc Pién lyc Uy vién HD
7 | PGS. TS. Pang Quéc Vuong | Pai hoc Bach khoa Ha Noi Uy vién HD

Thanh vién Hoi ddng vang mit (ghi rd ho tén): 0
II. Quyét nghi cia Hpi dong

Cin ct bién ban hop Hoi dong dénh gia luan én tién si cAp Trudng ciia NCS Dinh Vin
Thin.

Trén co s& két qua bo phiéu danh gia cia 07/07 thanh vién tham dy héi dong: 07 /07
phiéu tan thanh.

Hbi ddng ra Quyét nghij nhu sau:

2.1. Y nghia khoa hoc va thye tién ctia dé tai:
- V& mit thuc tién:

P2 tai ¢ tinh cAp thiét cao, bam sét dinh huéng Quy hoach dién VIII va cam két Net
Zero ciia Viét Nam. Lufn-én gidi quyét vin dé thyc t& 1a téc do gi6 tai Viét Nam phd bién
& mirc thip (4,5 — 6,5 m/s) va dja hinh phirc tap, doi héi cac thiét ké tuabin va ciu hinh
trang trai ddc thd d& t6i uu hoa hiéu qua kinh té (LCOE).

- Vé mat khoa hoc:

#
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Luén dn déng g6p vao viée hodn thién quy trinh tich hgp giita mé phéng sb (GIS, CFD)
va céc 1y thuyét giai tich (BEM, BOM, Jensen) dé giai quyét bai todn khi dong hoc tuabin
gi6 trong diéu kién bién phiic tap cia dia hinh déi nui

2.2. Tinh hop ly, hién dai va d¢ tin cay cta phuong phap nghién ciru ma NCS da sir dung:
- Tinh hop ly:

Vige két hop phuong phép thiét ké nguoe (FIDM) dé céi tién bién dang canh va phuong
phép CFD dé mé phéng khi dong lyc hoc qua dia hinh thye t& 13 huéng tiép cin phi hop
va logic.

- Tinh hién dai:

NCS d4 sir dung céc cong cu mé phong hién dai (Ansys CFX, QBlade, BlenderGIS) va
cép nhét cac mé hinh 1y thuyét méi (LLFVWM, IAG).

- Do tin cdy:

Quy trinh nghién ctru dugc thiét ké bai ban. Két qua md phong CFD ¢4 duoc kiém
chimg budc dau véi dit liéu thue nghiém ciia nghién ciru quéc té va cho sai sé thip (0,8%)..
Tuy nhién, d¢ tin ciy cén duogce cling ¢ thém bﬁng viéc danh gia sy hdi tu cia ludi va dit
liéu do gi6 thuc t€ tai tram quan tric dia phuong.

2.3. Céc két qua méi clia luan 4n, gid trj dong gbp clia céc két qua d6 d6i véi sy phat trién
cua linh vue chuyén nganh:

- Dé xuét duge 03 mAu bién dang canh méi (VAST-EPU-N6409, VAST-EPU-S1010,
VAST-EPU-81223) c6 ty s6 cai thién tir 10-50% so véi mu gbe tai vén tée gié
thép,.

- Xéy dung dugc quy trinh tich hop GIS-CFD dé x4c dinh hé sb anh huéng dia hinh
va danh gi4 tai nguyén gid chi tiét.

Xac dinh duge cdu hinh ldp dit t8i wu cho khu vuc nghién ciru tai Ninh Phude 14
khoéang céch 10D (thay vi 3D-5D théng thudng), gitp ting san luong dién (AEP)
khoang 4,2% va dat LCOE canh tranh (~79,7 $/MWh)

2.4. Nhiing thiéu s6t vé ndi dung va hinh thirc ctia luén 4n:
V& n6i dung;

- Nbi dung ctia Chuong 3 dang téi wu bién dang cénh ctia tuabin cong suht nho (dudi
100kW) tuy nhién ndi dung Chuong 4 dang thuc hién t8i wvu ciu hinh trang trai dién
gi6 déi véi cac tuabin c6 cong sudt 1on hon, thé hién sy thiéu logic va lién két gitta
cac nd1 dung cia ludn an.
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- Phuong phép xic dinh LCOE trong luén an chua dwgc giai thich pht hop, cac gia
thuyét vé CapEx ¢b dinh trong 20 ndm 1a chua phit hop véi thye €.

- Con thiéu céc két luan ca céc ndi dung cac chuong, thiéu ndi dung v& khoéng tréng
nghién ciru.

Vé hinh thirc:

- Céc cong thitc ¢dn duge trich dén chua duoc dly di.

- Chua théng nhét cach trich din cac tai liéu tham khéo, dic biét 1a cdc tai liéu tham
khao tiéng Viét.

2.5. Mirc do dép g cac yéu ciu ciia ludn 4n:

Luén 4n dép (mg ddy d0 c4c yéu cdu v& ndi dung va hinh thire dbi véi mét ludn 4n Tién
si chuyén nganh K§ thuit Nang luong.

2.6. Nhitng diém cin bd sung, sira chita trude khi ndp lugn 4n cho Thu vién:
Vé nodi dung

- Ra so4t va hiéu chinh toan b6 ludn 4n nhim béo dam tinh logic, tinh lién két va sy
nhit quin giita cdc chwrong, cdc muc vi c4c ndi dung nghién ctiu.

- Kiém tra, didu chinh va l3m 1 co s& ya chon ciing nhu kha ning 4p dung phuong
phép tinh chi phi dién quy din (LCOE) trong timg ph4n va trén toan bd ludn 4n; bao
dam tinh phit hop gitta mé hinh k§ thuét va phén tich kinh té.

- Lam 16 khoang tréng nghién ctru, x4c dinh cu thé cac néi dung nghién ctru chinh ciia
lufin 4n; nhén manh nhitng déng gép méi v& mat phwrong phép va két qua dat duoc.

- Xem xét viét lai phan Két luéin chung, theo huéng dinh lwong hoa cic két qua chinh,
1am rd cac ndi dung nghién ciru d4 thue hién duwoce, mie d6 dat muc tidu @& ra va kha
ning tng dung thuc tién.

Vé hinh thirc:

- Chinh swra toan b cac ndi dung lién quan dén hinh thirc theo gdp ¥ ctia Hoi dong,
bado ddm ludn 4n tuén thu dﬁy du quy dinh hién hanh ciia Trudng vé trinh bay ludn
an tién si,

- Ra soét hé théng tai lidu tham khéo va trich din, bao dém tinh nguyén ban, théng
nhét va chinh xac; di véi céc tai lidu tiéng Viét ¢6 thé bd sung ban tiéng Anh twong
ing khi cén thiét.

- B sung phan két luan riéng cho timg chwong, nhim lam rd céc két qua dat dugce va
vai trd ctia m6i chwong trong téng thé ludn 4n.
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- Bb sung va lam rd méi lién hé gifta ndi dung luén an vdi cac céng bd khoa hoc cia
nghién ctru sinh, chi ra cy thé cdc phﬁn ndi dung trong luin &n da dugce cong b6 trén
cac tap chi/hdi nghi khoa hoc.

2.7. Kién nghi clia Hoi ddng vé viéc cong nhén trinh do va cdp bang tién sT cho nghién ciru
sinh:
Hoi ddng thong qua luan 4n tién si, d& nghj Hiéu truéng cong nhan hoc vi tién st
cho nghién ctru sinh.

Hoi déng khong thong qua ludn én, yéu cau nghién ctru sinh cAn bb sung, stra chita
dé bao vé 1an thi 2.

2.8. Quyét nghi nay dugc doc trudc toan thé 07/07 thanh vién hoi dong cé mit tham dy
phén hop kin dé d4nh gia lun 4n tién si va dugc 07/07 thanh vién nhét tri théng qua./.
Ha Néi, ngay 16 thdng 01 nam 2026

CHU TICH HQI PONG THU KY HQI PONG
PGS.TS. Vii Thi Thu Nga TS. Pham Quang Vii
TRUONG PAI HQC PIEN LUC

TL. HIEU TRUONG
KT. TRUGNG PHONG QL PAO TAO
=PHQ TRUONG PHONG
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T
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Dl HOC DIEN LUC

ELECTRIC POWER ENIVERSITY

BQ CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAI HQC BIEN LUC Pée lip - Ty do - Hanh phiic

BAN NHAN XET LUAN AN TIEN ST

(Denh cho Chii tich, The ky va 2 Uy vién cia Hoi dong danh gid ludn dn Tién s7 cdp Trucng)
Tén nghién ctu sinh: Pinh Vin Thin
Pé tai: Nghién ctru x4y dung mé hinh thiét ké canh tuabin c4u hinh trang trai
dién gi6 tai Viét Nam
Nganh: K¥ thuidt Nang luong
Ma sé: Thi diém
Nguoi nhén xét ludn an: PGS. TS. Vii Thi Thu Nga
Co quan cOng tac cua ngudi nhan xét: Trudng Pai hoc Pién luc
Béan nhén xét bao gdm cac ndi dung sau

1. Y nghia khoa hoe va thie tién ciia @ tai

Vé ¥ nghia khoa hoc: Luan an nghién clru dé xuat cdc mé hinh t6i wu thiét
ké bién dang canh tuabin va cAu hinh l3p ddt cac tuabin trong mét trang trai dién
gi6 trén dét lién, sir dung céac ngudn dir liéu khong gian 16n ¢6 tinh dén cac dic
trung dia hinh c6 d6 chinh X4c cao va mang y nghia khoa hoc lon.

- V& ¥ nghia thuc tién: Hién tai, trén thé gidi xu hudng phat trién ngudn ning
lugng tai tao dang duge phat trién manh, dic biét 1a ning luong gié, nham giam
thidu phat thai hwéng téi Net Zero vao nim 2050, Ludn 4n nay cung cAp md
hinh thiét ké bién dang canh tuabin va cu hinh 1ip dit cc tuabin gi6 trén dat
lién c6 thé déng gbp va hidu qua hoat déng, dau tu cia cac du 4n dién gio trén
dat lién, dic biét & Viét Nam mang ¥ nghia thuc tién cao,

2. Céch a3t vAn a@& va giai quyét vin dé. Sy hop Iy va do tin cdy cia
phwong phap nghién cirn

Phuong phép nghién ctu duge st dung trong ludn an phu hop va dam bao
tinh khoa hoc. Nghién ciru da két hgp cdc md hinh 1y thuyét véi céc cong cu md
phong dé tao ra mét quy trinh phan tich toan dién.

- Phuong phéap xac dinh tai nguyén gié va dia hinh (GIS va CFD): sit dung
GIS tao ra ban dd 3D chi tiét vé dia hinh khu vyc khao sat, 1a déu vdo quan
trong cho mé hinh CFD.

- Phuong phdp thiét ké va tdi wu hoa canh quat: Quy trinh thiét ké canh quat
dua trén céc ly thuyét co ban 1a BEM va BOM.

- Phuong phép t6i uu hda céu hinh trang trai: hidu chinh ham phén bo gié
Weibull, tir 46 phan anh chinh x4c ngudn gi6 tai timg vi tri turbine.

3. Cac két qua di dat dwoc, néu nhitng déng gop méi vé gié tri khoa
hoe, thye tién ciia cic déng gop do




Nghién ciru d dwa ra dugc 2 mé hinh thiét ké 14 bién dang canh tuabin va
thiét ké cAu hinh 18p d3t tuabin trong trang trai dién gié trén dét lién.

Nghién ciru da dwa ra céc budc tién hanh thiét k&, phén tich, dénh gia va lya
chon thiét ké canh tuabin dé khai thac hiéu qua ning luong gi6 1én cao téi 50.5%
trong ving toc dd gio tir 4 m/s dén 6 m/s.

M hinh thiét ké cau hinh 1dp dit cac tuabin trong trang trai dién gi6 dit lién
da giai quyét dugc vén dé phirc tap trong linh vuc dién gi6. M6 hinh nay di
duge 4p dung cho mét trang trai dién gid tai tinh Ninh Thuan cfi (nay thudc tinh
Khénh Héa) v6i 10 tuabin 1dp dit va cho san lugng dién ting thém 4.2%. Ngoai
ra, cAu hinh lap dit méi nay cho phép 13p dit 30 tuabin trén phan dién tich dét
dang khai théc va san lugng dién ting thém hang nim khoang 2.5 lan.

4. Két luin ciia lufin 4n c6 phil hop véi cach dit vin d& & dAu ludn 4n va
¢6 dii sirc thuyét phuc hay khéng? Nhitng wu diém va thiéu sét, nhiing diém
can dwge bb sung va stra chika?

Két luan phi hop véi céch diit vin dé & ddu luan 4n.

Con mét s6 161 soan thao can chinh sira.

Bd sung két ludin ciia céc chuong,

5. Panh gi4 vé sy tring 1ip cia ludn an so v6i cac dd 4n, ludn vin, ludn
an hay cbng trinh khoa hoc di cong bd trong va ngoii nwde?

Nghién ctru ¢é sy phat trién cia cac nghién ciru trude trong cling linh v,
tuy nhién ludn dn dé dat dugce nhiing tinh mai khong bi tring 13p véi cdc cong
trinh nghién ctru di cong bd trong va ngoai nude,

6. Chit lwomg va sé lrgng nhimg bai bao khoa hoc di dwye nghién ciru
~sinh cong b6, khing dinh sy pha hep v& ndi dung cita chitng véi ndi dung
ludn an

Cac cong trinh khoa hoc da céng bb hoan toan gin két truc tiép véi két qua
nghién ciru ciia ludn 4n tién si va duoc dang trén cac tap chi khoa hoe chuyén
nganh pht hgp.

Nghién ciru sinh d4 céng bd 11 cong trinh, trong dé ¢6 07 cong trinh cé chi
s6 quoc té, 02 bai bédo SCIE Q1 va 01 bai bao ESCI Q2.

7. Tinh trung thuc trong viée trich din cdc cong trinh dd dwoce nghién
ciru sinh cdng bd trong va ngoai nwée, tai liéu tham khio

Céc trich dan trong nurdc va ngoal nrde va cac tai liéu tham khao ding voi
thue t& va phil hop véi néi dung nghién ctru ctia luin 4n.

8. Két ludn

a. Can khang dinh luan 4n cé dap tng ddy di yéu cdu vé ndi dung va hinh
thire déi véi mét luéin 4n Tién si hay khong?




Pap img day dii yéu cau va néi dung ctia luén 4n tién si.
b. Bén tém tit ¢6 phan 4nh trung thire ndi dung ludn 4n hay khéng?
Trung thue
c. C6 dong ¥ cho NCS dura luén 4n ra bao vé tai Hoi déng cdp Trudng dé
nhan hoc vi Tién si hay khéng?
Cé

Ha N1, ngay 12 thang 01 ndm 2026

Ngwoi nhan xét
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DAl HOC DIEN LUC

BO CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAl HOC PIEN LUC Pée lap — Tw do — Hanh phic

FLECERIC PREN LRI ERMTT

BAN NHAN XET LUAN AN TIEN SI
(Danh cho CHU TICH, THU KY va 2 UY VIEN Hgi déng ddnh gid lugn dn Tién st cdp Trudng)

Tén nghién ctru sinh: Dinh Van Thin

Dé tai: Nghién ciru xdy dung mé hinh thiét ké canh
tuabin cdu hinh trang trai dién gi6 tai Viét Nam

Nganh: K¥ thudt Nang lugng

M s6: Thi diém

Ngudi nhan xét ludn an: TS. Pham Quang Vii

Co quan cdng tac cua ngudi nhin xét:  Trudng Pai hoc Dién luc

Bin nhin xét bao gbm cdc ndi dung sau :

[

Y nghia khoa hoc va thue ti&n ciia dé tai.
Tinh cdp thiér: DE tai ¢6 tinh cdp thiét cao trong bdi canh Viét Nam dang thye hién Quy
hoach dién VIII va cam két Net Zero vio nim 2050. Céc khio sat thue té cho thﬁy the dd gié
tai cae vang dat lién Viét Nam phf:i bién & mic th-f{p (4.5 — 6,5 m/s), day 1a tbe d6 gio thap
hom tée d8 dinh mire ctia nhiéu dong tuabin thwong mai nhap khau. Hon nita, Viét Nam dja
hinh phie tap gdy khoé khan cho vige 4p dung cde md hinh dy bdo céng sudt phat cé sdn.
Y nghiia khoa hoc: Luan dn dd 1am rd quy trinh két hop gifra cdc md hinh md phong sb hién
dai (GIS, CFD) véi céc ly thuyét giai tich kinh dién (BEM, BOM, Jensen) dé gidi quyét bai
toan khi déng hoc trong diéu kié_-n cu thé. Péng gop vé miit khoa hoe thé hign qua viée dé
xuft cdc bién dang canh mai (VAST-EPU series) ¢é hidu sudt cao hon tai ving tri s
Reynolds thap. -
Y nghia the tién: Két qua nghién ciru cung cép co s¢ tham khéo tin cdy cho cde nha quéin
1y va déu tu trong giai dogn lap quy hoach va hra chon cdu hinh trang trai dién gio. Viée xac
dinh céu hinh 1&p dat t6i wu (khoang cach 10D) gitip ting sén lugng dién (AEP) va giam chi
phi quy dan (LCOE),.
K&t ludn: D& tai ¢6 v nghia khoa hoc v thyc tién 13 rét, phit hop véi chuyén ngénh K§ thuft
Nang luong.
Céch dat vin dd va g giai qu}él vén d8. Sy hop 1y va d6 tin ciy clia phuong phép nghién ciru.
Cdeh dgt vén dé: NCS dit van d 18 rang: Cée tuabin thmmg mai thudng ¢6 cong suit dinh
mre lén nh!.mg hoat dﬁng kém hi¢u qua & vang aio thap cua Viét Nam. Muc tleu cy thé 12
xdy dyng mo hinh thiét ké canh va cdu hmh trang trai dé t8i da hoa hé s6 eBng sufit (Cp) va
AEP.
Phuong phdp nghién ciiu: NCS st dung phuong phap két hop:

- M5 phong sb: GIS dé xir Iy dit liéu dia hinh, CFD (Ansys CFX/Fluent) dé mé phong

dong chay.




Ly thuyét giai tich: BEM, BOM cho thiét ké canh; Jensen cho tinh toén 6n that dong
sau (wake loss).

Phuong phap thiét ké nguoe (FIDM) dé cai tién bién dang canh. Phuong phép tiép
cin nay la phi hgp va hién dai,

D@ tin cdy va thiét ké nghién citu:

=

Piém manh:

o Quy trinh thiét k& canh (11 budc) va quy trinh thiét ké trang trai (5 budce) duge
xéy dyng logic, chit ché.

o Sir dung dit liéu dia hinh thuc té (SRTM 30m) va dit li¢u gié tir Global Wind
Atlas/WorldBank 14 nguén tin cdy cho quy hoach so b,

o Di thue hién kiém chimg md hinh CFD théng qua vigc so sdnh vdi dir ligu thyc
nghiém ctia mt nghién etru khac (Pacific Northwest) va dat do sai léch thap
(0.8%).

Diém cin bd sung/sia:

o Thiéu dit lzéu do gio thye té tai cho (Met mast data): Ludn an dya hoan toan
vio dir liéu vé tinh/WorldBank dé lam dau vio cho md phong tai Ninh Phude
ma khéng co6 dir ligu do dac thye té tai tram quan tric cta dy 4n dé dbi ching
(validation) cuc bd.

o Ludi md phong (Mesh quality): 86 lutmg phén tir luéi cho mo hinh trang trai
quy md Skm x 4.5km chi 13 166.495 phan tir. Dy 1a mat do ludi rat thua déi
v6i bai toan CED 3D, c¢6 thé dfin dén sai s6 16m vé danh gia dong rdi va vét
trurot.

o] Glé. thiét vé tuabin: V1¢<, ap dung két qua thiét ké canh tuabin nho (Chuong 3)
dé suy réng hodic két noi voi bai toan t61 wru trang trai tuabin 1ém (Chuong 4)
chwa duge ludn giai chit ché vé tinh dong dang..

Két lugn: Phuong phap c6 tinh hé théng nhung dg tin cdy cia két qua md phong trang trai bi
han ché bai mat do ludi va thiéu dix lieu do thye té,

Céc két qua da dat duoe, néu nhitng dong gbp mdi vé gi4 tri khoa hoc, thuc tién ciia cdc dong
gop do.
Cde két qua chinh:

Xay dung duge quy trinh tich hop GIS-CFD dé danh gid tai nguyén gi6 chi tiét theo
dia hinh.

P& xuit duge 03 mbu bién dang canh méi (VAST-EPU-N6409, VAST- EPILSIOW
VAST-EPU-81223) ¢6 ty sb cai thién tir 10-50% so véi méu Q:{)L tai van toe 216 lhap
Xic dinh duge cdu hinh ldp dat t6i wu cho khu vue Ninh Phude la khodng cich 10D,
gitip ting AEP khoéng 4,2% va dat LCOE ~79,7 $/MWh,.

Déng gdp moi:

V& thiét ké; Tao ra bién dang cinh VAST-EPU dac thu cho dai tée d6 gi6 4-6 m/s,
dat hé s8 cong sudt Iy thuyét (mé phong).

Vé tmg dyng: Pua ra khuven nghi cu thé vé khoang cach lip dat (10D) khac bigt so
véi cac quy chudn truyén thong (thuimg 14 3D-5D ngang va 7D-9D doc) dé t6i wu hoa
cho diéu kién dia hinh Viét Nam.




Danh gid.
- Gid rf khoa hoc: Déng gép & miic cé cai tién. Viée két hop FIDM va CFD dé tdi wu
bién dang cénh 12 mdt hudng di bai ban.
- Gia trj thye tién: Cao, co thé dp dung ngay cho cong téc quy hoach dy an.
- Mirc d déng gop: Mdi o tinh cai tién va tmg dung 1o rét.
Két luéin ctia ludn an c6 phtt hop véi cach dit vin dé & dau ludn dn va c6 du stre thuyét phuc
hay khong? Nhimng wu diém va thiéu sét, nhitng diém can duge bd sung va sira chita?

Sw phit hop:

Két lugin coa ludn 4n tra 161 ding cic mue tiéu dét ra ban ddu vé xay dung mé hinh thiét ké
va t&i vu héa cdu hinh.

Ut diém:

- Lam chu duge cong cu mé phong phire tap (Ansys CFX, QBlade).

- Két qua trinh bay trye quan, logic.

- Phat hién ra vin d tuabin nho hoat déng kém hi€u qua khi dua vao mang ludi trang
trai (hang thir 16 trd di khéng hoat ddng duogc).

Thiéu sot va diém edn chinh sita:

- Giatrj : Con s6 ndy tiém cdn gici han Betz (59,3%) va cao hon nhiéu so v tuabin
therong mai thue t€ (thudng < 48%). NCS can giai trinh rd da khau trir céc ton that co
khi, ton that méay phat va ton that dau canh 3D trong md phong hay chua. Néu chua,
can hiéu chinh lai dé két qua thue té hon.

- Do hoi ty cha ludi (Grid Independence): Vi sé lugng Iudi 166,495, NCS bit buge
phai bd sung phin danh gia sy phu thude cta két qua vao mét do ludi dé chimg minh
do tin cdy.

- Phén tich LCOE: Céc tham s6 CapEx (1.436 $/kW) va OpEx (43 $/kW/mam) duge
ldy theo tai liéu nude ngodifrdc tinh. Cén b sung phéin tich dé nhay (sensitivity
analysis) ctia LCOE khi cdc chi phi nay bién dong theo thuc té Viét Nam.

bPanh gm vé siF tring Iap ctia ludn 4n so voi cdc d6 dn, luan vin, ludn dn hay céng trinh khoa

hoc da cong b6 trong va ngoai nude? Cén kh&ng dinh ludin 4n c6 tring ldp hay khong tring
1ap? Néu trung 1ap, d& nghi ghi 3 tén, nha xudit ban, nim xudt ban ctia tai lidu da cong bé.

Dura trén cam két cia NCS va danh muc 13 céng trinh cong bo, cac két qua trong ludn 4n 1a
san phdm nghién ciru cla chinﬁ tac gia va nhom nghién ciu. Cic trich dan tir ngudn khac
(WorldBank. IEC standards) déu dugc ghi nguon day du.
Chét lugng va sé lugng nhing bai bdo khoa hoe di duge nghién ctru sinh cong bd, khing
dinh sy phti hop vé néi dung ctia ching véi ndi dung luin an, Nhén xét vé vi thé khoa hoc
cia cde dién dan, noi cée bai béo duge cong bd b dap ting yéu cau dbi véi ludn an tién si?
86 hrong: 13 cong trinh cong bé.
Chdt lrong: Rét tét.

- 02 bai bao SCIE Q1 (IEEE Access, Energies).

- 01 bai bao ESCI Q2.

- 02 bai bdo Scopus Q3 va che bao cdo hdi nghi que té/trong nude.

Pl .,
et Gl EI e T e A [



Sir phir hop: Noi dung céc bai bao (thiét ké canh, 16i wu vi tri, ddnh gid tai nguyén gid) hoan
toan khop voi cée chuong cua ludn dn.
Két lugn: Dap (ng xuit sic yéu cau dbi v6i ludn an tién si.
Tinh trung thuc trong vi€e trich din cdc céng trinh da duce nghién ctru sinh cong bé trong
va ngoai nude, tai liéu tham khao.
Viée trich dan tai lidu tham khao duoe thuc hién nghiém tic, tudn tha ch uin myec. Céc cong
b cta chinh NCS dugeo ligt ké rd rang. Khéng phat hign dau hi¢u dao vin hay trich dfin sai
ngudn.
Két lun:
a. Cén khing dinh ludn an c6 dap tng ddy ¢t yéu ciu vé nodi dung va hinh thire d6i voi
mét ludn an Tién st hay khéng?
Luén én ¢6 khéi lugng tinh todn 1o, quy trinh khoa hoe, nhung cén lam 1o tinh thye
té ciia cac con sd hidu sudt va dé tin cdy cia ludi md phong,
b. Bén tém tit 6 phan dnh trung thue ndi dung lun dn hay khong?
Bén (6m tit bao quat déy di cdc phuong phap va két qua chinh cua luén an,
c. C6dong v cho NCS dua ludn 4n ra bo vé tai Hai ddng cdp Trudng dé nhin hoc vi
Tién s hay khong?
Déng ¥.

Ha N¢i, ngay 14 thédng 01 nam 2026
Ngudi nhin xét

.
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4 BO CONG THUONG CONG HOA XA HOI CHU NGHIA VIET NAM
HHOC DIEN LLUC TRUONG PAI HOC BIEN LUT Bgc ldp — Ty do — Hanh phic

CERIL FORER LR Ensry

MAU VIET BAN NHAN XET LUAN AN TIEN SI
(Démh cho 3 UY VIEN PHAN BIEN Hgi dong danh gid hugn cn Tién si cdp Trucng)

Tén nghién ctru sinh: Binh Vin Thin

Dé tai: Nghién ctru xay dung mé hinh thiét ké canh tuabin va cau
' hinh trang trai dién gi6 tai Viét Nam

Ngéanh: K¥ thudt Nang luong

Ma s6: Thi diém

Ngudi nhan xét luén én: PGS.TS. Nguyén Diic Tuyén

Co quan ¢bng tac cia ngudi  Trudng Pién — Dién tr, Dai hoc Béach khoa Ha Ndi

nhédn xét:

Ty . - A ¥ s e
Nhiin xét bao gom céc ndi dung san diy:

I. Y nghia khoa hoc va thue tién cia dé tai.

o Ve thyre ilen nghién ciru thiét ké canh quat tuabin va vj tri Jap diit tmng trang trai dién
gid 13 vin dé thl,:c té vi dién gio duge lip dat ngdy cang nhiéu. Nghién ctru ciing dia trén
hop téic dé tim miu canh t6i wu cia EPU va Vién han 1am KH&CN Viét Nam,

o V& khoa hoc, sir dung Iy thuyét BEM. Jensen va mo hinh GIS va CFD khi djng hoc véi
dir ligu dia ly cdp nhét lién tuc tir dir liéu vé tinh, sai s6 duge cho la chi vai phan trim
(0,8%) so vai thi nghiém.

2. Céch dit van dé v gidi quyét van dé.

e Diit van dé \:3 sy phat trién clia dién gi¢ dang nam frong chién luge phét trién cta Viét
Nam, chwa thay tinh chét toan cau va phin nay hoi dai;

o Tiéu chi dé danh gia hidu qua 1 Téi da gi tri AEP va LCOE phit hgp voi gis mua dién
hién hanh tai Vi¢t Nam khi thiét ké canh tuabin va cdu hinh cta trang trai dién gi6 ( dé
tim vi tri tfip dat?); Pham vi nghién ciru 1a tuabin trge ngang ba canh nho (vy thiét ké
canh tuabin thi nim & dau); Doi tuo‘ng 12 Tuabin tryc ngang (3 canh?) dudi 100kW va
trén bo ( vay lam sao dam bao cac loai hinh khac): Phuong phéap nghién ciru la thu thip
Xt 1y dir ligu frue tuyén, co so dir lidu cia BEM, BOM, AEP, WL, LCOE, co 50 Iy

thuy ét va thu vién dif liéu md hinh GIS. SFD, PM, LLFVWM..., r0i dung phuong phap
phén tich dé két hop cae mé hinh va phuong phap théng ké dé lav dir liu lich str chudi
thoi gian va Phuong phap mo phong vitly la tao ra 2D, 3D cila cac dbi tzr{mg trén ban
dd s6 cua (Jlﬁ Ansys va dua ra twong tic véi gié va dénh gia cac diéu kién van hanh rdi
tim ra vi tri Idp dit cdc tuabin trong toin b trang trai dién gio,

* Cdc nghién citu trong nude va mot s0 nghién ctru qudc vc. xdc dinh tiém ning gio,
thiét ké tuabin duge néu ra, sau do dénh gia cdc khoang trong nghién clru va tir d6 xde
dinh hai d6i tuong chinh s& thire hidn nghién ctu 1a hop I¥.

» Tuy nhién, phan néu 1én céc phl,r(mg phép dy bédo su thay ddi the dd gid chua thay duoc
vai (10 ctia minh, Phan Tém lai & trang 17 chua thodt ¥, vi du phuong phap hoce siu dn.
du bao lai duge so sanh véi phuong phép vat Iy va tliono ké dé tinh toan cho higu sudt
£16 cao nhit. viée so sanh nay chua trong duong,




Su hop Iy va do tin cdy ca phuong phép nghién clu.

e Cic mo hinh dé thyc hién dugce muc tiéu 12 higu qua hay hé s6 cong sudt 16n nhét cén
noi thong nhat,

o Diing md hinh GIS va CFD dé dénh gia tiém nang gio; Ding Iy thuyét BEM va BOM
két hop v6i cac mé phong PM téc d6 cao nhung d6i khi khon g hoi tu va CFD cin thoi
gian tinh todn dé nghién clru bién dang canh lién quan téi thiét ké khi dong va cluen luge
véan hanh (diéu khién toc do va p:tch .) tir ba md hinh bi€n dang mau cénh ban déu dé
tim ra mAu c4nh tuabin ¢6 hé sO cong sudt In nhét hay ty s6 CI/Cd 16n nhét bing mo
hinh 11 bude theo inh 3.15: Ding 1y thuyét BEM va Jensen vai md hinh GIS va CFD
@3 thiét ké lap dit tuabin trong trang trai gio.

# M6 hinh duoe chay nhiéu vong lip, déu hi tu.
4. Che két qua da dat duge, néu nh&ng dong gop méi vé gia trj khoa hoc. thye tién cua cac
déng gop do (chua tieng dwoe tde gia nao trong va ngoai nuede cong ho).

e Lugn an xdy dung mé hinh thiét ké bieén dang céanh tuabin va céu hinh lflp dit tuabin cho |
trang trai dién gio6 trén b ( nén (€n ludn dn dang rong hon). M6 hinh c6 ba phdﬂ xie
dinh khu vue ¢ tiém ning gi6 cao, bién dang canh tuabin cho hé 56 cdng sudt 16m. cau
hinh Ip dat tuabin cho san lugng dign 16n nhit.

-Ku.t fudn mé hinh ¢6 thé dp dung rong rdi tai cic khu vye tai Viét Nam va trén thé gioi

1a két ludn tdt va cin ¢6 co s nhu cde khu vyre khée thi khic va gifng gi Viét Nam.

Theo d6, md hinh chi ciin do dir lidu gid tf_tr mdt vi tri trong khu vure trang trai va dung = .'.?':

md hinh GIS-CFD s& xdc dinh toan bo dicu ki¢n gid trong cac trgng théi binh thuong va e

khiic nghiét. it §
e BEA R wlean e S LIER

o Can ¢6 céc ludn gidi gitta loai hinh tuahm uho dang dwge phén tich, thir nghi¢m véi loat ey

tnabin ¢6 kich thudce 16n hon, cong sudt 1-5MW. g MO

= Mo hinh ndy 13 md hinh dir li¢u 16m, thue hién can may cAu hinh (6t va ngudi dung co
di kién thirc va kinh nghiém ve lya chon loai luéi, b giai, mo hinh chay roi.

e R PR ,
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5. Két luan cta ludn an co phi hgp voi cach dat vin dé & (‘iau lufin 4n v& c6 du stic thuyét
phyc hay khéng. Nhing wu diém va thiéu s6t, nhitng diém cin dugc bo sung va sira chira?

e Myc 1.2. Céc giai doan chinh ctia qua trinh phét trién trang trai dién gi6, dua ra qud

trinh phat trién dy én 12 hop 1y hon néu thiy duge vai tro viée xéc dinh logi tuabin va cin
hinh lap dat s& nim & khau ndo, néu 13 khau “Lap ké hoach va ky két Hop dong mua ban
dién”, thi cé vé khong hop 1y. |

o Cubi mue 1. 3 trang 17 €6 ba ndi dung nghién ciru chinh: (i) Nghién ciku dia hinh, co
s¢ ha tang va tiém ndng ndng hegng gid trén bo tai che khu vwee quy hogeh. Tir do, xde
dinh cde vi tri chién lwoeva IR cho vige phm trién trang trai dién gio. Két qua thu
dhegre s& 1t co 56 dén vao dé phdt trién thiét ké cdnh quat tuabin va cdu hinkh liip diit
trong ede trang trai; (i) Nghién ciru xdy dung m.-; hink thiét ké cdnh quat c‘mram f:’fm
Juc Jmm tad nguyén gio tqi ede khu viee phat tr ien trang trai dign gio. 11t do, de xudt cde
m.-mf ké ednh quat tuabin dat hé s6 edng sudt fon nhd frong dmr kién toc 86 gié pfw
bidn tai Viét Nam, (i) Nehién ciiu xdy ding mo hinh thiét ké ciu hinh fnrp dai twabin



6.

trong cdc khu viee trang tral dién gio dé dat duge san Izm'reg dién hang nam lén nhat va
gid tri LCOE hop 1. thi dén C hlr(mg 2 trang 19 néu hai ndi dung nghién ciru chinh 1a
(if) va (iii), vy ndi dung (i) cO phai nghién ctru chinh khéng.

e Nén loai trir nhitng ndi dung lién quan téi LCOE vi ddy la cha dé kinh té phfl‘c tap, vi du
& trang 105 cho Capex 1a 15008/kW nam 2024 hay Opex la 548k W/nam ma khong cé
trich dan.

e Cén ¢6 phén néu dong gop chinh, trong duong véi céc diém méi cha ludn van thay vi
chi ndi dung nghién cru thuc hién.

eKicm tra lai dé chéc chéin cdc bién s déu duge in nghiéng.

oNén ¢6 ging giai thich cac bién s6 tai cc cong thite cho d& hidu, vi du rd trong cong
thire (2.38) con kimng dugc gidi thich ma phai ti trang 105 mdi giai thich, mic du viée
ndy dugc thuc hién roi nhung chua hét.

e Trang 49 "Khi xay ra mot con bao 16n, khu vye tir ph{m trung tAm dén phan phia Nam
ctia m6 hinh xuét hién (e d6 gié dat hon 40,0 m/s. Bleu nay co thé gay ra cac sur ¢b nhu
gdy canh quat tuabin, gdy thiét hai nghiém trong vé& kinh té va an toan cho nha mdy.” thi
tuabin ¢6 cut-out (tbc dd gi6 ngimg hoat dong), lic d6 sé khéng chay,

» Céc tir viét tt cn di, vi du chua c6 EPP
» EVN khong phéi [a co quan quan Iy nha nuée, chi 1a don vi thu mua.

o0 Lhmmg 1V, viée ldp dit cdc tuabin gio dang chira xét téi mot s6 khu dan cu nhu Hinh
4.20, vy mbd hinh c6 xem xét rang buge ve dia hinh khéng,

Banh pia vé st mmg lap clia ludn 4n so véi cac d 4n, ludn vén, ludn an hay céng (rinh
khoa hoe da cong b6 trong va ngoai nuge? Cin khang dinh lugn 4n co tring 1;1p hay khong
tring 1ap? Néu tring lip, dé nghj ghi rd tén, nhd xudt ban, nim xuft ban cia tai lidu da

cong b,

e Hién nay md hinh xéc dinh cdc diéu kién cua gio duge xay dung khd dy da & Wind
Atlas nhu & Hinh 3.4 hay WindPro, tic gid cin trinh bdy thém céc ndi dung dé so sénh
voi co s& dir liéu nay, nhu cach dé GIS, Ansys cip nhat dit liéu. Mé hinh GIS-CFD &
diy cin dugc thé hién cic diém wu viét 1 rang v&i cde hé théng dang co sin.

s Hién nay viée lién két véi Vi ién Han 1dm KH&CN Viét Nam, ¢6 theo mét dé tai nao do
khong Néu ¢6 thi cac cong trinh cta dé tai d6 chn co sir tach biét nhit dinh véi ludn én
cua NCS, trir khi hai don vi déu hréng din NCS theo van ban chinh thire.

Chét lugng va sb Iucmg nhitng bai bao khoa hoc dé dugce nf:jm,n clru sinh cong bd. khing
dinh su phit hgp ve ngi dung ciia chiing véi ndi dung ludn an. Nhian xét vé vi thé khoa hoc
ciia cée dién dan, noi céc bai bao duge cong bd cd dap tmg yéu ciu dbi voi ludn 4n tién si?

» Bai béo Q1 [EEE Access Ia chit Iwong nhit, bai Energy mdpi QI trong cong ddng
nghién ctiu con dat ddu chdm hoi, cac bai tap chi khdc 12 ctia Scopus khong phai WoS.
CAn xem xét ¢dc chuong tng v&i bai bao nao, mdi bai bdo nén ¢o tinh mai.

Tinh trung thye trong viée trich din cdce cong trinh dd duge nghién ciu sinh cong bd trong,

va ngodi nude, tai li¢u tham khao.




f o Céch frich din hop I¥. tuy nhién nén c6 sdp xép theo thivi gian s& d& hinh dung hon.
9. Két luan:

a. Can khang dinh ludn an ¢6 dép (g day di yéu cau vé ndi dung va hinh thirc ddi voi
! mot ludn én Tién sT hay khéng?

Lugn 4n dép img hinh thirc va ngi dung.

b. Ban tom tat c6 phan anh trung thuc ndi dung luan an hay khong?
Ban tom tit néu o ndi dung thye hién.
¢. CO dbng y cho NCS dura ludin an ra béo vé tai Hoi déng cdp Trudng dé nhan hoc vi Tién
si hav khong?
Péng y cho NCS dua ludn an tién hanh & cdc bude tiép theo.

B (1., thang ....... TR . s
Nguoi nhan xét

PHO HIBU TRUGNG PGS.Nguyén Bire Tuyén

TRUONG DIEN - DIEN TU!
PGS, TS, E’J"‘If{; R t%r-?f&f}f

Gl clulr Ban sifidin xér fugin it VIEE thea dithg mew, i 1 gl &8 xdc nhdn cia oo quan mgtedi nhin xet £ vii ngec whan x40 13 can b msedi frecng
LAY ver gered (12 Bain w8 plidng DTSEOH, Trudng BHEL.
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CEREC PORER UNDVERSITY

MAU VIET BAN NHAN XET LUAN AN TIEN Si
(Dénh cho 3 UY VIEN PHAN BIEN Hpi dong danh gid ludn an Tién st cdp Truong)

Tén nghién ciru sinh: Dinh Vién Thin

be tai: Nghién ciru xay dung md hinh thiét ké cénh tuabin va céu
hinh trang trai dién gid tai Viét Nam

Nganh: K¥ thuat Ning lugng

Mi sb: Thi diém

Ngudi nhin xét luan an: TS. Vii Minh Phap
Co quan cong tdc ctia ngudi  Vién KHCN Nang lugng va Moéi truong - Viéen Han 1am
nhén xét: KHCN Viét Nam

Nhién xét bao gbm cic nji dung saun day:

1. Y nghia khoa hoc va thuc tifn ctia dé tai.
Ludn én da tién hanh nghién ctru va dé xult céc md hinh thiét ké bién dang canh tuabin va
chu hinh Ip dat cac tuabin cho cdc trang trai dign gio trén dét lién dua trén sy két hop gitra
Iy thuyét BEM, Jensen va cic md hinh mo phéng s6 hién dai nhu GIS, CFD. Ngoai ra, céc
mb hinh thiét ké nay bao gbm cé 1y thuyét phan tich va phuong phip md phong s6. Céc Iy
thuyét nay gitp xac dinh méi quan hé gitta cdc dai lugng mb ta hoat dong cia tuabin gio.
C4c md hinh md phong gitp hiéu chinh cdc gié tri tbe d6 gid, cuomg do chéy réi, thn sudt
tbe d6 gi6 va hudng gi6 tai cac vi tri trong khu vye phit trién trang trai dién gié trén A
lidn, [ S e
Két qua nghién ctru trong ludn an ndy cung chip cac md hinh thiét ké bién dang cénh va|

r

{ £ ~
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hinh 1&p @4t cdc tuabin cho céc trang trai dién gi6 trén dét lidn. Céc ket qua dat duge céitﬁéfj(“ﬂ W
duge st dung nhu mot nguﬁn tham khao gitp cdc nha quan Iy va nha dau tu dua ra quik
dinh chinh x4c hon trong cdc giai doan khao sét, 1ép ké hoach, Iya chon vi tri dy 4n, thi€ ) |
ké, lwa chon tuabin va tbi wu héa cau hinh lap dét tuabin trong mét trang trai dign gi6 trén
bo. phu hop vdi céc dic diém cu thé cia cic yéu tH dja hinh, co s& ha tAng va ngudn gio.
2. Cach dit vén dé va giai quyét vén dé. ] _
Lufn an déat vén dé nghién cim mot cach rd rang, xuét phat tir thyc tién phat trién cla céc
dir 4n dién gio tai Vigt Nam., ;
Neghién ciru sinh da co ban xac dinh duge mot s khoang rong nghién ciru, tir do dé xudt
trién khai cdc m hinh thiét ké bién dang cénh tuabin vé céu hinh 1ap dit céc tuabin cho céc
trang trai dién gi6 trén dét lién nhim gitp ning cao higu qua hoat dgng cla cdc trang trgi
dién gi6 trén b bing chch téi da gid tri AEP. Cich tiép cfn cla lugn an cho phép ket noi
céc rang budce gifra cic co s Iy thuyét vdi cac mb hinh md phéng thiét ké, gop phan hoan
thanh két qua nghién ciu.
3. Swhop 1y va db tin céy ciia phuong phap nghién ciru.
Pé 141 sir dung céc phuong phap nghién clu kha hop 1y nhu sau: \
- Phuong phép tim kiém, thu thép va xir Iy théng tin, dir ligu tryc tuyén: Phuong pt}ép nay
duge st dung dé giai quyét cdc van de lién guan dén ngudn dit liéu nhu dc diém dia hinh,
co so ha thng, tai nguyén gio, thong so thiét ké tuabin; co so ly thuyet cia BEM__I, BOM,
AEP, WL va LCOE; co s Iy thuyét va thu vién dir liéu cia cdc mé hinh GIS, CFD, PM,
LLFVWM.




- Phuong phdp md phéng vét I¥: St dung cée ly thuyét vét Iy khic nhau dé mé ta, phan tich
va di€n gidi cdc qua trinh chuyén dong va twong téc clia cic dong khi trong céc diéu kién
cy the khdc nhau. Céc phuong trinh béo toan vat ly 1a nén tang co ban cho cdc md hinh
phéan tich, mé phéng s& nhuw md hinh GIS va CFD. Céac dic diém dia hinh, co s& ha téng,
tai nguyén gi6 tai khu vye quan tam s& duge xay dung va hién thi trén ban db sb dya trén
BlenderGIS, QGIS ho#c Ansys CFEX, Fluent. Sau d06, tao ra cac mé hinh 2D, 3D cua cic
dbi tugng. Céc m6 hinh ndy s& duge sir dung dé md phong cée qua trinh trong téc cla gid
trong cac didu kién khac nhau. Tir d6, céc qua trinh tuong téc, hiéu img dong xody, tén that
ndng legng khi gié thf:i qua khu vyre ndy sé& duge xéc dinh. Két qua nay duge sit dung dé
tinh toan céc thong s6 van hanh cua céc tuabin, tir d6 danh gid va lga chon vij tri lép dat
tuabin phu hop tai cac khu vye khao sdt,

- Phwrong phép théng ké: Phuong phép nay dya trén dit lidu lich st 16n dé dua ra dy béo,
Phuong phap nay duoc thye hién theo phén tich chudi thoi gian dé xay dyng cdc ham phén
b6 thn suét gi6 theo khu vy hodic cdc ham phén bd the 6 gi6 theo d§ cao dia hinh tai cac
vi tri khéc nhau, Cde ham nay s& cung cép dir liéu déu vao quan trong cho céc tinh todn
thiét ké va mé hinh mé phéng CFD. '

- Phurong phép phén tich:

+ St dung 1y thuyét BEM, BOM két hgp v6i cic mé hinh PM, LLFVWM, CFD dé nghién
¢iru va thiét ké bién dang canh tuabin gié theo didc diéin dia hinh va t2i nguyén gi6 tai cic
khu vire khao sét. Tir @6, phan tich xé4c dinh duoc thiét ké tuabin phit hgp nhat,

+ Sir dung 1y thuyét BEM, Jensen két hop véi mé hinh GIS, CFD dé nghién clru céc cau
hinh lép djt tuabin toi wu tai céc khu vuc phét trién trang trai gié nham dat duge AEP Ién
nhét va L.COE hgp I¥. Cudi ciing, phan tich xé4c dinh dugc céu hinh lap dit tuabin phi hop
nhét cho toan b khu vue phat trién trang trai gio.

Céc két qua di dat dugc, néu nhitng déng gop méi vé gid tri khoa hge, thue tién ctia cac
dong gop d6 (chua ting dwge tde gid ndo trong va ngoai nude cong bé).

Ludn 4n di dat duge mot s6 két qua nghién ciru co thé ghi nhénrnhu sau: ;

- Luén dn nghién ciru xdy dyng va dé xuét cdc mod hinh thiét ké dua trén sy ket hop pifra ly
lhuyét BEM, Jensen va cic md hinh md phéng s6 hién dai nhu GIS, CFD. Cac md hinh
GIS sir dung ngudn dit liéu khong gian 1én, d6 phén gidi cao dé x4c dinh chinh xdc cac dic
diém dia hinh ctia khu vy trang trai gi6. Céc mo hinh CFD 1 c4c cong cu phin tich va md
phéng sb hién dai, céc hé phuong trinh bao toan duge st dung dé mo ta chinh x4c va tryre
quan tht ca cdc tuong tac cb thé cb cha cde nguon tai nguyén gio trong khu vire trang trgi
dién gid. ) :

- Luan 4n da déng gop 02 md hinh thiét k&, cy thé bao gém: ; |

+ M0 hinh thiét ké bién dang cénh tuabin theo didu kién tai nguyén gi6 thuc te tai Viét
Nam, nham cai thién duge hé sb cOng suét. B
+ M6 hinh thiét k& céu hinh ldp d4t céc tuabin trong céc trang traj dién gio trén dat lien
theo diku kién dia hinh va tai nguyén gi6 thyc té tai Viét Nam, nham dat dwoc gid trj san
lwgng dién hidng nam phu hop tai vi {ri dy én. N ‘ ' :
Ké&i lufin cia luan 4n c6 phi hop véi cach dgt van dé & dau lugn n va co du sirc thuyét
phuc hay khéng, Nhimg wu diém va thibu sot, nhitng diém can duge bo sung va stra Chﬁ(f’f
Céc k&t luén cta luén 4n nhin chung phu hop véi myc tiéu nghiér}_cfru (iﬁ;\dat ra. Tuyjanhuc'n?
noi dung két luan nén duge xem xét hiéu chinh dé phu hgp véi cac két qua nghién ciru
chinh dat duge.

Nhitng diém cén duge bd sung vi sira chira:

r
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nghién ciru va cdc van dé 1y luén ¢6 lién quan.

- Xem xét ra sot, bb sung phan tich thém tai ligu tham khéo & chvong 1 dé lam 15 hon

khoéng tréng nghién ciru.

- Chuong 2 nén b sung thém néi dung md ti phuong phép luén nghién ciru tong thé ca

luéin an '(kém so dd minh hoa céc bude thye hién nghién cim). '

- Céc két qua nghién ctru nén dugc phén tich sdu hon va thé hién duge sy gén két gifra cac

néi dung nghién ciu.

Danh gia vé sy tring 13p cia ludn dn so véi céc db 4n, lugn vin, lugn én hay cbng trinh

khoa hoc da cong bb trong va ngoai nuc? Can khéing dinh luan 4n c6 tring 1ap hay khong

trimg 13p? Néu tring 1gp, dé nghi ghi rd tén, nha xuét ban, nim xuft ban cta tai ligu da

cong bo.

Luan 4n khong c6 diu hiu tring 1dp v6i cdc cong trinh khoa hoc da cong bb trong va

ngoai nudc.

Chét luong va s6 lugng nhitng bai bao khoa hoc da duge nghién ctru sinh cong b, khang

dinh sy phi hop vé ndi dung cla chiing v&i ndi dung lugn dn. Nhn xét vé vi thé khoa hoe

cia cac didn dan, noi céc bai bdo duge cong bd ¢ dap Gng yéu chu dbi v6i ludn an tién si?

Cic két qua nghién ciru duge cong bé lién quan dén nodi dung luén &n: 02 bai béo duge

dang trén céc tap chi khoa hoc quoc 1€ thude danh myc SCIE Q1; 01 bai bédo dugc dang

trén tap chi khoa hoc qube té thuge danh myc ESCI Q2; 02 bai bédo dugce ding trén cac tap

chi khoa hoc qubc 1€ thuge danh muc Scopus Q3; 04 béo céo hoi nghi khoa hoc quoc té

thude danh muc Scopus (tuy nhién c6 02 bai d3 duoe trinh bay tai hoi thio quéc té nhung

tuyén tip héi thao chua duge ding chinh thitc); 04 bai bdo duge dang trén cdc tap chi khoa

hoe trong nude thude danh myc tinh didm cia Hoi ddng Gido su Nha nudc.

Tinh trung ihuc trong viée trich dfin cac cbng trinh dd dugce nghién clu sinh cong b6 trong

va ngoai nudc, tai ligu tham khao.

Luan &n dép tmg vé tiéu chun trich dén.

Két luan:

a. Can khiing dinh luan 4n ¢6 ddp tmg day dit yéu chu v& ni dung va hinh thic déi véi
mét luén an Tién si hay khong? |

Lufn 4n dép (mg yéu chu v8 ndi dung va hinh thic déi voi mot ludn an tién si nganh K§
thudt ndng lugng.

b. Ban tém tét c6 phan dnh trung thye ndi dung lun 4n hay khong?

Ban tém tit phan anh duge ni dung cbt yéu ctia ludn an.

¢. C6 ddng ¥ cho NCS dura luén én ra bao vé tai Hoi dong cap Trudng dé nhéan hoc vi
st hay khong? k) :

Péng ¥ cho nghién cfu sinh dua ludn 4n ra béo vé tai 16 dong cdp Truong.

Ha Noi, ngdy  thang 01 ndm 2026 |
Ngudi nhén xét .

Vi Minh Phap
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BO GIAO DUC VA DAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG DAI HQC MO-PIA CHAT Péc lip — Ty do — Hanh phie

_ BANNHAN XET LUAN AN TIEN Si
(Danh cho UY VIEN PHAN BIEN Héi dong danh gid ludn én Tién st cdp Trwong)

Dé tai: Nghién ciru xay dyng mo hinh thiét ké canh tuabin va cu hinh trang trai dién gi6

tai Viét Nam.

Nganh: K§ thuat nang lugng

M sé: Thi diém

Nghién ciru sinh: Pinh Vin Thin

Ngudi nhin xét: PGS. TS Lé Xuin Thanh

Co quan cbng tac: Truomg Pai hoc Mo-Dia chit

Nhin xét bao gom cic ndi dung sau diy:

1. Tinh cdp thiél, thoi sk,  nghia khoa hoc va thue tién clia dé tai ludn an,

Tai COP26, Thi twéng Pham Minh Chinh dd cam kcLVIc;l Nam s€ dat phat thai ron
bang “0" vao nim 2050. Ké tir d6, Chinh phu di trién khai nhiéu hanh dong cy the
nham hién thye héa cam két nay Nhlcu quyét dinh quan trong da duoc ban hanh
nhur thanh lﬁp Ban chi dao quéc gia vé thye hién cam két COP26, phé duyét dy 4n
JETP, va diéu chinh Quy hoach dién VIIL. Theo Quy hoach dién Vill Viét Nam s&
i da hoa phal trién dién tir néng lugng ti tao. Trong tam la phat trién dién gm trén
bdr, gén bir va ngoai khoi, gén v6i ning luc hép thy coa Iwéi dién. Cong suat dién
gid trén bo va gan bo duge ky vong dat tir 26.000 — 38.000 MW vao nam 2030 va
11 trén 90.000 MW vao ndim 2050. Dién gi6 ngoai khoi cling duge dat myc tidu tir
6.000 - 17.000 MW trong giai doan 2030-2035, va trén 139.000 MW véo nim 2050.
Ngodi ra, dién gié ngoai khoi phyc vy san xudt nang lugng méi s& dat 15,000 MW
nam 2035 va 240.000 MW nidm 2050. Tuy nhién, theo bdo cdo EVN (30/4/2025),
cc-ng suét van hanh thie t€ méi chi dat 1.214,5 MW di¢n gi6 trén bir v chua c6 dy
an di¢n gi6 ngoai khoi nao. Diéu nay cho thiy Viét Nam cin hanh dong manh mé
va thire chat hon dé dat duge cac myc tiéu da de ra. Quan diém cla Chmh phii trong
Quy hoach dién VIII nlxan manh phat trlcn nguon dién phai gan v&i tam nhin dai
han, bén viing va t6i uu tong thé, Thue té trién khai cic du an dién gu& lai bée 16
nhidu han ché, tir thiéu quy hoach tﬁng thé dén phu thude ning né vao cong nghé va
thiét bi nwde ngodi. Mot s6 nha may con phai chuyén nhwreng cho tip doan nwéc
ngodi sau khi ky hcrp déng PPA, gay riii ro cho an ninh . ndng hugng, Tir thye tlcn do,
dé tai nghién ciru “Nghién ciru xdy dyng md hinh thiét k& canh tuabin va céu hinh
trang trai dién gio tai Viét N'tm ‘mang tinh clip thiét, nham ning cao hiéu qua dau
tu, giam phuy thude va cling cb niém tin cia xa hdi.

b2

Cach ddr v::m dé va g.'ar quyea‘ van dé:

Cach dat van & va tiép cin vén d& cia ludn 4n danh cho céc tua bin gié hoat dong
véi méi trudng khi hju eda Viét Nam 1d mang tinh hop ly, bam sat thue té, ¢6 kha
ndng trién khai va (ing dyng trong thure dia ctia cic trang trai gi6 & Viét Nam.




6.

10

Vige khio sét va cdu hinh t6i wu trang trai dién gi6 bam sat m¢t doi twgng ciia wind-
farm tai Viét Nam dém béo tinh thyre té va cy khao ciia nghién ciru

Sw hop Iv va dg tin cdy cila ph:ro'ng phap nghién cuu:

Lugn an thong qua ting dung cac cong cy tin hoc hda duge hé tro mgnh béi cde giai
thudt dé xuat di cho céc két qua dang tin cdy, thong qua tham chiéu véi mot so két
cau cdnh thuong phim trén thé gid¢i da thé hién tinh hop 1y va tin cdy ca phuong
phap nghién ciru.

Cac két qua nghién ciru duge dbi sanh mot phin va timg phan céc tham s véi cic
nghzen ctru trén thé gidi da mot 1an nita khang dinh tinh diing dan va dé tin ciy trong
trién khai nghién etru

Cie két qua dat ciege, nhitng dong gop moi cuta ludn an:

+ Ludn 4n da dé xuit mé hinh thiét k& bién dang canh mabm mai dya trén s két
hop 1y thuy ét BEM, Jensen cung cac cdng cu mé phong s6 hién dai nhu GIS va CFD
dc dat duge ddng thai 2 muc tidu trong thiét ké thiét bj cia tuabin gi6 va toi wru hoa
cau hinh trang frai dién gi6; trong dé GIS gitip mo ta chinh xdc dic trung dja hinh
va CFD cho pheép phan tich chi tiet cic twong tic gi6 trong Lhu vire trang trai.

+ Cic zhong s0, phirong phap Iudi, lya chon md hinh dong rdi, diéu kién bién va
diéu kién ddu vao duge xac dinh trong nghién ciru nay 1a nhirng déng gdép khoa hoc
méi vé tinh chinh xdc cua mé phong CFD.

+ Ve thyc tién, ludn 4n dua ra cic md hinh thiét k& bién dang canh va cau hinh lip
dat tuabin gm trén bo, phi hgp diéu kién dja hinh va nguon gi6 & Viet Nam, Cac mo
hinh nay co thé hé tre néng cao hiéu qua quan ly va diu fur cac dy an dién gio trén
bé, gép phan ting tinh kha thi va hiéu qua kinh té ciia ng.:mh dién glo Viét Nam,
+Luén &n da dong g6p hai mé hlnh thiét ké mai: (i) m6 hinh thlr.l ké bién dang canh
tuabin theo dieu kién glo thue té & Viét \!am nhdm dat hé¢ s cdng sut 16m nhat va
(ii) m6 hinh cAu hinh lap dit tuabin dé t6i wu gid tri AEP trong diéu kién cu thé ciia
dia hinh va tai nguyén gio.

Nhitng uu diém v thiéu s6t, nhitng diém can dwpe bé sung va stea chita.

+ Can klem tra lai mot so tai 11¢u tham khdo va tinh phit hﬂp voi ludn dn

+ Cin chudn héa mdt s6 lwu d6 thudt toén, chinh sira mdt s6 10i ché ban, chinh ta...
Cac két lugn cia lugn dn

Céc két luan ciia ludn 4n 13 phit hop véi tiéu dé va vin d& djit ra ban ddu ciia lugn 4n
Ddanh gia vé sy tring ldp cua lugn an

Dén hién tai, theo hiéu biét cia ngudi doe, lugn dn khdng tring [ip véi cée cong
trinh da cong bb s

Vé chdt lirong nhitng bai bdo khoa hoc dé duge nghién ctru sinh céng bo

Nhitng cang bb khoa hoe ctia NCS 13 chit lvong, duge ding trén cdc tap chi uy tin,
c6 ndi dung bam sét va phit hop véi tiéu dé ludn an.

Trich dén tai li¢u tham khdo

Tai liéu tham khéo duoc trich din trung thyre

Két ludn chung

Tudn 4n dam bao chét hrong, ngudi doc dé nghi cho NCS bao vé cép WTM&J
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mmrcom ux TRUGNG DAIHOQC BIEN LUC

BO CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM
Pée lip — Ty do — Hanh phic

CTing pOE LR UNIvERSITY

BAN NHAN XET LUAN AN TIEN ST
(Démh cho CHU TICH, THU' KY va 2 UY VIEN H¢i déng ddnh gid ludn dn Tién si cap Truomg)

Tén nghién ctru sinh: Binh Van Thin

be tai: Nghién clru xay dyng md hinh thiét ké canh
tuabin ciu hinh trang trai dién gi6 tai Viét Nam

Nganh: K§ thuat Nang lugng

Ma sb: Thi diém

Ngudi nhdn xét ludn an: PGS.TS Nguyén Tung Linh

Co quan cdng tac ciia ngudi nhan xét:  Trudng Dai hoc Dién luc

Ban nhan xét bao gom cac ngi dung sau :

1.

Y nghia khoa hoc va thire tién ciia dé tai.

Ludn 4n Iya chon huéng nghién ctu thiét ké canh tuabin gi6 va tbi uu cdu hinh trang trai
dién gi6 trén b trong bi canh Vigt Nam dang ddy manh chuyén dich niing lugng theo cac
cam két tai COP26 va Quy hoach Phat trién Pién lyc Qubc gia VIII diéu chinh. Dy 1a mot
huéng nghién ciu ¢6 v nghia khoa hoc va thye tién 16 rét, géin chiit véi yéu ciu phat trién
bén vimg nganh ning lugng Viét Nam.

Vé v nghia khoa hoc, ludn 4n d4 xdy dung duge khung md hinh tich hgp GIS — CFD -
BEM — Jensen, cho phép md phong chi tiét anh huéng cia dia hinh, phan bd gi6 theo do
cao. hiéu ing dong xody va ton that tuong tac tuabin. Viée két hop cac phuong phap PM,
FIDM va LLFVWM trong thiét ké bién dang cénh cho thiy téc gia da tiép cén cac phuong
phap khi dong hoe hién dai, ¢6 kha nidng nang cao do chinh xéc so véi cac md hinh don
gian thuong dung trong cée nghién ciu trude day.

V& ¥ nghfa thue tién, cc md hinh duge dé xudt c6 thé ap dung truc tiép cho céc giai doan
khao sat, thiét ké k¥ thuat va lya chon céu hinh trang trai dién gio trén bé tai Viét Nam, dic
biét trong didu kién tbe do gi6 trung binh va thép — mot dic trung phé bién cna nhifu khu
vire trong nude. Cde chi tiéu kinh té — k¥ thuat nhu AEP, WL va LCOE dugc lugng hoa cu
thé, tao co s& cho nha ddu tu va co quan quan Iy ra quyét dinh. Nhirng phan tich ndy phu
hop véi thye tién (rién khai cde du én dién gi6 trong thoi gian gan day tai Viét Nam

Cich dit vin @& va giai quyét vin dé. Sy hop Iy va d§ tin cdy cia phwong phap
nghién ciru,

Ludn 4n duge dit vén dé& mét cach logic, 1o rang va ¢6 tinh thi su cao. Tic gia xudt phat tir
bdi canh bién déi khi hdu toan cAu, cdc cam két phat thii rong bing “0” clia Viét Nam, sau
do chi ra nhitng han ché trong thye tién (rién khai cdc du 4n dién gié nhu: phu thude cong
nghé mrée ngodi, sy ob ky thudt, hiéu qua du tr chua cao, va thiéu cae md hinh thiét ké
phtl hop v diu kién dia hinh — gi6 trong nudc.

Vé phurong phap nghién ctru, ludn én sir dung t6 hop phuong phép lién nganh va hién dai,

bao gom:
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« Phuong phap GIS dé xir Iy dir lidu dia hinh, co 50 ha tAng va phan bd khong gian
ngu[’m 2i0;

« Phuong ph:ip CFD (RANS) dé mé phong chi tiét truomg dong chay. hiu img dong
X04y va t6n thit nang luong:

« Ly thuyét BEM, BOM két hop voi PM, FIDM, LLFVWM dé thiét ké va t6i wu bién
dang canh:

« M® hinh Jensen, AEP, WL va LCOE d ddnh gid hi¢u qua vén hanh va kinh t cta
trang trai dién gio.

Viée la chon cac phwong phép trén la phu hop v&i muc tiéu nghién cru, c6 co s¢ ly thuyét
vimg chic va duge kiém chimg thong qua so sanh véi dir ligu thye t& va céc nghién clu
quéc té. Cdc bude mo phong, hi¢u chinh va danh gia sai s6 duge trinh bay tuong dadi day
di. cho thdy do tin cdy khoa hoc cia két qua nghién ciru

Cic két qua da dat dwee, néu nhitng déng gép méi vé gid tri khoa hoe, thye tién ciia
cac déng gop do.

Ludn an da dat duge mot s6 két qua chinh va dong gop moi sau:

a) Xiy dyng md hinh dénh gia chi tiét 4nh hudmg cia dia hinh dén phén bd téc do gio
theo do cao, cho phép hi¢u chinh ham Weibull phu hop vai didu kién cu thé cta
tirng khu vye nghién ctru.

b) D& xudit va thiét ké cac bién dang canh tuabin mai (VAST-EPU-N6409, VAST-
EPU-S1010, VAST-EPU-81223) trén co s& cai {ién tir che mAu cénh chudn, cho
thiy su cai thién ro rét vé cac chi tiéu khi déng hoc (Cl, Cd, CV/Cd) trong dai tbe do
gi6 thp va trung binh.

¢) Xdy dung mo hinh t&i vu chu hinh trang trai dién gid trén bo, xét dén tuong tac dong
chdy giffa cdc tuabin, tbn thit dong xody va céc chi tiéu AEP, WL, LCOE.

d) Ap dyng mé hinh cho khu vire cu thé tai tinh Khanh Hoa, chimg minh kha nang tng
dung thye (€ ciia md hinh trong didu kién dia hinh va gi6 phirc tap tai Viét Nam.

Cac két qua nay ¢6 gid tri khoa hoc rd rang, ddng thii mang v nghia thuc {ién trong thiét ké
vA van hanh cac dy dn dién gio trén bo.

Két luin ciia ludn 4n ¢6 phd hop voi cich dat vin d@é & dau ludn 4n va cé di sire
thuyét phuc hay khong? Nhitng wu didm va thiéu s6t, nhimg diém cin dwge bb sung
va sira chira?

Két ludn ctia ludn 4n phi hop v6i mue tiéu va cach djt vén dé ban déu, cdc nhén dinh duge
¢t ra dya trén két qua mo phong va phén tich cy thé, ¢6 tinh thuyét phyc.

Uu didm nbi bat:

. Cich tiép cin hé théng, két hop nhiéu md hinh hién dai.

« Khéi lugng tinh toan va md phong l6n, dir licu phong pht.

. Lién hé chiit ché véi thyre tiln phit trién dién gio tai Vigt Nam.

Mét s6 han ché va kién nghi:

» Ludn 4n moi tap trung chu yéu vao tuabin gi6 trén b cong suat nhd va trung binh:




chua m& réng sang tuabin cong sudt 1én hoiic dién £i6 ngodi khoi.
*  Chua phan tich sdu khia canh tich hop Juéi dién va didu khién cong sudt trong diéu
kién thidm nhap cao ning luong gi6.
e C6 thé bo sung thém so sanh dinh lugng véi mét s6 phin mém thwong mai (nhu

WindPRO, WAsP) dé tang tinh ddi chimg.
Dinh gid vé sy tring l3p ciia lufin 4n so véi cic dd 4n, ludn vin, lufn dn hay cdng
trinh khoa hoc da céng bd trong va ngodi nwée? Cin khﬁng dinh lugn én cé trang Bip
hay khéng triing 1ip? Néu tring Iip, dé nghj ghi ré tén, nha xuit ban, nim xuét ban
ciia tai liéu d3 cong bb,
Qua ddi chifu véi cic cong trinh khoa hoce trong va ngoai nuée duge trich dén, hién tai
chua nhan thiy sy tring 13p cia lu@n an v&i tring l@p véi céc luan vin, ludn 4n hay cong
trinh da cong b trude do. Ludn 4n ¢6 tinh ké thira hop Iy nhung di phét trién theo hudng
riéng, phit hop véi diéu kién Viét Nam.
Chit hrgng va s6 lwgng nhing bai bao khoa hoe da dwge nghién ciru sinh ¢dng bo,
khiing dinh sw phit hgp vé ngi dung cita chiing véi ndi dung luin 4n. Nhin xét vé vi
thé khoa hoc ciia cdc didn dan, noi cde bai bao duwge cong bd cé dap fing yéu ciu déi
v6i ludn an tién si?
Nghién ctru sinh dé cong bé 13 céng trinh khoa hoc lién quan frire tiép dén noi dung luan
&n, bao gom cdc bai bao quée té uy tin (Q1, Q2 — SCIE), bai béo hoi nghi quéc 16 thude he
thong IEEE Xplore, va céc bai bao dang trén tap chi khoa hoc trong nuéce c6 phan bién.
Trong do, ¢6 01 bai bao ding trén tap chi Q1 (IEEE Access) va 01 bai bao ding trén tap chi
Q2 (Energies), thé hién nang lyc nghién ciru dgc 1ap va kha ning cong bd quéc té cua
nghién cru sinh. Noi dung cdc bai bao ap trung vao thiét ké cénh tuabin, phan tich khi
ddng hoc, mé phong CFD va 6i wu cAu hinh trang trai dién gi6, phi hop va théng nhét véi
cdc két qua chinh cta lugn én.
Nhin chung, s6 lugng va chit lrong cdc cdng trinh céng b dap mg tbt véu ciu dbi vai
mdt ludn an Tién si nganh K§ thuét Nang lugng, dong thoi phén 4nh vi thé khoa hoc va
nang lye nghién eiru ctia nghién etru sinh
Tinh trung thye trong vige trich dén cic cong trinh di dwoc nghién ciru sinh cong b
trong va ngoai nwdrc, tai liéu tham khio.
L.udn 4n trich dan tuong dbi dz:iy du cdc tai liéu trong va ngoai nurde, danh muc tai lidu tham
khdo phong phu, phi hop vdi ndi dung nghién cira. Khéng phét hién déu higu vi pham dao
dire khoa hoc trong trich dan.
Két lufin:
a. Can khiing dinh lun 4n c6 dép img ddy di yéu ciu v& ndi dung va hinh thirc déi véi
mt ludn dn Tién si hay khéng?
Ludn én dép tng diy di cac véu ciu vé néi dung va hinh thire ctia mét luan 4n Tién s K§
thudt Nang hrong.

b. Ban tom tét c6 phan anh trung thue ndi dung luén dn hay khong?




Ban t6m (it phan énh trung thye ndi dung va cae két qua chinh cda luan an.

c. C6 ddng ¥ cho NCS dua luan dn ra bdo vé tai Hai déng chp Trudmg d& nhan hoc vi Tién
si hay khong?

Déng ¥ cho nghién ciru sinh Pinh Vin Thin duoc dua luén 4n ra béo vé trude Hoi dong
danh gid ludn én Tién si cdp Trudmg.

Ha N6i, ngay  thang  nam 2026
Ngudi nhén xét

o /Ml

PGS.TS Nguyén Tang Linh



- Phét trién mé hinh trang trai t6i wu: Xay dung md hinh tinh todn cau hinh
trang trai dién gi6 dya trén dit ligu dja hinh thye té (GIS) v md hinh vét thirc
(Wake effect).

- Thye nghiém va kiém ching: Siv dung dir liu thue té tai cic khu vyc Ninh
Phuée (Ninh Thudn) va Khanh Hoa dé md phong va so sanh, cho thdy su phi
hop cao giita Iy thuyét va thue (€.
b) Nhitng dong gop mdi cua ludn dn:
Hién tai trong ludn an khong thay liét ké cic déng gép mai clia lugn an. Tuy nhién,
theo ngudi doc, ludn én ¢d cac dong gop mdéi nhur sau:
- Xay dung mé phéng GIS-CFD tai dja hinh phitc tap, viing gié thap;
- Phat trién dong bién dang canh VAST-EPU: Ludn an dd thiét ké thanh cong bo
bién dang cinh mai (51223 $1210, S1048) duoc tinh chinh riéng cho didu kién van toc gid
thip (4,5-6m/s) — déc diém pho bién tai nhiéu ving & Viét Nam:

- Nang cao hé so cong sudt (Cp): Déng gép quan trong 1a vig¢e chirng minh dong
cénh méi c6 thé dat hé sb cong Suft 18n tai 50,5%, vugt troi so véi cac dong canh thuong
mai hi¢én ndy (thuomg dudi 48%). Piéu nay mé ra co hoi khai thac dién gid hiéu qua tai céc
khu vire von duee coi 1a tiém ning thép;

- Giai quvut bai toan "ndi dia hoa" céng nghé: Ludn an cung cap mot quy trinh
hoan chinh tir thiét ke nguge dén mé phon g kiém chirng, gitp céc doanh nghiép trong nude
¢6 co s& khoa hoc dé tur chu thiét ké va ché tao canh tuabin gio thay vi nhdp khau nguyén
chiéc.

4, Ket ludin ciia lugn An c6 pha hop vm cich dit vin dé & diu iuﬁn an va c6 di sire
thuyet phuc hay khong? Nhirng uu diém va thiéu s6t, nhiing diém cin dwge b6 sung
v stra chira?

O phin dit vén d&, tdc gid néu ra 3 rdo can chinh: (1) Gioé & Viét Nam thip, (2) Dia
hinh phtc tap gay nlneu loan, va (3) Su phu thude vao cong nghé nudéc ngodi. Tai phin két
lugin, téc gid da giai quvet lr:;m ven céc van dé nay thong qua viéc cong bd dong canh VAST-
EPU t8i wu cho viing gié thap va md hinh phm hop gitta mod phong GIS-CFD dé xir ly dia
hinh. Cac kt—:t ludn khong dirng lai & dinh tinh ma duge minh ching bang 50 liéu dinh lugng
cu thé (hé s6 dat 50,5%, san luong dién tang 2,5 lin trong md phong tbi wu). Viée dbi chiéu
ket qud md phong véi dir liéu thuce t€ tai cde trang trai gid 6 Ninh Thugn va Khanh Hoa
gitip cac két ludn cd da tin cdy cao.

a) U diém ciia ludn dn:
- Luén 4n dé ciip (ring vao "diém nghén" ctia dién gio Viét Nam la khai thac gio
thip (4,5-6 m/s) va dia hinh ddi ndi. Piéu nay ¢6 ¥ nghia 16n trong viée hién thuc hoa Quy
hoach dién VIIL

- Phuong phép nghién ciru hién dgi: Vice két hgp md hinh GIS (dé ]ay dit liéu dia
hinh chinh x4¢) va CFD (dé mé phong dong chay phtre tap) la mét bude tién so voi cic
phurong phap danh gia tdi nguyén gi6 truy én thong.

- Lam chu cong nghé: Luan dn cung ¢éip mét quy trinh thiét ké hoan chinh, giup
viée ndi dia hoa san xudl cénh tuabin tré nén kha thi hon, ;:,Iam chi phl dau tu.

- Can bing K§ thuét - Kinh té: Téc gia khong chi tdi wu vé san lugng dién ma con
dua chi s6 LCOE (chi phi ning lugng binh quan) vao, lam cho nghién ciru ¢o gia tri ing
dung cao cho cdc nha déu ur.
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b) Nlurge diém:

- Céc két qua vé dong canh méi chi yeu dya trén mo phono 6 va dit liéu tinh
toan. Néu ¢6 thém dir lidu thye nghiém tir mdt mau canh thye t€ duoc ché tao va lip dat
trén thue dia (field test) trong th&i gian dai. tinh thuy, ét phuc s& tuyét d6i hon.

- Ludn an tip trung séu vao khi dong hoc (bién dang canh). Tuy nhién, v&i dia
hinh nhiéu loan manh tai Vi¢t Nam, céc van de vé rung dong, méi vit liéu va do bén ctia
canh VAST-EPU cén dugc phén tich ki hon dé dédm béo tudi tho vin hanh 20-25 nam.

- Céch djit vAn dé c6 nhic dén bién dbi khi hau, nhung phan tinh todn tai nguyén
g,ié chu véu dua trén dir lidu lich sir. Viée bé sung cdc kich ban bién doi khi hau (thay ﬂm
tAn suat va cudmg d gi6 trong tuong lai) s& gidp md hinh ti wu trang trai c6 gia tri bén
viing hon.

¢) Cde han ché va cde van de can bo sung va sua chita cua ludn dn:

- M hinh thiét ké cAu hinh ép dat tuabin (Chuong IV) dua ra cic tinh toan cu thé vé
sin lugng dién (AEP) va ton liul dong xody (WL). Tuy nhién, tac gia thira nhén rﬂng moé hinh
nay chwa dwgce klem chitng bing dir liéu thye nghi¢m i cic trang trai gio thue té tai Viét
Nam. Do véy. can c6 phuong an dé thu thip dif ligu vén hanh thuc té nham hiéu chinh vi
khiing dinh d6 chinh xac cia mé hinh Iy thuyét Jensen va BEM dang sur dung.

- MO0 hinh thiét ke canh tuabin hién tai mdi chi dimg lai & viéc tbi uu héa bién dang
khi d6ng hoc dé dat hiéu suat cao nhét. Ngmen clru chura xem xét sau vé cac vin dé: Lwa chon
vt lidu ché tao; Phan tich két cdu va do bén moi; Cong nghé ché tao va kha nang sén J-.Uﬂ'f thuc
té. Do do, d& thiét ké canh tuabin (dac bm la cic mau canh moi VAST-EPU) ¢ thé dua vao
san xudt, can bo sung cac nghién cu vé phan tich kinh té - k§ thuat, vét liéu composite hoge
in 3D va chi phi san xuiit.

- Mot han ché 16n coa luan an 14 thiéu dir lidu thye té tir cée trang trai gio dang van
hénh tai Viét Nam dé dbi chimg véi két qua md phong. Viée bo sung céc s6 lidu do dac thyc té
s€ gitp Lhang dinh d0 tin cdy cua mé hinh GIS-CFD da dé xuét.

- Canlam ro hon khd nang dap (mg cdc ticu chudn qudc té (nhu {EC 61400-1) vc tinh
toan ven ciu tric cia cac mau canh thidt ké moi (VAST-EPU) trong didu kién thoi tiét khic
nghiét nhu bio 16n tai Viét Nam.

- Hién tai, mb hinh thiét ké cfu hinh trang trai mdi chi cung L.]p cac vi tri cu thé va
tinh toan san lugng di¢n hang nam (AEP). Cén b6 sung khao sat chi tiét higu tng !Llong gio
xody (wake effect) theo nhiéu hiréng gio khac nhau thay vi chi tdp trung vio mét s hudng
chinh, dong thti xem xét sy tuong tac gitta cAc logi tuabin khic nhau trong cling mot trang tral,

-~ Pham vi nghién ctu chi gii han ¢ tuabin tryc ngang 3 cinh cOng suat nho va
trung binh. Lufin dn chira xem xét toan dign cac loai tuabin khéc (nhu truc dimg) hoiic cac cdu
hinh canh khac dé so sanh hidu qua trong diéu kién gié thap dgc thu cha Viét Nam.

- Téc gi diit vin dé, tac gia noi vé cdc dy an dién gi6 16n (quy hoach dién qudc
gia, tuabin 16n), nhung trong pham vi nghién ciru (Myc tiéu), tac gia gii han & "cong nghé
phat dién gi6 sir dung tuabin truc ngang ba cénh nho" (dudi 100kW). Viée mé réng quy md
(scaling up) tir cdnh 5-10m Ién canh ctia (uabin MW (dai 50-80m) 14 mét thach thirc k¥
thudt lém chua duoc giai quyét trong ludn dn,

- €6 mgt mau thufin gitra muc tiéu xdy dung md hinh chinh xdc va kha ning klt.m
chimg thue té. Tac gia Lmng dinh mé hinh ¢6 do tin ciy cao, nhung dong thari thira nhan két

qua Gng dung van con han ché do thiéu dit lidu thue nomem tir céc trang trai gid dang vin hanh
tai Viét Nam dé déi chimg va I\.hfmg dinh tinh dang din cua céc tinh toan.




Cac vén dé ¢in lam ro:

1. Tée gid cén lam rd céc bién dang canh thi wu (nhu $1223) khi dua vao sin xual
thure té s& sir dung vt lidu gi? V§i hinh dang khi dong hoc phire tap (d9 cong 16m dé t6i wu
0i6 thip). cong nghé ché tao tai Viét Nam hién nay co dap ing duge d¢ chinh xic nhur trong
m& phong CFD khong?

2. Luin 4n tdp trung manh vao phén tich khi dong hoc (higu suét phét di¢n), nhung
mét vin dé rat quan trong d6 1a @6 bén co hoe. Cénh thiét ké cho gi6 thap thudmg méng
hodic ¢6 hinh dang déc biét, vay trong diéu kién giong bdo hodc gio giat (vdn thuomg xuyén
xév ra tai Viét Nam) (gié >35m/s nhu md phong ¢ hinh 3.10), cdnh <6 chiu dugce 1ai trong
moi va tranh duoc hién twong cong hudng gdy gdy cinh hay khong? Ngoai ra, trong Judn
4n tac gia kiém chudn mo hinh gio bing di liéu tai Oregon (M¥). thay vi mot dia diém tai
Viét Nam. Vay lam thé nao dé khing dinh mé hinh ding véi diéu kién khi hau nhiét dai
2io mua (do 4m, nhiét d6 khac bigt) cha Viét Nam khi chi kiém chimg bang dir liéu on doi
tai M§?

3. Méu thufin trong ludn 4n can phai lam rd:

- Tai Chwong 3 (Thiét ké canh): Téc gia tdp trung thiét k& cic mau canh nhd.
(duimg kinh rotor ~10m, cong sut <100kW) nhir miu VAST-EPU-S1223, nhung tai
Chuong 4 (Thiét ké trang trai): Téc gia lai &p dung mo hinh cho cde tuabin thuwong mai
cong sudt 1én (Enercon E103, 2.35MW, dutng kinh 103m). Nhu véy. tac gia can gidi thich
sur lién két va mau thudn gitia hai chwong nay. Néu muc tiéu la cai thi¢n higu suét dién gi6
Viét Nam (quy md cong nghiép), tai sao lai thiét ké canh cho tuabin nhd? Viéc &p dung
bién dang khi dong hoc cta canh 5m lén cénh dai 50m (cta tuabin MW) c6 kha thi Khong
khi s6 Reynolds va cac yéu tb két cau hodn toan khac nhau?

DPidu ndy duce minh chimg thong qua sy bit cép: Khi tic gia thir 4p dung tuabin
nho VAST-EPU-81223 vao mo hinh trang trai, két qua cho thiy tir hang tuabin thir 16 tr¢
di khéng hoat dgng duge do gid yéu, va sin lugng dién rét thap so v&i tuabin 16n. Dicu
nay dat ra cau hoi vé tinh thue tién ctia giai phép "tuabin nhé" nhung gidi cho bai toan Ién
"trang trai gio".

- Thiéu hut kiém chirmg thuc nghiém (Validation Gap): Mac di md hinh md phong
¢ d tin ¢y cao, nhung thiéu dif ligu thyc (€ tai Viét Nam la mot diém yéu lén: Cac kel
qui thiét ké canh (hé sO cong sudt Cp~50.5%) hoan todn dwa trén mo phéng s
(CFD/XFLRS), chua cO mau thir vat 1y ( prototype) nao dugc ché tao va thir nghiém trong
ham gi6 hodc thue dia dé xac nhan con s6 nay, Nén viée két luan van hoi chi quan?

4. Téc gia str dung mo hinh Jensen dé tinh toén ton théat dong xody. Day la mo hinh
don gian (tuyén tinh), thuong chi ding cho dia hinh biing phing. Vdy, voi dia hinh phirc
tap. dbi nii nhu tai Khanh Hoa, dong gio rat nhiéu dong (turbulent). Mo hinh Jensen c6 thé
danh gia thap ton thit nang hrong thye té. Téc gia cin bién ludn tai sao khong st dung cac
md hinh dong xody phirc tap hon (nhw mé hinh Eddy Viscosity hodc CFD full-farm) dé
dam béao dd chinh xéc cho dia hinh nui.

5. Téc gia thira nhan phuong phép PM (Panel Method) boe 16 nhuge diém 16n khi phéan
tich khi ddng hoc cho cée bidn dang canh phirc tap hogic khi tc dd gi6 ting Ién. Cu thé. phirong
phép ndy gip kho khin trong vige dat duge su hoi tai céie goc thn cong (AoA) 16n va cé sai
sé cao hon nhidu (khodng 10%) so véi phuong phép CFD (khoang 3%). Diéu nay tao ra mau

T

thuin khi tac gia van sir dung PM dé dénh gid ban déu cho cac md hinh canh tiém niang.




- MG hinh thiét ké cdu hinh trang trai méi chi dimg lai ¢ vige cung cap cdc vi trf cu
thé va tinh toan san luong dién (AEP) dua trén mot sb céu hinh dinh sdn. Téc gia thira nhén
chua xem x€t toan dign sy tuong téc gitta cac loai tuabin khic nhau vi chua khéo sat chi tiét
hi¢u img lubng g,io xody (wake cffect) theo nhiéu hudng gid khic nhau, didu nay co thé [am
giam dd chinh xéc cta két qua tdi wu héa trong didu kién gi6 thuc té thay dbi lién ty.

Viée hodn thién cac ndi dung nay khéng chi gitp lip diy cac "khoang tmng nghién
clru" ma téc gia dd chi ra ma con néng cao gia tri thuc tién cta ludn 4n trong vige ho trg cac
nha diu tu va co quan quan Iy dién lyc tai Viét Nam.

5. Danh gia vé su trung lap ctia ludn 4n so véi cde db dn, Iun vin, lufn an hay
edng trinh khoa hgc di cong bé trong va ngoai nudc? Cin khang dinh Iuén 4an cd
tring lap hay khdng tnmg lip? Néu triung 13p, dé nghi ghi rd tén, nha xuét ban, nim
xufit bin ciia tai li¢u di cong bé.

Theo ngudi doc, ludn dn khong b tring 1ip qua 20% so véi cée cong trinh da cong
bé trudge day. Diéu nay dugc minh ching théng qua cac két qua ma da duge nghién clu
sinh cong bo tai cde tap chi uy tin trong nude va quoc té.

6. Chat lwgng va so lugng nhlmg bai bao khoa hoc da dwrgc nghien ciru sinh cﬁng
b, khﬁng dinh sy phit hop vé ndi dung ciia ching véi ndi dung luéin in. Nhin xét ve
vi thé khoa hoc ciia edic dién dan, noi che bai bao duge cong bo c6 dap img yéu ciiu doi
voi ludn dn tién si?

Theo tai lidu ma ngudi doc nhdn duoc, trong thoi gian thuc hi¢n ludn an tir ndm
2022-2025, nghién clru sinh da cong b cac bai béo trén cdc tap chi uy tin trong va ngoai
nude. Cac bai bdo mé tac gia cong bd déu thude danh muc tinh diém ctia hoi dong chiic
danh gido s nha nude. N§i dung cdc bai bio theo ngudi doe 1a hoan toan phu hop véi ndi
dung cia ludn dn. Vé chét lugng bai bio, ngudi doc nhén théy la hodn toan phil hop.

7. Tinh trung thwe trong viéc trich dén cde cong trinh dd dwge nghin ciru sinh
cong bo trong va ngoai nwde, tii li¢u tham khéo

Céc tai lidu trich dAn trong ludn 4n 1a phi hgp, ddy di va trung thye.

8. Kétluin:

a. Céin khing dinh ludn én c6 dap tmg diy du yéu cu vé ndi dung va hinh thirc déi
v&i mot ludn dn Tién si hay khong?

N&i dung cuia ctia ludn an hoan toan dép tmg day di yéu cdu vé ndi dung va hinh
thire ciia mot ludn 4n Tién sf,

b. Ban tém tét ¢6 phan anh trung thye ndi dung ludn an hay l\h{”mg?

Theo ngudi doc, bin tom tit lufin 4n. phan anh trung thuc nm dung cua lugn an.

¢. Cé dong ¥ cho NCS dua luén 4n ra bao vé tai Hoi dong cdp Trudng dé nhin hoc
vi Tién sT hay khong?

Taoi dun;:, v dé cho NCS duge dua lugn an Tién sTra bao v Hoi dbng cip trutng dé
nhén hoc vi Tién si, Tuy nhién, can phai lam rd cac van dé néu ra tai myc 4 cGia nhn xét
nay.
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