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ABSTRACT

TITLE : A STUDY ON COMBUSTION BEHAVIOR OF ENERGY-SAVING BURNER
EB-10 USING COMPUTATIONAL FLUID DYNAMICS COMBINING WITH
EXPERIMENT

AUTHOR : NATTHAPHON CHUCHITR

DEGREE : MASTER OF ENGINEERING

MAJOR : MECHANICAL ENGINEERING

ADVISOR : ASSOC. PROF. ANIRUT MATTHUJAK;, Ph.D.

KEYWORDS : ENERGY -SAVING BURNER EB-10, COMBUSTION BEHAVIOR,
COMPUTATIONAL FLUID DYNAMICS, FULL MODEL, PERIODIC
MODEL

This research studied the flow and combustion behavior of an energy-saving
burner EB-10 using computational fluid dynamics (CFD) through 3D simulations. It also
studied the effect of the swirling flow on the combustion behavior of the EB-10 burner
in order to find a suitable inclination angle and swirl angle that result in the highest
thermal efficiency of the burner using CFD in the experiment. The inclination angle and
swirl angle were combined using a response surface methodology (RSM), which resulted
in 9 burner types as follows SEB-168524, SEB-189512, SEB-185524, SEB-I77S29, SEB-177512,
SEB-177505, SEB-168500, SEB-165512 and SEB-168515. The 9 burners were compared with
the conventional energy-saving burner EB-10, in which the inclination angle was 85
degree and the swirl angle was 0 degrees (EB-I85S00). In this simulation, the periodic
model was applied to simulate the combustion behavior of the 10 burners in order to
reduce the simulation time. The simulation model was verified with velocity and
temperature measurement to confirm its accuracy. From the simulation, it was found
that the full model was accurate, with an error rate of 6.52% and 4.49% compared with
velocity measurements at the burner ring and nozzle. Its error was 3.43% compared to
the temperature measurement.

The periodic model was accurate, with an error rate of 1.75% compared to the

temperature measurement. Flow and combustion behavior were thoroughly described
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using both full and periodic models. When LPG pressure was increased, hot gas velocity,
combustion temperature and heat transfer to vessel surface increased, at 14.56 m/s,
1,297.31 K and 2.94 kW for EB-I85500 burner, respectively. Comparing the 10 burners,
the SEB-168524 burner had the highest total heat transfer, which is 4.066 kW, the hot
gas velocity and combustion temperature were 14.92 m/s and 1,292.53 K at LPG
pressure of 30 psi, respectively. It was shown that SEB-168524 burner was the most
suitable burner. Then, the SEB-168524 burner obtained from the CFD model was
prepared to test thermal efficiency based on standard DIN EN203-2 and compared with
the thermal efficiency of the EB-I85S00 burner. It was found that the thermal efficiency
of SEB-168524 was higher than that of the EB-I85S00 burner at all LPG pressures, and
the maximum thermal efficiencies were 49.47% and 44.81%, respectively, at LPG
pressure of 4 psi. Energy savings were calculated to be 9.42%. The CO of SEB-168524
burner was higher than EB-I85S00 burner, which was 2,038.55 ppm and 1,851.17 ppm,
respectively. The NOx of both burners was not less than 60 ppm. Additionally, the
tendency of the burner heat transfer efficiency as calculated from CFD and the thermal
efficiency obtained from experiments for both burners were consistent. The heat
transfer efficiency of the SEB-168524 burner was higher than that of the EB-I85S00 burner
at about 3.16%, while the thermal efficiency of S SEB-168524 was higher than that of
the EB-I85S00 burner at 4.66%, respectively. The ratio of the thermal efficiency and the
burner heat transfer efficiency was ascertained to be 1.48. It was concluded that the
CFD model, the burner heat transfer efficiency and the ratio of the efficiency can be
applied to design and improve the thermal efficiency of the energy-saving burner EB-

10, and this methodology can be applied to improve other burners in the future.
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ABSTRACT
TITLE : COMPARATIVE STUDY ON THE PERFORMANCE OF HEAT PUMP
DRYER USING R-32 AS REFRIGERANT
AUTHOR : PANUWAT PONWAPEE
DEGREE : MASTER OF ENGINEERING
MAJOR : MECHANICAL ENGINEERING
CHAIR : ASSOC. PROF. UMPHISAK TEEBOONMA, Ph.D.
KEYWORDS : REFRIGERANT, COEFFICIENT OF PERFORMANCE, SPECIFIC ENERGY

CONSUMPTION

The purpose of this work is to study the performance of a heat pump dryer using
R-32 as a refrigerant. To achieve this objective, the heat pump dryer was designed and
constructed. It was comprised of a drying chamber, an evaporator, a condenser, a
blower and a 0.75 kW compressor. The experiments were conducted based on the
following conditions of drying air temperatures of 45, 50 and 55°C and air velocities of
1.0, 1.5, and 2.0 m/s, respectively. The performance evaluation criteria of the heat
pump dryer were the moisture ratio (MR), drying rate (DR), specific moisture extraction
rate (SMER), specific energy consumption (SEC), and the coefficient of the performance
of the heat pump (COPh) using R-32 as a refrigerant.

From the experiments, it was found that using R-32 as a working refrigerant for
temperature increased air velocities. The average DR is 0.11-0.12 kg/hr. The SEC is 7.25-
8.44 kW/kg. The SMER is 0.11-0.14 kg/kW and the average final moisture in the dried
base is between 1% - 8%. The performance of the heat pump dryer optimization is 7%

higher than that of using R410a as a working refrigerant.
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ABSTRACT
TITLE : WASTE UTILIZATION: A CASE STUDY OF STARCH MANUFACTURED
FACTORY IN MUKDAHAN PROVINCE
AUTHOR : LADDAWAN PONHONG
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
ADVISOR : ASSISTANT PROFESSOR SOMPOP SANONGRAJ, Ph.D.
KEYWORDS : WASTE UTILIZATION, STARCH MANUFACTURED, WASTE

The objective of this research is to study the current state of waste utilization of
tapioca starch manufactured at a factory in Mukdahan Province. The analyses and
conclusions concerning waste utilization at the factory were conducted. The method
of study employed an interview form and an engineering survey. In addition, annual
secondary data was analyzed. The results of the study were found as follows.
1) The primary sources of waste arising from the production process were fresh cassava
pulp, earthen barks, and rinds. Waste from auxiliary production processes were rice
husk ash, tanks containing chemicals, lubricants, oil stains and waste from cafeterias,
offices and nursing rooms such as food waste, papers, print cartridges, and light bulbs.
2) Approximately 55,023.2 tons/year of total waste was generated. Fresh pulp
comprised the majority of the waste, approximately of 4,464 tons per month.
3) Al waste in the factory was sorted and collected in specific containers while
wastewater was collected and drained off to the wastewater treatment plant. 4) Mainly,
the waste sorted in the factory was divided into 2 groups, namely utilized waste and
waste disposed outside the factory. 5) A biogas production system was constructed at
the wastewater treatment plant. 6) The income from waste utilization was divided into
2 main parts: sorted waste sales at about 16,423,715 bath/year and biogas for electricity
generation which was about 20,855,010 bath/year. 7) A payback assessment found that
the factory could recoup the investment costs for construction through waste
utilization in approximately 2.82 years. The suitability of waste utilization technology

should be further studied in order to further develop future technology.
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ABSTRACT
TITLE : AN EFFICIENCY STUDY OF COMMUNITY POWER PLANT LOCATION
AT SI SA KET PROVINCE USING DATA ENVELOPMENT ANALYSIS
AUTHOR : WAROOTTHUM SEHAWONG
DEGREE : MASTER OF ENGINEERING
MAJOR : INDUSTRIAL ENGINEERING
ADVISOR : ASST. PROF. THANCHUDA PHANNIKUL, Ph.D.
KEYWORDS : MULTI CRITERIAL MAKING DECISION, DATA ENVELOPMENT

ANALYSIS, COMMUNITY POWER PLANT, LOCATION PROBLEM

In this modern period, Thailand is emphasizing energy management. The
preparation for production of energy sources is provided to ensure that these are
sufficient for consumers. One of these measures is the promotion and development of
electrical power at the community level in each area. Therefore, this research
specifically studies the efficiency of community power plants in Si sa ket Province. The
Data Envelopment Analysis technique was applied to decide upon the most efficient
location for power plants in each district characterized by diverse conditions and
resources. The input variables that were studied consist of locations for power plants,
materials, the number of households in the community, village funding, building and
labor costs, etc. The output variables consist of benefits from sale of electricity and
biomass production, etc. The results of the study will demonstrate which areas in

Si sa ket province are most effective for establishing community power plants.
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ABSTRACT
TITLE : EFFECTS OF AIR VOID CHARACTERISTICS TO COMPRESSIVE
STRENGTH OF CELLULAR LIGHTWEIGHT CONCRETE
AUTHOR : KAEWTA DEEYINGSIRIKUL
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : CIVIL ENGINEERING
ADVISOR : ASST. PROF. GRIENGSAK KAEWKULCHAI, Ph.D.
KEYWORDS : AIR VOID, AR VOID DIAMETER, FOAMING AGENTS, CELLULAR

LIGHTWEIGHT CONCRETE, FOAM CONCRETE

This research aims to study the effects of air void characteristics on the
compressive strength of cellular lishtweight concrete with a wet density of 1,800
kg/cm®. The study was divided into 3 sections: 1) factors affecting the air void
characteristics of cellular lightweight concrete were considered, 2) the effect of the air
void characteristics on compressive strength was studied and 3) a mathematical
equation was generated to predict the compressive strength of cellular lightweight
concrete. This research used different types of foaming agents and applied foaming
agents to water ratios of 1:20, 1:30, and 1:40. To produce preformed foam by a foam
generator, pressure levels at 4.5, 5.0, and 5.5 kg/cm? were employed. It was found from
the study in the first section (using a Scanning Electron Microscope or S.E.M.) that,
accounting for different foaming agent types, water ratios, and pressure levels, air void
characteristics were affected according to the performance of these foaming agents.
The results of the second section indicated that when testing 162 samples (sized 5x5x5
cm) which were 28 days old, it was found that when porosity was increased, the air
void size at Dgy and air void size distribution ranges were increased resulting in a
decrease of compressive strength. Sp was used to identify the difference in air void size
distribution, in which the increase of Sp caused the compressive strength of cellular
lightweight concrete to decrease. The experimental data sets were used to generate
mathematical equations finding a suitable equation for predicting the compressive

strength of cellular lightweight concrete using a genetic algorithm by considering
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3 groups of equation models. It was found that model group I, consisting of 6 equations
with variables of Sp and SD, has an average error of 13-99 percent of the average
compressive strength. Model group I, consisting of 6 equations using variables of Sp
and D,,, had better correlation and lowered the average error to 3-25 percent of the
average compressive strength. Finally, model group lll, consisting of 7 equations had
variables of Sp and p. This group, among others, obtained the lowest average error
among the models, which is 2.6-30 percent of the average compressive strength. By
utilizing all seven equations, Sp was divided into 3 ranges of data sets. As a result, it
lowered the error of the model. Therefore, the study suggests employing the simple
equation using the variables of Sp and p with 3 sets of Sp. The recommended equation
can predict the compressive strength of cellular lishtweight concrete with average error

of less than 1.5 percent.
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TITLE : SELECTION OF THE CENTRAL MARKET LOCATIONS AND

TRANSPORTATION ROUTES FOR OIL PALMS IN THE UPPER
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For oil palm transactions in Thailand, there is no organization functioning as a
central market to connect buyers and growers of oil palms. With a central market, the
price of oil palms can be reasonable for both buyers and growers. Therefore, the
purpose of this research was to select locations for central markets and identify routes
for transporting oil palms in the upper southern part of Thailand with the objective of
minimizing the total system cost under vehicle speed and capacity constraints.
A heuristic called the Least Distance Distribution Search (LDDS) was developed to solve
the problem. To measure the performance of the proposed heuristic, its
recommendations are compared those obtained from the IBM ILOG CPLEX
Optimization program. The results from statistical testing find that the quality of the
recommendations from each approach are not different. However, the computational
time of LDDS is significantly lower. LDDS recommends seven central markets. The total
system cost is 698,029.40 baht and the processing time is 29 hours, 7 minutes and

4 seconds.
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This research proposes a heuristic for the selection of incinerator location and
vehicle routing problems concerned with infectious waste collection in the hospitals
of Northeast Thailand. The heuristic developed is called “Greedy Randomized Adaptive
Large Neighborhood Search Procedure (GRALNSP)” and applies the principle of the
“Greedy Randomized Adaptive Search Procedure (GRASP)” and the “Adaptive Large
Neighborhood Search (ALNS)” is applied to local searches. The results from GRALNSP
were compared with those from a program called “A Mathematical Programming
Language (AMPL)” that produced exact results. For small-sized problems, experiments
show that both methods provided the same results through the global optimal
solution, but GRALNSP requires less computational time. When problems have been
more large scale and complicated, AMPL cannot find the optimal solutions within the
limited period of computational time however GRALNSP provides better results with
less computational time. For case studies involving GRALNSP, the results demonstrate
that suitable locations for opening infectious waste incinerators are the locations of
Pathum Ratwongsa distric, Amnat Charoen province and Nam Phong district, Khonkaen
province. An incinerator with a burning capacity of 600 kilogram per hour is selected
for both locations. The total travel distance required for infectious waste collection are
24,055.24 and 38,401.88 kilometers/month respectively and the lowest total cost is B
6,268,970.40 baht/month.
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This research aims to develop a decision support model for efficiency analysis of
industrial estate location selection and industrial plant planning in an industrial estate.
This study is significant because Thailand’s government currently initiates many projects
related to industrial estates in order to boost the economy, especially in some
particular economic areas. However, studies of this are clearly limited. Thus, this study
is proposed to integrate two specific problems of 1) Industrial estate selection and 2)
Plant layout optimization. In particular, we use a multi-criteria decision analysis
technique to analyze the first problem which involves the relative efficiency of
alternatives for different provincial industrial estates located in neighboring countries
of Thailand. Input and output criteria concerning labor, transportation distance, building
cost, etc. were used in the analysis. The second problem involves planning the location
of industrial plants within industrial estates. Industrial estate planning involves various
stakeholders, thus sustainable criteria related to the economy, society and the
environment are used to develop the multi-objective optimization based on cost
minimization, risk minimization, and CO2 emission minimization. In addition, this
research employed a simulation-based risk evaluation method to obtain risk profiles
and integrate with a developed optimization model. Finally, the developed model is
further verified and validated using an actual case study of an industrial estate in

Thailand.
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This dissertation aims to study and create a Decision Support System (DSS) as part
of planning for an emergency evacuation due to fire. The methodologies utilized in this
study that have been integrated here involve 1) a Multi-Criteria Decision-Making (MCDM)
tool derived through Data Envelopment Analysis (DEA) techniques to assess the
efficiency of fire management in each industrial group. This involves an Information
Entropy Weight (IEW) technique and a Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS) to analyze suitable fire assembly points. 2) A Fire Dynamics
Simulation (FDS) tool to simulate the characteristics of fire using the PyroSim program,
and 3) an Agent-Based Simulation (ABS) tool to simulate the behavior of agents during
evacuation using the PathFinder program. Next, the effects from smoke and visibility
on evacuee behavior were analyzed by determining factors related to building and
agent characteristics. Specifically, factors related to 1) fire perception, 2) physical
disability, 3) the width of escape doors, 4) the locations of fires, and 5) the density of
evacuees were investigated using a case study of a home-appliance factory in
Chachoengsao Province, Thailand. The results show how determining proper
emergency-planning policies affect the average completion time for all occupants, the

total evacuation time, and the number of remaining evacuees in each time frame. It is
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expected that recommendations from this study can be further implemented for

related emergency planning and policy evaluation.
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A central rubber market is a place where rubber growers and buyers negotiate
contracts. There are only two central rubber markets in the far southern region of
Thailand, spanning 7 provinces. Unfortunately, most rubber growers live far away from
both central rubber markets.

As a result, most of them decide to sell their rubber to local markets at unfairly
low prices. If there were a network of central markets located conveniently and
functioning locally, transportation costs would be reduced and growers would receive
fair prices. This research proposes a heuristic to determine the optimal locations for a
network of markets and designing routes for transporting rubber to minimize the total
system cost under distance and capacity constraints. The heuristic initially applies a K-
means clustering method and routing algorithm to generate an initial feasible solution.
The genetic algorithm (GA) is then applied, followed by a large adaptive neighborhood
search to improve the solution. The computational result shows that 8 network markets
should be opened in far southern Thailand and 176 vehicle routes should be
constructed with a total system cost of 322,058.58 Baht per day. To measure the
performance of the proposed heuristic, three sample sizes for this problem were tested
and solutions were compared to those obtained with the LINGO program. Through
statistical testing, solutions obtained from the proposed heuristic and LINGO were

found to be not significantly different.
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This study presents a method to find the optimal operating parameters of a tractor
disk plow, to minimize the fuel used for land preparation of sugarcane fields.The
method used to find these parameters composed of 4 steps which are: (1) identifying
the number of interesting parameters and their level, (2) using the RSM method to
determine the appropriate parameters (3) using RSM-MDE to find the optimal
parameters and (4) checking the results of procedure (3). The computational results of
the RSM-MDE method can improve the optimal parameters of this case study: disk
angle is 42 degrees, tilt angle is 20.25 degrees, depth of cut is 10 cm and speed is 2.53
km/hr, fuel consumption of 1.26 liters which is less than the RSM method using 1.57
liters of fuel, and this result can show that the RSM-MDE method can improve 19.74 %
of the solution quality, compared with the original RSM.and soil quality is good.
According to the evaluation survey of 30 sample farmers, the average score is equal to
9.7, indicating that RSM-MDE parameters can reduce fuel consumption and soil quality

is good according to farmers' needs.



