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A jet engine is commonly used in aeronautical applications such as civilian airplanes,
armed fighters, and helicopters, as it is one of the types of the gas turbine engine. Air
enters through the compressor and injected into the combustion chamber to be mixed
with fuel under pressure for combustion. This releases the energy of the heat to expand
the volume of hot fluids and impact to the turbine wheel and generate the power of the
hot gases. Such engines require tremendous amount of biodiesle. The ultrasonic
atomization has been applied in different areas and shows positive potential
performance. However, this promising atomizer technology has not yet applied in the
micro jet engine to use biodiesel blends fuels. This gap in previous studies gave the
motivation to investigates the potential of using ultrasonic atomization technology to
assist the combustion process as a contribution for promising an alternative to the
normal fuel atomization system. Firstly the new combustion equation is developed and
validated, followed by determination of optimum conditions for combustion
performance including optimum size of ultrasonic droplets. An experimental rig was
set up to determine the performance of jet engine using ultrasonic droplets. The four-
component set of ultrasonic atomizer devices delivers the fuel through the jet engine
intake area, each device can deliver a 5 liter/ hour. The air mass flow was measured
using a hot wire anemometer with speed limit 30 m/s fixed in front of the intake area.
A load cell was installed to measure the actual thrust from the engine in units kgr. A
gas analyzer was used to measure oxygen percentage, carbon monoxide, carbon
dioxide and unburned hydrocarbons (uHC), nitrogen monoxide and nitrogen dioxide
of the exhaust gas. The performance of the engine was tested under three levels of load
(high, medium, low) starting from 10-psi at steady state to the minimum value. A
significant result has been tested for a low value of nitrogen monoxide at the three
levels of load, a specific result has been tested for efficiency value of 2% at the three
levels of load, carbon dioxide is decreasing at the low level of load. The use of the
ultrasonic atomization device to assist in the combustion process was useful in



achieving engine efficiency of 1% of the micro jet performance and the reduce the
emission of carbon dioxide exhaust gas to almost 25%.
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Enjin jet biasanya digunakan dalam aplikasi aeronautik seperti kapal terbang awam,
pejuang bersenjata, dan helikopter, kerana ia adalah salah satu jenis enjin turbin gas.
Udara memasuki melalui pemampat dan disuntik ke dalam ruang pembakaran untuk
dicampur dengan bahan api di bawah tekanan untuk pembakaran. Ini melepaskan
tenaga haba untuk mengembangkan jumlah cecair panas dan kesan roda roda turbin
dan menghasilkan kuasa gas panas. Enjin sedemikian memerlukan sejumlah besar
biodiesel. Pengisaran ultrasonik telah digunakan di kawasan yang berbeza dan
menunjukkan kaedah berpotensi positif. Walau bagaimanapun, teknologi pengaburan
yang menjanjikan ini belum lagi digunakan dalam enjin jet mikro untuk menggunakan
bahan bakar biodiesel. Jurang dalam kajian terdahulu memberikan motivasi untuk
menyiasat potensi menggunakan teknologi pengabusan ultrasonik untuk membantu
proses pembakaran sebagai sumbangan untuk menjanjikan alternatif kepada sistem
pengabusan bahan api biasa. Pertama persamaan pembakaran baru dikembangkan dan
disahkan, diikuti dengan penentuan syarat-syarat optimum untuk prestasi pembakaran
termasuk ukuran optik ultrasonik yang optimum. Rig eksperimen telah bangunkan
untuk menentukan prestasi enjin jet menggunakan titisan ultrasonik. Set komponen
empat alat pengabut ultrasonik menyampaikan bahan api melalui kawasan
pengambilan enjin jet, setiap peranti boleh menyampaikan 5 liter/jam. Aliran jisim
udara diukur dengan menggunakan anemometer dawai panas dengan had kelajuan
tetap 30 m/s di hadapan kawasan pengambilan. Sel beban dipasang untuk mengukur
tujah sebenar dari enjin dalam unit kgr. Penganalisis gas digunakan untuk mengukur
peratusan oksigen, karbon monoksida, karbon dioksida dan hidrokarbon tidak terbakar
(uHC), nitrogen monoksida dan nitrogen dioksida gas ekzos. Prestasi enjin diuji di
bawabh tiga tahap beban (tinggi, sederhana, rendah) bermula dari 10-psi pada keadaan
mantap hingga nilai minimum. Hasil yang signifikan telah diuji untuk nilai nitrogen
monoksida yang rendah pada tiga tahap beban, satu keputusan spesifik telah diuji
untuk nilai kecekapan 2% pada tiga peringkat beban, karbon dioksida menurun pada
tahap rendah beban. Penggunaan peranti pengabut ultrasonik untuk membantu dalam



proses pembakaran adalah berguna dalam mencapai kecekapan enjin sebanyak 1%
daripada prestasi jet mikro dan mengurangkan pelepasan gas ekzos karbon dioksida
hingga hampir 25%.
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CHAPTER 1
INTRODUCTION

1.1 Background

A gas turbine is a type of internal combustion engine that is used to generate power.
It consists of an upstream rotating compressor coupled to the downstream turbine and
a combustion chamber (Masa et al., 2016). All gas turbines generate thrust by
providing a change in momentum to the air that enters and leaves the gas turbine
(Badeer, 2000; Habib et al., 2010; Langston et al., 1997). The higher the difference
in momentum, the greater the thrust that the gas turbine produces (Tanbay and
Durmayaz, 2015).

For combustion to occur, the gas turbine requires a combustor. The combustor is a
vital component of the gas turbine (Figure 1.1). Unlike automobiles, gas turbines have
a continuous flame inside the combustor, which is lit for as long as the engine is
running (Domen et al., 2015). Once ignited, the flame is maintained by constantly
mixing fuel to the high pressure compressed air from the compressor, using a fuel
nozzle. The primary purposed of every fuel nozzle is to atomize the fuel into small
droplets, in order to speed up the mixing process of fuel and air (Jiang et al., 2015).
The differences between various fuel nozzle technologies lie in how exactly the
droplets are produced. Thus, the size d > 15 pm of the droplets affects the effeteness
of atomization of fuel in a gas turbine (Zahmatkesh et al., 2015; James et al., 2016).

Fuel injection

e

Combustion
Chamber

Compressor Turbine
: Engine Shaft
Inlet Air

Figure 1.1 : Simple cycle gas turbine block diagram
(Mayank Maheshwari et al, 2019)

Power Output
—>




Atomization is the breakup of bulk liquid into small droplets using an atomizer or
spray (Som et al., 2010). Atomizers are generally classified into pressure atomizer,
pressure swirl atomizer, air-blast atomizer, air-assist atomizers, twin-fluid atomizer,
and rotary atomizer, ultrasonic atomizers, whistle atomizers and electrostatic atomizer
(Ma et al., 2014; Gemci and Chigier, 2016). Different types of atomizers determined
the efficacy of the atomization process which adversely affects the combustion
efficiency in a gas turbine engine.

The atomization of fuel is crucial in the combustion and emission of a gas turbine.
Because through atomization the surface area of fuel is increased 40,000 times to
hasten combustion. For this system, the combustion is continuous (Chong and
Hochgreb, 2015), so the atomization in a gas turbine is continuous without any cycles
or strokes. However, in order to achieve the desired amount of combustion during this
continuous process, the fuel must be added and mixed with the high-pressure air
exiting the compressor in the proper proportions. The constraint to make the engine as
small and light-weight as possible requires that the injection, mixing, and combustion
of the fuel occur within the smallest volume possible. This is inefficient and in most
cases, less practicable. Furthermore, in the case of pressure atomizers, a major
drawback is the requirement of high injection pressure with a relatively small increase
in the flow rate. Thus, the need for non-pressurize alternative means of atomization.

Generally, adequate atomization enhances mixing and complete combustion in a direct
injection (DI) engine and therefore it is an important factor in engine emission and
efficiency. In the case of biodiesel, which exhibits difficulty during cold start due to
its crystallizing property at low temperatures, the need for atomization as an option to
overcome some of these challenges cannot be overemphasized. These techniques are
having many drawbacks which lead to poor liquid atomization at a low flow rate and
low efficient atomization of fuel in gas turbines operations. Therefore, investigating
in alternative methods to have adaptable and efficient way of enhancing atomization
becomes imperative.

Ultrasonic technique has been used in many applications, such as medical sprays,
surface coatings, liquid fuel spray, metal powders and jet ink printing (Deepu et al.,
2018). The vibrations in an ultrasonic nozzle are created by the piezo-ceramic element,
which converts electrical energy being fed into the nozzle into mechanical energy in
the form of vibrations. The capillary wave design consists of a vibrating surface, which
basically replaces the two transducers in the previous design. The vibrations in the
liquid will increase surface tension forces, and small, uniform droplets will eject one
by one from the liquid stream to relieve the stream from the surface tension. This
process will continue as long as the surface below keeps vibrating. The energy source
from which the vibrations originate is usually electricity, much like the standing wave
design.

Feasibility of biodiesel as a renewable fossil fuel replacement for gas turbine
operations is currently been research on due to an earlier report on some oxides of
nitrogen, oxides of sulfur, carbon monoxide (CO), emission levels. Ultrasonic as an

2



atomization approach for environmentally preferred alternative fuels like biodiesel
have yet to be fully optimized for emissions. As a result, the feasibility of using
ultrasonic technology with biodiesel as a low emission alternative fuel option is still
being evaluated. With improved atomization, gas turbines operations can realize
improved emissions as compared to those using conventional diesel (Senda et al.,
2008; Lefebvre and McDonell, 2017).

1.2 Problem Statement

Most atomization techniques, though with lots of merits, have shown inadequacies in
the atomization of both diesel and biodiesel in the operation of gas turbines (Ferreira
etal., 2011; Anwar et al., 2013; Tan et al., 2013; Bayvel, 2019). This is due to a relative
increase in dynamic viscosity and surface tension, especially for biodiesel. Both of
these fluid properties are heavily tied to atomization behavior in that the increased
viscosity and surface tension limit droplet breakup and lead to larger average droplet
sizes which in turn increase residence time and nitrogen oxides (NOy) formation.

Although there are other modes of improving emissions by using fuel injector design
and fuel additive (Nieman et al., 2012; Imtenan et al., 2014; Imdadul et al., 2015).
However, the use of the additive for atomization increased HC emission at larger
particle size, and also increased smoke opacity when compared to conventional
method (Javed et al., 2016). Other researchers have tried to improve the atomization
of fuel using different designs of atomizers (Arghode et al., 2012; Khalil et al., 2012;
MIkvik et al., 2015). The result of their studies showed that depending on the gas-to-
liquid ratios, the flow rate was enhanced leading to improve combustion. However,
this method is far from efficient because it depends on complex designs and cannot be
used for most engines.

The conventional techniques used to improve the atomization are pressure burners and
spray heads (Guillaume et al 2019). These techniques are affected by varying either
the pressure under which to deliver supply liquid or the area of the nozzle outlet
opening. These lead to poor liquid atomization at a low flow rate (under a low
pressure). In order to overcome the drawbacks to the efficient atomization of fuel in
gas turbines operations, adaptable and efficient way of enhancing atomization
becomes imperative.

Recently, more attempts have been made to impart ultrasonic waves to the liquid
material as it is injected out through the jet of the injection nozzle under pressure. This
technique has shown high results and led to a good performance in the applications
used in. However, many applications of ultrasonic decomposition waves for many
industrial processes such as medical sprays, surface coatings, liquid fuel spray, metal
powders and jet ink printing (Deepu et al., 2018). There is no known study on the
development of new ultrasonic assisted atomization designs to accommodate and
optimize the performance of micro gas turbines, for both diesel and biodiesel, with a
view to enhance the combustion efficiency, by generating fuel fog, with particular



focus on flow rate, engine performance, spraying capacity, and emissions level. There
is also no known study on the effect of ultrasonic intensity and dosage on atomization.
Therefore, the current study attempts to fill these gaps, while providing a comparison
between ultrasonic assisted gas turbine atomization, and conventional method of
atomization.

1.3 Hypothesis

Null hypothesis Ho : po = M1 use of ultrasonic device does not improve jet engine
performance.

Alternative hypothesis Hi : o # w1 use of ultrasonic device dose improve jet engine
performance.

1.4 Research Questions

Can the ultrasonic atomization increase the efficiency of the micro gas turbine?

It is expected that the ultrasonic technology is the main driver for small droplets size.
It is known that the atomization is generally used to have a very efficient performance
of combustion in the gas turbine. Ultrasonic uses high-frequency sound energy to
create wide vibrating waves. It has been stated that ultrasonic atomizers produced fuel
sprays with small droplets sizes while consuming small quantities of power. The spray
from such atomizers carries low momentum and penetrates less, resulting in reduced
wall wetting. This enables operation of the engine with lean mixtures, due to the
absence of the capacitance effect which is usually caused by wall films, especially
during transients. This leads to the high performance of micro gas turbine due to the
better mixture of fuels and air and this leads to high efficiency.

How does the ultrasonic atomization can be used in biodiesel fuels?

The ultrasonic atomization in the micro gas turbine can perform very well using
biodiesel fuels. This can be explained due to the capability of ultrasonic to work with
any kinds of liquids regardless of their viscosity, density, cloud point, pour point,
temperature and pressure. It just needs to change in the operating frequency to have
significant results as requested. While the other conventional atomization techniques
used in gas turbines, they just design for one type of liquid. Thus, if it needs to use for
different liquids or fuels, it has to redesign. For this, ultrasonic is the potential
alternative novelty method in the application of using biodiesel in a micro gas turbine.



1.5 Objectives

The goal of this research is to establish the viability of ultrasonic technique as a more
efficient by the use of ultrasonic wave to break up fuel droplets and generate
atomization that applied to gas turbine engine operation. This novel technique will be
used to break up fuel particle into small drops in the small scale gas turbine. Based
on the available research gap existing in regards to the atomization of gas turbines,
and the goal of this research, the specific objectives of achieving this goal are:

1. To determine the pertinent parameter that used atomization diameter, for both
ultrasonic and conventional optimum atomizer system using morphology
chart.

2. To fabricate micro jet engine test rig that accommodates the atomizer system.

3. To evaluate the engine in fuel atomization for both modes (ultrasonic and
conventional) in terms of emissions with fuel types through measurements of
carbon monoxide, carbon dioxide, nitrogen oxide and nitrogen dioxide.

1.6 Scope and Limitations

To achieve the goal and objectives set out as described above, this study exclusively
involved the use of ultrasonic atomization of fuel droplet diameter between 6um to
20um Burak Tanyeri et al (2014), this study use four single ultrasonic device
atomizaer the total capacity of producing atomization is (18 kg/hour total), for safety
and reasons, a quantity that using in this study between 1-2% of the total amount of
fuel used is assumed, fuel that using ultrasonic atomization is kerosene and the main
injector used kerosene, diesel and biodiesel blends. Set up micro jet engine was used
to run this technology in a special gas turbine laboratory in the State of Kuwait. The
turbine wheel used is 96 mm, air pressure ratio is 1.32, and compressor wheel is 71
mm, airflow rate is 0.468 kg/s. The engine has selected is jet engine, rotational speed
start from 43000 rpm to 82000 rpm (Appendix A4)

1.7 Significance of the Study

In this study, the applicability of utilizing the atomization of fuel in micro gas turbines
was investigated. Unlike previous work, this technique was able to atomize the fuels,
by using the ultrasonic technology, which provides an alternative method that can be
used to improve fuel combustion, reduce CO. and NOx emissions and increase the
overall efficiency of jet engines. The conventional diesel fuel is costly and results in
high level of greenhouse emissions. The biodiesel in gas turbine presents the cleaner
energy for engine operations. This will not only reduce greenhouse emissions by
reducing climate change, but also will reduce the overall cost of energy supply. In
addition, the use of ultrasonic atomization helps in improving the mixing ratio of
different fuel blends.



1.8 Organization of the Thesis

This thesis consists of five chapters, and each chapter was divided into several sub-
sections. The thesis starts with Chapter One gave information about the background
of the research, problem statement, specific objectives and the scope of the study. The
first part of Chapter Two covered the literature review of gas turbine. Then, this
chapter discussed different types of gas turbines and also the component of the gas
turbine. Later, fuel types and more focused on atomization technology were also
discussed in Chapter Two. Chapter Three focused on methodology used in the
investigation of gas turbine engines, including setup discussion, ultrasonic atomization
systems, data collection system, engine performance and experimental summarize.
Meanwhile, Chapter Four presented the findings of the research with some discussion
explaining the results. Finally, the conclusions and recommendations are presented in
Chapter Five.



REFERENCES

Agarwal, A. K., & Khurana, D. (2013). Long-term storage oxidation stability of
Karanja biodiesel with the use of antioxidants. Fuel Processing Technology,
106(0), 447-452.

Amoo, L. M. (2013). On the design and structural analysis of jet engine fan blade
structures. Progress in Aerospace Sciences, 60, 1-11.

Anwar, Z. M., Tan, E. S., Adnan, R., Idris, M. A., & lop. (2013). Study on Atomization
Characteristics for Power Generation Application. 4th International
Conference on Energy and Environment 2013, 16.

Arghode, V. K., Gupta, A. K., & Bryden, K. M. (2012). High intensity colorless
distributed combustion for ultra low emissions and enhanced performance.
Applied Energy, 92, 822-830.

Arjomandi, M. R., Aboonajmi, M., & Chegini, G. R. (2017). Investigation on the
Ultrasonic Nozzle Parameters Affecting Physical Properties of Tomato
Powder. Journal of Agricultural Machinery, 7(2), 427-438.

Aydin, H., Turan, O., Karakoc, T. H., & Midilli, A. (2012). Component—based
exergetic measures of an experimental turboprop/turboshaft engine for
propeller aircraft and helicopters. International Journal of Exergy, 11(3), 322-
348.

Badeer, G. H. (2000). GE Aeroderivative Gas Turbines - Design and Operating
Features. GE Power System, GER-3695E, 1-20. Retrieved from.

Basha, S. A., Gopal, K. R., & Jebaraj, S. (2009). A review on biodiesel production,
combustion, emissions and performance. Renewable and sustainable energy
reviews, 13(6-7), 1628-1634.

Bayvel, L. P. (2019). Liquid atomization. Routledge.

Bhale, P. V., Deshpande, N. V., & Thombre, S. B. (2009). Improving the low
temperature properties of biodiesel fuel. Renewable energy, 34(3), 794-800.

Bianchini, A., Carnevale, E. A., Biliotti, D., Altamore, M., Cangemi, E., Giachi, M.,
... & Ferrari, L. (2015). Development of a Research Test Rig for Advanced
Analyses in Centrifugal Compressors. Energy Procedia, 82, 230-236.

Biodiesel_for_gas_turbine_application_an_atomization_characteristics_study.pdf
Blair, M. F., Dring, R. P., & Joslyn, H. D. (1989). The Effects of Turbulence and

Stator/Rotor Interactions on Turbine Heat Transfer: Part ||l—Effects of
Reynolds Number and Incidence. Journal of Turbomachinery, 111(1), 97-103.

96



Bombardier (2011) ‘Market forecast 2009-2028. See also www.bombardier.com
[accessed 20=03=2017]

Bour, J., Bardon, J., Aubriet, H., Del Frari, D., Verheyde, B., Dams, R., ... & Ruch, D.
(2008). Different Ways to Plasma- Polymerize  HMDSO in DBD
Configuration at Atmospheric Pressure for Corrosion Protection. Plasma
Processes and Polymers, 5(8), 788-796.

Boukhanouf, R. (2011). Small combined heat and power (CHP) systems for
commercial buildings and institutions. In Small and Micro Combined Heat and
Power (CHP) Systems (pp. 365-394). Woodhead Publishing.

Boyce, M. P. (2011). Gas turbine engineering handbook. Elsevier.
Boyce, M. P. (2011). Gas turbine engineering handbook. Elsevier.

Braun, R. J., Klein, S. A., & Reindl, D. T. (2006). Evaluation of system configurations
for solid oxide fuel cell-based micro-combined heat and power generators in
residential applications. Journal of Power Sources, 158(2), 1290-1305.

Brooks, F. J. (2000). GE gas turbine performance characteristics. GE Power Systems,
Schenectady, NY.

Campbell, A., Goldmeer, J., Healy, T., Washam, R., Moliere, M., & Citeno, J. (2008,
January). Heavy duty gas turbines fuel flexibility. In ASME Turbo Expo 2008:
Power for Land, Sea, and Air (pp. 1077-1085). American Society of
Mechanical Engineers.

Caresana, F. 2011. Impact of biodiesel bulk modulus on injection pressure and
injection timing. The effect of residual pressure. Fuel, 90(2):477-485.

Cerni, G., Cardone, F., Virgili, A., & Camilli, S. (2012). Characterisation of permanent
deformation behavior of unbound granular materials under repeated triaxial
loading. Construction and Building Materials, 28(1), 79-87.

Chatterjee, A., Shibata, Y., Tao, H., Tanaka, A., Morita, M. (2004). High-performance
liquid chromatography-ultrasonic nebulizer high-power nitrogen microwave
induced plasma mass spectrometry, a real-time on-line coupling for selenium
speciation analysis, J. Chromatogr. A 1042 99-106.

Chaudry, M., Jenkins, N., & Strbac, G. (2008). Multi-time period combined gas and
electricity network optimisation. Electric power systems Research, 78(7),
1265-1279.

Chen, Y., & Driscoll, J. F. (2016). A multi-chamber model of combustion instabilities

and its assessment using kilohertz laser diagnostics in a gas turbine model
combustor. Combustion and Flame, 174, 120-137.

97



Cheng, C. H., Wang, N., Song, Y. L., Tsai, S. C., Chou, Y. F., Lee, C. T., & Tsali, C.
S. (2007, January). Design and Simulation of Silicon-Based Ultrasonic
Nozzles for Production of Monodispersed Droplets. In ASME 2007 2nd
Frontiers in Biomedical Devices Conference (pp. 11-12). American Society of
Mechanical Engineers.

Cheng, C. Y., & Chen, C. O. K. (2000). Maximum power of an endoreversible
intercooled Brayton cycle. International journal of energy research, 24(6), 485-
494,

Cheng, C. Y. (1998). Ecological optimization of an endoreversible Brayton
cycle. Energy Conversion and Management, 39(1-2), 33-44.

Chong, C. T., & Hochgreb, S. (2015). Flame structure, spectroscopy and emissions
quantification of rapeseed biodiesel under model gas turbine conditions.
Applied Energy.

Constant, E. W. (1973). A model for technological change applied to the turbojet
revolution. Technology and Culture, 14(4), 553-572.

Cortinovis, A., Ferreau, H. J.,, Lewandowski, D., & Mercangdz, M. (2015).
Experimental evaluation of MPC-based anti-surge and process control for
electric driven centrifugal gas compressors. Journal of process control, 34, 13-
25.

Dalmoro, A., d’Amore, M., & Barba, A. A. (2013). Droplet size prediction in the
production of  drug  delivery  microsystems by  ultrasonic
atomization. Translational Medicine@ UniSa, 6-11.

Dean, J., Taltavull, C., & Clyne, T. W. (2016). Influence of the composition and
viscosity of volcanic ashes on their adhesion within gas turbine aero
engines. Acta Materialia, 109, 8-16.

Demirbas, A. 2008. Biodiesel : a realistic fuel alternative for diesel engines. London:
Springer.

Derksen, R. C., Zhu, H., Fox, R. D., Brazee, R. D., & Krause, C. R. (2007). Coverage
and drift produced by air induction and conventional hydraulic nozzles used
for orchard applications. Transactions of the ASABE, 50(5), 1493-1501.

Dincer, 1., and Rosen, M.A. (2005) ‘Thermodynamic aspects of renewables and
sustainable development’, Renewable and Sustainable Energy Reviews, Vol.
9, pp.169-189.

Domen, S., Gotoda, H., Kuriyama, T., Okuno, Y., & Tachibana, S. (2015). Detection
and prevention of blowout in a lean premixed gas turbine model combustor
using the concept of dynamical system theory. Proceedings of the Combustion
Institute, 35(3), 3245-3253.

98



Dong, L., Liu, H., & Riffat, S. (2009). Development of small-scale and micro-scale
biomass-fuelled CHP systems—A literature review. Applied thermal
engineering, 29(11-12), 2119-2126.

Ehyaei, M. A., & Bahadori, M. N. (2007). Selection of micro turbines to meet
electrical and thermal energy needs of residential buildings in Iran. Energy and
Buildings, 39(12), 1227-1234.

Eknadiosyants, O.K.(1968). Role of cavitation in the process of liquid atomization in
an ultrasonic fountain, Sov. Phys. Acoust. 14 80-84.

Elghali, S. E. B., Balme, R., Le Saux, K., Benbouzid, M. E. H., Charpentier, J. F., &
Hauville, F. (2007). A simulation model for the evaluation of the electrical
power potential harnessed by a marine current turbine. IEEE Journal of
Oceanic Engineering, 32(4), 786-797.

Enweremadu, C. C., & Rutto, H. L. (2010). Combustion, emission and engine
performance characteristics of used cooking oil biodiesel—A review.
Renewable and Sustainable Energy Reviews, 14(9), 2863-2873.

Eret, P. (2016). A cost-effective compressed air generation for manufacturing using
modified microturbines. Applied Thermal Engineering, 107, 311-319.

Epstein, A. H. (2004). Millimeter-scale, micro-electro-mechanical systems gas turbine
engines. Journal of engineering for gas turbines and power, 126(2), 205-226.

Favuzza, S., Graditi, G., Ippolito, M. G., & Sanseverino, E. R. (2007). Optimal
electrical distribution systems reinforcement planning using gas micro turbines
by dynamic ant colony search algorithm. IEEE Transactions on Power
Systems, 22(2), 580-587.

Ferreira, R. W. ., Guerra, D. R. S., Nogueira, M. F. M., & Lacava, P. . (2011).
Experimental Evaluation of Gas Turbine Emissions Fuelled With Biodiesel
and Biodiesel-Diesel Blends. In 8th International Conference on Heat
Transfer, FluidMechanics and Thermodynamics (pp. 272-277). Pointe Aux
Piments, Mauritius.

Fini, A., Cavallari, C., Ospitali, F., & Gonzalez- Rodriguez, M. L. (2011).
Theophylline- loaded Compritol microspheres prepared by ultrasound-
assisted atomization. Journal of pharmaceutical sciences, 100(2), 743-757.

Fokaides, P., Weil3, M., Kern, M., & Zarzalis, N. (2009). Experimental and numerical
investigation of swirl induced self-excited instabilities at the vicinity of an
airblast nozzle. Flow, turbulence and combustion, 83(4), 511.

Furukawa, A., Watanabe, S., Matsushita, D., & Okuma, K. (2010). Development of

ducted Darrieus turbine for low head hydropower utilization. Current Applied
Physics, 10(2), S128-S132.

99



Geels, F. W. (2006). Co-evolutionary and multi-level dynamics in transitions: the
transformation of aviation systems and the shift from propeller to turbojet
(1930-1970). Technovation, 26(9), 999-1016.

Gemci, T., & Chigier, N. (2016). Production, Handling and Characterization of
Particulate Materials. In H. G. Merkus & G. M. H. Meesters (Eds.),
Atomization, Spraying, and Nebulization (Vol. 25, pp. 257 — 289).

Giampaolo, 1. T. (2006),” Gas Turbine Handbook: Principle references and practices”,
ISBN 0-88173-516-7

Gicquel, L. Y., Staffelbach, G., & Poinsot, T. (2012). Large eddy simulations of
gaseous flames in gas turbine combustion chambers. Progress in Energy and
Combustion Science, 38(6), 782-817.

Giorgetti, S., Parente, A., Bricteux, L., Contino, F., & De Paepe, W. (2019). Optimal
design and operating strategy of a carbon-clean micro gas turbine for combined
heat and power applications. International Journal of Greenhouse Gas
Control, 88, 469-481.

Goke, S., Furi, M., Bourque, G., Bobusch, B., Gockeler, K., Kriger, O., ... &
Paschereit, C. O. (2013). Influence of steam dilution on the combustion of
natural gas and hydrogen in premixed and rich-quench-lean combustors. Fuel
processing technology, 107, 14-22.

Goktun, S., & Yavuz, H. (1999). Thermal efficiency of a regenerative Brayton cycle
with isothermal heat addition. Energy Conversion and Management, 40(12),
1259-1266.

Gong, X., Liu, H., Li, W., Chen, M., Qin, J., Yu, G,, ... & Yu, Z. (2005). Finite
stochastic breakup model of airblast atomization process. Journal of Chemical
Industry and Engineering-china-, 56(5), 786.

Gounder JD, Zizin A, Lammel O, Aigner M. Spray Characteristics Measured in a New
FLOX® Based Low Emission Combustor for Liquid Fuels Using Laser and
Optical Diagnostics. ASME. Turbo Expo: Power for Land, Sea, and
Air, Volume 4A: Combustion, Fuels and Emissions ():VO4AT04A036.
doi:10.1115/GT2016-56629.

Gracie-Orr, K., Nevalainen, T. M., Johnstone, C. M., Murray, R. E., Doman, D. A., &
Pegg, M. J. (2016). Development and initial application of a blade design
methodology for over speed power-regulated tidal turbines. International
Journal of Marine Energy, 15, 140-155.

Gumus, M. (2010). A comprehensive experimental investigation of combustion and

heat release characteristics of a biodiesel (hazelnut kernel oil methyl ester)
fueled direct injection compression ignition engine. Fuel, 89(10), 2802-2814.

100



Gumus, M., Sayin, C. & Canakci, M. 2012. The impact of fuel injection pressure on
the exhaust emissions of a direct injection diesel engine fueled with biodiesel—
diesel fuel blends. Fuel, 95:486-494.

Gutiérrez, J., Galan, C. A., Suarez, R., Alvarez-Murillo, A., & Gonzélez, J. F. (2018).
Biofuels from cardoon pyrolysis: Extraction and application of
biokerosene/kerosene mixtures in a self-manufactured jet engine. Energy
Conversion and Management, 157, 246-256.

Habib, Z., Parthasarathy, R., & Gollahalli, S. (2010). Performance and emission
characteristics of biofuel in a small-scale gas turbine engine. Applied Energy,
87(5), 1701-17009.

Haglind, F., & Elmegaard, B. (2009). Methodologies for predicting the part-load
performance of aero-derivative gas turbines. Energy, 34(10), 1484-1492.

Halstead, M. P., Kirsch, L. J., & Quinn, C. P. (1977). The autoignition of hydrocarbon
fuels at high temperatures and pressures—fitting of a mathematical model.
Combustion and flame, 30, 45-60.

Hameed, Z., Hong, Y. S., Cho, Y. M., Ahn, S. H., & Song, C. K. (2009). Condition
monitoring and fault detection of wind turbines and related algorithms: A
review. Renewable and Sustainable energy reviews, 13(1), 1-39.

Han, J. C., Dutta, S., & Ekkad, S. (2012). Gas turbine heat transfer and cooling
technology. CRC Press.

Han, P. (2017). Additive design and manufacturing of jet engine parts. Engineering,
3(5), 648-652.

Han, H. S., Kim, C. J., Cho, C. H., Sohn, C. H., & Han, J. (2018). Ignition delay time
and sooting propensity of a kerosene aviation jet fuel and its derivative blended
with a bio-jet fuel. Fuel, 232, 724-728.

Hiner, S. D. (2011, January). Strategy for Selecting Optimised Technologies for Gas
Turbine Air Inlet Filtration Systems. In ASME 2011 Turbo Expo: Turbine
Technical Conference and Exposition (pp. 559-568). American Society of
Mechanical Engineers.

Horlock, J. H., Watson, D. T., & Jones, T. V. (2000, May). Limitations on gas turbine
performance imposed by large turbine cooling flows. In ASME Turbo Expo
2000: Power for Land, Sea, and Air (pp. V002T04A027-V002T04A027).
American Society of Mechanical Engineers.

Hornby, J. A., Robinson, J., Opp, W., & Sterling, M. (2006). Laser-diffraction
characterization of flat-fan nozzles used to develop aerosol clouds of aerially
applied mosquito adulticides. Journal of the American Mosquito Control
Association, 22(4), 702-706.

101



Hosseini, S. E. (2019). Micro-power generation using micro-turbine (moving) and
thermophotovoltaic (non-moving) systems. Proceedings of the Institution of
Mechanical Engineers, Part A: Journal of Power and Energy,
0957650919841958.

llieva, G., Péascoa, J. C., Dumas, A., & Trancossi, M. (2012). A critical review of
propulsion concepts for modern airships. Central European Journal of
Engineering, 2(2), 189-200.

Imdadul, H. K., Masjuki, H. H., Kalam, M. A., Zulkifli, N. W. M., Rashed, M. M.,
Rashedul, H. K., ... Mosarof, M. H. (2015). A comprehensive review on the
assessment of fuel additive effects on combustion behavior in CI engine
fuelled with diesel-biodiesel blends. RSC Advances, 5(83), 67541-67567.

Imtenan, S., Masjuki, H. H., Varman, M., Arbab, M. 1., Sajjad, H., Rizwanul Fattah,
[. M, ... Abu, A. S. (2014). Emission and performance improvement analysis
of biodiesel-diesel blends with additives. Procedia Engineering, 90, 472—477.

Itoh, J. I., Kawamura, K., Kusaka, K., Ohnuma, Y., Koshikizawa, H., & Abe, K.
(2019). Control of Starter Generator in a UAV with a Micro Jet Engine. IEEJ
Journal of Industry Applications, 8(3), 421-429.

Jakeria, M. R., Fazal, M. A., & Haseeb, A. S. M. A. (2014). Influence of different
factors on the stability of biodiesel: A review. Renewable and Sustainable
Energy Reviews, 30, 154-163.

Javed, S., Satyanarayana Murthy, Y. V. V., Satyanarayana, M. R. S., Rajeswara
Reddy, R., & Rajagopal, K. (2016). Effect of a zinc oxide nanoparticle fuel
additive on the emission reduction of a hydrogen dual-fuelled engine with
jatropha methyl ester biodiesel blends. Journal of Cleaner Production, 137(x),
490-506.

Jensen, S. H., Larsen, P. H., & Mogensen, M. (2007). Hydrogen and synthetic fuel
production from renewable energy sources. International Journal of Hydrogen
Energy, 32(15), 3253-3257.

Jiang, G., Zhang, Y., Wen, H., & Xiao, G. (2015). Study of the generated density of
cavitation inside diesel nozzle using different fuels and nozzles. Energy
Conversion and Management, 103, 208-217.

Jonsson, B. L., Gardarsson, G. O., Pétursson, O., Hlynsson, S. B., & Foley, J. T.
(2015). Ultrasonic gasoline evaporation transducer-reduction of internal
combustion engine fuel consumption using axiomatic design. Procedia
CIRP, 34, 168-173.

Kaisan, M. U., Pam, G. Y., & Kulla, D. M. (2013). Physico—Chemical Properties of

Bio—diesel from Wild Grape Seeds Oil and Petro—diesel Blends. American
Journal of Engineering Research, 2(10), 291-297.

102



Kang, Z., Wang, Z. G., Li, Q., & Cheng, P. (2018). Review on pressure swirl injector
in liquid rocket engine. Acta Astronautica, 145, 174-198.

Katsigiannis, P. A., & Papadopoulos, D. P. (2005). A general techno-economic and
environmental procedure for assessment of small-scale cogeneration scheme
installations: Application to a local industry operating in Thrace, Greece, using
microturbines. Energy Conversion and Management, 46(20), 3150-3174.

Kayadelen, H. K., & Ust, Y. (2017). Thermodynamic, environmental and economic
performance optimization of simple, regenerative, STIG and RSTIG gas
turbine cycles. Energy.

Khalil, A. E. E., Gupta, A. K., Bryden, K. M., & Lee, S. C. (2012). Mixture Preparation
Effects on Distributed Combustion for Gas Turbine Applications. Journal of
Energy Resources Technology, 134(3), 32201. Retrieved from

Khodaii, A., & Mehrara, A. (2009). Evaluation of permanent deformation of
unmodified and SBS modified asphalt mixtures using dynamic creep
test. Construction and Building Materials, 23(7), 2586-2592.

Kobara, H., Tamiya, M., Wakisaka, A., Fukazu, T., & Matsuura, K. (2010).
Relationship between the size of mist droplets and ethanol condensation
efficiency at ultrasonic atomization on ethanol-water mixtures. AIChE
journal, 56(3), 810-814.

Kourmatzis, A., Pham, P. X., & Masri, A. R. (2013). Air assisted atomization and

spray density characterization of ethanol and a range of biodiesels. Fuel, 108,
758-770.

Kulkarni, M., Shim, T., & Zhang, Y. (2007). Shift dynamics and control of dual-clutch
transmissions. Mechanism and Machine Theory, 42(2), 168-182.

Langston, L. S., Opdyke, G., & Dykewood, E. (1997). Introduction to gas turbines for
non-engineers. Global Gas Turbine News, 37(2), 1-9.

Langston, L., Opdyke, G., & Dykewood, E. (1997). Introduction to Gas Turbines for
Non-engineers. Global Gas Turbine News, 37(2), 9. Retrieved from

Lecompte, S., Huisseune, H., van den Broek, M., De Schampheleire, S., & De Paepe,
M. (2013). Part load based thermo-economic optimization of the Organic
Rankine Cycle (ORC) applied to a combined heat and power (CHP)
system. Applied Energy, 111, 871-881.

Lefebvre, A. H. (1998). Gas turbine combustion. CRC press.

Lefebvre, A. H. (1980). Airblast atomization. Progress in Energy and Combustion
Science, 6(3), 233-261.

Lefebvre, A. H., & McDonell, V. G. (2017). Atomization and sprays. CRC press.

103



Li, M. Y., He, X. M., Zhao, Y. L., Jin, Y., Yao, K. H., & Ge, Z. H. (2018). Performance
enhancement of a trapped-vortex combustor for gas turbine engines using a
novel hybrid-atomizer. Applied Energy, 216, 286-295.

Lieuwen, T., & Zinn, B. T. (1998, January). The role of equivalence ratio oscillations
in driving combustion instabilities in low NOx gas turbines. In Symposium
(International) on Combustion (Vol. 27, No. 2, pp. 1809-1816). Elsevier.

Lindquist, T., Thern, M., & Torisson, T. (2002, January). Experimental and theoretical
results of a humidification tower in an evaporative gas turbine cycle pilot plant.
In ASME Turbo Expo 2002: Power for Land, Sea, and Air (pp. 475-484).
American Society of Mechanical Engineers.

Liparoti, S., Adami, R., & Reverchon, E. (2012). PEG micronization by supercritical
assisted atomization, operated under reduced pressure. The Journal of
Supercritical Fluids, 72, 46-51.

Lu, F., Huang, J., & Xing, Y. (2012). Fault diagnostics for turbo-shaft engine sensors
based on a simplified onboard model. Sensors, 12(8), 11061-11076.

Lu, F., Huang, J., & Xing, Y. (2012). Fault diagnostics for turbo-shaft engine sensors
based on a simplified onboard model. Sensors, 12(8), 11061-11076.

Lu, X., Yang, S., & Evans, J. R. (2009). Microfeeding with different ultrasonic nozzle
designs. Ultrasonics, 49(6), 514-521.

Lynes, J. K., & Dredge, D. (2006). Going green: Motivations for environmental
commitment in the airline industry. A case study of Scandinavian
Airlines. Journal of sustainable tourism, 14(2), 116-138.

Ma, R., Dong, B., Yu, Z., Zhang, T., Wang, Y., & Li, W. (2014). An experimental
study on the spray characteristics of the air-blast atomizer. Applied Thermal
Engineering, 88, 149-156.
http://doi.org/10.1016/j.applthermaleng.2014.11.068

MacLeod, J., & Jastremski, J. (2011). Development of a unique icing spray system for
a new facility for certification of large turbofan engines (No. 2011-38-0099).
SAE Technical Paper.

Mannucci, F., Della Valle, M., Panagia, N., Cappellaro, E., Cresci, G., Maiolino, R.
& Turatto, M. (2005). The supernova rate per unit mass. Astronomy &
Astrophysics, 433(3), 807-814.

Martinez, E., Jiménez, E., Blanco, J., & Sanz, F. (2010). LCA sensitivity analysis of a
multi-megawatt wind turbine. Applied Energy, 87(7), 2293-2303.

Masa, V., Bobak, P., & Vondra, M. (2016). Potential of gas microturbines for
integration in commercial laundries. Operational Research International
Journal.

104


http://doi.org/10.1016/j.applthermaleng.2014.11.068

McMullan, W. A., & Page, G. J. (2012). Towards large eddy simulation of gas turbine
compressors. Progress in Aerospace Sciences, 52, 30-47.

Meetham, G. W. (Ed.). (2012). The development of gas turbine materials. Springer
Science & Business Media.

Meher-Homiji, C. B., & Gabriles, G. (1998, September). Gas turbine blade failures—
causes, avoidance, and troubleshooting. In 27th Turbomachinery Symposium,
Houston, TX, Sept (pp. 20-24).

Mikhailov, A. E., Mikhailova, A. B., & Akhmedzyanov, D. A. (2016). New 1-D
Method for the Prediction of Axial-flow Compressors Off-design
Performance. Procedia Engineering, 150, 155-160.

Mlkvik, M., Stahle, P., Schuchmann, H. P., Gaukel, V., Jedelsky, J., & Jicha, M.
(2015). Twin-fluid atomization of viscous liquids: The effect of atomizer
construction on breakup process, spray stability and droplet size. International
Journal of Multiphase Flow, 77, 19-31.

Mlkvik, M., Stéhle, P., Schuchmann, H. P., Gaukel, V., Jedelsky, J., & Jicha, M.
(2015). Twin-fluid atomization of viscous liquids: The effect of atomizer
construction on breakup process, spray stability and droplet size. International
Journal of Multiphase Flow, 77, 19-31.Twin-fluid atomization of viscous
liquids: The effect of atomizer construction on breakup process, spray stability
and droplet size. International Journal of Multiphase Flow, 77, 19-31.

Montazeri-Gh, M., Fashandi, S. A. M., & Jafari, S. (2018). Theoretical and
Experimental Study of a Micro Jet Engine Start-Up Behaviour. Tehnicki
vjesnik, 25(3), 839-845.

Moradiafrapoli, M., & Marston, J. O. (2017). High-speed video investigation of jet
dynamics from narrow orifices for needle-free injection. Chemical
Engineering Research and Design, 117, 110-121.

Nabi, M. N., Rahman, M. M., Islam, M. A., Hossain, F. M., Brooks, P., Rowlands, W.
N., ... & Brown, R. J. (2015). Fuel characterisation, engine performance,
combustion and exhaust emissions with a new renewable Licella
biofuel. Energy Conversion and Management, 96, 588-598.

Najjar, Y. S., & Abubaker, A. M. (2015). Indirect evaporative combined inlet air
cooling with gas turbines for green power technology. International Journal of
Refrigeration, 59, 235-250.

Najjar, Y. S., Abubaker, A. M., & EI-Khalil, A. F. (2015). Novel inlet air cooling with
gas turbine engines using cascaded waste-heat recovery for green sustainable
energy. Energy, 93, 770-785.

Nasr, G. G., Yule, A. J., & Bendig, L. (2013). Industrial sprays and atomization:
design, analysis and applications. Springer Science & Business Media.

105



Nieman, D. E., Dempsey, A. B., & Reitz, R. D. (2012). Heavy-Duty RCCI Operation
Using Natural Gas and Diesel. SAE Paper 2012-01-0379, 5(2), 270-285.

Niziolek, A. M., Onel, O., Elia, J. A., Baliban, R. C., Xiao, X., & Floudas, C. A.
(2014). Coal and biomass to liquid transportation fuels: process synthesis and
global optimization strategies. Industrial & Engineering Chemistry
Research, 53(44), 17002-17025.

Noe, R. A, Hollenbeck, J. R., Gerhart, B., & Wright, P. M. (2006). Human resource
management: Gaining a competitive advantage.

Omer K., Ashgriz N. (2011) Spray Nozzles. In: Ashgriz N. (eds) Handbook of
Atomization and Sprays. Springer, Boston, MA

Oyedepo, S. O. (2012). Energy and sustainable development in Nigeria: the way
forward. Energy, Sustainability, and Society, 2(1), 15.

Padture, N. P., Gell, M., & Jordan, E. H. (2002). Thermal barrier coatings for gas
turbine engine applications. Science, 296(5566), 280-284.

Pakle, S., & Jiang, K. (2019). Design of double curvature radial turbine blades for a
micro gas turbine. Applied Mathematical Modelling, 67, 529-548.

Palash, S. M., Masjuki, H. H., Kalam, M. A., Atabani, A. E., Fattah, I. R., & Sanjid,
A. (2015). Biodiesel production, characterization, diesel engine performance,
and emission characteristics of methyl esters from Aphanamixis polystachya
oil of Bangladesh. Energy Conversion and Management, 91, 149-157.

Park, S. H., Cha, J., & Lee, C. S. (2011). Spray and engine performance characteristics
of biodiesel and its blends with diesel and ethanol fuels. Combustion science
and technology, 183(8), 802-822.

Petrov, M., Fridh, J., Goéransson, A., & Fransson, T. (2012). High-speed steam turbine
systems for distributed generation applications. In ASME 2012 POWER
Conference, Anaheim CA, USA, July 30-August 3, 2012 (p. 7). ASME Press.

Rachner, M., Becker, J., Hassa, C., & Doerr, T. (2002). Modelling of the atomization
of a plain liquid fuel jet in crossflow at gas turbine conditions. Aerospace
Science and Technology, 6(7), 495-506.

Rajmohan, B., Reddy, S. N., & Meikap, B. C. (2008). Removal of SO2 from industrial
effluents by a novel twin fluid air-assist atomized spray scrubber. Industrial &
Engineering Chemistry Research, 47(20), 7833-7840.

Ramakrishnan, S., & Edwards, C. F. (2016). Maximum-efficiency architectures for
heat and work-regenerative gas turbine engines. Energy, 100, 115-128.

106



Rauert, T., Herrmann, J., Dalhoff, P., & Sander, M. (2016). Fretting fatigue induced
surface cracks under shrink fitted main bearings in wind turbine rotor
shafts. Procedia Structural Integrity, 2, 3601-3609.

Rayleigh, W.J.S. (1945). The Theory of Sound, vol. 2, Dover Publications, p. 344.
Razak, A. M. Y. (2007). Industrial gas turbines: performance and operability. Elsevier.

Rhinefrank, K., Agamloh, E. B., von Jouanne, A., Wallace, A. K., Prudell, J., Kimble,
K., ... & Schacher, A. (2006). Novel ocean energy permanent magnet linear
generator buoy. Renewable Energy, 31(9), 1279-1298.

Rogante, M., & Rosta, L. (2005, June). Nanoscale characterisation by SANS and
residual stresses determination by neutron diffraction related to materials and
components of technological interest. In OPTO-Ireland (pp. 294-305).
International Society for Optics and Photonics.

Sahin, B., Kodal, A., & Yavuz, H. (1995). Efficiency of a Joule-Brayton engine at
maximum power density. Journal of Physics D: Applied Physics, 28(7), 1309.

Salehnasab, B., Poursaeidi, E., Mortazavi, S. A., & Farokhian, G. H. (2016). Hot
corrosion failure in the first stage nozzle of a gas turbine engine. Engineering
Failure Analysis, 60, 316-325.

Salehnasab, B., Poursaeidi, E., Mortazavi, S. A., & Farokhian, G. H. (2016). Hot
corrosion failure in the first stage nozzle of a gas turbine engine. Engineering
Failure Analysis, 60, 316-325.

Sayinci, B., & Bastaban, S. (2011). Spray distribution uniformity of different types of
nozzles and its spray deposition in potato plant. African Journal of Agricultural
Research, 6(1), 352-362.

Sayinci, B., & Bastaban, S. (2011). Spray distribution uniformity of different types of
nozzles and its spray deposition in potato plant. African Journal of Agricultural
Research, 6(1), 352-362.

Sekiguchi, K., Noshiroya, D., Handa, M., Yamamoto, K., Sakamoto, K., & Namiki,
N. (2010). Degradation of organic gasses using ultrasonic mist generated from
TiO 2 suspension. Chemosphere, 81(1), 33-38.

Senda, J., Wada, Y., Kawano, D., & Fujimoto, H. (2008). Improvement of combustion
and emissions in diesel engines by means of enhanced mixture formation based
on flash boiling of mixed fuel. International Journal of Engine Research, 9(1),
15-27.

Slegers, S., Linzas, M., Drijkoningen, J., D’Haen, J., Reddy, N. K., & Deferme, W.
(2017). Surface Roughness Reduction of Additive Manufactured Products by
Applying a Functional Coating Using Ultrasonic Spray Coating. Coatings,
7(12), 208.

107



Solmaz, H., & Karabulut, H. (2014). Performance comparison of a novel configuration
of beta-type Stirling engines with rhombic drive engine. Energy Conversion
and Management, 78, 627-633.

Sorathia, H. S., & Yadav, H. J. (2012). Energy analyses to a ci-engine using diesel and
bio-gas dual fuel-a review study. world, 1, 5.

Ssebabi, B., Dinter, F., van der Spuy, J., & Schatz, M. (2019). Predicting the
performance of a micro gas turbine under solar-hybrid operation. Energy, 177,
121-135.

Talebi, S. S., & Tousi, A. M. (2016). The Effects of Compressor Blade Roughness on
the Steady State Performance of Micro-turbines. Applied Thermal
Engineering.

Tan, E., Idris, M., Anwar, M., & Adnan, R. (2013). Biodiesel for Gas Turbine
Application--An Atomization Characteristics Study. In Advances in Internal
Combustion Engines and Fuel Technologies ing (pp. 213-242). Retrieved
from

Tanbay, T., & Durmayaz, A. (2015). Exergy-based ecological optimisation of a
turbofan engine. International Journal of Exergy, 16(3), 358—-381.

Tian, Y., Zhang, Y. L., Ku, J. F., He, Y., Xu, B. B., Chen, Q. D., ... & Sun, H. B.
(2010). High performance magnetically controllable microturbines. Lab on a
Chip, 10(21), 2902-2905.

Toro, C. A. G., Wong, K. C., & Armfield, S. (2007). Computational study of a micro-
turbine engine combustor using large eddy simulation and Reynolds averaged
turbulence models. ANZIAM Journal, 49, 407-422.

Tsai, S. C., Cheng, C. H., Wang, N., Song, Y. L., Lee, C. T., & Tsai, C. S. (2009).
Silicon-based megahertz ultrasonic nozzles for production of monodisperse
micrometer-sized droplets. IEEE transactions on ultrasonics, ferroelectrics,
and frequency control, 56(9), 1968-1979.

Tsoutsanis, E., Meskin, N., Benammar, M., & Khorasani, K. (2014). A component
map tuning method for performance prediction and diagnostics of gas turbine
compressors. Applied Energy, 135, 572-585.

Turan, O. (2012). Exergetic effects of some design parameters on the small turbojet
engine for unmanned air vehicle applications. Energy, 46(1), 51-61.

Watson, S. J., Xiang, B. J., Yang, W., Tavner, P. J., & Crabtree, C. J. (2010). Condition
monitoring of the power output of wind turbine generators using
wavelets. IEEE Transactions on Energy Conversion, 25(3), 715-721.

Wood, W.R., Loomis, A.L., (1927) The physical and biological effects of high-
frequency sound waves of great intensity, Phil. Mag. 7 417-436.

108



Yaliwal, V. S., Banapurmath, N. R., Gireesh, N. M., Hosmath, R. S., Donateo, T., &
Tewari, P. G. (2016). Effect of nozzle and combustion chamber geometry on
the performance of a diesel engine operated on dual fuel mode using renewable
fuels. Renewable Energy, 93, 483-501.

Yang, J., Wang, Q., Wei, Z., & Guan, K. (2014). Weld failure analysis of 2205 duplex
stainless steel nozzle. Case Studies in Engineering Failure Analysis, 2(2), 69-
75.

Yang, Y., Bai, Z., Zhang, G., Li, Y., Wang, Z., & Yu, G. (2019). Design/off-design
performance simulation and discussion for the gas turbine combined cycle
with inlet air heating. Energy, 178, 386-399.

Zhang, H. B., Sun, J. G., & Sun, L. G. (2010). Design and application of a disturbance
rejection rotor speed control method for turbo-shaft engines [J]. Journal of
Aerospace Power, 4, 035.

Zhang, R., Fan, W., Shi, Q., & Tan, W. (2014). Structural design and performance
experiment of a single vortex combustor with single-cavity and air blast
atomisers. Aerospace Science and Technology, 39, 95-108.

Zheng, Q.P. (1999). Private Communication, Senior Engineer, Alstom Gas Turbines
Ltd, D.K.

109



BIODATA OF STUDENT

Amer E, S, E, TH, Alajmi was born on 16 April 1975 in Kuwait. He received his
secondary education at Al-Dahar high school, and followed his diploma of engineering
in public authority of applied education and training in subject Mechanical power
engineering and refrigeration, then continues his bachelor degree in mechanical
engineering at Philadelphia University in the Kingdome of Jourdan 2005. He complete
his master of science (Automotive Engineering) at Coventry University, United
Kingdom 2009, then in 2015 registered as a PhD candidates in Doctorate of
Philosophy at UPM.

133



LIST OF PUBLICATIONS

Journals

Alajmi, A. E., Adam, N. M., Hairuddin, A. A., & Abdullah, L. C. (2019). fuel
atomization in gas turbines: a review of novel technology. International
Journal of Energy Research, Accepted. Q1: 1F=3.009

Alajmi, A. E., Adam, N. M., Hairuddin, A. A. (2019). investigation of ultrasonic

atomization to enhance performance of a micro jet engine using biofuel. Fuels,
In the process of publication

134





