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A mixer is a device for mixing the proper amount of fuel with air before admission
to the combustion chamber. Although an air—fuel mixer easily converts a diesel
engine into a dual-fuel engine, and a petrol engine to a bi engine, the problem with
gaseous mixers is the inability to prepare a homogeneous mixture of air and
gaseous fuel at various engine speeds, and weak performance in controlling the
AFR (air-fuel ratio) at various engine speeds. According to previous studies, no
mixer has yet been designed for mixing H-CNG-air for tri-fuel engines (H-CNG-
Diesel engines). Moreover, the existing available mixers were unable to work
under different engine modes (such as dual fuel or bi engine), different capacities
of engine, or different mix of gaseous fuels. In this present work, a new air—H-
CNG mixer was designed and developed to be suitable for mixing air with
(Hydrogen), (CNG) and (HCNG) under different modes (bi-engine, dual fuel
engine, tri-fuel engine). In addition, this new mixer will allow super homogeneous
mixing for gaseous fuels with air according to different engine speeds. The new
mixer has been designed such that the mixer can be easily connected with an
Electronic Control Unit (ECU) for accurate control of the air—gaseous fuel ratio
for different engine speeds. The methodology includes theoretical analysis,
numerical analysis and experimental work to validate the results of the numerical
study. In the numerical part, 14 models of mixers with 116 cases were computer
simulated to investigate the effects on the homogeneity and distribution of the
mixture according to diameter size, location, and number of holes. The
performance of the new mixer models was studied using (ANSYS FLUENT) with
different air—gas fuel ratios (six cases), using a fully open valve, and with an
engine speed of 4000 rpm. The results of the simulation indicated that the lowest
Ul (uniformity index) values compared with other models were obtained for a
gaseous fuel range between 0.651 and 0.5107 using the different gaseous fuels
with the existing mixer. By contrast, the highest Ul values range between 0.954



and 0.939, and were obtained using the different gaseous fuels with model 6/case
47. The simulation results show that the new mixer exhibits superior performance
in terms of achieving a homogenous mixture (CNG-air, H-air, and HCNG-air) at
various engine speeds; the Ul values range between 0.9336 and 0.967 under
different AFRcne, (0.941 to 0.974) under different AFRn, and (0.935 to 0.971)
under AFRHcnG. Moreover, the new mixer shows a high level of accuracy in
controlling the AFR according to the engine speed. In the practical investigation,
the new air—fuel mixer (model 6, case 47) was fabricated based on the numerical
analysis, and also on the new design for the movable mechanism, which consists
of a small bevel gear, a large bevel gear, a power screw, a valve, bolts and seals.
According to the numerical and practical results for the new mixer under different
engine speeds (1000-4000), and an air—-CNG ratio of 34.15, a meaningful
agreement is reached between the experimental and numerical values for AFRcneG
(R? = 0.96 and CoV = 0.001494). In the theoretical part, two empirical models
were proposed to estimate the Ul of the gaseous fuel inside the new mixer models,
and the valve displacements inside the new mixer model (model 6, case 47) based
on the PSO technique. The results of the empirical models demonstrate the power
of the PSO technique to solve the problem of heterogeneous mixtures inside the
mixer, and to control the AFR inside the mixer, thereby enhancing the engine
performance.
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Pengadun ialah suatu alat untuk mencampurkan sejumlah bahan api yang sesuai
dengan udara sebelum masuk ke ruang pembakaran. Walaupun pengadun udara-
bahan api mudah menukarkan enjin diesel ke enjin dwi-bahan api dan enjin petrol
untuk menjadi dwi-enjin, masalah dengan pengadun gas adalah
ketidakupayaannya menyediakan adunan homogen udara dan bahan api gas pada
pelbagai kelajuan enjin dan prestasi yang lemah mengawal AFR (nisbah udara-
bahan api) pada pelbagai kelajuan enjin. Menurut kajian-kajian lampau, tidak ada
pengadun yang direka untuk mencampurkan H-CNG-Udara untuk enjin-enjin
tiga-bahan api (enjin H-CNG-Diesel). Selain itu, pengadun-pengadun yang ada
tidak dapat bekerja di bawah mod enjin yang berbeza (enjin dwi-bahan api, enjin
dwi), kapasiti enjin yang berbeza dan bahan api gas yang berlainan. Di dalam
kajian ini, pengadun udara-H.-CNG yang baru telah direka dan dibangunkan
untuk menjadi sesuai bagi mencampurkan udara dengan (Hidrogen), (CNG) dan
(HCNG) di bawah mod-mod berbeza (dwi-enjin, enjin dua bahan api, enjin tiga-
bahan api). Sebagai tambahan pengadun baru ini akan memberikan pencampuran
superhomogen untuk bahan api gas dengan udara mengikut kelajuan enjin.
Pengadun baru ini direka dengan cara yang tertentu di mana pengadun boleh
dengan mudah disambungkan dengan Unit Kawalan Elektronik (ECU) untuk
mengawal dengan tepat nisbah udara-bahan api bergas untuk kelajuan enjin yang
berbeza. Metodologi kajian merangkumi analisis teori, analisis berangka dan kerja
eksperimen untuk mengesahkan hasil dari kajian berangka. Di dalam bahagian
berangka, 14 model pengadun dengan 116 kes dicipta untuk menyiasat kesan saiz
diameter, lokasi, dan bilangan lubang di dalam pengadun ke atas kehomogenan
dan agihan campuran dengan menggunakan suatu perisian. Prestasi model
pengadun baru telah dikaji dengan menggunakan (ANSYS FLUENT) dengan
nisbah udara-bahan api gas yang berbeza (enam kes), injap terbuka sepenuhnya,



dan dengan kelajuan enjin 4000 rpm. Keputusan simulasi menunjukkan bahawa
nilai Ul (indeks keseragaman) terendah berbanding dengan model-model lain bagi
bahan api gas berjulat antara 0.651 dan 0.510776 untuk bahan api bergas yang
berbeza yang telah diperoleh dengan menggunakan pengadun yang sedia ada.
Sebaliknya, nilai Ul tertinggi berjulat di antara 0.954 dan 0.939 dengan bahan api
bergas yang berbeza yang telah diperoleh dengan menggunakan model 6/kes 47.
Keputusan simulasi menunjukkan bahawa pengadun baru itu menunjukkan
prestasi lebih baik dari segi mencapai campuran homogen (CNG-udara, H-udara,
dan HCNG-udara) pada pelbagai kelajuan enjin; yang mana, nilai Ul berjulat
antara 0.9336 dan 0.967 dengan AFRcne yang berbeza, (0.941-0.974) dengan
AFRH berbeza dan (0.935-0.971) dengan AFRHcng. Tambahan pula, pengadun
baru tersebut menunjukkan ketepatan yang tinggi untuk mengawal AFR mengikut
kelajuan enjin. Dari segi praktikal, pengadun udara-bahan api baru itu (model 6
kes 47) telah dibuat berdasarkan analisis berangka dan juga berdasarkan reka
bentuk baru untuk mekanisme mekanikal boleh gerak yang terdiri daripada suatu
gear serong kecil, gear serong besar, skru kuasa, injap, bolt dan kedap. Menurut
keputusan berangka dan eksperimen untuk pengadun baru itu dengan kelajuan
enjin yang berbeza (1000-4000) dan nisbah udara-CNG 34.15, persetujuan yang
bermakna telah dicapai antara nilai eksperimen dan berangka untuk AFRcnG (R?=
0.96 dan CoV = 0.001494). Di bahagian teori, dua model empirikal (dua
persamaan) dicadangkan untuk menganggarkan Ul bahan api bergas di dalam
pengadun model baru dan anjakan injap di dalam model pengadun baru (model 6
kes 47) berdasarkan teknik PSO. Hasil model-model empiris menunjukkan kuasa
teknik PSO untuk menyelesaikan masalah campuran heterogen di dalam pengadun
dan untuk mengendalikan AFR di dalam pengadun, dengan itu meningkatkan
prestasi enjin.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

In recent years, fossil fuels have suffered from a sudden rise in prices because of
reserve and supply limitations combined with considerable increases in demand
for petroleum fuels resulting from industrialization. This sudden price increase is
also a growing concern for developing nations because they expend a significant
part of their national income to import petroleum products every year. Aiming to
address the above concerns, researchers worldwide are searching for alternative
fuels for engines (Bora et al., 2013; Bose et al., 2013). Diesel engines emit higher
levels of nitrogen oxides (NOx) and particulate matter (PM) than spark engines
due to high localized temperatures and combustion with a heterogeneous air-fuel
mixture, respectively. The exhaust produced is of concern because of its impact
on visibility and its potential health hazards (Alrazen et al., 2016a; Chintala and
Subramanian, 2013; Zhou et al., 2014).

Many agencies and organizations, such as the U.S. Environmental Protection
Agency (EPA), the Intergovernmental Panel on Climate Change (IPCC), the
International Energy Agency (IEA), and the European Union Economic Area
(EU), are concerned with prevention of air pollution and climate change caused
by pollutant emissions. These organizations have reported that approximately
20%-30% of pollutant emissions originate from transport vehicles and that these
emissions have pivotal effects on global warming and climate change. To reduce
these effects, they have made the necessary legal arrangements, advanced
technological developments, created several model structures, developed control
systems, and organized traffic structures (Liu et al., 2013; Resitoglu et al., 2015).
Using gaseous fuels (alternative fuels) in diesel engines under the dual-fuel mode
(diesel as the pilot fuel and gaseous fuel as the main fuel) offers a simple way to
reduce emissions and improve fuel economy (Abagnale et al., 2014a; Wei and
Geng, 2016; Zhang and Song, 2015). Dual-fuel combustion dramatically lowers
operational costs, extends maintenance intervals and engine life, and reduces NOx
and soot emissions (Abagnale et al., 2014a; Li et al., 2016; Maghbouli et al., 2013;
Mattarelli et al., 2014; Papagiannakis et al., 2010b; Yang et al., 2015a).

Given its low cost and relative environmental friendliness, natural gas (NG) is a
promising and highly attractive alternative fuel in the transportation sector.
However, the CO and HC emission levels in compressed NG (CNG)-diesel
engines are considerably higher than those in normal diesel engines (Demirbas,
2010; Khan et al., 2015; Semin, 2008; Song et al., 2017; Zurbriggen et al., 2016).



Hydrogen (H) is also a promising renewable fuel because of its natural
availability; it can be produced from various resources, such as fossil energy and
biomass. Addition of H in a compression—ignition engine under a dual-fuel mode
reduces HC, CO, and smoke emissions or particulate matter. However, the high
combustion temperature increases NOx emissions (De Morais et al., 2013; Deb et
al., 2015; Ghazal, 2013).

1.2 Problem Statement

Few studies have investigated tri-fuel engines (HCNG—diesel tri fuel engines) to
enhance the performance of a conventional diesel engine. Adding H and methane
(CH4) to a diesel fuel engine reportedly reduces CO/HC emissions and NOx
formation (Zhou et al., 2014). Methane has a low flame propagation speed and
minimal flammability, whereas H has the opposite characteristics. Thus, adding
H can enhance methane combustion by making it useful in diesel engine
applications. For the H—diesel dual fuel mode, rapid burning rate, increased
diffusivity, and reduced H ignition energy destabilize combustion at increased
engine loads, which could lead to knocking. Knocking is harmful to the
mechanical durability and safety of engines. NG enrichment can stabilize and
smooth the combustion of H, thereby preventing abnormal combustion. NOx
emissions are increased significantly by the addition of H due to the high
combustion temperature required (Alrazen et al., 2016b; Choi et al., 2005; Zhou
et al., 2014).

The most practical method of converting a diesel engine without many
modifications to accept alternative gaseous fuels, is by installing a fuel—air mixer
at the air inlet before the combustion chamber (Dahake et al., 2016; Gorjibandpy
and Sangsereki, 2010). In this arrangement, the mixture of air and gaseous fuel
(CNG-H) is admitted to the combustion chamber along with the air intake and
then compressed, while the diesel is used as a pilot fuel to trigger an autoignition
inside the combustion chamber. This dual-fuel system can be operated as 100%
diesel or as a mixture of alternative fuel (CNG-H) and diesel. The mixing
efficiency and accurate determination of flow characteristics are important in the
design and control of mixing devices, particularly when turbulent flows are
involved. For automotion, efficient mixing (i.e., homogeneity of the mixture)
between fuel vapor and air is crucial for increased combustion efficiency and fuel
saving (Abdul-Wahhab et al., 2015). However, homogeneity of mixtures (air and
gaseous fuel) has not been addressed at various engine speed and AFR.

Many studies have indicated that the mixture formation of gaseous fuel with air is
more critical than with liquid fuel due to the former’s considerably lower density
and limited fuel penetration. Even though gaseous fuel can easily mix with air due
to its high diffusivity, this type of fuel may have insufficient time for mixing,
particularly at substantially high engine speeds, thereby resulting in poor mixture
formation (Chintala and Subramanian, 2013).



Mixers are classified as either venturi or non-venturi. A venturi gas mixer involves
the venturi effect, which is a particular case of Bernoulli’s principle concerned
with mixing air and gaseous fuel so that the gaseous fuel and air enter the mixer
without mechanical control (Ramasamy et al., 2010b; Yusaf et al., 2013; Yusaf
and Yusoff, 2000). Meanwhile, a non-venturi mixer controls the amounts of fuel
and air that enter the mixer by connecting the device to a butterfly valve or by
employing another mechanical solution (Anil et al., 2006b; Banapurmath et al.,
2011; Reddy and Reddy, 2014). In addition, few researchers attempted to connect
the mixer directly to an electronic control unit (ECU) for diesel cars (Banapurmath
et al., 2011; Gorjibandpy and Sangsereki, 2010; Reddy and Reddy, 2014; Supee
et al., 2014b).

Most non-venturi mixers are suitable to work with gasoline engines under bi-
engine mode (gasoline or producer gas), whereas only some are suitable to work
with diesel engines under the dual-fuel mode (diesel-producer gas dual-fuel
engine). Moreover, most non-venturi mixers were designed to mix air with
producer gas but not with other gaseous fuels. In addition, non-venturi mixers also
cannot create homogenous mixtures nor control AFR at a variety of engine speeds
(Anil et al., 2006b; Banapurmath et al., 2011; Reddy and Reddy, 2014).

Few researchers investigated the effect of adding H as a third fuel to the dual-fuel
engine (CNG-diesel)(Alrazen et al., 2016b; Chintala and Subramanian, 2013).
Presently, no commercially available mixer that has been designed for mixing H-
CNG-AiIr for a tri fuel engine (H-CNG-Diesel engine) Thus, there is a need for
designing a new mixer which is suitable for working with tri fuel engines (CNG-
H-Diesel). The combustion efficiency, engine performance, and emission
reduction of gases in dual-fuel engines are directly proportional to the degree of
homogeneous mixing. These properties depend on the design (size, shape) and the
control mechanism of the mixer. In addition, there is limited work on empirical
equations to estimate the homogeneity of the mixture depending on different
parameters (diameter of holes, location of hole and number of holes) that are
governed by the design of gaseous mixer.

1.3 Objective of Study

The aim of this work is to design a new air—-H>—CNG mixer that is suitable for
mixing air with H, CNG, and a blend of CNG and H. This new mixer should allow
the super homogeneous mixing of gaseous fuel with air (uniformity index (Ul) >
0.9) according to a range of engine speeds. The new mixer is developed to be
connected easily with an ECU for the accurate control of the air—gaseous fuel ratio
(AFR) at different engine speeds. This new mixer can work under different engine
modes (bi- engine, dual fuel engine and tri fuel engine). The specific objectives
of this work are as follows:



1.4

To determine the mixing characteristics of air—rCNG-H and flow behaviors under
different engine speeds and AFRs by developing predictive models (numerical
model) through using computational fluid dynamics (CFD).

To propose an empirical relationship (empirical equations) to predict mixture
homogeneity and air—gaseous ratios based on particle swarm optimization (PSO).

To design and fabricate a new air-HCNG mixer that is suitable for mixing air
with H, CNG, and blend of CNG and H.

To evaluate the performance of the new fabricated air—-HCNG mixer.

Scope of Work

The new air—-HCNG mixer is designed for four cylinders, four strokes, and 3.2 L
capacity, and it is suitable to work with various engine speeds (1000, 2000, 3000,
and 4000 rpm).

The new air—H-CNG mixer is designed for mixing air with H, CNG, and blend
of CNG and H under different AFRs [AFRcne (17.25, 19.08, 20.7, 22.89, 24.502,
29.40, 34.1584, and 40.990), AFRH (34.39, 41.268, 89.7130, and 74.760),
AFRHcneG (39.9821, 47.9675, 51.3157, and 60.7071)], various replacement ratios
(RR) for gaseous fuel with diesel fuel [RR cne (100%, 90%, 70%, and 50%), RRx
(50% and 100%), RRncne (50%)], and two lambdas (1 and 1.2). AFR equations
used are those available in the FLUENT software.

The new air—-HCNG mixer is designed for providing a homogeneous mixture of
air and gaseous fuel (air-CNG, air-H and air-HCNG) by keeping the uniformity
index (UI) of gaseous fuel at the outlet of new mixer higher than 0.91 at various
engine speeds and various AFRs (Abo-Serie et al., 2016).

Solid work software was used for modeling and designing a moveable mechanical
mechanism inside the new air fuel mixer to control the amounts of air and fuel.

ANSYS Workbench software (FLUENT software) was used to create new mixer
models and investigate the mixing characteristics of air and gaseous fuel under
different AFRs and engine speeds. The flow, pressure, velocity, AFR, and
properties of flow inside the mixers were studied for the three cases of mixing
(CNG-air, H-air, and CNG-H-air).

Particle swarm optimization (PSO) was employed to estimate the uniformity
index (UI) of the gaseous fuel (air—H, air—CNG, and HCNG-air) inside the new
mixer models and to estimate the valve displacements inside the new mixer
model. MATLAB was used to create an algorithm for PSO.



7- The existing commercial mixer and the new mixer model were tested practically
under different engine speeds (10004000 rpm) and a CNG-AFR of 34.15, which
represented 50% RR of diesel fuel with CNG fuel under a lambda value of 1, to
validate the performance of the mixer (air flow, fuel flow, mixing quality, AFR,
and displacement of the valve) and to validate the numerical models that were
built in ANSY'S software.

8- Connecting the new mixer directly with an ECU and stepper motor are not a part
of this study. Moreover, the linear movement of the valve inside the new mixer
model was controlled practically by using manual rotary movement for the shaft.

1.5  Significance of Research

This study contributes to improve the homogeneity (Ul > 0.9) of mixture between
air and gaseous fuel inside the mixer according to various engine speeds and
control on the air and fuel ratio inside the mixer accurately at different engine
speeds, by developing and constructing a new air—-H—-CNG mixer that is suitable
for mixing air with H, CNG, and a blend of CNG and H so that the new mixer is
suitable for working with dual-fuel engines (diesel —H and Diesel-CNG), bi-fuel
engines (gasoline or alternative fuels) and tri-fuel engines (H-CNG-Diesel).
Moreover, this study contributes to build two empirical equations to predict the
homogeneity of mixture (Ul) inside the new mixer model depending on change in
the mixer parameters (diameter of holes, location of hole and number of holes)
that are governed the design of gaseous mixer and to estimate the valve
displacements inside the new mixer model (model 6/ case 47) based on particle
swarm optimization method (PSO). This work shows application of PSO to
develop model to predict mixture homogeneity.

1.6 Thesis Layout

This thesis is divided into five chapters. The thesis starts with the introduction in
Chapterl, which includes the problem statement, objectives, and scope of this
work, significance of research and thesis layout.

Chapter 2 presents an overview of dual-fuel engine (CNG-diesel, H—diesel, and
CNG-—diesel, and allowable replaceable ratios of alternative fuel with diesel
engine) and air fuel mixer. This chapter shows Computational Fluid Dynamic
(CFD) and particle swarm optimization (PSO) methods.

Chapter 3 describes the methodology outline of this research. Firstly, the
numerical analysis (CFD) is elaborated for modeling process (existing mixer and
new mixer models) using the ANSYS FLUENT. Secondly, the PSO algorithm is
elaborated for developing empirical models to estimate mixture homogeneity and
valve displacements. Thirdly, the followed methodology in designing and

5



fabricating a new mixer model was identified. Fourthly, the method that has been
used for practically testing the new and existing mixers was identified.

Chapter 4 presents the results achieved from CFD simulation for numerical
models (116 cases), PSO models (two empirical equations) and experimental tests
for the new and existing mixers. The results were presented in graphical forms,
tables and statistical analysis.

Chapter 5 presents conclusions derived from this research together with
recommendations for future research.



REFERENCES

Abagnale, C., Cameretti, M., De Simio, L., Gambino, M., lannaccone, S., and
Tuccillo, R. (2014a). Numerical simulation and experimental test of dual fuel
operated diesel engines. Applied Thermal Engineering, 65 (1), 403-417.

Abagnale, C., Cameretti, M. C., De Simio, L., Gambino, M., lannaccone, S., and
Tuccillo, R. (2014b). Combined numerical-experimental study of dual fuel diesel
engine. Energy Procedia, 45, 721-730.

Abdul-Wahhab, H., Aziz, A., Al-Kayiem, H., and Nasif, M. (2015). Modeling of
diesel/CNG mixing in a pre-injection chamber. Paper presented at the IOP
Conference Series: Materials Science and Engineering.

Abdullah, S., Kurniawan, W. H., and Shamsudeen, A. (2008). Numerical analysis of
the combustion process in a compressed natural gas direct injection engine.
Journal of Applied Fluid Mechanics, 1 (2), 65-86.

Abo-Serie, E., Ozgur, M., and Altinsik, K. (2016). Computational analysis of
methane-air venturi mixer for optimum design. Paper presented at the 13th
International Combustion Symposium, At Bursa, Turkey.

Agrawal, P., Kaur, S., Kaur, H., and Dhiman, A. (2012). Analysis and synthesis of an
ant colony optimization technique for image edge detection. Paper presented at
the Computing Sciences (ICCS), International Conference on IEEE.

Al-Shemmeri, T. (2012). Engineering fluid mechanics: Bookboon.

Al-Sulttani, A. O., Ahsan, A., Hanoon, A. N., Rahman, A., Daud, N., and Idrus, S.
(2017). Hourly yield prediction of a double-slope solar still hybrid with rubber
scrapers in low-latitude areas based on the particle swarm optimization technique.
Applied Energy, 203, 280-303.

Alrazen, H. A., Talib, A. A., Adnan, R., and Ahmad, K. (2016a). A review of the effect
of hydrogen addition on the performance and emissions of the compression—
Ignition engine. Renewable and Sustainable Energy Reviews, 54, 785-796.

Alrazen, H. A., Talib, A. A., and Ahmad, K. (2016b). A Two-component CFD Studies
of the Effects of H2, CNG, and Diesel Blend on Combustion Characteristics and
Emissions of a Diesel Engine. International Journal of Hydrogen Energy, 41 (24),
10483-10495.

Anderson Jr, J. (2009). Governing equations of fluid dynamics, Computational fluid
dynamics (pp. 15-51): Springer.

188



Anil, T., Ravi, S., Shashikanth, M., Tewari, N. R. P., and Rajan, N. (2006a). CFD
Analysis of a Mixture Flow in a Producer Gas Carburetor. Paper presented at the
International Conference On Computational Fluid Dynamics, Acoustics, Heat
Transfer and Electromagnetics CFEMATCON-06.

Anil, T., Ravi, S., Shashikanth, M., Tewari, P., and Rajan, N. (2006b). CFD Analysis
of a Mixture Flow in a Producer Gas Carburetor for optimizing the design
configuration. ANSYS India

Anil, T., Tewari, P., and Rajan, N. (2009). Analysis and Optimal Design of a Producer
Gas Carburetor. International Journal of Applied Engineering Research, 4 (7),
1125-1138.

Ansys, 1. (2013). ANSYS Meshing User’s Guide. vol, 15317, 724-746.

Antunes, G. R., and Masuero, A. B. (2016). Flexural tensile strength in mortar coating
reinforced with different types of metal mesh: A statistical comparison.
Construction and Building Materials, 121, 559-568.

Arat, H. T., Aydin, K., Baltacioglu, E., Yasar, E., Baltacioglu, M. K., Conker, C., and
Burgag, A. (2013). A review of hydrogen-enriched compressed natural gas
(HCNG)-fuel in diesel engines. J MacroTrends Energy Sustain, 1 (1), 115-122.

Arat, H. T., Baltacioglu, M. K., Ozcanli, M., and Aydin, K. (2016). Effect of using
Hydroxy—CNG fuel mixtures in a non-modified diesel engine by substitution of
diesel fuel. International Journal of Hydrogen Energy, 41 (19), 8354-8363.

Ariff, M., Salim, S. M., and Cheah, S. C. (2009a). Wall y+ approach for dealing with
turbulent flow over a surface mounted cube: part 1—low Reynolds number. Paper
presented at the Proceedings of the 7th International Conference on CFD in the
Minerals and Process Industries, Melbourne, Australia.

Ariff, M., Salim, S. M., and Cheah, S. C. (2009b). Wall Y+ approach for dealing with
turbulent flow over a surface mounted cube: part 2—-high reynolds number. Paper
presented at the Seventh International Conference on CFD in the Minerals and
Process Industries CSIRO, Melbourne, Australia.

Ashgriz, N., and Mostaghimi, J. (2002). An introduction to computational fluid
dynamics. Fluid flow handbook. McGraw-Hill Professional

Bakar, R. A., Kadirgama, K., Sharma, K., Rahman, M., and Semin. (2012).
Application of Natural Gas for Internal Combustion Engines Advances in Natural
Gas Technology.InTech.

189



Banapurmath, N., Yaliwal, V., Kambalimath, S., Hunashyal, A., and Tewari, P.
(2011). Effect of Wood Type and Carburetor on the Performance of Producer
Gas-Biodiesel Operated Dual Fuel Engines. Waste and Biomass Valorization, 2
(4), 403-413.

Banks, A., Vincent, J., and Anyakoha, C. (2007). A review of particle swarm
optimization. Part I: background and development. Natural Computing, 6 (4),
467-484.

Banks, A., Vincent, J., and Anyakoha, C. (2008). A review of particle swarm
optimization. Part 11: hybridisation, combinatorial, multicriteria and constrained
optimization, and indicative applications. Natural Computing, 7 (1), 109-124.

Bedoya, I. D., Arrieta, A. A., and Cadavid, F. J. (2009). Effects of mixing system and
pilot fuel quality on diesel-biogas dual fuel engine performance. Bioresource
technology, 100 (24), 6624-6629.

Belgacem, M., Bataille, P., and Sapieha, S. (1994). Effect of corona modification on
the mechanical properties of polypropylene/cellulose composites. Journal of
applied polymer science, 53 (4), 379-385.

Bendu, H., and Murugan, S. (2014). Homogeneous charge compression ignition
(HCCI) combustion: Mixture preparation and control strategies in diesel engines.
Renewable and Sustainable Energy Reviews, 38, 732-746.

Bland, J. M., and Altman, D. G. (1999). Measuring agreement in method comparison
studies. Statistical methods in medical research, 8 (2), 135-160.

Bland, J. M., and Altman, D. G. (2007). Agreement between methods of measurement
with multiple observations per individual. Journal of biopharmaceutical
statistics, 17 (4), 571-582.

Bora, B. J., Debnath, B. K., Gupta, N., Sahoo, N., and Saha, U. (2013). Investigation
on the flow behaviour of a venturi type gas mixer designed for dual fuel diesel
engines. Int. J. Emerging Technol. Adv. Eng, 3 (3), 202-2009.

Bose, P., Banerjee, R., and Deb, M. (2013). Effect of hydrogen-diesel combustion on
the performance and combustion parameters of a dual fuelled diesel engine.
International J of Energy and Environment, 1V,(3), 497-510.

Bysveen, M. (2007). Engine characteristics of emissions and performance using
mixtures of natural gas and hydrogen. Energy, 32 (4), 482-489.

190



Calautit, J. K., O'Connor, D., Sofotasiou, P., and Hughes, B. R. (2015). CFD
simulation and optimisation of a low energy ventilation and cooling system.
Computation, 3 (2), 128-149.

Carcangiu, C. E. (2008). CFD-RANS study of horizontal axis wind turbines. PhD
Thesis, Universita'degli Studi di Cagliari.

CEB-FIP. (1993). CEB-FIP Model. Thomas Telford:London.

Cebeci, T., Shao, J. P., Kafyeke, F., and Laurendeau, E. (2005). Computational fluid
dynamics for engineers: Springer Berlin Heidelberg.

Celik, M. B., and Ozdalyan, B. (2010). Gasoline direct injection: INTECH Open
Access Publisher.

Chang, Y. S., Yaacob, Z., and Mohsin, R. (2007). Computational Fluid Dynamics
Simulation of Injection Mixer for CNG Engines (pp. 968-973). San Francisco,
USA: WCECS.

Chatterjee, K., Kumar, A., Chatterjee, S., Mukhopadhyay, A., and Sen, S. (2012).
Numerical simulation to characterize homogeneity of air-fuel mixture for
premixed combustion in gas turbine combustor. Paper presented at the
Proceedings of ASME 2012 Gas Turbine India Conference, Mumbai,
Maharashtra, India

Cheenkachorn, K., Poompipatpong, C., and Ho, C. G. (2013). Performance and
emissions of a heavy-duty diesel engine fuelled with diesel and LNG (liquid
natural gas). Energy, 53, 52-57.

Chen, J., and Teng, J. (2001). Shear strengthening of RC beams by external bonding
of FRP composites: a new model for FRP debonding failure. Paper presented at
the Proc.(CD-ROM), 9th International Conference on Structural Faults and
Repair.

Cheng, R., and Jin, Y. (2015). A social learning particle swarm optimization algorithm
for scalable optimization. Information Sciences, 291, 43-60.

Chintala, V., and Subramanian, K. (2013). A CFD (computational fluid dynamics)
study for optimization of gas injector orientation for performance improvement
of a dual-fuel diesel engine. Energy, 57, 709-721.

Chintala, V., and Subramanian, K. (2016). CFD analysis on effect of localized in-
cylinder temperature on nitric oxide (NO) emission in a compression ignition
engine under hydrogen-diesel dual-fuel mode. Energy, 116, 470-488.

191



Chmielewski, M., and Gieras, M. (2013). Three-zonal Wall Function for k-¢
Turbulence Models. Computational Methods in Science and Technology, 19 (2),
107-114.

Choi, G. H., Chung, Y. J., and Han, S. B. (2005). Performance and emissions
characteristics of a hydrogen enriched LPG internal combustion engine at
1400rpm. International Journal of Hydrogen Energy, 30 (1), 77-82.

Chowdaiah, K. P., Somasundaram, K., Gokulraj, U., Ashok, B., Ashok, S. D., and
Kumar, C. R. (2015). A comparative study of port injected and carbureted type
LPG-diesel dual fuel engine using CFD analysis. Journal of Chemical and
Pharmaceutical Sciences(6), 328-334.

Collins, J. A., Bushy, H. R., and Staab, G. H. (2010). Mechanical design of machine
elements and machines: a failure prevention perspective: John Wiley & Sons.

Dada, E. G., and Ramlan, E. I. (2015). Primal-Dual Interior Point Method Particle
Swarm Optimization (pdipmPSQ) Algorithm. Paper presented at the 3rd
International Conference on Advances in Engineering Sciences and Applied
Mathematics (ICAESAM’2015), March 23-24, 2015 London (UK).

Dahake, M., Patil, S., and Patil, S. (2016). Performance and Emission Improvement
through Optimization of Venturi Type Gas Mixer for CNG Engines. International
Research Journal of Engineering and Technology, 03 (01), 994-999.

Danardono, D., Kim, K.-S., Lee, S.-Y., and Leeg, J.-H. (2011). Optimization the design
of venturi gas mixer for syngas engine using three-dimensional CFD modeling.
Journal of mechanical science and technology, 25 (9), 2285-2296.

De Morais, A. M., Justino, M. A. M., Valente, O. S., de Morais Hanriot, S., and Sodré,
J. R. (2013). Hydrogen impacts on performance and CO 2 emissions from a diesel
power generator. International Journal of Hydrogen Energy, 38 (16), 6857-6864.

Deb, M., Sastry, G., Bose, P., and Banerjee, R. (2015). An experimental study on
combustion, performance and emission analysis of a single cylinder, 4-stroke DI-
diesel engine using hydrogen in dual fuel mode of operation. International
Journal of Hydrogen Energy, 40 (27), 8586-8598.

Del Valle, Y., Venayagamoorthy, G. K., Mohagheghi, S., Hernandez, J.-C., and
Harley, R. G. (2008). Particle swarm optimization: basic concepts, variants and
applications in power systems. IEEE Transactions on evolutionary computation,
12 (2), 171-195.

Demirbas, A. (2010). Methane gas hydrate: Springer Science & Business Media.

192



Deshmukh, B., Babu, M., Kumar, M., Das, L., and Aghav, Y. (2012). Simulation
Approach for Quantifying the Homogeneity of In-cylinder Mixture Formation for
Port Injected Diesel Fuel for PCCI/HCCI. International Journal of Scientific &
Engineering Research, 3 (9)

Dorigo, M., Maniezzo, V., Colorni, A., and Maniezzo, V. (1991). Positive feedback
as a search strategy.

Ehsan, M., and Bhuiyan, S. (2010). Dual fuel performance of a small diesel engine for
applications with less frequent load variations. Int. J. Mech. Mechatron. Eng, 9
(10), 30-39.

Eslami, M., Shareef, H., Khajehzadeh, M., and Mohamed, A. (2012). A survey of the
state of the art in particle swarm optimization. Research Journal of Applied
Sciences, Engineering and Technology, 4 (9).

Ferziger, J. H., and Peric, M. (2012). Computational methods for fluid dynamics:
Springer Science & Business Media.

Fluent, A. (2012a). 14.5 User Guide. . Canonsburg, Pennsylvania, USA
Fluent, A. (2012b). Theory Guide, Rel. 14.5. ANSYS Inc
Fluent, F. (2006). 6.3 user’s guide. Fluent Inc

Ghazal, O. H. (2013). Performance and combustion characteristic of Cl engine fueled
with hydrogen enriched diesel. International Journal of Hydrogen Energy, 38
(35), 15469-15476.

Giavarina, D. (2015). Understanding bland altman analysis. Biochemia medica:
Biochemia medica, 25 (2), 141-151.

Gorjibandpy, M., and Sangsereki, M. K. (2010). Computational investigation of air-
gas venturi mixer for powered bi-fuel diesel engine. World Academy of Science,
Engineering and Technology, 4 (11), 1197-1201.

Hairuddin, A. A., Yusaf, T., and Wandel, A. P. (2014). A review of hydrogen and
natural gas addition in diesel HCCI engines. Renewable and Sustainable Energy
Reviews, 32, 739-761.

Hanoon, A. N., Jaafar, M., Hejazi, F., and Abdul Aziz, F. N. (2016). Energy absorption
evaluation of reinforced concrete beams under various loading rates based on
particle swarm optimization technique. Engineering Optimization, 1-19.

193



Hanoon, A. N., Jaafar, M., Hejazi, F., and Aziz, F. N. A. (2017). Strut-and-tie model
for externally bonded CFRP-strengthened reinforced concrete deep beams based
on particle swarm optimization algorithm: CFRP debonding and rupture.
Construction and Building Materials, 147, 428-447.

Heywood, J. (1988). Internal combustion engine fundamentals: McGraw-Hill
Education.

Hibbitt, D., Karlsson, B., and Sorensen, P. (2005). ABAQUS User’s Manual. Version
6.5 [computer program]. ABAQUS. Inc., Providence, RI.

Holland, J. H. (1992). Adaptation in natural and artificial systems: an introductory
analysis with applications to biology, control, and artificial intelligence: MIT
press.

Igelstrdm, H., Emtner, M., Lindberg, E., and Asenl6f, P. (2013). Level of agreement
between methods for measuring moderate to vigorous physical activity and
sedentary time in people with obstructive sleep apnea and obesity. Physical
therapy, 93 (1), 50-59.

Jia, Z., and Denbratt, I. (2015). Effects of Natural Gas Percentage on Performance and
Emissions of a Natural Gas/Diesel Dual-Fuel Engine Sustainable Automotive
Technologies 2014 (pp. 181-188): Springer.

Kadirgama, K., Noor, M., Rahim, A., Devarajan, R., Rejab, M., and NM, N. Z. (2008).
Design and Simulate Mixing of Compressed Natural Gas with Air in a mixing
device. Paper presented at the Proceedings of MUCET2008, Malaysian Technical
Universities Conference on Engineeringand Technology, Putra Palace, Perlis,
Malaysia.(ISBN 978-983-42358-4-0).

Kahraman, E. (2005). Analysis of a hydrogen fueled internal combustion engine.MS
Thesis, Izmir Institute of Technology.

Karagdz, Y., Giiler, 1., Sandalci, T., Yiiksek, L., and Dalkilig, A. S. (2016a). Effect of
hydrogen enrichment on combustion characteristics, emissions and performance
of a diesel engine. International Journal of Hydrogen Energy, 41 (1), 656-665.

Karagdz, Y., Giiler, 1., Sandalci, T., Yiiksek, L., Dalkilig, A. S., and Wongwises, S.
(2016b). Effects of hydrogen and methane addition on combustion characteristics,
emissions, and performance of a Cl engine. International Journal of Hydrogen
Energy, 41 (2), 1313-1325.

Karagoz, Y., Sandalci, T., Yiiksek, L., and Dalkilig, A. (2015). Engine performance
and emission effects of diesel burns enriched by hydrogen on different engine
loads. International Journal of Hydrogen Energy, 40 (20), 6702-6713.

194



Karim, G. A. (2015). Dual-fuel diesel engines: CRC Press.

Kennedy, J., and Eberhart, R. (1995). Particle swarm optimization [a] proceedings of
the ieee international conference on neural networks [c] piscataway. NJ, USA:
IEEE

Khan, M. I, Yasmeen, T., Khan, M. I, Farooq, M., and Wakeel, M. (2016). Research
progress in the development of natural gas as fuel for road vehicles: A
bibliographic review (1991-2016). Renewable and Sustainable Energy Reviews,
66, 702-741.

Khan, M. I, Yasmin, T., and Shakoor, A. (2015). Technical overview of compressed
natural gas (CNG) as a transportation fuel. Renewable and Sustainable Energy
Reviews, 51, 785-797.

Kim, J., Kim, H., Yoon, S., and Sa, S. (2008). Effect of intake valve swirl on fuel-gas
mixing and subsequent combustion in a CAl engine. International journal of
automotive technology, 9 (6), 649-657.

Korakianitis, T., Namasivayam, A., and Crookes, R. (2011). Natural-gas fueled spark-
ignition (SI) and compression-ignition (Cl) engine performance and emissions.
Progress in Energy and Combustion Science, 37 (1), 89-112.

Kose, H., and Ciniviz, M. (2013). An experimental investigation of effect on diesel
engine performance and exhaust emissions of addition at dual fuel mode of
hydrogen. Fuel Processing Technology, 114, 26-34.

Koythong, C., Nuntapap, N., Pal, A., Songchon, S., and Laoonual, Y. (2011).
Investigation of Emission Characteristics of Diesel Dual Fuel (DDF) Engine with
Multi-Point Natural Gas Injection System. Paper presented at the The 3rd TSME
International Conference on Mechanical Engineering, Chiang Rai.

Krétzig, W. B., and Pdlling, R. (2004). An elasto-plastic damage model for reinforced
concrete with minimum number of material parameters. Computers & structures,
82 (15), 1201-1215.

Kumar, D., Sharma, S. G., and Gangacharyulu, D. (2012). Studies on improvement of
intake manifold for compressed natural gas engine. PhD Thesis, Thapar
University

Lavanya, D., and Udgata, S. K. (2011). Swarm intelligence based localization in
wireless sensor networks. Multi-Disciplinary Trends in Artificial Intelligence,
7080, 317-328.

195



Lee, S., Kim, C., Choi, Y., Lim, G., and Park, C. (2014). Emissions and fuel
consumption characteristics of an HCNG-fueled heavy-duty engine at idle.
International Journal of Hydrogen Energy, 39 (15), 8078-8086.

Li, L. P. (2004). The effect of compression ratio on the CNG-diesel engine.(Bachelor
of Engineering), University of Southern Queensland.

Li, W., Liu, Z., and Wang, Z. (2016). Experimental and theoretical analysis of the
combustion process at low loads of a diesel natural gas dual-fuel engine. Energy,
94, 728-741.

Liu, J., Yang, F., Wang, H., Ouyang, M., and Hao, S. (2013). Effects of pilot fuel
quantity on the emissions characteristics of a CNG/diesel dual fuel engine with
optimized pilot injection timing. Applied Energy, 110, 201-206.

Liu, J., Zhang, X., Wang, T., Zhang, J., and Wang, H. (2015). Experimental and
numerical study of the pollution formation in a diesel/CNG dual fuel engine. Fuel,
159, 418-429.

Lu, X., Ji, L., Ma, J., Huang, C., and Huang, Z. (2008). Experimental study on the
effects of mixture homogeneity on stratified-charge compression ignition
combustion. Proceedings of the Institution of Mechanical Engineers, Part D:
Journal of Automobile Engineering, 222 (12), 2457-2467.

Ma, F., Wang, M., Jiang, L., Chen, R., Deng, J., Naeve, N., and Zhao, S. (2010).
Performance and emission characteristics of a turbocharged CNG engine fueled
by hydrogen-enriched compressed natural gas with high hydrogen ratio.
International Journal of Hydrogen Energy, 35 (12), 6438-6447.

Maghbouli, A., Saray, R. K., Shafee, S., and Ghafouri, J. (2013). Numerical study of
combustion and emission characteristics of dual-fuel engines using 3D-CFD
models coupled with chemical kinetics. Fuel, 106, 98-105.

Makridis, A., and Chick, J. (2013). Validation of a CFD model of wind turbine wakes
with terrain effects. Journal of Wind Engineering and Industrial Aerodynamics,
123, 12-29.

Martinez-Martinez, S., Leal-Garza, R. D., Sanchez-Cruz, F. A., Villarreal, E. B., and
Amado-Covarrubias, M. (2010). CFD analysis of the effect of the exhaust
manifold design on the close-coupled catalytic converter performance. Journal of
KONES, 17, 303-311.

Masood, M., Ishrat, M., and Reddy, A. (2007). Computational combustion and
emission analysis of hydrogen—diesel blends with experimental verification.
International Journal of Hydrogen Energy, 32 (13), 2539-2547.

196



Mattarelli, E., Rinaldini, C. A., and Golovitchev, V. I. (2014). CFD-3D analysis of a
light duty Dual Fuel (Diesel/Natural Gas) combustion engine. Energy Procedia,
45, 929-937.

Maxfield, A. C. M., and Fogel, L. (1965). Artificial intelligence through a simulation
of evolution. Biophysics and Cybernetics Systems: Proceedings of the Second
Cybernetics Sciences. Spartan Books, Washington DC, EE. UU

Mohammed, S. E., Baharom, M., and Aziz, A. R. A. (2011). Analysis of engine
characteristics and emissions fueled by in-situ mixing of small amount of
hydrogen in CNG. International Journal of Hydrogen Energy, 36 (6), 4029-4037.

Mohsin, R., Yaacob, Z., and Chang, Y. (2008a). Computational fluid dynamics
analysis of an injection mixer for CNG engines simulation. Jurnal Teknologi
(49F), 297-310.

Mohsin, R., Yaacob, Z., and Chang, Y. (2008b). Review of mixture formation unit for
CNG motorcycle. Journal of Chemical and Natural Resources Engineering, 1-7.

Mott, R. L. (1999). Machine elements in mechanical design: Prentice-Hall.

Noor, M., Wandel, A. P., and Yusaf, T. (2013). Detail guide for CFD on the simulation
of biogas combustion in bluff-body mild burner. Paper presented at the
Proceedings of the 2nd International Conference of Mechanical Engineering
Research (ICMER 2013), Bukit Gambang Resort City, Kuantan, Pahang,
Malaysia.

Nuntapap, N., Singh, H., and Laoonual, Y. (2013). Investigation of Abnormal
Combustion Characteristics of Dual Fuel Engine using Natural Gas and Diesel
as Fuels. Paper presented at the The 4thTSME International Conference on
Mechanical Engineering, Pattaya, Chonburi.

Ostertagova, E. (2012). Modelling using polynomial regression. Procedia
Engineering, 48, 500-506.

Papagiannakis, R., and Hountalas, D. (2003). Experimental investigation concerning
the effect of natural gas percentage on performance and emissions of a DI dual
fuel diesel engine. Applied Thermal Engineering, 23 (3), 353-365.

Papagiannakis, R., and Hountalas, D. (2004). Combustion and exhaust emission
characteristics of a dual fuel compression ignition engine operated with pilot
diesel fuel and natural gas. Energy conversion and management, 45 (18), 2971-
2987.

197



Papagiannakis, R., Kotsiopoulos, P., Zannis, T., Yfantis, E., Hountalas, D., and
Rakopoulos, C. (2010a). Theoretical study of the effects of engine parameters on
performance and emissions of a pilot ignited natural gas diesel engine. Energy,
35(2), 1129-1138.

Papagiannakis, R., Rakopoulos, C., Hountalas, D., and Rakopoulos, D. (2010b).
Emission characteristics of high speed, dual fuel, compression ignition engine
operating in a wide range of natural gas/diesel fuel proportions. Fuel, 89 (7),
1397-1406.

Paul, A., Panua, R. S., Debroy, D., and Bose, P. K. (2015). An experimental study of
the performance, combustion and emission characteristics of a Cl engine under
dual fuel mode using CNG and oxygenated pilot fuel blends. Energy, 86, 560-
573.

Pichayapat, K., Sukchai, S., Thongsan, S., and Pongtornkulpanich, A. (2014).
Emission characteristics of using HCNG in the internal combustion engine with
minimum pilot diesel injection for greater fuel economy. International Journal of
Hydrogen Energy, 39 (23), 12182-12186.

Poli, R., Kennedy, J., and Blackwell, T. (2007). Particle swarm optimization. Swarm
intelligence, 1 (1), 33-57.

Pulkrabek, W. W. (2014). Engineering fundamentals of the internal combustion
engine: Pearson Prentice Hall Upper Saddle River, NJ.

Puttaiah, G., Drennen, T. A., Brunetti, S. C., and Traylor, C. M. (2012). Conversion
of a Gasoline Internal Combustion Engine into a Hydrogen Engine. Paper
presented at the American Society for Engineering Education.

Raghunathan, B., and Kenny, R. (1997). CFD simulation and validation of the flow
within a motored two-stroke engine. SAE Technical Paper

Ramasamy, D. (2005). Development of a compressed natural gas (CNG) mixer for a
two stroke internal combustion engine. MS Thesis, Universiti Teknologi
Malaysia, Faculty of Mechanical Engineering: Mechanical.

Ramasamy, D., Mahendran, S., Mohamed, Z., and Bakar, R. A. (2010a). Evaluation
of a two stroke compressed natural gas mixer design by simulation and
experimental techniques. Paper presented at the National Conference in
Mechanical Engineering Research and Postgraduate Students (1st NCMER
2010).

198



Ramasamy, D., Samykano, M., and Kadirgama, K. (2010b). Design Of Compressed
Natural Gas Mixer Using Computational Fluid Dynamics. Paper presented at the
National Conference in Mechanical Engineering Research and Postgraduate
Students, UMP, Kuantan, Pahang, Malaysia.

Ramesh, N., and Mallikarjuna, J. (2016). Evaluation of in-cylinder mixture
homogeneity in a diesel HCCI engine—A CFD analysis. Engineering Science and
Technology, an International Journal, 19 (2), 917-925.

Reddy, R. (2015). Numerical analysis of producer gas carburetor using two different
models for different air-fuel ratios. Indian Journal of Scientific Research, 402-
408.

Reddy, R., and Reddy, P. (2014). Analysis of producer gas carburetor for different air-
fuel ratios using CFD. International Journal of Research in Engineering and
Technology, 3 (3), 470-474.

Resitoglu, 1. A., Altinisik, K., and Keskin, A. (2015). The pollutant emissions from
diesel-engine vehicles and exhaust aftertreatment systems. Clean Technologies
and Environmental Policy, 17 (1), 15-27.

Reyes-Sierra, M., and Coello, C. C. (2006). Multi-objective particle swarm
optimizers: A survey of the state-of-the-art. International journal of
computational intelligence research, 2 (3), 287-308.

Sandalci, T., and Karagdz, Y. (2014). Experimental investigation of the combustion
characteristics, emissions and performance of hydrogen port fuel injection in a
diesel engine. International Journal of Hydrogen Energy, 39 (32), 18480-18489.

Saravanan, N., and Nagarajan, G. (2008). An experimental investigation of hydrogen-
enriched air induction in a diesel engine system. International Journal of
Hydrogen Energy, 33 (6), 1769-1775.

Sargsyan, A. (2010). Simulation and modeling of flow field around a horizontal axis
wind turbine (HAWT) using RANS method. MS Thesis,Florida Atlantic
University.

Semin, R. A. B. (2008). A technical review of compressed natural gas as an alternative
fuel for internal combustion engines. Am. J. Eng. Appl. Sci, 1 (4), 302-311.

Semin, S. (2011). Development of new injector for compressed natural gas engine and
the effect on performance. PhD Thesis , Universiti Malaysia Pahang.

199



Shaikh, M., and Shukla, A. H. (2016). Optimization of natural gas mixture design by
computational method for improving swirl effect to obtain enhancement of Sl
engine performance: A Review. International Journal of Current Engineering
and Technology, special, 6 (5), 1509-1514.

Sharma, H., Singh, S., and Goel, R. (2014). CFD analysis of the natural gas based
carburetor for a two stroke spark ignition engine. Int. J. Mech. Eng. & Rob. Res,
1(1), 82-88.

Shigley, J. E. (1972). Mechanical engineering design: New York, NY : McGraw-Hill,
1972. - 766 p.

Shigley, J. E. (2011). Shigley's mechanical engineering design: Tata McGraw-Hill
Education.

Shigley, J. E., Mischke, C. R., and Budynas, R. G. (2004). Mechanical engineering
design: McGraw-Hill.

Shirneshan, A., Samani, B. H., and Ghobadian, B. (2016). Optimization of biodiesel
percentage in fuel mixture and engine operating conditions for diesel engine
performance and emission characteristics by Artificial Bees Colony Algorithm.
Fuel, 184, 518-526.

Sierens, R., and Rosseel, E. (2000). Variable composition hydrogen/natural gas
mixtures for increased engine efficiency and decreased emissions. Transactions-
American Society Of Mechanical Engineers Journal Of Engineering For Gas
Turbines And Power, 122 (1), 135-140.

Singh, R., and Maji, S. (2012a). Dual fueling of a twin-cylinder compression ignition
engine with diesel and CNG. Journal of engineering and applied sciences, 7, 90-
99.

Singh, R., and Maji, S. (2012b). Performance and exhaust gas emissions analysis of
direct injection CNG-Diesel dual fuel engine. Research Scholar, PhD Thesis,
University of Delhi, Delhi, INDIA

Situ, R., Brown, R. J., Ristovski, Z., Kruger, U., and Hargreaves, D. J. (July 2008).
Analysis of dual fuel compression ignition (diesel) engine. Paper presented at the
The Seventh International Conference on Modeling and Diagnostics for
Advanced Engine Systems, Sapporo, Japan.

Song, H., Liu, C,, Li, F.,, Wang, Z., He, X., Shuai, S., and Wang, J. (2017). A
comparative study of using diesel and PODERN as pilot fuels for natural gas dual-
fuel combustion. Fuel, 188, 418-426.

200



Streeter, V. L., and Wylie, E. Fluid mechanics, 1979: McGraw-Hill, New York.

Streeter, V. L., and Wylie, E. (1979). Fundamentals of Fluid Mechanics: McGraw-
Hill, New York.

Sundararaj, S., and Selladurai, V. (2008). An Analysis on the Proportional Mixing of
Liquids using Venturi Jet Mixer. International Journal of Applied Engineering
Research, 3 (7)

Supee, A., Mohsin, R., Majid, Z., and Raiz, M. (2014a). Effects of Compressed
Natural Gas (CNG) Injector Position on Intake Manifold towards Diesel-CNG
Dual Fuel (DDF) Engine Performance. Jurnal Teknologi, 70 (1)

Supee, A., Shafeez, M., Mohsin, R., and Majid, Z. (2014b). Performance of Diesel-
Compressed Natural Gas (CNG) Dual Fuel (DDF) Engine via CNG-Air Venturi
Mixjector Application. Arabian Journal for Science and Engineering, 39 (10),
7335-7344.

Suryawanshi, S., and Yarasu, R. (2014). Design and Simulation of a Producer Gas
Carburetor—A Review. International Journal of Current Engineering and
Technology, special(3), 10-13.

Suthisripok, T. (2012). The Use of E100 to Fuel a Used 4-Stroke Motorcycle.
American Journal of Applied Sciences, 9 (5), 647.

Thangaraj, R., Pant, M., Abraham, A., and Bouvry, P. (2011). Particle swarm
optimization: hybridization perspectives and experimental illustrations. Applied
Mathematics and Computation, 217 (12), 5208-5226.

Thipse, S., Kulkarni, A. V., Vispute, S. J., Rairikar, S., Sonawane, S. B., Sagare, V.
S., Dev, S., Kavathekar, K. K., Mengaji, P., and Karle, U. S. (2015). Development
of Dual Fuel (Diesel-CNG) Engine for SUV Application in India. SAE
International Journal of Engines, 8 (2015-26-0058), 341-349.

Timings, R. (2005). Mechanical Engineer's Pocket Book: Newnes.

Tdérménen, J. (2015). Variable valve actuation and dual-fuel combustion. MS Thesis,
Aalto University.

Tripathi, D. (2002). Practical guide to polypropylene: iSmithers Rapra Publishing.

Umesh, K., Pravin, V., Rajagopal, K., and Veena, P. (2012). Numerical validation of
producer gas carburetor. Global Advanced Research Journal of Engineering,
Technology and Innovation, 1 (6)

201



Utomo, T., Jin, Z., Rahman, M., Jeong, H., and Chung, H. (2008). Investigation on
hydrodynamics and mass transfer characteristics of a gas-liquid ejector using
three-dimensional CFD modeling. Journal of mechanical science and technology,
22 (9), 1821-1829.

Van Mier, J. G. M. (1984). Strain-softening of concrete under multiaxial loading
conditions: Technische Hogeschool Eindhoven.

Van Stralen, K. J., Jager, K. J., Zoccali, C., and Dekker, F. W. (2008). Agreement
between methods. Kidney international, 74 (9), 1116-1120.

Versteeg, H. K., and Malalasekera, W. (2007). An introduction to computational fluid
dynamics: the finite volume method: Pearson Education.

Vinayl, S., Ravi, S., PremaKumar, G., and Rajan, N. (2008). Numerical and
Experimental Modeling of Producer Gas Carburettor. Paper presented at the
Proc. of the International Conference on ‘Advances in Mechanical Engineering.

Vongsateanchai, S., Rakdee, C., Vinaisompan, W., and Seanglum, N. (2011).
Secondary Fuel Premixing Controller for an Air Intake Manifold of a Combustion
Engine: Google Patents.

Wang, Z., Zhao, Z., Wang, D., Tan, M., Han, Y., Liu, Z., and Dou, H. (2016). Impact
of pilot diesel ignition mode on combustion and emissions characteristics of a
diesel/natural gas dual fuel heavy-duty engine. Fuel, 167, 248-256.

Wannatong, K., Akarapanyavit, N., Siengsanorh, S., and Chanchaona, S. (2007).
Combustion and Knock Characteristics of Natural Gas Diesel Dual Fuel Engine.
http://dx.doi.org/10.4271/2007-01-2047

Wei, L., and Geng, P. (2016). A review on natural gas/diesel dual fuel combustion,
emissions and performance. Fuel Processing Technology, 142, 264-278.

Weinrotter, M., Kopecek, H., Tesch, M., Wintner, E., Lackner, M., and Winter, F.
(2005). Laser ignition of ultra-lean methane/hydrogen/air mixtures at high
temperature and pressure. Experimental thermal and fluid science, 29 (5), 569-
577.

White, F. M. (1994). Fluid Mechanics fourth edition, McGraw and Hill. International
Edition, Singapore

White, F. M. (2003). Fluid mechanics. 5th. Boston: McGraw-Hill Book Company

202


http://dx.doi.org/10.4271/2007-01-2047

Wu, Q., Cole, C., and McSweeney, T. (2016). Applications of particle swarm
optimization in the railway domain. International Journal of Rail Transportation,
1-24.

Xu, B. Y., and Furuyama, M. (1997). Visualization of natural gas-air mixing flow in
the mixer of a CNG vehicle. JSAE review, 18 (1), 57-60.

Yadav, V. S., Soni, S., and Sharma, D. (2014). Engine performance of optimized
hydrogen-fueled direct injection engine. Energy, 65, 116-122.

Yaliwal, V., Banapurmath, N., Gireesh, N., Hosmath, R., Donateo, T., and Tewari, P.
(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, B., Xi, C., Wei, X., Zeng, K., and Lai, M.-C. (2015a). Parametric investigation
of natural gas port injection and diesel pilot injection on the combustion and
emissions of a turbocharged common rail dual-fuel engine at low load. Applied
Energy, 143, 130-137.

Yang, Z., Chu, C., Wang, L., and Huang, Y. (2015b). Effects of H 2 addition on
combustion and exhaust emissions in a diesel engine. Fuel, 139, 190-197.

Yusaf, T., Baker, P., Hamawand, I., and Noor, M. (2013). Effect of compressed natural
gas mixing on the engine performance and emissions. International Journal of
Automotive and Mechanical Engineering, 8, 1416-1429.

Yusaf, T., and Yusoff, M. Z. (2000). Development of a 3D CFD model to investigate
the effect of the mixing quality on the CNG-diesel engine performance. Paper
presented at the Proceedings of the International Conference and Exhibition and
Natural Gas Vehicles, Yokohama, Japan.

Zastavniouk, O. (1997). Study of mixing phenomena in a dual fuel diesel engine air
intake manifold. MS Thesis, University of Alberta.

Zhang, C.-h., and Song, J.-t. (2015). Experimental study of co-combustion ratio on
fuel consumption and emissions of NG-diesel dual-fuel heavy-duty engine
equipped with a common rail injection system. Journal of the Energy Institute, 89
(4), 578-585.

Zhang, Q., Ogren, R. M., and Kong, S.-C. (2016). A comparative study of biodiesel
engine performance optimization using enhanced hybrid PSO—GA and basic GA.
Applied Energy, 165, 676-684.

203



Zhou, J., Cheung, C., and Leung, C. (2013). Combustion and emission of a
compression ignition engine fueled with diesel and hydrogen-methane mixture.
World Academy of Science, Engineering and Technology, International Journal
of Mechanical, Aerospace, Industrial, Mechatronic and Manufacturing
Engineering, 7 (8), 1653-1658.

Zhou, J., Cheung, C., and Leung, C. (2014). Combustion, performance and emissions
of a diesel engine with H 2, CH 4 and H 2-CH 4 addition. International Journal
of Hydrogen Energy, 39 (9), 4611-4621.

Zhou, J., Cheung, C., Zhao, W., and Leung, C. (2016). Diesel-hydrogen dual-fuel
combustion and its impact on unregulated gaseous emissions and particulate
emissions under different engine loads and engine speeds. Energy, 94, 110-123.

Zurbriggen, F., Hutter, R., and Onder, C. (2016). Diesel-minimal combustion control
of a natural gas-diesel engine. Energies, 9 (1), 58.

204



	Blank Page
	Blank Page
	Blank Page



