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Welcome 

 

Twelfth Annual Meeting 

 

Welcome to the 12th Saudi Arabian Section of the Combustion Institute (SAS-CI) 
Annual Meeting. The theme of the event will be Towards Near Zero-Carbon Energy and 
Mobility. 

The Saudi Arabia Section of the Combustion Institute, SASCI, is the regional chapter 
of the international Combustion Institute, CI, which is a learned society whose purpose 
is to promote and disseminate research into Combustion Science and Engineering. 
SASCI was established in 2011 and currently has around 280 members from within the 
Kingdom and the region. Since its initiation, SASCI has been the main combustion 
society in the Kingdom of Saudi Arabia, KSA, and has organized eleven annual 
meetings. 

The twelfth annual meeting will be held on October 05-06, 2022 at Abha Palace Hotel 
in Abha, Saudi Arabia. Collectively, the meeting will feature two keynotes and fifty-four 
oral presentations across six different technical sessions.  
 
 
From the organizers, we hope you enjoy the event. 

 

Bassam Dally   King Abdullah University of Science and Technology 

Catherine Owen    King Abdullah University of Science and Technology 

Awad AlQuaity   King Fahd University of Petroleum and Minerals 

Abdullah AlRamadan   Saudi Aramco 

Reem AlBashrawi   Saudi Aramco 
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Saudi Arabian Section Leadership 

 
Chairman 

Prof. Bassam Dally  King Abdullah University of Science and Technology 

 

Vice-Chairman 

Dr. Abdullah AlRamadan Saudi Aramco 

 

Secretary 

Prof. Awad AlQuaity  King Fahad University of Petroleum and Minerals 

 

Officers 

Dr. Jihad Badra    Saudi Aramco 

Prof. Abdul Gani A. Jameel  King Fahad University of Petroleum and Minerals 

Prof. Deannna Lacoste   King Abdullah University of Science and Technology 
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General Event Information 
The following information will assist you to organize transportation and access to Abha Palace Hotel. 
Please review these instructions carefully to avoid unnecessary delays when accessing the venue. 

Transportation 

Participants are responsible for coordinating their own transportation to and from the hotel. There 
are several transport options, including: 
 

 Uber or Careem, 
 Airport Taxi (available in terminal 1,2 and 5), 
 Rental or personal cars. 

 

 
 

Jizan Gasification Plant Tour  

The travel time from Abha to Jizan Gasification Plant site is around 2.5 hours. Buses will leave for the 
site visit at 12:00 pm on the second day of conference and will arrive at the Plant about 3:00 pm. At 
the end of the site tour, buses will bring back the participants to Abha at 5:00 pm and expected to 
arrive at 7:30 pm. There will also be a bus to Jizan airport for those interested, which will leave at 5:00 
pm from the Plant and expected to arrive to Jizan airport at 6:00 pm. 
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Welcoming Ceremony, Keynotes and Closing Ceremony 

The welcoming ceremony, keynotes and closing ceremony will be held in Asir venue  

Technical Sessions 

Two parallel technical sessions will be held in Asir and Nakheel venue. Each presentation slot is 15 
minutes. We recommend that presenters speak for 12 minutes, and allow 3 minutes for questions at 
the end. Presenters will be notified at the 9, 11- and 12-minute points during their presentation, and 
must wrap-up within one minute of receiving the 12-minute notification. Please ensure you load your 
presentation onto the computer during the break prior to your presentation slot. 

Meals 

Breakfast is included as part of the Hotel Reservation, refreshments will also be available during the 
morning and afternoon breaks. Lunch will be hosted in Nahran restaurant. 

Group Photo 

A group photo will be taken after the panel discussion on the first day of the event. Please assemble 
in the Lobby and await instruction from the photographer. 

Emergency Contacts 

Please contact Abdullah (+966 50 583 3244) or Awad (+966 53 194 6761) if you encounter any 
difficulties. 
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Session Chairs 

Session 1: Combustion Diagnostics and Reaction Kinetics 

Binod Giri   King Abdullah University of Science and Technology  

 

Session 2: Low Emission Engines and Power Generation Systems 

James Turner  King Abdullah University of Science and Technology 

Emre Cenker   Saudi Aramco 

 

Session 3: Applications of ML/AI Tools 

Abdul Gani Abdul Jameel King Fahd University of Petroleum and Minerals 

 

Session 4: Gasification and CCUS 

Christos Kalamaras  Saudi Aramco 

 

Session 5: Sustainable fuels, hydrogen and ammonia: Production, Storage and 
Combustion 

Mani Sarathy   King Abdullah University of Science and Technology 

Jihad Badra    Saudi Aramco 

 

Session 6: Fundamental combustion experiments and modeling 

Awad Alquaity   King Fahd University of Petroleum and Minerals 
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Agenda: Program: Wednesday, October 5th 

 

8.30 ‒ 9.30 Arrival and registration 

9.30 ‒ 9.40 Welcome – SAS-CI Chairman, Prof. Bassam Dally, KAUST 

9.40 ‒ 
10.20 

Keynote Lecture – Dr. Jihad Badra, Saudi Aramco: Artificial 
Intelligence and Data-Driven Optimization if ICEs 

10.25 ‒ 
12.00 

Session 1.1: Combustion 
Diagnostics and Reaction 
Kinetics 

Session Chair: Binod Giri 

Session 1.2: Low Emission 
Engines and Power Generation 
Systems  

Session Chairs: James Turner / Emre 
Cenker 

10.25 ‒ 
10.40 

Shock-tube study of 
ammonia/methane oxidation 
using NH3 laser absorption for 
assessment of modern kinetics 
mechanisms 

Sulaiman Alturaifi, KFUPM 

Investigation of a supercharged 
gas turbine engine concept for an 
improved efficiency/mass/cost 
tradeoff for range extender 
engines 

James Turner, KAUST 

10.40 ‒ 
10.55 

Selective BTEX detection using 
laser absorption spectroscopy in 
the CH bending mode region  

 Ali Elkhazraji, KAUST 

Effect of N2 dilution on the 
reactivity of Aviation fuels in 
compression Ignition combustion 

Basem Eraqi, KAUST 

10.55 ‒ 
11.10 

A selective benzene, acetylene, 
and carbon dioxide sensor in the 
fingerprint region 

Mhanna Mhanna, KAUST 

Flashback characteristics of 
steam-diluted hydrogen-methane-
air combustion in a dual swirl 
burner 

Neha Vishnoi, Indian Institute of 
Technology 

11.10 ‒ 
11.25 

Experimental study of NOx 
addition autoignition of iso-

Computational studies of flow 
and combustion characteristics in 
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octane and methanol in pre-
chamber combustion  

Khaiyom Hakimov, KAUST 

narrow-throat pre-chamber 
engines 

Mickael Silva, KAUST 

11.25 ‒ 
11.40 

Simultaneous measurements of 
NH2 and major species and 
temperature with a novel 
excitation scheme in ammonia 
combustion at atmospheric 
pressure  

Diana Ezendeeva, KAUST 

Comparative study of SI and pre-
chamber hydrogen fueled engine: 
A computational approach 

Hammam Aljabri, KAUST 

11.40 ‒ 
11.55 

Simultaneous PLIF 
measurements of NO/NH and 
NO/OH in ammonia-hydrogen 
turbulent flames 

Guoqing Wang, KAUST 

Parametric study of a one-
dimensional modelled polymer 
electrolyte membrane fuel cell 

Faseeh Abdulrahman, KAUST 

12.00 ‒ 
13.00 

Lunch Break 

13.00 ‒ 
14.00 

Panel discussion – Combustion in 2035: Research and 
Applications  

14.00 ‒ 
14.10 

Group Photo 

14.10 ‒ 
15.40 

Session 1.3: Combustion 
Diagnostics and Reaction 
Kinetics 

Session Chair: Binod Giri 

Session 1.4: Low Emission 
Engines and Power Generation 
Systems  

Session Chairs: James Turner / Emre 
Cenker 

14.10 ‒ 
14.25 

Detailed kinetic modeling of 
OH(2Σ+) formation in premixed 
NH3/H2 counterflow flames 

Gianluca Capriolo, KAUST 

Effect of combining stratification 
with hydrogen enrichment on the 
stability and structure of premixed 
CH4-air flames 

Ahmed A.H. Abdelhafez, KFUPM 
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14.25 ‒ 
14.40 

Experimental and modelling 
study of syngas combustion in 
CO2 bath gas 

Touqeer Anwar Kashif, KAUST 

Novel concepts for removing 
cold-start vehicle emissions to 
meet future legislations 

Fakhar Mehmood, Aramco 

14.40 ‒ 
14.55 

Automatic generation of detailed 
and lumped models for diesel 
surrogate fuels 

Sirio Brunialti, KAUST 

Experimental investigation on 
combustion strategy of light duty 
GCI fuelled GCI fuel 

Yasser Al Qahtani, Aramco 

14.55 ‒ 
15.10 

Exact and approximate chemical 
kinetics for accelerating turbulent 
reacting flow simulations  

Vijayamanikandan Vijayarangan, 
KAUST 

The contribution of intermediate-
temperature heat release to octane 
sensitivity 

Jonathan Peterson, KAUST 

15.10 ‒ 
15.25 

Quantitative measurement of 
C2H2 using mid-infrared laser 
polarization spectroscopy for 
combustion diagnostics 

Wanxia Zhao, KAUST 

Economical assessment of 
strategies towards CO2 emission 
reductions in the energy matrix of 
Saudi Arabia 

Harif Daniel Fontecha Sanchez, 
KAUST 

15.25 ‒ 
15.40 

1D Interferometric Rayleigh 
scattering velocimetry and 
thermometry using VIPA 

Zeinab Al Hadi, KAUST 

Reduced CO2 vehicles emission: 
Onboard capture and storage 
system using novel sorbents 

Giuseppe Pezzella, KAUST 

15.40 ‒ 
15.50 

Coffee Break 

15.55 ‒ 
16.55 

Session 1.5: Applications of 
ML/AI tools 

Session Chair: Abdul Gani Abdul 
Jameel 

Session 1.6: Low Emission 
Engines and Power Generation 
Systems  

Session Chairs: James Turner / Emre 
Cenker 
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15.55 ‒ 
16.10 

A novel automated machine 
learning framework for engine 
optimization 

Balaji Mohan, Aramco 

The effects of gasoline 
composition and additive 
concentration on the lubricity of 
gasoline blends 

Youssef Al Ashkar, KAUST 

16.10 ‒ 
16.25 

Machine learning to predict the 
state of charge for hybrid 
vehicles 

Juan Camilo Giraldo Delgado, 
KAUST 

Characterization of gasoline fuel 
spray dynamics for reduction of 
engine-out emissions in internal 
combustion engines 

Sadique Saleemullah Khan, KFUPM 

16.25 ‒ 
16.40 

Machine Learning models on an 
exclusively developed 
thermodynamic database for 
kinetic models 

Kiran Yalamanchi, KAUST 

Investigation of the effects of 
piston and pre-chamber 
geometries on the combustion 
characteristics of an optical pre-
chamber combustion engine 

Xinlei Liu, KAUST 

16.40 ‒
16.55 

Multi-speciation in fuel pyrolysis 
using a single laser and deep 
neural networks 

Mohamed Sy, KAUST 

Identification of Intrinsic 
Thermoacoustic Modes in a Dual-Swirl 
Ammonia-Hydrogen Burner 

Daniel Vigarinho, KAUST  

17.00 ‒ 
17.30 

Winter School Presenters  
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Agenda: Thursday, October 6th 

 

8.00 ‒ 8.40 
Keynote Lecture – Prof. Thibault Guiberti, KAUST: Canonical and 
Practical ammonia-hydrogen flames  

8.45 ‒ 10.00 

Session 2.1: Gasification and CCUS 

Session Chair: Christos Kalamaras 

Session 2.2: Sustainable fuels, 
hydrogen and ammonia: Production, 
Storage and Combustion 

Session Chairs: Mani Sarathy / Jihad Badra 

8.45 ‒ 9.00 

Techno-economics of mobile carbon 
capture for class 8 trucks 

Fethi Khaled, Aramco 

An experimental and kinetic modeling 
study of ammonia-ethanol blends 

Binod Giri, KAUST 

9.00 ‒ 9.15 

Stability and flame macrostructure of 
stratified oxy-methane flames 

Mohammad Raghib Shakeel, KFUPM 

Study on lean premixed flame stability 
enhancement by altering fuel-air 
Mixture homogeneity 

Radi Alsulami, King Abdulaziz University 

9.15 ‒ 9.30 

A compact cascade structure for CO2 
separation by Thermal Diffusion 

Raghad Alharbi, Aramco  

 

Influence of varying fuel-air premixture 
homogeneity with ammonia using 
different injection locations    

Marwan Hassan Al-Abdullah, King 
Abdulaziz University 

9.30 ‒ 9.45 

High fidelity simulations of cryogenic 
carbon capture process 

Alberto Ceschin, KAUST 

Direct numerical simulation of 
premixed ammonia flames under 
different turbulent conditions 

Ruslan Khamedov, KAUST 

9.45 ‒ 10.00 

Development cycle time reduction 
using design of experiments and 
machine learning-based optimization 
framework 

Abdullah S AlRamadan, Aramco 

 

Characterization of a hollow cone direct 
injection hydrogen jet in a constant 
pressure vessel 

Bassam S Aljohani, KAUST 

10.00 ‒ 10.10 Coffee Break 
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10.15 ‒ 11.45 

Session 2.3: Fundamental 
combustion experiments and 
modeling 

Session Chair: Awad Alquaity 

Session 2.4: Sustainable fuels, 
hydrogen and ammonia: Production, 
Storage and Combustion 

Session Chairs: Mani Sarathy / Jihad Badra 

10.15 ‒ 10.30 

Effects of adiabatic flame temperature 
and oxygen concentration in 
CH4/N2/O2 non-swirl jet flames: 
Experimental and numerical study 

Mansur Aliyu, KFUPM 

 

3-D CFD simulation of NOx emission 
from an industrial-scale ammonia to 
hydrogen reformer furnace 

Jaeheon Sim, Aramco 

10.30 ‒ 10.45 

“C7” reaction mechanism and its self-
imitation in the kinetic modeling of 
PAH formation 

Hanfeng Jin, KAUST 

The effect of blending hydrogen with 
bio-oils and essential oils on turbulent 
non-premixed jet flames 

Yilong Yin, The University of Adelaide 

10.45 ‒ 11.00 

Validation of hybrid OpenFOAM 
solver for detonation modeling with 
detailed chemistry 

Vigneshwaran Sankar, KAUST 

Methane/hydrogen peroxide laminar 
diffusion opposed-flow flame 

Jiajun Li, KAUST 

11.00 ‒ 11.15 

Effects of diaphragm opening process 
on the ignition of fuels in shock tube 
experiments 

Janardhanraj Subburaj, KAUST 

Effect of the pilot power ratio on the 
flame topology and exhaust emissions 
of NH3-CH4-air combustion in a 
reduced-scale micro gas turbine burner 

Cristian Avila, KAUST 

11.15 ‒ 11.30 

Demonstration of the improved 
catalytic behavior of shock-treated 
titania in chemical reactions 

Mohamad Abou Daher, KAUST 

Bluff body stabilized 
ammonia/hydrogen/nitrogen non-
premixed jet flames 

Adamu Alfazazi, KAUST 

11.30 ‒ 11.45 

Effect of ammonia addition on cellular 
instability of methane, propane, and 
propylene flames at high pressures 

Omar Arab, KAUST 

Combustion chemistry of ammonia/C1 
fuels: A comprehensive kinetic 
modeling study 

Xiaoyuan Zhang, KAUST 

11.45 ‒ 11.50 Closing Remarks – SAS-CI Chairman, Prof. Bassam Dally, KAUST 

12.00 ‒ 19:30 Lunch boxes + Gasification tour (optional) 
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Keynote Speaker 

Artificial Intelligence and Data Driven Optimization of 
ICEs 

Jihad Badra 

Business Manager 
Research and Development Centre, Saudi Aramco, Dhahran, 
Saudi Arabia 
 

Abstract: Internal combustion engine is currently the principal prime mover in the transportation 
sector, and it is expected to maintain its dominance in the foreseeable future. Today, more than 95% 
of cars run on ICE and around 60% of oil goes to transport. From cars and long-haul trucks to 
agricultural and construction equipment, ICEs touch practically every aspect of our lives. It is 
therefore, strongly believed that improving the efficiency and reducing the emissions from ICE are 
the most effective measures to have an immediate and prominent impact on the environment. This is 
a challenging task because ICE has been around since the 19th century and despite significant 
technological improvements to their performance in response to fuel economy and emission 
regulations over the past years, ICE still has room to improve and AI and ML can help with that. 

 

About the speaker: Jihad Badra is currently the Business Manager for the Research and Development 
Centre at Saudi Aramco. He joined Saudi Aramco in 2014 where he worked with and led the Engine 
Combustion team in the Transport Technologies division. Prior to that, Jihad worked as a 
Postdoctoral Researcher in the Clean Combustion Research Centre at King Abdullah University of 
Science and Technology (KAUST). Jihad’s research interest is in developing and optimizing internal 
combustion engine technologies with decreased net environmental impact. Jihad’s current focus is on 
Artificial Intelligence (AI), fuel formulation for advanced engines and engine modelling using 
computational fluid dynamics. Jihad has more than 100 peer-reviewed papers. 

Jihad received his BASc in Mechanical Engineering from the University of Balamand, Lebanon and 
MASc and PhD degrees in Combustion Research in Mechanical Engineering at the University of 
Sydney, Australia. 
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Keynote Speaker 

Canonical and practical ammonia-hydrogen flames 
Thibault Guiberti 

Assistant Professor, Clean Combustion Research 
Center, King Abdullah University of Science and 
Technology 
 
Abstract: Owing to its competitive volumetric energy density and well-established transportation and 
storage technologies, ammonia (NH3) is a promising future fuel to decarbonize the power sector. In 
this talk, I will first give an overview of the ammonia combustion research conducted at KAUST, and 
detail some of the solutions explored to alleviate issues associated with the direct utilization of 
ammonia in gas turbines, mainly NOx formation and low flame speed. I will also show recent findings 
of our work with canonical ammonia flames, designed to scrutinize chemistry-turbulence interactions 
using optical diagnostics, and with ammonia swirl flames at elevated pressure, relevant to practical gas 
turbines. 
 
About the speaker: Thibault Guiberti is a research assistant professor at the Clean Combustion 
Research Center at KAUST. He obtained a Ph.D. in Energy from Centrale-Supelec, France, in 2015 
and his Habilitation from University of Toulouse 3 in 2022. His research interests include turbulent 
reactive flows and optical diagnostics. With his research, Thibault hopes to contribute to the 
promotion of carbon-free fuels, such as hydrogen and ammonia, in practical combustion devices.  
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Session 1: Combustion Diagnostics and 
Reaction Kinetics 
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Shock-tube study of ammonia/methane oxidation 
using NH3 - laser absorption for assessment of modern 
kinetics mechanisms 

 

Sulaiman Alturaifi 

King Fahad University of Petroleum and Minerals  
 

Abstract: Ammonia (NH3) is a promising carbon-free fuel and a hydrogen carrier. In 
recent years, significant research efforts were focused on studying NH3 combustion 
characteristics towards its utilization in combustion applications. However, the direct 
usage of NH3 as a fuel is challenging due to its unfavorable combustion properties such 
as narrow flammability limits and low burning velocity. Thus, mixing NH3 with other 
reactive fuels, such as methane (CH4), has been considered to promote its combustion 
characteristics. Towards studying ammonia with more reactive fuels, new shock-tube 
experiments were carried out to study NH3 and CH4 chemical kinetics interactions. The 
experiments were conducted near-atmospheric pressure, spanned a wide range of 
temperatures (1738–2145 K), several NH3/CH4/O2 mixtures with NH3:CH4 ratio of 
75:25 (equivalence ratios varying from 0.55 to 1.95), and near-stoichiometric 
NH3/CH4/O2 mixtures with NH3:CH4 ratios of 90:10, 75:25, and 50:50. During these 
experiments, NH3 species time histories were monitored using a laser absorption 
diagnostic near 10.4 μm. NH3 half-life times were extracted from the time-history 
profiles and presented characteristic parameters that were used to assess the 
performance of several modern detailed kinetics mechanisms. The kinetics mechanisms 
showed drastically different predictions of the species time histories and the extracted 
characteristic parameters indicating the need for further refining and improvement. The 
present speciation data can be utilized as stringent speciation targets for future 
mechanism validation. 
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Selective BTEX detection using laser absorption 
spectroscopy in the CH bending mode region 

 

Ali Elkhazraji 

King Abdullah University of Science and Technology  

 
Abstract: BTEX (benzene, toluene, ethylbenzene, xylene isomers) are heavily emitted 
from combustion-relevant sources such as gasoline service stations and engine exhaust. 
In addition to that, major sources of BTEX emissions are refineries, painting, and 
rubber industries. The adverse health and environmental effects of these species have 
raised immense concerns in recent years. Short-term exposure to a concentration as low 
as 25 ppm of benzene can cause insomnia, paresthesia, nausea, and speech problems. 
Inhaling toluene can cause damage to the liver, kidneys, and chronic brain 
inflammation. Exposure to trace amounts of ethylbenzene irritates eyes and respiratory 
tract and is linked to major respiratory and renal disorders. Xylene isomers are linked 
to lack of muscle coordination and distortion in the nervous system. Finally, being 
simple aromatics, BTEX play a major role in soot formation through the formation of 
polycyclic aromatic hydrocarbons. It is, hence, of high importance to develop reliable 
sensors for these harmful species. The similar absorption features of BTEX across most 
of the IR region make it difficult to selectively measure each of its species individually 
using laser-based sensors; this motivated our previous study by Mhanna et al. to develop 
a deep neural networks (DNN) algorithm enabling selective measurements of BTEX 
probing their absorption spectra near 3.3 μm. An exception of that is the BTEX strong 
absorption features corresponding to their CH bending modes between 650 cm-1 and 
800 cm-1 where the spectral features are well-isolated. Probing this region, thus, would 
enable selective detection of the individual BTEX species. However, the access to this 
spectral region is still limited in tunability via commercially available laser devices. 
Alternatively, nonlinear frequency conversion processes, e.g., difference-frequency 
generation (DFG), can provide broad tunability in this spectral region. 

 

In this study, we illustrate the development of a selective BTEX laser-based sensor in 
the long- wavelength mid-infrared region, near 14 μm. Our diagnostic is based on 
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difference-frequency generation (DFG) between an EC-QCL and a CO2 gas laser to 
access this long-wavelength spectral region. The sensor probes the CH bending modes 
of BTEX taking advantage of the strong, spectrally isolated absorption features of 
aromatics in this spectral region. Measured mole fractions were validated against 
manometric measurements at 1 atm and 298 K over the mole fraction range of 0 – 1000 
ppm. To the best of our knowledge, this is the first laser based BTEX sensor to 
simultaneously probe their CH bending modes. 
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A Selective Benzene, Acetylene, and Carbon Dioxide 
Sensor in the Fingerprint Region 
 

Mhanna Mhanna  

King Abdullah University of Science and Technology 

 
Abstract: A mid-infrared laser-based sensor is designed and demonstrated for trace 
detection of benzene, acetylene, and carbon dioxide at ambient conditions. The sensor 
is based on a distributed feedback quantum cascade laser (DFB-QCL) emitting near 
14.84 μm. Tunable diode laser absorption spectroscopy (TDLAS) and a 
multidimensional linear regression algorithm were employed to enable interference-free 
measurements of the target species. The laser wavelength was tuned over 673.8 – 675.1 
cm-1 by a sine-wave injection current (1 kHz scan rate). Minimum detection limits of 
0.11, 4.16, and 2.96 ppm were achieved for benzene, acetylene, and carbon dioxide, 
respectively. The developed sensor is insensitive to interference from overlapping 
absorbance spectra, and its performance was demonstrated by measuring known 
mixture samples prepared in the lab. The sensor can be used to detect tiny leaks of the 
target species in petrochemical facilities and to monitor air quality in residential and 
industrial areas. 

 

 

 

 

 

 

 

 

 



 

 

 

Saudi Aramco: Public 

Experimental study of NOx addition on autoignition of 
iso-octane and methanol in pre-chamber combustion 
conditions 

 

Khaiyom Hakimov 

King Abdullah University of Science and Technology 

 
Abstract: Ignition process in an internal combustion engine (ICE) produces different 
NOx gases. Implementing exhaust gas recirculation (EGR) in ICE allows to 
significantly reduce the amount of thermal NOx by lowering the combustion 
temperatures. Exhaust gases from the previous cycle inevitably containing traces of 
NOx and upon being introduced in a new cycle interact with the fresh charge inside the 
cylinder. Several previous studies showed that NOx affects the autoignition of the 
hydrocarbons significantly. Similarly, in pre-chamber combustion systems, the products 
of combustion, emerging from the pre-chamber into the main chamber contain 
different levels of NOx and interact with the lean mixtures. Autoignition characteristic 
of fuels are crucial in the development of ICEs and chemical kinetic models. Therefore, 
it is necessary to understand the interaction between NOx and current conventional 
fuels as well as possible future e-fuels, used in ICE. Iso-Octane as the main component 
of the current conventional fuels and surrogates and methanol as a potential future e-
fuel were considered as representative fuels in this study. The oxidation of methanol 
and iso-octane with the addition of different NOx (NO and NO2) levels (200, 500 and 
1000 ppm) were investigated experimentally in a twin-piston rapid compression 
machine (RCM) over a range of temperatures T = 700 – 1000 K and pressures P = 20 
– 30 bar, relevant to internal combustion engine and pre-chamber combustion systems 
from ultra-lean to stoichiometric equivalence ratios. For the first time, ignition delay 
times of methanol/NOx mixtures were measured. Addition of 200 ppm NO 
significantly reduced the IDTs at both lean and stoichiometric conditions and 200 ppm 
NO2 addition had even stronger effect than NO. In case of iso-octane, wider 
temperature range was covered and the effect from NOx addition showed temperature 
dependency. At intermediate to high temperature regions, the IDTs were significantly 
reduced, while at NTC region the effect was insignificant. At low temperature region 
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addition of NOx prolonged the IDTs. Measured IDTs were compared to model 
predictions and showed good agreement in case of methanol, while for iso-octane 
models failed to capture the effect of high levels of NOx addition. In a separate work 
detailed model was developed using experimental data provided in this work. 
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Simultaneous measurements of NH2 and major species 
and temperature with a novel excitation scheme in 
ammonia combustion at atmospheric pressure 

 

Diana Ezendeeva 

King Abdullah University of Science and Technology 

 
Abstract: In this work, we demonstrate a novel 1D, simultaneous, laser-induced 
fluorescence (LIF) approach to measure the amidogen (NH2) radical concentration and 
Raman/Rayleigh measurements of major species and temperature in laminar counter-
flow non-premixed and premixed NH3-H2-N2-air flames. The technique presents a 
modified excitation scheme for NH2 in combination with the existing Raman/Rayleigh 
diagnostics. The NH2-LIF is excited by three Nd:YAG lasers, temporally stretched to 
500 ns using a pulse stretcher, resulting in total energy of ~1J at 532 nm. NH2 spectrum 
with an excitation scheme of 532 nm is first reported by NH3 photolysis with 213 nm, 
which presents a broadband absorption spectrum in the visible region, and it matches 
hot LIF spectra observed from an NH3 counter-flow flame. The NH2-LIF signal is 
sampled in the 620-630 nm, together with the Raman signal, using the same collection 
hardware. The high laser energy compensates for the weak absorption cross-section at 
532 nm. In addition, a long pulse allows repeated excitation and emission from the same 
molecule, producing a partial saturation region. This simplified chemical model omits 
quenching from major species, temperature variation in a population, and Raman 
crosstalk from H2, N2, and NH3. We calibrate the model by comparing counter-flow 
flame measurements with Chemkin 1D simulation of opposed diffusion flames. A 
calibration set of 23 flames with various fuel compositions, strain rates, and non-
premixed and premixed flames is used to validate the model. The overall agreement 
between the measured and simulated NH2 results using the same mechanism is within 
5%, and the single-shot detection limit is below 100 ppm. NO2-LIF is one of the main 
interferences to NH2-LIF, and its effects can be negligible on the fuel side but care only 
need to be taken on the air side with T<800 K, in which the maximum interference 
~33 ppm was observed. We show case that this method is best suited to investigate the 
interaction of turbulence and chemistry in a turbulent NH3 flame in combination with 
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Raman/Rayleigh principal components and temperature. Thus, this method can 
provide valuable data for numerical model validation when the same chemical model is 
used.   
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Simultaneous PLIF measurements of NO/NH and 
NO/OH in ammonia-hydrogen turbulent flames 

 

Guoqing Wang 

King Abdullah University of Science and Technology 

 
Abstract: Ammonia and hydrogen are both very promising fuels for near-zero carbon 
combustion. The chemical reactivity of ammonia and hydrogen during combustion 
differs greatly from typical hydrocarbon fuels such as methane. Ammonia combustion 
often produces a large amount of NO through the fuel-type NOx pathway, with NO 
concentrations reaching several thousand ppm in the exhaust gas. Hydrogen 
combustion also tends to generate more NOx due to its higher flame temperature, but 
through a thermal NOx mechanism. In practical combustors, highly turbulent 
combustion operating at high flow rates results in strong turbulent-chemical 
interactions that significantly affect the production, diffusion, and consumption 
processes of NOx pollutants. In the past, many studies have been devoted to exploring 
the effect of turbulent flow on NOx emission by using planar laser-induced 
fluorescence (PLIF) to measure NO and important intermediates OH, NH, etc. In 
conventional PLIF measurements, one dye laser is required for PLIF measurements of 
one species. Simultaneous measurement of multiple species PLIF requires multiple 
lasers. In this study, we developed a novel PLIF technique for the simultaneous 
measurement of NO/NH or NO/OH using a single dye laser. The 226 nm and 236 
nm lasers were obtained to excite NO by adding a mixing frequency unit after the dye 
laser. Two different species were excited by using laser beams before and after the 
mixing crystal. We successfully measured PLIF images of NO/NH and NO/OH in 
ammonia and hydrogen jet flames. PLIF images show that NO is rapidly formed in the 
reaction zone marked with NH in the ammonia flame and retained in the high-
temperature zone. In the hydrogen-air flame, NO does not show a distinct formation 
boundary because the thermal NOx requires a longer residence time to form in the 
post-flame zone. The NO/NH and NO/OH PLIF measurements provide direct 
evidence for NOx formation, diffusion, and consumption in turbulent combustion. 
Applying this new technique to ammonia-hydrogen flames of other combustors could 
reduce the cost and complexity of the laser diagnostic system.  
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Investigation of a Supercharged Gas Turbine Engine 
Concept for an Improved Efficiency/Mass/Cost 
Tradeoff for Range Extender Engines  

 

James Turner 

King Abdullah University of Science and Technology  
 

Abstract: The presentation describes results from a study into the potential of a 
complex cycle gas turbine engine, originally investigated as the “Supercharged Gas 
Turbine” by Ford in the 1960s, updated to gauge the possible improvements afforded 
by raising the efficiencies of its constituent components to modern levels. To perform 
this investigation a spreadsheet model was constructed, and available literature data 
used to validate it. The modelling methodology was to fix the total pressure ratio of the 
engine (15.5), its overall air inlet and exhaust outlet pressures and temperatures, and 
then to ensure no net power output or input for the compressor-turbine spools. 
Incremental improvements in the efficiencies of constituent devices were then applied 
and the expected improvement in brake thermal efficiency with an increase in turbine 
inlet temperature from the original 927°C was also shown. It is argued that with 
improvement to component efficiencies in line with modern turbocharger values, and 
a modest increase in turbine inlet temperature (again, within or close to the existing 
limit for automotive turbochargers of 1050°C) an engine for a series hybrid vehicle 
could be created with c. 40% thermal efficiency. The second stage of the study was a 
preliminary investigation of the effects of operating the concept using argon as the 
working fluid, imagined to be achieved by closing the cycle and adding a heat exchanger 
at the bottom. This showed the potential of the Joule cycle in this regard: the 
improvement in cycle efficiency at the overall engine pressure ratio of 15.5 was 20.9% 
versus the 12.8% predicted from theory for a simple Joule cycle engine at that pressure 
ratio. The reasons for this over prediction are discussed. It is considered that this 
concept is worthy of further study since a gas turbine can be sealed into a closed cycle 
more easily than a reciprocating engine. 

The presentation concludes with discussion of some potential directions for future 
research, including incorporation of high-temperature fuel cells into the cycle, or using 
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catalytic combustion. While at first sight such an engine might seem complex, it is 
pointed out that many modern light-duty diesel engines have boosting and after 
treatment systems significantly more complex than what is proposed here, providing an 
interesting efficiency/mass/cost tradeoff for range extender engines. 
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Effect of N2 Dilution on the Reactivity of Aviation Fuels 
in Compression Ignition Combustion 

 

Bassam Eraqi  

King Abdullah University of Science and Technology 

 
Abstract: Exhaust gas recirculation (EGR) is a promising engine technology to reduce 
NOx emissions by reducing combustion temperature. The reduction in temperature is 
achieved through the injection of exhaust gas—comprised primarily of N2 (and lesser 
amounts of CO2 and water)—along with the fuel-air mixture during the injection stroke. 
EGR combustion conditions are simulated by diluting the inlet air with high purity N2 
in a constant volume combustion chamber (CVCC) Advanced Fuel Ignition Delay 
Time Analyzer (AFIDA). Linear alkane fuels on the carbon chain length range of 10-
14 are used as surrogate fuels for kerosene-based aviation fuels. The corresponding 
ignition delay time data are compared to non-EGR conditions to determine the effect 
of N2 dilution on fuel reactivity as well as reactivity trends with variable combustion 
conditions. The effects of chamber temperature and pressure on fuel reactivity are 
investigated through a parametric analysis study for both the EGR and non-EGR 
conditions. Similar reactivity trends are observed in all fuels studied when varying 
chamber temperature and pressure and EGR conditions. An appreciable decrease in 
fuel reactivity is observed in N2- diluted measurements compared to non-diluted 
counterparts when other combustion parameters are held constant. Additionally, an 
initially sharp increase in fuel reactivity is observed with increasing chamber 
temperature and pressure. Carbon chain length is directly related to fuel reactivity in the 
range of surrogate fuels studied. 
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Flashback Characteristics of Steam-Diluted Hydrogen-
Methane-Air Combustion in a Dual Swirl Burner 

 

Neha Vishnoi 

Indian Institute of Technology  

 
Abstract: Swirl-stabilized combustion of hydrogen-enriched methane-air mixtures 
employed in lean premixed gas turbines depends on a phenomenon known as vortex 
breakdown, which leads to the formation of a central recirculation zone (CRZ). This 
recirculation zone exhibits reverse flow and constantly supplies heat and active species 
to the flame base, stabilizing the combustion process in a compact region [1]. Swirling 
flow enhances the mixing of the fuel-air mixture and temperature field and helps 
achieve low NOx emissions [2]. Hydrogen-enriched flames are prone to flashback due 
to their high flame speeds. Two types of flashback are associated with swirl stabilized 
burners [3]: for the low swirl, a flashback occurs through the boundary layer when the 
flame gets attached to the burner rim; for the high swirl, upstream propagation of CRZ 
into the premixing zone leads to the flashback. Steam dilution is proposed to control 
the flashback of swirl-stabilized hydrogen-enriched flames, reducing NOx emissions 
and offering a possibility to operate on pure hydrogen [4, 5]. The effect of hydrogen 
addition and steam dilution on flow fields, flame stability, flashback and emissions can 
vary with burner configurations. In this work, we numerically investigate the flame and 
flashback characteristics of a dual swirl burner operating on steam-diluted premixed 
methane-hydrogen-air mixtures. The investigated burner comprises of two co-axial 
passages: outer and inner swirlers. In the present work, the swirling direction (co-or 
counter rotating) is considered to be the main focus as counter-rotating swirling streams 
forms intense shear stresses that can significantly affect the combustion processes [6]. 
We employ Reynolds Averaged Navier Stokes (RANS) simulation approach in 
conjunction with the Reynolds Stress Turbulence model (RSM) and Flamelet Generated 
Manifold combustion (FGM) model to predict the flow and temperature fields within 
the burner and inside the combustor. In addition to solving transport equations for k 
and ε, the RSM model solves transport equations for each component of turbulent 
stress tensor and accounts for 
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anisotropic turbulence occurring due to high-pressure gradients [7]. We employ the 
progress variable approach with the FGM model and Zimont’s Turbulent Flame Speed 
Closure model (TFSC) to incorporate the detailed chemistry mechanism in turbulent 
flows. We will present the results based on the characterization of stream-wise and 
cross-wise velocity fields, temperature distribution, NOx and CO emissions. Further, 
we will characterize the flame shape and flashback by the OH* and CH* radicals 
distribution. We also predict the boundary layer flashback propensity by employing the 
critical velocity gradient concept proposed by Lewis and Von Elbe [8]. 
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Computational studies of flow and combustion 
characteristics in narrow-throat pre-chamber engines 

 

Mickael Silva 

King Abdullah University of Science and Technology 

 
Abstract: Towards fundamental understanding of key physical aspects of narrow-
throat pre-chamber combustion, we performed three-dimensional computational fluid 
dynamics (CFD) simulations using the CONVERGE CFD solver, to analyze the effect 
of pre-chamber geometry, piston design, combustion models, and flame speed 
correlations, and combustion models in an engine operated with methane. The 
simulations were performed at lean operating conditions whilst the pre-chamber was 
fuel enriched with a direct fuel supply. The modeling work was performed in 
conjunction with experiments which provided validation data for the model. The 
narrow throat pre-chamber fits in a diesel injector port, thus requires marginal engine 
modification, hence lowers the technical and economic barriers for deployment of this 
technology in production vehicles. While the narrow-throat was found to have a major 
impact on the pre-chamber combustion, the jet-piston interaction were also identified 
as crucial if additional improvements on engine emissions and performance are desired. 
On the fundamental modeling aspect, the significance of laminar flame speed prediction 
in the simulation of ultra-lean engine combustion was assessed. For engineering 
applications, the correlations of the flame speeds with physical variables involve 
empirical constants that are valid for a limited range of operating conditions. In all cases, 
the original formulation of Peters' turbulent flame speed correlation was used and was 
found to have an insignificant effect at the conditions under study, confirming the 
importance of the accurate determination of the laminar flame speed that overrules any 
ad hoc constant corrections for high Karlovitz regimes. Finally, the relevant turbulent 
combustion regimes encountered in the pre-chamber combustion engine conditions 
were examined in the Borghi-Peters diagram, confirming the findings. 
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Comparative Study of SI and Pre-chamber Hydrogen 
Fueled Engine: A Computational Approach 

 

Hammam Aljabri 

King Abdullah University of Science and Technology 
 

Abstract: Hydrogen is a promising future fuel to support the transition of the energy 
sector toward carbon neutrality. The direct utilization of H2 in Internal Combustion 
Engines (ICEs) is possible and this technology faces mainly two challenges; high NOx 
emissions and severe knocking at mid to high loads. In this study, we numerically 
investigated the potential of H2 combustion in a truck-size engine operated in SI and 
PC mode. At first, an assessment of the chemical kinetics was conducted, which 
revealed that the optimized mechanism is the suitable to be used under such engine 
conditions. To mitigate the knocking nature of H2 combustion in SI engine, we have 
focused on studying the effects of three primary parameters; the compression ratio 
(CR), the air-fuel ratio, and the spark time. The baseline case was set using a CR of 16.5 
and an equivalence ratio of 0.35. In simulations, the auto-ignition tendency was 
evaluated based on the maximum pressure rise rate and the local pressure fluctuations 
at the monitoring points set along the wall of the combustion chamber. To mitigate the 
auto-ignition tendency while enabling a wider range of engine operation, the effect of 
lowering the compression ratio was assessed. The results indicate that by lowering the 
compression ratio from 16.5:1 to 12.5:1, an indicated thermal efficiency of 47.5% can 
be achieved. Aiming to restrain the auto-ignition while maintaining a good efficiency, a 
reduction in the equivalence ratio was examined under different compression ratios. 
The result indicates that higher compression ratios will require lower equivalence ratios 
and due to practical limitations, a lower equivalence ratio of 0.25 was set as the limit. 
Using a compression ratio of 13.5 combined with an equivalence ratio of 0.3 resulted 
in an indicated thermal efficiency of 48.6% that is at a fixed spark time. It is found that 
under such lean conditions, the exhaust losses were high. Thus, advancing the spark 
time was assessed as a possible solution. The results demonstrated the advantages of 
advancing the spark time where an indicated thermal efficiency exceeding 50% was 
achieved using a compression ratio 14.5:1 and an equivalence ratio of 0.25. Finally, the 
optimized case in the SI mode was used to investigate the effect of using the PC. For 
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the current design of the PC, the results indicates that even though the mixture is very 
lean (Φ = 0.25), the high laminar flame speed of H2 can still burn the lean charge 
without the use of PC. In fact, the current design of the PC introduced a high MPRR 
inside both the PC and MC leading to high tendency toward engine knock. 
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Parametric Study of a One-dimensional Modelled 
Polymer Electrolyte Membrane Fuel Cell 

 

Faseeh Abdulrahman 

King Abdullah University of Science and Technology 
 

Abstract: Polymer electrolyte membrane fuel cells (PEMFC) are emerging as 
substitutes for IC engines and batteries electric vehicles. Despite the high catalyst cost 
and requirement of careful hydrogen handling, fuel cells are environmentally friendly, 
highly efficient, and operate at low temperatures. In this work, a one-dimensional, 
single-phase, non-isothermal, and steady-state model of PEMFC was developed to 
conduct a parametric study on the performance of the PEMFC. The model includes 
Stefan-Maxwell equations for modeling the multi-component diffusion, Bruggeman 
relationship for effective diffusivity correction, and Darcy’s law for modeling fluid flow 
through porous media. Hydrogen and oxygen crossover and the electro-osmotic water 
drag across the membrane are considered in the model. The heat sources of the fuel 
cell include Joule heating and heat sources arising from the activation, ohmic, and 
concentration losses. 

The efficiency of a PEMFC at a particular current density loading is defined as the ratio 
of the measured cell voltage to the reversible voltage. The polarization curve shows 
how the voltage output of the fuel cell varies with the current density and is a measure 
of the performance of the fuel cell. The parametric study shows that the fuel cell 
performs better with larger relative humidity values and lower temperatures and this is 
due to increased ionic conductivity of the membrane electrolyte. The effect of relative 
humidity at anode and cathode and inlet gas temperature on the distribution of 
hydrogen, oxygen, and water vapour along the PEMFC through-plane direction is also 
studied. Approximate proton velocities across the wet membrane of PEMFC are 
calculated based on electrical mobility. Factors affecting the velocities of cation 
impurities are also listed. Comparison of proton and cation contaminant transport 
would be the focus of future research. COMSOL Multiphysics 6.0 was used for the 
simulation of the 1-D model of PEMFC. 

 



 

 

 

Saudi Aramco: Public 

Session 3: Combustion Diagnostics and 
Reaction Kinetics 
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Detailed kinetic modeling of OH(2Σ+) formation in 
premixed NH3/H2 counterflow flames 

 

Gianluca Capriolo 

King Abdullah University of Science and Technology 

 
Abstract: This work proposes and validates a new detailed kinetic modeling of the 
excited hydroxyl radicals, OH(2Σ+), formation in premixed NH3-H2-air counterflow 
twinflames. The model assessment employed the literature data of Zhu et al. [1], in 
which flames were stabilized for wide ranges of fuel mixtures (0.55 ≤ xNH3 ≤ 0.90), 
equivalence ratios (0.35 ≤ Φ ≤ 1.70), and strain rates (50 ≤ a ≤ 300 /s), and where 
OH(2Σ+) was measured using a spectrometer via its chemiluminescence. The proposed 
combustion model is based on the recent NH3/H2 kinetic mechanism proposed by 
Zhang et al. [2], while the kinetic subset proposed by Kathrotia et al. [3] is adopted to 
implement the OH(2Σ+) chemistry. Model predictions exhibit good agreement with 
the experimental OH(2Σ+) profiles for 0.55 ≤ xNH3 ≤ 0.85, while for xNH3 = 0.90 
the kinetic model encountered some difficulties in computing the flammability limits of 
the binary mixture, ergo, any comparison was impractical. It is noteworthy that the 
kinetic subscheme employed in this study performed well even though it did not 
account for any of the reactions involving OH(2Σ+) formation and quenching by 
ammonia or amino radical species, as none of them has yet been theorized or 
investigated in the literature. In light of the foregoing, further investigations are needed 
to comprehend the role of NHx species in OH(2Σ+) creation and destruction, i.e., to 
what extent their contribution could be minor if compared to the ones related to H2 
oxidation routes, or whether the performance of the simulation can be attributed solely 
to error compensation phenomena. 
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Experimental and Modelling Study of Syngas 
Combustion in CO2 Bath Gas 
 

Touqeer Anwar Kashif 

King Abdullah University of Science and Technology 

 
Abstract: Syngas from coal and biomass gasification has been proposed as a potential 
fuel for direct-fired supercritical power cycles, such as the Allam-Fetvedt cycle. The 
Allam-Fetvedt cycle can offer price-competitive electricity production, with 100% 
inherent carbon capture utilizing CO2 dilution of around 96%. For an effective 
understanding of syngas’ ignition chemistry in CO2 dilution, ignition delay times (IDTs) 
have been determined for syngas combustion at two pressures (20 and 40 bar) and over 
a temperature range of 1100 – 1300 K using a high-pressure shock tube in CO2 diluted 
conditions. Syngas mixtures in this study were varied in both equivalence ratio (ϕ) and 
H2:CO (θ) ratios. The datasets recorded were compared against the chemical kinetic 
simulations of AramcoMech 2.0 and the University of Sheffield supercritical CO2 2.0 
(UoS sCO2 2.0) performed in Chemkin-Pro R3 (2019). The current work found that 
the reaction of CO2 and H to form CO caused the separation of H2 and CO ignition 
into two separate ignition events, which increased the complexity of determining the 
simulated IDT. The present study expands on understanding the same and determining 
the correct simulated IDTs for an effective comparison against the experimental IDTs. 
Finally, the performance of the UoS sCO2 2.0 mechanism was compared to 
AramcoMech 2.0 using quantitative analysis, finding that the UoS sCO2 2.0 was superior 
in its ability to predict the experimental IDTs of syngas combustion. Few IDT results 
and corresponding simulations by AramcoMech and UoS CO2 2.0 are shown in the 
figure below. 
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Automatic Generation of Detailed and Lumped Models 
for Diesel Surrogate Fuels 
 

Sirio Brunialti 

King Abdullah University of Science and Technology 

 
Abstract: Diesel combustion engines, widely utilized in agricultural, industrial and 
transport sectors, are characterized by high fuel economy. To optimize diesel 
combustion in engines, computationally compact kinetic mechanisms of diesel fuels are 
required. In this work, we present a methodology for the automatic generation of 
detailed and lumped kinetic mechanisms for linear and branched diesel surrogate fuels, 
including C11-C16 alkanes. Particularly, we aim at the generation of predictive lumped 
mechanisms capable of reproducing the fuel behavior in a broad range of conditions, 
which is free from fitting the experimental data. Based on the knowledge of the fuel 
molecule structure, the detailed submechanism is generated using a rate rule approach 
based on an updated version of MAMOX++. New reaction classes were added and 
recent, state of the art rate rules were adopted to improve predictions in the negative 
temperature coefficient regime. Subsequently, the lumped model was generated based 
on the predicted results by detailed models, including the reaction rates and 
intermediate distributions predicted in the jet-stirred reactor (JSR) and batch reactor at 
various temperatures and pressures. An optimization was performed for every lumped 
reaction to compute its kinetic parameters and stoichiometric coefficients. The target 
of the optimization is to match the rate of decomposition of the reactants and the 
products’ distribution of the reaction class between the detailed and lumped mechanism 
under different conditions. In such manner, we guarantee to obtain a set of lumped 
reactions capable of mimicking the actual behavior of the represented reaction class 
under a broad range of conditions. Detailed and lumped kinetic mechanisms for the 
oxidation of n-undecane, n-dodecane, n-tetradecane, n-cetane and their branched 
isomers were generated automatically in this work, and they were validated against 
experimental data like speciation data in JSRs and global parameters like ignition delay 
times. The generated models can adequately capture the experimental targets, proving 
the reliability of the rate rules and effectiveness of the lumping approach. The proposed 
procedure is completely automatic, requiring the user to define only the structure of the 
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target alkane. It will be extended to generate other fuels like cycloalkanes in our future 
work. 
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Exact and Approximate Chemical Kinetics for 
Accelerating Turbulent Reacting Flow Simulations  

 

Vijayamanikandan Vijayarangan 

King Abdullah University of Science and Technology 

 
Abstract: The present work proposes exact and approximate methods for accelerating 
high-fidelity reacting flow simulations. In the exact method, a matrix-based formulation 
of chemical kinetics is used to evaluate the species source terms on GPUs. The 
performance gain achieved by replacing CPU-based source term evaluation with a 
matrix-based (GPU) formulation is studied using the OpenFOAM’s reactingFoam 
solver. This matrix-based formulation accelerates the kinetics calculations by 40 times 
compared to OpenFOAM’s chemistry alone calculation (CPU-based) for H2-O2 
reaction mechanism with 10 species and 26 reactions for 40000 cells on a single 
NVIDIA Quadro RTX 4000 GPU. The study includes the effect of data transfer 
between CPU and GPU memory spaces, performance portability, and effective GPU 
utilization on the chemistry only. The overall performance gain is described, and the 
GPU performance parameters are presented using the roofline model. In the 
approximate method, a recently proposed machine learning technique called neural 
ordinary differential equation (NODE) architecture is used to evaluate the chemical 
source terms in the operator-splitting ODE equations for energy and species transport. 
The initial study focuses on training the NODE for a constant pressure H2-O2 batch 
reactor and various initial thermodynamic and stoichiometric conditions. The results 
obtained from the trained NODE model agree with Cantera and the OpenFOAM-
based chemistry solver. This method can readily replace the stiff ODE integrators in 
the high-fidelity reacting flow solver to obtain a performance gain. 
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Quantitative measurement of C2H2 using mid-infrared 
laser polarization spectroscopy for combustion 
diagnostics 
 

Wanxia Zhao 

King Abdullah University of Science and Technology 

 
Abstract: Acetylene (C2H2) has been recognized as the main precursor of soot and the 
important combustion intermediate species in hydrocarbon flames. It plays an 
important role in the formation and nucleation of soot particles and polycyclic aromatic 
hydrocarbons (PAHs).1 In the flames, the concentration of C2H2 can vary considerably 
over very small spatial and very short temporal scales. In order to measure its 
concentration in a low concentration regime and understand the emissions of 
combustion products, mid-infrared laser polarization spectroscopy (IRPS) has been 
introduced as a coherent laser diagnostic technique. It offers an opportunity for non-
intrusive and quantitative measurements of minor combustion species, which have no 
absorption spectrum in visible or UV spectral regions, such as C2H2, CH4, CO2, HCl, 
and HCN.2 Also, it has the advantage of high signal sensitivity and the ability to 
eliminate background noise from the surrounding environments. In this work, we 
perform the quantitative measurement of C2H2 molecules using IRPS in C2H4/air flame 
by probing fundamental rovibrational transitions of C2H2 at the wavelength of around 
3 μm. IRPS wavelength scans are recorded under different flame conditions. To 
investigate the effects of soot loading on the IRPS performance, the IRPS spectra are 
compared with the simulated spectra in premixed laminar C2H4/air flames. The 
quantitative measurement of C2H2 concentration can help to understand physical and 
chemical processes during combustion, control the emissions of combustion products 
for environmental concerns, and develop clean and economical combustion equipment. 
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1D Interferometric Rayleigh scattering velocimetry and 
thermometry using VIPA 

 

Zeinab Al Hadi 

King Abdullah University of Science and Technology 

 
Abstract: One dimensional interferometric Rayleigh scattering (IRS) is applied to 
simultaneously measure velocity and temperature in a high speed air flow using a 
virtually imaged phased array (VIPA). The shift in interferometric pattern is caused by 
Doppler shift due to flow velocity and by laser wavelength drifts. Online monitoring of 
the laser wavelength is achieved by adding an additional F-P etalon-based IRS system. 
Velocity measurements at a low flow rates show an accuracy of 10 m/s. The Rayleigh 
Brillouin spectrum is a function of pressure and temperature, and can be used for 
temperature diagnostics in isobaric flows. The different fringes of interferometric 
pattern represent different measurements in temperature fitting. This make it possible 
that one-time experiment but multi times measurement. The instrument precision of 
temperature was 3.5% at 809K, which was limited mainly by the poor signal to noise 
ratio high temperature. The mean 1D velocity and temperature profiles measured in the 
flow are presented along with corresponding standard deviation. 
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Session 4: Low Emission Engines and Power 
Generation Systems 
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Effect of combining stratification with hydrogen 
enrichment on the stability and structure of premixed 
CH4-air flames 

 

Ahmed Abdelhafez 

King Fahd University of Petroleum and Minerals 

 
Abstract: Hydrogen enrichment is known to have a positive effect on the static stability 
of premixed hydrocarbon flames, wherein the blowout limit is deferred to leaner 
equivalence ratios. This is attributed to the enhanced reaction rates and the abundance 
of hydroxyl (OH) radicals in the flame with hydrogen enrichment. Stratification is also 
known to enhance the static stability of premixed flames by deliberately creating a non-
uniform equivalence-ratio distribution through hybrid premixed/non-premixed 
operation. This is achieved by splitting the fuel into two components, a premixed one 
that is premixed with the oxidizer upstream of the flame, and a non-premixed 
component that is injected directly into the flame. The DACRS (dual annular counter-
rotating swirlers) burner is an example of stratified combustors currently implemented 
in several DLE (dry low emissions) gas turbines, see Figure 1. This present study 
combines the concepts of stratification and hydrogen enrichment in a DACRS-like 
burner, where the primary fuel is CH4 that is premixed with the swirling airflow, and 
the secondary fuel is hydrogen that is injected through the non-premixed holes directly 
into the flame. The aim is to combine the benefits of stratification and hydrogen 
enrichment for achieving superior flame stability and wider operability window on the 
blowout side. The results, however, show that introducing hydrogen through the non-
premixed holes gives rise to two contradicting effects. On one hand, hydrogen enhances 
the reaction rates, which should improve flame stability and defer blowout to leaner 
overall equivalence ratios. On the other hand, the significant velocity of the non-
swirling hydrogen jets at the base of the swirling CH4-air flame weakens the strengths 
of the recirculation zones that are responsible for stabilizing the main CH4-air flame, 
resulting in inferior blowout behavior. The net result is that the blowout limit was 
observed to occur nearly at constant overall equivalence ratio of about 0.5, irrespective 
of the percentage of hydrogen in the total fuel burned. Flame imaging and temperature 
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measurements within the hot flowfield were used as tools to quantify these 
observations. 
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Novel Concepts for Removing Cold-Start Vehicle 
Emissions to Meet Future Legislations 

 

Fakhar Mehmood 

Saudi Aramco 
 

Abstract: The biggest challenge transport industry in particular and all energy sectors 
in general are facing today, is to reduce the GHG emissions towards a carbon-neutral 
mobility by 2050 and the reduction of Pollutant emissions to meet air quality 
requirements. Heating air in an internal combustion engine produces nitrogen oxides 
(NOₓ) which include nitrogen dioxide (NO₂), greenhouse gas nitrous oxide (N₂O) and 
nitric oxide (NO). Long-term exposure to nitric oxide can increase the risk of 
respiratory problems. The fine particulate matter (PM) that IC engines produce also can 
have respiratory effects. So, technologies have been developed to control and reduce 
these pollutants and some others like carbon mono oxide (CO) and unburnt 
hydrocarbons (HC). A significant development has been made in this area especially in 
last 20 years. 

Alongside the technological developments, the legislations to force legal limits on 
vehicle emissions have been becoming tougher and tougher. And the upcoming 
legislations like EU7, China 7 and US Tier3 Bin30 are intended to impose the legal 
limits at ultra-low levels along with the requirement to meet these targets in all real 
possible driving conditions (RDE). The most challenging conditions for reducing the 
vehicle emissions with existing aftertreatment technologies are the cold start and slow 
inner-city drive cycles. Many capture, convert, control technologies are being explored 
and developed to reduce these cold start emissions. This study presents some of these 
concepts along with the recommendations to meet future tough legislation limits. 

 

 

 



 

 

 

Saudi Aramco: Public 

Experimental Investigation on Combustion Strategy of 
Light Duty GCI Fuelled GCI fuel 

 

Yasser Al Qahtani  

Saudi Aramco 
 

Abstract:  Diesel engines are largely used as power units with high fuel efficiency. 
Conversely, they have an adverse impact on the environment and human health as they 
emit high NOx and particulate Matter (PM) emissions. As more stringent regulations 
for emissions are introduced, low temperature combustion (LTC) strategy such as 
Gasoline Compression Ignition (GCI) demonstrated the potential to reduce the PM, 
NOx emissions by operating engines under a Partially Premixed Combustion (PPC) 
mode. Therefore, A 0.550 mm single cylinder engine SCE, which is operated at 
Gasoline Direct Injection Ignition (GDCI), was tested over range of engine loads with 
constant speed (1500 rpm) using RON80 without oxygenate. Different operating 
parameters such as injection were used to control combustion phasing and mixture 
stratifications. 

At low loads, rebreathing (RB) of hot exhaust gas produced low levels of NOx and 
smoke emissions. It reduced NOx nearly 60% and smoke levels below 0.20 FSN when 
it is coupled with low levels of EGR. At medium to high loads, alternative injection 
strategies were explored to find proper combustion mode with very low NOx 0.01 
g/kwh and smoke 0.01 FSN emissions while meeting combustion noise targets. 
Minimum ISFC was measured at 195 g/kwh at 13 bar IMEP. 
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The Contribution of Intermediate-Temperature Heat 
Release to Octane Sensitivity 

 

Jonathan Peterson 

King Abdullah University of Science and Technology  
 

Abstract: Increasing the efficiency of spark-ignition (SI) engines can reduce the 
environmental impact and cost of operation of these engines. This is often obstructed 
by the occurrence of engine knock, which refers to the sound produced by potentially 
catastrophic pressure and temperature fluctuations in the combustion chamber initiated 
by the auto-ignition of fuel ahead of the SI flame front. To facilitate efficiency gains in 
engines, it is necessary to determine and understand the fuel characteristics that allow a 
given fuel to resist engine knock. Octane sensitivity (OS) is an important fuel 
characteristic that describes how a fuel’s knocking tendency changes with changes in 
engine operating conditions. Octane sensitivity is defined as the difference between a 
fuel’s research octane number (RON) and its motor octane number (MON) as 
measured in a cooperate fuel research (CFR) engine. For down-sized and turbocharged 
SI engines, high OS fuels are desired in pursuit of increased efficiency. For other 
technologies such as pre-chamber combustion, low OS fuels are beneficial for increased 
efficiency. This work seeks to deepen the understanding of OS and its effects on 
combustion behavior through the experimental work by analyzing intermediate-
temperature heat release (ITHR). Several mixtures of toluene, iso-octane, and n-heptane 
with similar RON but varying OS were studied under homogeneous charge 
compression ignition conditions in a CFR engine to limit the effect of the spark-ignited 
flame front. Two experiments for each fuel were conducted at both MON-like and 
RON-like conditions. The first set of tests were conducted with matching compression 
ratios, whereas the second set of tests were conducted with matched combustion 
phasing. It was found that at RON conditions, ITHR is a marker of OS. Furthermore, 
a new parameter called ITHR sensitivity was defined as the difference between the 
ITHR measured at RON conditions and the ITHR measured at MON conditions. It 
was found that the ITHR sensitivity decreased with increasing octane sensitivity giving 
insight into the effect of ITHR on octane sensitivity. 
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Economical assessment of strategies towards CO2 
emission reductions in the energy matrix of Saudi 
Arabia 

 

Harif Daniel Fontecha Sanchez 

King Abdullah University of Science and Technology 
 

Abstract: Typically, environment and economics are often seen as two opposite forces 
in the energy sector. For instance, more environmentally friendly alternatives tend to 
have an economic disadvantage and contrarywise. Yet, a selection of strategies has also 
demonstrated that environment and economics can coexist. Such strategies are highly 
dependent on the policies and resources of each country. Hence, the objective of this 
project will be to address the best strategies for reducing the CO2 emissions produced 
in power production under the context of the Saudi energy matrix. 

The dependence of electricity demand with changes in the price of electricity are 
evaluated and incorporated to an cost-optimized power mix of electricity taking into 
account the inherent costs of renewables and fossil based technologies as well as their 
inherent behavior during the day and the year. With a methodology that integrates 
public policies and power modelling, this study provides insights on the main aspects 
to tackle for reduction of emissions in a cost-effective way by 2030 in the Kingdom. 
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Reduced CO2 Vehicles Emission: Onboard Capture and 
Storage System using novel sorbents 

 

Giuseppe Pezzellaa 

King Abdullah University of Science and Technology  

 
Abstract: The transport sector is among the largest contributors to CO2 emissions, 
accounting for 23% of global CO2 emissions. 

The passenger vehicles are expected to be electrified. Battery vehicles will be the main 
vehicle technology and will contribute significantly toward decarbonization by 2055. 
However, marine transportation, aviation, and heavy-duty freight industry are the 
hardest-to-be-decarbonized transport sectors and the highest sources of greenhouse 
gases by 2035. 

Heavy-duty freight released 5% of total CO2 emissions in 2018 and it is among the most 
energy-intense transportation vectors, consuming 0.2-1 liter/km. Its electrification is 
limited only to regional trucks with 250-300 km as daily average mileage and mild 
weather. Indeed, the battery’s electronic components deteriorate more rapidly beyond 
45-50 ˚C with a drop in the charging performance as well. 

e-Fuels –synthesized from CO2 and green or blue H2- may contribute to immediately 
reducing the freight industry’s carbon footprint because they are ready to be used with 
internal combustion engines(ICE). Nevertheless, e-fuels and battery vehicles’ 
decarbonization potential is hindered by the nature of the electricity grid mix and they 
shift the CO2 emissions problem from the transport sector to the power sector since it 
is mainly based on fossil fuels. Additionally, the Energy Technology Perspectives 2020 
report indicates the need to reduce CO2 emissions by 90% in the next decades but at 
the same time, it foresees that more than half heavy-duty fleet will still rely on ICE in 
2050. 

Therefore, installing a Mobile Carbon Capture and Storing (MCCS) system on ICE 
vehicles becomes another approach to cut down the CO2 emissions from freight 
industry. We focus on long-haul tractor-trailers with a typical driving range of 800 km 
and 25600 kg as payload and aim to install the capture and storing system in the truck 
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cabin, which limits system weight and volume. The materials for capturing and storing 
require high CO2 capture potential, stability towards water presence, and low 
regeneration energy. The capture process is in series with the engine and post-
combustion exhaust gases flow through the after-treatment system. It is further cooled 
down in a heat exchanger, and flows to the MCCS system, based on Vacuum 
Temperature Swing adsorption. The recovered heat powers an Organic Rankine cycle 
used to sustain the post-combustion process. 

The study shows how our MCCS process recovers half or more of the otherwise-
emitted CO2 at 95% purity, without deeply affecting fuel consumption efficiency (less 
than 10%) or its payload capacity. 
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Session 5: Applications of ML/AI Tools 
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A novel Automated Machine Learning Framework for 
Engine Optimization 

 

Balaji Mohan 

Saudi Aramco 

 
Abstract: This study introduces a novel automated machine learning-based 
optimization framework for internal combustion engine applications. This framework 
includes a SuperLearner model, an ensemble of several base learners combined with 
optimization algorithms, and an active learning approach. The SuperLearner model’s 
performance was maximized by optimizing the hyperparameters using an elitist-based 
genetic algorithm. The framework was demonstrated using a smaller dataset of size 64 
obtained through random sampling from the Moiz et al. dataset for a heavy-duty 
gasoline compression ignition engine. The database consisted of nine input parameters 
representing engine control parameters and five target features representing engine 
performance and emissions. The multi-objective problem was converted into a single 
objective problem using a merit function definition. The framework achieved the best 
merit value compared to the highest merit found within the dataset used in this study 
and that from Moiz et al. This study showed that the framework can optimize engine 
parameters to maximize performance and minimize emissions, even with smaller 
datasets and fewer experimental or simulation runs. 
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Machine learning to predict the state of charge for 
hybrid vehicles 

 

Juan Giraldo Delgadoa 

King Abdullah University of Science and Technology 
 

Abstract: Over the last decade, the severe impact on the environment due to human 
activity has become focus of public attention. With 27% of emissions due 
transportation [1], it is imperative to find less pollutant alternatives while radical 
solutions to replace fossil fuels are discovered and implemented. Transition 
technologies such as hybrid electric vehicles (HEV) represent feasible alternatives to 
decrease environmental impact. With the market growing rate of HEV during the next 
5 years (expected to increase around 14%) [2], improvements in operation and 
efficiency of HEV are required for the transition to zero carbon technologies. 
Dynamometer datasets of light duty vehicles have been released by several 
organizations such as Argonne National Laboratory [3] and the Environmental 
Protection Agency (EPA) [4] with the aim to encourage research and data analysis 
leading to improvement in light duty vehicles. At the same time, machine learning and 
data driven techniques continue growing in science applications due to their versatility 
and capacity to outperform traditional methods in several areas, e.g. in efficiency and 
fuel consumption prediction in traditional combustion engines. 

In this study, part of the dataset for the SUV ACURA MDX Sport 2019 with 13941 
time-steps and 43 variables by Argonne National Laboratory [5] was used. Several 
different techniques for time series forecasting were implemented to predict the State 
of Charge (SOC) of the hybrid vehicle. The time series techniques were based on 
TensorFlow’s public tutorials for implementation of machine learning [6]. Feature 
engineering was executed in the dataset in order to remove redundant variables and 
limit the dataset to only important measurements. The importance of predicting SOC 
relies on the optimization of performance for the vehicles based on the operation data. 
The same methodology can be applied to enhance the efficiency of other technologies 
based on the charging/re-fueling requirements. Recurrent Neural Networks (RNN) 
with Long Short-Term Memory (LSTM) units shows the best performance measured 
using Mean Absolute Error (MAE) against 1D convolution and multi-step dense 
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architectures for one step prediction. The best model performance LSTM MAE is 5% 
on the test set, followed by the multi-step dense and the 1D convolution as the last 
performer. 
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Machine Learning models on a exclusively developed 
thermodynamic database for kinetic models 

 

Kiran Yalamanchi  

King Abdullah University of Science and Technology 

 
Abstract: Machine learning models on the database curated from literature were 
previously developed. The ML models have shown an improved accuracy over the 
group additivity method. However, the underlying database collected from literature 
has two important issues: accuracy and homogeneity. While some of the data sources 
have accuracy within chemical accuracy 1 kcal/mol such as NIST, the majority of the 
values are taken from the compilations and has no uncertainty values provided. 
Therefore, accuracy of the majority of the values collected in database is not certain. In 
addition, the compiled database used for developing these ML models consist of data 
from multiple sources. Although we have prioritized the experimental values and 
among them the recent ones, a consistent and in some cases a significant difference is 
observed for the same species from different sources. An example of this issue is 
evident for 1,3-Hexadiene, (Z)- species. A difference of 4 kcal/mol is observed between 
the different sources from which the standard enthalpy values are available, while the 
uncertainty value provided for the value from NIST is 0.4 kcal/mol. The accuracy and 
homogeneity of the underlying data used for building ML models effects the 
performance of ML models. Added to that, the data available in literature is largely 
limited to few types of species. However, a typical kinetic model consists of large 
number of oxygenates for describing the low temperature chemistry, the data for which 
is scarce in literature. In addition, an added concern is that the high temperature heat 
capacity values are not as readily available in literature as that of the values at 300 K, 
which are necessary for kinetic models. Considering all these drawbacks of the database 
collected from literature, an extensive database was developed from ab-inito quantum 
chemistry computations. This database consists of all the typical kinds of closed shell 
species present in the kinetic mechanism as the species set is taken a well-established 
detailed kinetic mechanism. Additionally, all the thermodynamic properties of interest: 
standard enthalpy, standard entropy and heat capacities at multiple temperatures of 
interest are computed. In this work, development of the ML models on this developed 
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database is presented. Multiple ML models are used with different input representations 
to develop a model that can estimate the thermodynamic data with good accuracy. 
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Multi-Speciation in fuel pyrolysis using a single laser 
and Deep Neural Networks 

 

Mohamed Sy 

King Abdullah University of Science and Technology 
 

Abstract: Chemical kinetic experiments of fuel oxidation/pyrolysis are quite 
complicated when multiple species are formed and consumed. Thus, a diagnostic 
strategy that can simultaneously detect multiple species with high selectivity and fast 
time response is desirable. In this work, a mid-infrared laser diagnostic is presented for 
selective and simultaneous multi-species detection in high-temperature shock-tube 
experiments using a single laser [1]. Wavelength tuning over 3038 – 3039.9 cm-1 and a 
denoising model based on deep neural networks (DNN) are employed to differentiate 
the absorbance spectra of ethane, ethylene, methane, propane, and propylene. The 
model is able to clean noisy absorbance spectra and split these into contributions from 
evolving species by multidimensional linear regression (MLR). To the best of our 
knowledge, this work reports the first successful implementation of time-resolved 
multispecies detection with a single narrow wavelength-tuning laser. To validate our 
methodology, pyrolysis shocks of ethane and propane were conducted. The results 
show good agreement with well-established experimental and simulated mechanisms 
[2, 3]. 
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Session 6: Low Emission Engines and Power 
Generation Systems 
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The Effects of Gasoline Composition and Additive 
Concentration on the Lubricity of Gasoline 

 

Youssef Al Ashkar 

King Abdullah University of Science and Technology 

 
Abstract: Under current regulations, gasoline engines are facing lubricity and wear 
challenges that need to be met by enhanced gasoline lubricity. Gasoline lubricity can be 
enhanced by lubricity improvers such as heavy fatty acid methyl esters. 

This thesis presents the ‘High Frequency Reciprocating Rig’ (HFRR) tests carried out 
on a standardized tribological test rig as per a modified version of ASTM D6079, to 
account for the effects of volatility of gasoline. Testing 5 gasoline types (gasolines A-E) 
blended with 2 lubricity improver types (LI1-2) at 2 concentrations, 250 and 500 ppm, 
provided insights on the changes in lubrication behavior with different gasoline 
composition, LI type, and concentration. 

The gasoline types with higher aromatic content and average carbon number (lower 
volatility) resulted in less wear and better lubricity regardless of LI concentration. The 
highly aromatic gasoline “A” performed better with the fatty acid-based LI1. Gasolines 
“B-E”, which are less aromatic, resulted in less wear with the ester-based LI2. The 
decrease in wear volumes with LI2 was more pronounced with the highly volatile 
gasolines B and E. These 

insights were mainly challenged by the failure of some tests due to the high volatility of 
gasoline. To mitigate this effect and confirm the findings, less volatile gasoline 
surrogates were designed to mimic the composition of the gasoline types on functional 
group basis, and were blended with the same lubricity improvers, and then tested using 
the same method. This improved the results and showed that high aromaticity enhanced 
the lubricity of the gasoline blends, especially with fatty-acid based LI1, but degraded it 
beyond 50% aromatic content. The enhancement of lubricity with higher average 
carbon number was also highlighted. 

To create deeper understanding of the lubrication mechanisms involved, it is 
recommended to study the rheological properties of the blends, analyze the chemical 
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composition of the deposits on the wear tracks, and repeat the tests with continuous 
supply of lubricant to further decrease the effect of gasoline volatility. 
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Characterization of Gasoline Fuel Spray Dynamics for 
Reduction of Engine-Out Emissions in Internal 
Combustion Engines 

 

Sadique Saleemullah Khan 

King Fahad University of Petroleum and Minerals 

 
Abstract: Internal combustion engines (ICEs) are considered one of the main sources 
for environmental pollution. Specifically, for gasoline direct-injection (GDI) engines 
where the fuel is injected, evaporated, and mixed with air in a millisecond time span, 
mixture preparation becomes crucial for creating a homogenous charge that results in 
improved engine efficiency and reduced emissions. The fuel spray dynamics and 
interaction with the chamber environment is one of the significant factors affecting 
mixture preparation. This numerical study investigates the effect of fuel injection 
pressure and chamber ambient pressure on the behavior of gasoline fuel spray 
development in a constant volume chamber (CVC) in which experimental data are 
available. The numerical study is carried out using the commercial software ANSYS 
Fluent. First, a two-dimensional CVC is designed for the numerical study followed by 
a mesh independence test to select the mesh size. The numerical model is then validated 
using the same operating conditions as in the experiments. In the study, a reference 
grade gasoline is injected into the CVC with injection pressures varying from 300 to 
1500 bar in steps of 300 bar. The chamber is pressurized with nitrogen at pressures of 
1, 5, 10, and 20 bar at a temperature of 298 K. Unsteady state simulations are then 
performed by employing the discrete phase model to track the spray particles in the 
Lagrangian reference frame. The fuel particles interact with the continuous phase 
(nitrogen) and the trajectory of each particle is computed over a large number of steps 
as it passes through the flow domain. 

Spray characteristics which include penetration length and spray cone angle are then 
computed. It is found that for a fixed injection pressure, penetration distance is similar 
for different chamber pressures up to the spray break up time as it is momentum driven. 
After the spray breakup time, the penetration distance increases with decreasing 
chamber pressure as fluid mixing and entrainment dominate. Similarly for spray cone 
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angles, significant change is observed only after the spray breakup time where spray 
angles increased with increasing chamber pressure. It is also observed that penetration 
length and spray angle are much more sensitive to change in chamber pressures than 
injection pressures. It is concluded that for proper mixing and fuel vaporization, high 
injection pressures are favorable. Higher cone angle also helps the spray to spread 
farther thereby enhancing mixture preparation.  
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Investigation of the Effects of Piston and Pre-Chamber 
Geometries on the Combustion Characteristics of an 
Optical Pre-Chamber Combustion Engine 

 

Xinlei Liu 

King Abdullah University of Science and Technology 

 
Abstract: Pre-chamber combustion (PCC) concept has the potential to further extend 
the lean-burn limit in spark-ignition engines, which is able to further promote engine 
efficiency and relieve the concern of over-high nitric oxides emissions. However, the 
pre-chamber (PC) and piston shapes could have a significant effect on the combustion 
development, fuel economy, and emission formation processes, which, therefore, need 
more scientific explorations. As such, this work conducted a comprehensive 
investigation of the effects of PC and piston geometries on the combustion 
characteristics of an optical PCC engine. Note that methane was taken as the fuel for 
its superb mixing quality with air within the small confined PC. Two different pistons 
(bowl and flat) and four various PCs (B1, B2, B3, and C3) were applied and evaluated 
for comparative assessment. The overall lambda was controlled at about 1.8 but the PC 
fuel mass ratio (PCFR) was different between the various piston (6%) and PC (13%) 
cases. To elucidate the combustion details, full-cycle three-dimensional computational 
fluid dynamics (3D CFD) simulations were performed and validated against the 
measured multi-cycle pressure and heat release profiles as well as the optical diagnostics 
images of OH* signals. It was shown that one-cycle simulation using the Reynolds-
averaged Navier-Stokes turbulence model was able to obtain a reasonably stable 
combustion process as the multi-cycle simulation. The predicted distributions of OH 
and heat release rate could also reasonably match the measured OH* images. Although 
both the bowl and flat piston cases generated similar free reacting-jet behaviors, the flat 
piston case led to a longer combustion duration owing to the more intense flame-wall 
interaction. The combustion phasing and width of the lower jets were not significantly 
affected by the slight change in nozzle diameter. However, the PC with the smallest 
nozzle diameter (B1) yielded more jets compared to the larger nozzles, attributed to the 
stronger gas congestion within the PC, which dramatically affected the flow fields. With 
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the increase of PC volume from B2 to C2, the combustion phasing within the main 
chamber was slightly advanced due to leaner mixture distribution within the PC that 
resulted in the faster pressure buildup and reacting jets. 
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Identification of Intrinsic Thermoacoustic Modes in a 
Dual-Swirl Ammonia-Hydrogen Burner 

 

Daniel Vigarinho de Campos 

King Abdullah University of Science and Technology  

 
Abstract: The overall acoustic response of a combustor is composed of its classical 
pure acoustic modes along with a thermoacoustic mechanism intrinsically linked to the 
flame (ITA). The latter has recently gained attention, since it can elucidate the presence 
of otherwise unexplained acoustic peaks. In this study, the acoustic behavior of a dual-
swirl hydrogen-ammonia burner is investigated at atmospheric pressure. The setup is 
designed such that it allows to change the mixing level between ammonia and hydrogen 
prior to injection into the combustion chamber, which impacts the shape of the flame. 
NH3-air mixture was injected at 1.2 equivalence ratio whereas the H2-air mixture was 
injected at 0.24 equivalence ratio. For a bulk flow velocity of 8.3 m/s for the overall 
mixture entering the combustion chamber, it is observed that different flame shapes are 
produced by distinct mixing levels. Consequently, each flame shape presents a particular 
acoustic spectra, being indentified intrinsic thermoacoustic modes for the least stratified 
(most compact) flames, but not for the most stratified (least compact) ones. Additional 
experiments were performed for increased flow rates (Vbulk=9.7 m/s). Consistent with 
what is expected for an ITA mode, increasing the bulk flow velocity does increase these 
peak frequencies, since the time needed for a vortex generated at the flame basis to be 
convected until the flame front decreases with the bulk flow velocity. Furthermore, 
acoustic measurements show that all the flame shapes exhibit a “broadband” peak in a 
frequency corresponding to the thermoacoustic excitation of the three-quarter-wave 
acoustic mode of the combustor. It is noted that this peak is insensitive to the bulk flow 
velocity, as it could be anticipated for a pure acoustic mode. The results of this work 
demonstrate that it is possible to alter the thermoacoustic behavior of carbon-free 
burners by tailoring the injection of ammonia and hydrogen without modifying the 
global fuel composition or thermal power. This is a field to be explored towards a zero-
carbon energy and mobility future. 
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Session 7: Gasification and CCUS 
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Techno-economics of mobile carbon capture for Class 
8 trucks 

 

Fethi Khaled 

Saudi Aramco 

 
Abstract: Greenhouse gas (GHG) emissions, including Carbon Dioxide (CO2), are 
becoming a central challenge for the energy sector due to their role in climate change. 
The transport sector — which primarily involves road, rail, air and marine 
transportation — accounted for over 24% of global CO2 emissions in 2016 [World 
Resources Institute]. Mobile Carbon Capture (MCC) could be a plausible solution to 
reduce the carbon footprint of the transport sector and enable it to address the emission 
challenges established by the Paris Agreement. 

CO2 emission from Class 8 trucks have been the subject of many CO2 policies such as 
the EU regulation 2019/1242 that sets CO2 emission performance requirements for 
new heavy-duty vehicles and requires a reduction from 2019 baselines by 15% in 2025 
onwards and by 30 % of the year 2030 onwards. 

This work will discuss the merits of using mobile carbon capture technology to meet 
upcoming CO2 policies for Class 8 trucks. In particular, the techno-economics of Class 
8 trucks equipped with a Mobile Carbon Capture (MCC) unit is performed. The techno-
economic study includes the impact of the MCC integration on the vehicle cost, the 
fuel efficiency, the cargo capacity and the CO2 emission intensity. This study will also 
evaluate the competitiveness of this technology in a carbon constrained Class 8 trucks’ 
economy as compared to other low carbon alternatives such as natural Gas, battery 
electric and hydrogen fuel cell powertrains. 
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Stability and flame macrostructure of stratified oxy-
methane flames 

 

Mohammad Raghib Shakeel 

King Fahad University of Petroleum and Minerals 

 
Abstract: Oxyfuel combustion is an important technology for carbon capture and 
storage, in order to achieve carbon neutral targets of the Paris accord signatory 
countries. To lower the temperature CO2 is recirculated into the combustion chamber 
along with pure O2. Change of oxidizer from air to O2/CO2 mixture, in the combustion 
process, not only affects the combustion dynamics of a system but also modifies its 
flame properties, such as adiabatic flame temperature, thermal and kinetic properties, 
mass and heat transport properties and radiative heat transfer. Changes in these 
properties can result in changes in flame stability and macrostructure. Stratified-air 
Flames have gained prominence in combustion research applications due to their 
improved stability and lower emission characteristics. The introduction of 
compositional inhomogeneity in the reaction zones due to inlets with different 
compositions leads to “Stratified Flames” and are considered to be special cases of 
partially premixed flames wherein the fluid streams are within flammable limits such 
that the reaction front propagates over a range of equivalence ratios. While many studies 
on stratified air flames have been presented, stratified-oxy flames have yet to be studied. 

In the present work, the effect of stratification on the static stability of oxy-methane 
with CO2 dilution is compared and presented. To have the same adiabatic flame 
temperature for air and oxy flames the oxidizer stream consisted of 30% O2 and 70% 
CO2. For the jet oxy-flames when the stratification ratio (SR= 𝜙𝑖𝑛/𝜙𝑜𝑢𝑡) is increased 
from SR=1 to 3, the value of the equivalence ratio at which blowoff occurs (𝜙𝑔,𝑏𝑓) 
decreases by 45.65% for the case with Reout=2000. At Reout=10000 the 𝜙𝑔,𝑏𝑓 
decreases by 33.33%. At SR=1, the swirling flames decrease the value of 𝜙𝑔,𝑏𝑓 by 4-
9.5% in comparison to jet flames. On the other hand, the stratified flames, with SR=3, 
decrease the value of 𝜙𝑔,𝑏𝑓 by 33.33-45.65%, depending upon the Reynolds number. 
Thus, the stratified flames with SR>1 are much better at improving the lean blowoff 
(LBO) limit than the swirling flames. On the other hand, when SR is changed from 
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SR=1 to 1/3 the value of 𝜙𝑔,𝑏𝑓 increases by 3-13%resulting in a decrease in the LBO 
limit. At a fixed equivalence ratio of (𝜙𝑔=0.9) increasing the CO2 concentration in the 
O2/CO2 oxidizer stream did not have any significant effect on the blowoff. Air and oxy 
fuel combustion flames share similar static stability dependence on SR and Reynolds 
number. 
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A compact cascade structure for CO2 separation by 
Thermal Diffusion 

 

Raghad Alharbi 

Saudi Aramco 

 
Abstract: Greenhouse gas (GHG) emissions, including Carbon Dioxide (CO2), are 
becoming a central challenge for the energy sector due to their role in climate change. 
Carbon capture is one of the many suggested solutions that could significantly reduce 
the carbon intensity of the fossil fuels. For instance, CO2 capture from stationary 
applications, such as power plants and refineries, has been applied worldwide for 
decades where the captured CO2 is sequestered for enhanced oil recovery (EOR). 

The transport sector — which primarily involves road, rail, air and marine 
transportation — accounted for over 24% of global CO2 emissions in 2016 [World 
Resources Institute]. Mobile Carbon Capture (MCC) could be a plausible solution to 
reduce the carbon footprint of the transport sector and enable it to address the emission 
challenges established by the Paris Agreement. 

This work will briefly discuss the use of thermal diffusion for the separation of CO2 
gases from the exhaust of internal combustion engines. We propose a cascade structure 
comprised of thousands of cells distributed over rows and columns where the thermal 
diffusion induced CO2 separation from the bulk N2 gas is gradually amplified. The 
compactness and the efficiency of such a structure is briefly discussed here as well. 
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High Fidelity Simulations of Cryogenic Carbon Capture 
Process 

 

Alberto Ceschin  

King Abdullah University of Science and Technology 

 
Abstract: Circular Carbon Economy appears to be the most immediate solution to act 
on climate change while ensuring access to clean and affordable energy for all. The 
critical step to enable it is a cost-effective carbon capture technology. Today, Cryogenic 
Carbon Capture (CCC) represents the most exciting alternative to mitigate the impact 
of stationary industrial carbon emission sources, from power plants to concrete 
factories, to mention steam methane reformer for blue hydrogen production. In this 
contest, Kaust team is working on optimizing the process, from the fundamental 
aspects of carbon dioxide desublimation to the overall process heat integration. The 
ongoing work aims to predict CO2 deposition on a single droplet to reconstruct 
computational efficient models for a Lagrangian framework to simulate the whole 
tower. An injection model will also be supplied from a the previous Volume of Fluid 
framework developed within the group in the context of dense spray. The ultimate 
target is to achieve a reduced-order model that accounts for the whole process 
dynamics. Within this context, as the first goal, the present work aims to numerically 
replicate the deposition of carbon dioxide on a freezing solid surface. The solver was 
developed to exploit a novel Eulerian formulation to mimic flue gas and solid crystals’ 
interaction as a continuous medium. Conjugate heat transfer between airflow and the 
cold solid surface is taken into account by coupling fluid and solid solver in the energy 
equation. The first part concerns the presentation of the numerical framework. Then, 
two applications are showcased. The first is a quantitative validation of the solver 
against literature data regarding a similar phenomenon, water vapour desublimation. 
The second is a relevant application to reproduce the novel inhouse Kaust experiment 
of carbon dioxide deposition on a copper coin at cryogenic conditions.  
 

 



 

 

 

Saudi Aramco: Public 

Development Cycle Time Reduction Using Design of 
Experiments and Machine Learning-based 
Optimization Framework 

 

Abdullah S AlRamadan 

Saudi Aramco 

 
Abstract: In this study, we have developed an in-house design of experiments (DoE) 
and machine learning (ML) based optimization framework for the engine calibration 
process. The new framework was compared to the traditional “one factor at a time” 
(OFAT) calibration process. The calibration process was carried out in a single-cylinder 
research engine for 7 bar indicated mean effective pressure (IMEP) at 1500 rpm. The 
engine control parameters such as the rail pressure, exhaust gas recirculation (EGR), 
start, and duration of injections for main and pilot injections were optimized to 
minimize indicated specific fuel consumption (ISFC) and smoke under constraint 
limitations of indicated specific oxides of Nitrogen (ISNOx), maximum in-cylinder 
pressure (Pmax), peak pressure rise rate (PPRR) and IMEP. The engine control 
parameters were optimized for the same load and speed conditions individually by two 
approaches for comparison. Machine learning models were built on the data obtained 
from both approaches. The ML models were used as a surrogate for experiments to 
screen the entire design space to optimize the objective function. Then, the optimized 
control parameters were validated through experiments. The machine learning-based 
optimization approach facilitated unraveling the global optimum faster. The DoE-ML-
based process was able to identify a combination of control parameters which yielded 
a 14.7 g/kWh improvement in ISFC with other target parameters within the acceptable 
limits. Further, the DoE-ML-based optimization framework reduced the total number 
of experimental runs by about 40% compared to the OFAT-ML-based calibration 
process. 
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Session 8: Sustainable Fuels, Hydrogen and 
Ammonia: Production, Storage and 
Combustion 
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An Experimental and Kinetic Modeling Study of 
Ammonia-Ethanol Blends 

 

Binod Raj Giri 

King Abdullah University of Science and Technology  

 
Abstract: Global energy demand is steadily increasing due to population growth and 
improved lifestyles in developing countries. Fulfilling the increasing global energy 
demand is a big challenge. Another big challenge is to curb global warming by limiting 
greenhouse gas emissions. Around the globe, policy-makers are setting up concrete 
plans to decarbonize energy sectors for economic, environmental, and energy security 
reasons. Aiming to reach net-zero-carbon emissions, the transportation sector will likely 
introduce new fuel streams in the near future. Bioderived synthetic carbon-neutral fuels 
and/or zero-carbon fuels will be introduced. Adopting carbon-free fuels will diversify 
the global energy market and reduce our dependence on fossil fuels. Hydrogen is a 
carbon-free fuel; however, the high cost of hydrogen transport and storage makes its 
sustainable utilization less feasible. To this end, ammonia, as a carbon-free high-density 
hydrogen carrier (17.7% by weight), can be pretty promising for reaching net zero-
carbon emissions. For these reasons, NH3 has recently gained much attention in the 
combustion community. 

For the past few years, we have been undertaking a research program exploring ways 
to enhance the combustion behavior of ammonia. We investigated the combustion 
behavior of ammonia with different combustion promoters such as dimethyl ether, 
diethyl ether, and dimethoxymethane over a wide range of experimental conditions. In 
this work, we have extensively studied the combustion behavior of ammonia blended 
with ethanol (stochiometric mixture of 10% and 30% ethanol by mole in ammonia) 
using a low- and high-pressure shock tube over T5 = 1000 – 1450 K, P5 ~ 1, 10 and 
20 bar. We found that ethanol significantly promotes the combustion behavior of 
ammonia. We have constructed a detailed kinetic model and validated it against various 
experimental targets, including ignition delay times and speciation data from this work 
and laminar flame speed data from the literature. Our kinetic model remarkably 
captured the trends of various experimental data. The combined experimental and 
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modeling study provides a detailed chemical insight into the combustion behavior of 
ammonia-ethanol blends. The findings of this study can help explore the combustion 
behavior of higher alcohols and ammonia blends as well as enable the optimization of 
dual-fuel practical energy systems. 
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Study on Lean Premixed Flame Stability Enhancement 
by Altering Fuel-Air Mixture Homogeneity 

 

Radi Alsulami 

King Abdulaziz University  
 

Abstract: Gas turbines run on a lean premixed combustion mode to cut NOx 
emissions. However, operating on such a combustion mode can cause serious 
problems, including promoting flame extinguishing. To overcome these obstacles and 
extend the combustor stability map, some studies have investigated the possibility of 
injecting part of the fuel directly into the combustion room as a pilot flame. This 
approach, however, is not the best solution as it could damage the engine part as a result 
of excessive reaction temperature and can lead to the formation of a higher level of 
NOx emissions which is significantly enhanced by the flame temperature augmentation. 
Therefore, the current work avoided implementing the pilot diffusion flame approach 
and focused on investigating the influence of altering fuel-air mixture homogeneity 
before combustion on flame stability and emissions. This was achieved by using a newly 
constructed laboratory swirl burner having the air entrance at the bottom of the burner 
followed by two different fuel injection inlets at different heights before the burner 
outlet to simulate two types of flames, e.g., fully and partially premixed flames. The 
combustion stability represented by flame lean blowoff limit, as well as the emission 
gases at the chamber outlet, were both measured for the two flame types and at different 
airflow rate conditions. The results provided a fair understanding of the influence of 
fuel-air premixedness degrees on flame lean blowoff and emissions. Most notably, 
delaying the fuel injection and thus creating locally inhomogeneous fuel-air mixtures in 
the combustion room enhances the flame lean blow-off performance. On the other 
hand, NOx emission increased when fuel injection was delayed, reaching a maximum 
value of ~10 ppm compared to ~1 ppm for fully premixed cases at testing conditions 
near the lean stability limit. The knowledge and data gained from the current study 
could aid in the effort of designing stable and low emissions well-controlled yet tunable 
gas turbine combustion chambers capable of working on different lean combustion 
modes, such as perfectly premixed and partially premixed. 
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Influence of Varying Fuel-Air Premixture Homogeneity 
with Ammonia Using Different Injection locations 

 

Marwan Hassan Al-Abdullah  

King Abdulaziz University  

 
Abstract: The demand on energy coming from petroleum is continuously increasing 
because of the rapid growth in the population of the entire world, as well as the 
significant energy density found in this energy carrier. Beside the substantial amount of 
energy associated with fossil fuels, they are responsible for significant amount of 
pollution, including greenhouse gas emissions, e.g., carbon dioxide (CO2) and nitrous 
oxide (NOx). In this regard, lean premixed natural gas (NG) combustion is typically 
used in gas turbines for emissions reduction especially NOx. However, the burner with 
this type of combustion mode can suffer from thermoacoustic instabilities, which can 
lead to flame quenching and/or damaged equipment. Several researchers considered 
premixing hydrogen with NG and in some cases using separate hydrogen injection (i.e., 
pilot injection) as an approach to overcome this problem. Hydrogen combustion, 
however, is associated with number of issues including flashback and NOx emissions 
particularly, if it is introduced in a diffusion mode, due to its higher flame speed and 
adiabatic flame temperature, respectively. One of the solutions that can positively 
contribute to these issues is to inject the optimum lean equivalent ratio at optimum 
location. Thus, the aim of this project is to investigate the influence of varying the fuel-
air premixture homogeneity using different injection inlet locations, and simultaneously 
using ammonia on maintaining good combustion performance while reducing 
emissions including NOx. The combustion stability will be quantified by measuring 
flame lean blow-off utilizing a laboratory swirl burner. The emission gases at the 
chamber outlet will be measured with keeping air flow rate and thermal power constant 
throughout the experiments. This proposed study will address two main concerns: 1) 
the addition of ammonia with its low adiabatic flame temperature reduce NOx 
emissions of a premixed NG flame while maintaining satisfactory combustion 
performance 2) the injection delaying of ammonia blends using three different inlets at 
different heights before the burner outlet (thus changing the mixture homogeneity) 
impact the premixed NG flame’s stability and emissions. 
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Direct numerical simulation of premixed ammonia 
flames under different turbulent conditions 

 

Ruslan Khamedov 

King Abdullah University of Science and Technology 

 
Abstract: Towards decarbonizing combustion technology, ammonia combustion is 
considered a promising solution in the power generation and transportation sectors. To 
obtain fundamental insights into the propagating behavior of ammonia-air premixed 
flames in the presence of turbulence, three-dimensional direct numerical simulations 
are carried out with complex chemistry for a range of turbulence conditions (including 
the thin reaction zone and distributed regime) and equivalence ratios. In particular, rich 
ammonia-air flames are considered during the study to minimize the NOx emissions 
while preheating the reactant mixture at a temperature Tu = 500 K to maintain the same 
laminar flame speed as in lean methane flames. The simulations have been performed 
with unity Lewis number and non-unity Lewis number to assess the effect of 
preferential diffusion on the ammonia flame. The turbulent flame speed and flame 
structure are analyzed from global and local viewpoints, and statistics of the flame 
curvature and local displacement speed are also examined. Distinct response of the 
turbulent flame speed to the flame surface (stretch factor) is observed for different 
equivalence ratios. Statistical analysis of the flame curvature and local flame 
displacement speed follow the trend of the stretch factor. For rich flames with a stretch 
factor smaller than unity, the peaks of the flame curvature's probability density 
functions (PDFs) and local displacement speed correspond to values smaller than their 
laminar counterparts. For the lean flame with a nearly unity stretch factor, the peaks 
correspond to their laminar values. The mean ratio of turbulent to laminar flame speed 
is lower when preferential diffusion is included for rich ammonia flame, while the 
opposite is noted for the lean flame. Additionally, analysis of different turbulent 
conditions indicates that the turbulent flame speed correlates well with the size of the 
most energetic turbulent eddies due to the flame surface area enhancement.  
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Characterization of a Hollow Cone Direct Injection 
Hydrogen Jet in a Constant Pressure Vessel 

 

Bassam S Aljohani 

King Abdullah University of Science and Technology  

 
Abstract: Hydrogen is a potential energy carrier and can be utilized for carbon-free 
internal combustion engines. For hydrogen engines, the gas -to-gas phase of direct 
hydrogen injection is fundamental aspect to the mixing process and its penetrations. 
The objective of this study is to understand the behavior of hydrogen jet in test 
conditions relevant to direct injection hydrogen engine. The method of schlieren 
technique with in-line concave lenses were employed to visualize the hydrogen jet via 
high-speed imaging. The characterization of hydrogen injection was investigated in a 
constant pressure flow (CPF) vessel filled with N2 gas to the target ambient pressures 
at constant ambient temperature of 298.15 K. A 1-liter hydrogen accumulator was 
utilized for hydrogen storage and connected to a hollow-cone outwardly opening nozzle 
injector to restrain fluctuation of injection pressure. The experiment is performed to 
characterize the hydrogen injection behavior with injection pressure of 10 up to 50 bar 
injected into the CPF vessel filled with N2 gas to ambient of constant pressure at 1, 5, 
and 10 bar. The analysis shows the increase of injection pressure enlarges the jet spread 
angle and increases the penetration length and jet propagation speed. On the contrary, 
a high ambient density reduces the penetration length of the jet and narrowing jet spread 
angle. Although, a high-injection pressure permits formation of vortex core at the spray 
inner tips, however, the jet is restrained and remains attached throughout the injection 
period. After end of injection, the jet reflects toward the injector position due to a 
strong buoyancy effect. For the analysis of injected mass of hydrogen, the work is 
planned to explore the injector functionality to operate at engine-like conditions for the 
development of hydrogen engine. 
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Session 9: Fundamental Combustion 
Experiments and Modeling 
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Effects of Adiabatic Flame Temperature and Oxygen 
Concentration in CH4/N2/O2 Non-swirl Jet Flames: 
Experimental and Numerical Study 

 

Mansur Aliyu  

King Fahad University of Petroleum and Minerals  
 

Abstract: The combustion characteristics of premixed oxygen-enriched air-methane 
(i.e., CH4/O2/N2) flames is investigated using both experimentally and numerically 
under atmospheric conditions for emissions reduction purposes. The investigation is 
carried out using a model gas turbine combustor equipped with a multi-hole burner that 
mimics gas-turbine micromixer burners. The resulting flame is of jet type, and the jet 
velocity is maintained at 5.2 m/s for all the considered flames. Models used in the 
numerical large eddy simulation include discrete ordinate, and partially premixed 
combustion for turbulence, radiation, and species models respectively. The numerical 
results are validated and a good agreement with experimental data is achieved. The 
results indicated that the temperature distribution, size, and shape of CH4/O2/N2 
flames are primarily controlled by adiabatic flame temperature (Tad). However, the 
oxygen fraction, rather than Tad, is responsible for the reaction progress. The emission 
of NO, CO, and CO2 increases with an increase in oxygen fraction, and the product 
formation in CH4/O2/N2 flames is less compared to their oxy-fuel (i.e., CH4/O2/CO2) 
counterparts, because N2 is mostly inert, compared to CO2. The latter participates 
significantly in the flame reactions, which increases the rate of product formation in 
CH4/O2/CO2 flames. 
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C7 reaction mechanism and its self-imitation in the kinetic 
modeling of PAH formation 
 
 
Hanfeng Jin  
King Abdullah University of Science and Technology 
 
Abstract: Polycyclic aromatic hydrocarbons (PAHs), serving as critical soot precursors, 
are formed via complicate chemical processes from small combustion molecules, such 
as first-aromatic-ring formation and aromatic ring growth. Benzene / phenyl (C6) is 
commonly considered as the critical first-aromatic-ring formed, which has attracted 
many studies on its formation and its further mass growth. Cyclopentadienyl (C5) is the 
smallest first-aromatic-ring, and its reaction network is 
recognized as a moiety for PAH without involving benzene. Compared to C5 and C6, 
less attention has been paid to C7 aromatics, including benzyl, vinyl-cyclopentadienyl, 
tropyl and fulvenallenyl, for their roles in PAH formation. Previous PAH models with 
the guiding ideology of mass growth pathways 
included very few reactions of C7 sub-mechanism, and somewhat ignored the self-
consistency of the reaction networks of aromatic species with specific molecular 
structures. In this study, we upgraded the sub-mechanism of C7 aromatics and revealed 
the similarity between the reaction network of monocyclic and polycyclic aromatic 
hydrocarbons at the “C7” level. Model validation with literature experimental data 
shows that: a) cyclopentadienyl, phenyl, and tropyl are three basic structures of aromatic 
ring; b) the reactions of benzyl-like and fulvenallenyl-like intermediates in chemistry are 
crucial for PAH formation; c) C5, C6, and C7 chemistry consists of a layer reaction 
network of PAH, and has self-imitation with increasing aromatic rings. Further work 
may build a kinetic model up to those very large PAHs as close as soot nanoparticle 
using the extension or the self-imitation of the layer reaction network suggested in this 
study. 
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Validation of hybrid OpenFOAM solver for detonation 
modeling with detailed chemistry 
 
 
Vigneshwaran Sankar 
King Abdullah University of Science and Technology 
 
Abstract: We assess the capabilities of an OpenFOAM (OF) hybrid solver developed 
in v2012 to compute detonation waves. It is based on combining standard OF solvers, 
i.e. rhoCentralFoam, reactingFoam, and pimpleFoam. This hybrid implementation 
enable us to widen the range of applicability in terms of the flow velocities, from 
incompressible flows with simple pressure-velocity coupling to compressible regime 
capable of shock capturing with Kurganov-Tadmor scheme. We have used a fourth-
order Rosenbrock method to solve the stiff ODEs for integrating the chemical source 
terms. The time integration uses a second order Crank-Nicolson method; an adaptive 
time step is used during the computation with a maximum acoustic Courant number 
constrained to 0.5 to ensure stability of the numerical scheme. As a preliminary 
validation study, we have chosen a regular H2-O2 mixture with 40% Ar dilution for 
one dimensional (1D) and two-dimensional (2D) simulations. The detailed chemical 
mechanism of Mével, consisting of 9 species - 21 reactions, is used. The obtained results 
were compared against the Zeldovich von Neumann Döring (ZND) structure and 
experimental results. The computational domain is uniformly discretized with 200 and 
10 points per induction zone length (Δi = 270 μm) for 1D (Lx / Δi = 2.2 x 103) and 
2D (Lx / Δi = 1.1 x 103 & Ly / Δ = 37) lab frame of reference simulations, respectively. 
For 1D, the results are quantitatively in agreement with the ZND structure, with errors 
below 10% for the von-Neumann peaks and 3% for the burnt gas states. While for the 
2D simulations, the average errors fall below 5% for the von-Neumann peaks and 1% 
for the burnt gas states. Moreover the cell width obtained from the numerical soot foil 
differs from the experimental cell width by a factor of 2, which is in agreement with 
typical detailed chemistry simulations reported in the literature. Furthermore, 2D 
simulations conducted in the shock-attached frame of reference presented similar 
results. Our verification and validation efforts will be extended to irregular mixtures in 
future work. 
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Effects of Diaphragm Opening Process on the Ignition 
of Fuels in Shock Tube Experiments  
 
 
Janardhanraj Subburaj 
King Abdullah University of Science and Technology 
 
Abstract: Inhomogeneous combustion and pre-ignition of fuels in shock tube 
experiments have been widely investigated by several research groups in the 
combustion community over recent years. The two main effects that have been 
explored are, (a) local hotspots due to shock bifurcation phenomena that occur because 
of the interaction between reflected shock and boundary layer and (b) the presence of 
particulates in the reflected shock region mainly composed of the fragments due to 
diaphragm rupture. In practical scenarios, the rupture of the diaphragm in a shock tube 
can lead to inhomogeneities behind moving shock wave as the diaphragm opening 
process is not ideal and highly dependent on several factors like pressure difference, 
material, thickness, anisotropic material property, etc. A non-ideal diaphragm rupture 
can result in a three-dimensional flow due to reflections and interactions of secondary 
waves behind the shock front that can create pressure oscillations. With this backdrop, 
the main aim of the present work is to investigate the effects of non-ideal diaphragm 
rupture on the ignition of fuels. 
Experiments are carried out in the Low-Pressure Shock Tube (LPST) at KAUST at P5 
= 1.50 – 2.07 bar and T5 = 924 – 1133 K. The driven gas used is a mixture of 5% 
ethanol, 30% oxygen and 65% argon (equivalence ratio = 0.5). Helium is used as the 
driver gas and is tailored with nitrogen for longer test times. Optical windows are 
installed in the end walls of the driver and driven sections that facilitate high-speed 
imaging of the diaphragm opening process and ignition in the reflected shock region. 
Photron FASTCAM SA-X2 operating at 50,000 fps is used to visualize the diaphragm 
opening driver while Photron FASTCAM SA4 operating at 40,000 fps is used to 
capture the ignition at the end of the shock tube. The thickness of the cellophane 
diaphragm used, the location of the diaphragm cutter and the flow rate of driver gas 
before diaphragm rupture are varied to obtain different diaphragm opening 
configurations. We will present the results of the role played by the rate of diaphragm 
opening and the diaphragm opening time on the ignition of the fuel. The abnormal 
effects of the slow driver gas filling and asymmetrical diaphragm opening on the 
pressure profile during the test time will also be presented. 
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Demonstration of the improved catalytic behavior of 
shock-treated titania in chemical reactions 
 
 
Mohamad Abou Daher 
King Abdullah University of Science and Technology  
 
Abstract: Titania nanoparticles have demonstrated great potential in addressing 
environmental issues related to the treatment of air and water pollutants, in photolysis 
to generate hydrogen from water splitting, and in production of biocompatible materials 
at a low cost. Titania is non-toxic, has high refractive index, and demonstrates good 
thermal, chemical and mechanical stability. They are highly active in reduction-
oxidation reactions and have been explored as support material for catalysts. Two 
important characteristics of catalyst supports are thermal, mechanical stability, and high 
specific surface area for applications in catalytic systems. The physiochemical properties 
and stability of titania are being explored by many research groups at high pressure and 
high temperature environments. Several investigations have been carried out to 
understand the changes in thermal, electrical, and mechanical properties due to high 
strain rates on exposure to shock waves. These studies have focused on single shot as 
well as repeated loading of shock waves on titania nanoparticles using a shock tube 
operated at different pressure and temperature ranges. Some of the key observations 
after shock wave exposure include the phase transformation from anatase to brookite 
and rutile titania, significant reduction in the crystallite size, modification in the surface 
charge and increase in hydroxyl groups. 
In the present work, we have performed investigations on the catalytic activity of titania 
nanoparticles treated in the KAUST high-pressure shock tube (HPST) and results are 
compared with pristine (without shock treatment) TiO2. Both shock treated (t-𝑇𝑖𝑂2) 
and pristine titania were characterized by XRD and XPS techniques. XRD 
crystallography of treated sample showed an increase in the rutile content, in addition 
to reduction in crystal size. XPS shows an increase in the hydroxyl concentration which 
promotes the dispersion of active metal due to charge difference. Both supports were 
impregnated with 𝑁𝑎2𝑃𝑡𝐶𝑙4 solution that corresponds to 1wt% metal loading. The 
impregnated Pt catalyst on TiO2 is activated in hydrogen flow before being subjected 
to ethylene oxidation experiments. The catalytic performance of Pt/t-𝑇𝑖𝑂2 is superior 
to Pt/𝑇𝑖𝑂2 . Results are also compared with highly active Pt/SBA-15 catalyst previously 
reported in literature. The improved dispersion of Pt particles on t-TiO2 is revealed by 
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TEM analysis, showing smaller average particle size than those supported on pristine 
titania resulting in higher activity. 
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Effect of ammonia addition on cellular instability of 
methane, propane, and propylene flames at high 
pressures 
 
 
Omar Arab 
King Abdullah University of Science and Technology  
 
Abstract: An experimental study on the laminar burning velocity and the onset of 
cellular instability of ammonia-methane, ammonia-propane and ammonia-propylene 
mixtures was conducted in a constant-volume chamber at different mixture fractions, 
initial pressures of 5—10 atm, equivalence ratios of 0.8—1.2, and an initial temperature 
of 273K. The measured laminar burning velocities were validated against literature 
work. Results showed that the hydrodynamic instability monotonically increased with 
increasing pressure and monotonically decreased with increasing ammonia mixture 
fraction. Thermal-diffusive instability is to be investigated by calculating the effective 
Lewis number at different pressures and equivalence ratios. The critical radius at which 
cellular instabilities start to form were also evaluated. The critical Peclet number was 
found almost unchanged with the increase of ammonia mixture fraction. For each fuel, 
the increase in flame thickness due to ammonia addition resulted in a more stable flame 
at high pressures. The measured critical radii are to be compared with theoretical critical 
radii as a function of equivalence ratio and pressure for different fuels and ammonia 
mixture fractions. 
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Session 10: Sustainable Fuels, Hydrogen and 
Ammonia: Production, Storage and 
Combustion 
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3-D CFD Simulation of NOx Emission from an 
Industrial-Scale Ammonia to Hydrogen Reformer 
Furnace 
 
 
Jaeheon Sim 
Saudi Aramco 
 
Abstract: Ammonia (NH3) is considered as one of the most promising hydrogen 
carriers due to its zero-carbon nature, high energy density, low-cost transport and well-
developed infrastructures as a fertilizer. The ammonia can be used as a direct fuel but 
reforming to hydrogen is required in many industrial applications including fuel cell and 
power generations. Therefore, there exists a strong demand for ammonia to hydrogen 
(A2H) reformers. In this study, an industrial scale A2H reformer furnace was simulated 
using computational fluid dynamics (CFD) to investigate the NOx emission from the 
ammonia fueled burner in a reformer furnace. The simulation setup was simplified with 
a quarter domain of a burner and a constant heat flux to reactor tubes was assumed for 
computational efficiency by considering fine meshes required by the detailed fuel/air 
nozzle geometries. First, a traditional furnace 
simulation with premixed combustion was conducted and compared with the present 
non-premixed combustion simulation with separate fuel/air injection. Then, the effects 
of hydrogen addition from 0 to 30% and fuel/air equivalence ratio from 0.8 to 1.2 were 
investigated. It was found that the traditional furnace simulation with premixed 
combustion overestimated NOx emissions by more than hundred 
times due to abundant oxygenated radicals around fuels by premixture of fuel/air. The 
non-premixed combustion simulation with separate fuel/air injection was required for 
accurate combustion modeling and emission calculation. Early NOx production 
increases with hydrogen addition due to enhanced oxygenated radicals by chemical 
effects in spite of reduced nitrogen-related radicals. Increasing fuel/air 
equivalence ratio reduced early NOx production. In all the cases except premixed 
combustion, however, the produced NOx decreased in downstream and was below 5 
ppm at the furnace exit. The de-NOx mechanism reduced the early-produced NOx due 
to remaining ammonia and oxygen by separate injection, long residence time by tall 
furnace and proper temperature range under 1400 K. The downstream of the furnace 
works as a selective non-catalytic reduction (SNCR) module at the given 
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conditions. In conclusion, ammonia is sufficient as a fuel to heat up the reformer and 
NOx emission will not be an issue when the furnace burner is well-designed with 
separate fuel/air injections. 
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The Effect of Blending Hydrogen with Bio-Oils and 
Essential Oils on Turbulent Non-Premixed Jet Flames 
 
 
Yilong Yin 
The University of Adelaide 
 
Abstract: A key challenge for the entire replacement of fossil fuels with hydrogen, in 
stationary combustion systems, is that they typically rely on thermal radiation as the 
main heat transfer mechanism, and hydrogen flames exhibit low radiant intensity due 
to the absence of soot. Bio-oils and essential oils with high sooting propensity, which 
are derived from renewable biomass resources, can be blended with hydrogen to 
enhance soot formation and radiant intensity. In this study, the sooting propensities of 
aromatic bio-oil surrogates (toluene, anisole and guaiacol) and cyclic monoterpene 
essential oil surrogates (eucalyptol and D-limonene) are investigated by smoke point 
method on a wick-fed burner. The Threshold Sooting Index (TSI) and Oxygen 
Extended Sooting Index (OESI) of the tested fuels are compared with other 
hydrocarbon fuels in the literature, showing the sooting propensities from 
high to low as: aromatics > monoterpenes > alkenes > alkanes > aldehydes. Through 
combined experimental and numerical research, the combustion characteristics of the 
0.2 and 1 mol% vapourised bio-oil and essential oil blended turbulent nonpremixed 
hydrogen-nitrogen (9:1 by mole) flames are reported, including flame appearance, 
radiant heat flux, centreline flame temperature and NOx emissions. The results show 
that adding bio-oils with an aromatic structure (toluene and anisole) tend to form more 
polycyclic hydrocarbons (PAHs) and hence are more effective than essential oils with a 
cyclic monoterpene structure (eucalyptol and D-limonene) in flame luminosity 
and radiant heat flux enhancement. Adding 0.2 and 1% vapourised bio-oil and essential 
oil increase the centerline flame temperature of the non-blended flames near the jet exit 
and reduce the flame temperature further downstream. The global NOx emission 
increases with the vapourised bio-oil and essential oil addition due to promoted NO 
formation via thermal route: OH + N ⇌ H + NO and prompt route: CH + N2 ⇌ H + 
NCN, with HNO-intermediate route: H + HNO ⇌ H2 + NO also contributing. 
Qualitative and quantitative comparison amongst bio-oils and essential oils with various 
chemical structures provides insights into the combustion characteristics of biofuel-
blended hydrogen flames and potential adaptation in practical systems. 
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Methane/hydrogen peroxide laminar diffusion 
opposed-flow flame 
 
 
Jiajun Li  
King Abdullah University of Science and Technology  
 
Abstract: Hydrogen Peroxide (HP) has been widely used in rocketry as a propellant. It 
is also used as a fuel additive to improve combustion efficiency and lower CO2/NOx 
emissions in energy systems. Given its high-energy content, HP could also be used as 
an oxidant in combustion and flame application. In this study, one-dimensional 
numerical simulations were conducted in an opposed-flow non-premixed flame routine 
of the CHEMKIN-Pro to understand the range of stability limits of methane (CH4) 
and HP flames. The fuel stream is CH4 while the oxidizer stream consists of HP in 
water (H2O). Parametric studies were carried out at different fuel and oxidizer 
concentrations to better understand the flame structure and the chemical kinetic 
coupling between HP and CH4. High-temperature flames are observed when the 
concentration of HP and oxidizer temperature are high enough under a specific range 
of strain rates. Otherwise, it gives intermediate temperature flames and such 
phenomena indicate the importance of the dissociation rate of HP and its energy 
release. HP/water steam as an oxidizer gives a higher temperature flame with a higher 
extinction strain rate that can help to stabilize the flame according to much higher heat 
release. 
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Effect of the pilot power ratio on the flame topology and 
exhaust emissions of NH3-CH4-air combustion in a 
reduced-scale micro gas turbine burner 
 
 
Cristian Avila  
King Abdullah University of Science and Technology 
 
Abstract: Micro gas turbines (mGT) are an ideal platform to understand ammonia 
combustion in practically relevant conditions toward the decarbonization of the 
electrical power sector. Experiments in mGTs fuelled by NH3-based blends have shown 
that flame stability is still challenging. Piloted mGT combustors can substantially extend 
the lean blow-off limit, enhancing the stability of NH3-based flames. However, the pilot 
flame is often the main source of NOx from piloted burners when conventional 
hydrocarbons are used, and it is still unclear if the same can be said for NH3-based 
blends. Therefore, this study focuses on the influence of the pilot power ratio on the 
flame topology and exhaust emissions of NH3-CH4-air combustion in a piloted, 
reduced-scale mGT burner. An optically accessible, reduced-scale burner inspired by 
the one fitted in the Ansaldo Energia AE-T100 mGT has been implemented as the 
experimental platform. Atmospheric NH3-CH4-air flames with an ammonia mole 
fraction in the fuel blend of XNH3 = 0.70 were investigated at an overall equivalence 
ratio of ϕoverall = 0.60. Pure CH4-air flames were used as the baseline. The total 
thermal power was set to 5 kW throughout the experiments. Flame images and exhaust 
emissions of CO2, CO, NO, and N2O were recorded while varying the pilot power ratio 
(PR) between 0 and 20%, which matches that of the actual AE-T100. Results 
demonstrate that, while trends are not linear, increasing the PR produces more stable 
flames. The CO2 concentration in the flue gases can be reduced by around 40% with 
the NH3-CH4 blend tested without affecting the CO emissions by increasing the PR. 
The NO concentration increases for both fuels tested as a function of the PR. However, 
NO exhibits a 270% percentage increment for CH4-air combustion while only an 11% 
increase is observed for NH3-CH4-air. Finally, N2O concentration was constant for 
CH4-air combustion regardless of the PR, but it decreased as the PR increased for 
NH3–CH4–air combustion, reaching around the same concentration for CH4-air 
combustion at PR ≥ 15%. The main conclusions are that (i) the pilot flame contributes 
drastically to flame stability regardless of the fuel blend, but (ii) its relative influence on 
emissions is much lower for NH3–CH4–air flames than for CH4–air flames. 
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Bluff Body stabilized Ammonia/Hydrogen/Nitrogen 
non-premixed jet flames 
 
 
Adamu Alfazazi 
King Abdullah University of Science and Technology 
 
Abstract: Ammonia (NH3) as a fuel offers the possibility to avoid carbon-related 
emissions, but its combustion is hindered by poor reactivity. To improve its 
flammability limit, NH3 can be pre-cracked into H2-containing mixtures before 
introducing into energy systems. Blending NH3 with its dissociation products (H2/N2) 
can enhance its reactivity. Therefore, in this study, experimental measurements were 
carried out on non-premixed flames stabilized in a bluff-body burner configuration to 
understand the flame and emission characteristics of NH3/H2/N2. Four jets were 
investigated to simulate different NH3 cracking ratios. These flames include a situation 
when 100%, 75%, 50%, and 28% of NH3 dissociates into H2 and N2 in a ratio of 3:1. 
The Planer laser-induced fluorescence of OH (OH-PLIF) and gas analyzers were used 
to study the flame structure and measure the concentrations of NO, and unburnt NH3 
within and at the flame’s exhaust. All measurements were carried out at a fixed Reynolds 
Number, Re (5500). The structure and emission profile for 100% and 75% NH3 
dissociated flames are similar, suggesting that these two flames burn in a similar way 
downstream. However, when the NH3 concentration is high in the fuel mixtures, such 
as in the case of flames with 50% and 28% dissociation, unburnt NH3 slips into the 
flames exhaust to consume NO species through selective non-catalytic reduction 
reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Saudi Aramco: Public 

Combustion chemistry of ammonia/C1 fuels: A 
comprehensive kinetic modeling study 
 
 
Xiaoyuan Zhang  
King Abdullah University of Science and Technology  
 
Abstract: Ammonia (NH3), an attractive carbon-free fuel, has received great concerns 
in recent years. Its application as fuels could contribute to mitigating global warming 
and achieving carbon neutrality by mid-century. To enhance the reactivity of NH3 

combustion, cofiring NH3 with hydrogen or other low carbon fuels like syngas, 
methanol and methane is a possible solution. In our previous work, we studied the 
combustion chemistry of NH3/H2 mixtures using a comprehensive kinetic model. 
Based on this model, in this work, we developed a comprehensive kinetic model for 
NH3/syngas, NH3/methanol and NH3/methane mixtures. Interaction reactions 
between C- and N-containing species were evaluated based on previous experimental, 
modeling and theoretical calculation studies, and were incorporated in the present 
model. Experimental data of NOx/C1 and NH3/C1 were both evaluated and selected 
from literature to validate the present model, including the speciation data measured in 
shock tubes, flow reactors, jet-stirred reactors, burner-stabilized flames, and the global 
parameters like ignition delay times and laminar flame speeds. The validation 
combustion conditions cover temperatures of 473-2100 K, pressures of 0.04-100 atm, 
and equivalence ratios of 0.04-2.7. In general, the present model can adequately capture 
all the selected validation data. Based on model analyses, the interaction reactions 
between C- and N-containing species are not sensitive under high-temperature 
conditions. Under these conditions, H/O/OH radical pools have considerable 
concentration levels, and their reactions with C- and N-containing species are fast, 
making the C/N interaction reactions less competitive. However, under low- and 
intermediate-temperature conditions, HO2 radical becomes important and its reactions 
with C- and N-containing species are much slower than those of H/O/OH. 
Consequently, the interaction reactions between C- and N-containing species become 
competitive. It is found that the reactions between NOx/NH2 radicals and hydrocarbon 
fuels play an important role in determining the oxidation rate of NH3/C1 mixtures. The 
present model can be used as the base chemistry model for NH3/larger hydrocarbon 
fuels. The influence of C/N interaction reactions could also be extended to NH3/larger 
hydrocarbon fuel mixtures. 
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