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Dear prospective graduate students, 

I’m excited to be able to offer several PhD/MS positions available in my group in turbulent 

combustion and multiphase flows for enthusiastic, energetic and driven students who look for 

making a significant contribution to the field of computational fluid dynamics and 

computational sciences. The positions will be filled by Fall 2015. The projects are mainly 

supported by TUBITAK and TUBA. Short descriptions of the available projects are provided 

below. For details of the project and research opportunities, please directly contact me via e-

mail or phone. 

PROJECT 1: Development of an Efficient Numerical Method for the Shadow-Position 

Mixing Model (SPMM) within the RANS/PDF and LES/PDF Frameworks. 

Short Description: This project aims to develop an efficient numerical method for solving 

the shadow-position mixing model (SPMM) equations within RANS/PDF and LES/PDF 

frameworks and to evaluate its performance in comparison with the other mixing models. 

About 85% of World energy production still comes from burning fossil fuels in turbulent 

environment and fossil fuels are expected to remain the main source of energy at least for next 

50 years. Therefore turbulent combustion is the key technology for energy conversion systems 

and will remain so in the foreseeable future. Turbulence is still one of the biggest unsolved 

problems of the classical physics and combustion makes the problem even more complicated. 

While large eddy simulation (LES) has a strong theoretical background based on the 

Kolmogorov’s hypotheses for non-reacting turbulent flows, it faces with essentially the same 

problem as Reynolds-averaged Navier-Stokes (RANS) models due to the unclosed non-linear 

chemical reactions source terms common in both approaches. The reason is that chemical 

reactions take place at small scales that are unresolved in LES. In this respect, the probability 

density function (PDF) method has unique advantages of being able to treat non-linear 

chemical reactions and convection exactly-a capability not possible by any other approach. 

These unique properties make the PDF approach very attractive for turbulent reacting flows. 

The PDF methodology can be combined with RANS and LES models to form a complete 

model for turbulent combustion. However the PDF method has its own deficiencies. The most 

important deficiency is the molecular mixing terms which appear to be unclosed both in 

RANS/PDF and LES/PDF approaches. The mixing models are generally used to treat the 

molecular mixing. The interaction-by-exchange with the mean (IEM) model has been widely 

employed in PDF simulations but it has two major deficiencies: (i) It fails to satisfy Taylor’s 

dispersion theorem, and (ii) it is not local in compositions space. The second deficiency is 

especially significant since it may cause unphysical blow out of turbulent flames when 

Damkohler number is large. The Euclidean minimum spanning tree (EMST) model was 

specifically developed to remedy this deficiency of the IEM model and has been found to be 

more successful for a wide range of flames. However the EMST model also has it own 

shortcomings: (i) It is a numerical method implemented for N particles, and the convergence 

as N approaches infinity is uncertain, (ii) it violates linearity and independence principles, (iii) 

it does not yield Gaussian PDFs in appropriate circumstances, and (iv) it is prone to 

“stranding” of particles in compositions space. To remedy these deficiencies, Pope has 

recently proposed a new mixing model based on shadow-position conditioning and named it 

“shadow-position mixing model (SPMM)”. In this model a new particle property, shadow 

position, is defined and the mean compositions that are conditioned only on the physical 

position in the IEM model are replaced with the mean compositions conditioned both on the 

physical and shadow positions. The model has been applied to mixing problems in simple 

homogeneous turbulent flows and shown to overcome the shortcomings of IEM and EMST 

models. However an accurate and efficient numerical method is needed to apply this model to 
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turbulent reacting flows of practical importance. The conventional numerical methods are not 

applicable to solve SPMM model equations mainly due to the double conditioning of the 

mean composition variables. In this project, we will first develop a new numerical method for 

accurate and efficient solution of SPMM model equations within RANS/PDF and LES/PDF 

frameworks. Then the method will be applied to various turbulent mixing and combustion 

problems to evaluate its performance compared to the other mixing models. The project will 

be conducted in active collaboration with Prof. S.B. Pope of Cornell University. It is expected 

that the project will make fundamental contributions and long lasting impact on the PDF 

modeling of turbulent reacting flows in particular and on the turbulent combustion in general. 

Sponsors: TUBITAK and TUBA 

Collaborators: Prof. S. B. Pope, Sibley School of Mechanical and Aerospace Engineering, 

Cornell University, Ithaca, NY, USA. 

Qualifications: A PhD student is preferred for this project but a highly motivated MS student 

is also welcome. An ideal candidate has a background in Engineering, Mathematics or 

Chemistry, is highly motivated to pursue cutting edge research and has a strong interest in 

computational and numerical methods.  Very good knowledge of fluid mechanics and 

thermodynamics is essential and basic programming skills are very beneficial. Some 

programming experience using a high level language (Fortran, C++, C) is a plus. A good 

command of oral and written English is also required. 

PROJECT 2:  Computational Modeling of Soluble Surfactant and Viscoelasticity in 3D 

Multi-Phase Flow 

Short Description: This Project aims to develop a front-tracking method for direct numerical 

simulations of viscoelastic interfacial flows with soluble surfactant. Viscoelastic effects will 

be modeled using the FENE type models. In addition, the effects of soluble surfactant on the 

interfacial flows will be taken into account so that the method will allow us to study the 

combined effects of viscoelasticity and soluble surfactants. Since it is a formidable task to 

perform full 3D multiphase flow simulations on a serial computer, the numerical algorithm 

will be parallelized using a domain decomposition method. The parallel algorithm will be 

optimized for multi-core computer architectures in collaboration with Prof. Didem Unat in the 

Computer Science Department at Koc University. The numerical method will be general and 

applicable to a wide range of flows, i.e., from low Reynolds number creeping flows to high 

Reynolds number turbulent flows. In this project, however, the method will be mostly applied 

to study flow problems encountered or inspired by micro/biofluidic applications. The present 

project is mainly built upon the success of our previous TUBITAK projects: 108M238 

(completed in 2011) and 112M181 (to be completed in August 2015). The 2D numerical 

methods developed in the previous projects will be extended to full 3D in the present project. 

The following specific tasks will be done in the project:  

 Development of a new front-tracking method for direct numerical simulations of 

viscoelastic single and multiphase flows in full 3D. Viscoelastic emulsions are 

ubiquitous in a wide range of applications such as food processing, pharmaceuticals, 

medicine, polymer blends and droplet-based microfluidics. Viscoelasticity is also of 

crucial importance in many natural processes and particularly in physiological flows. 

The numerical method will be essentially based on the 2D algorithm developed in the 

current TUBITAK project 112M181. Note that extension of the numerical method to 

3D is not a trivial task and requires development of novel algorithms. 

 Investigation of the effects of soluble surfactants on Newtonian and viscoelastic 

interfacial flows in 3D. A 2D numerical method for soluble surfactant was developed 

in TUBITAK 108M238 and it has been recently extended to full 3D by Muradoglu 
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and Tryggvason (2014). In this project, the numerical methods developed separately 

for soluble surfactant and viscoelasticity will be combined to examine the effects of 

soluble surfactant on viscoelastic interfacial flows. To the best of our knowledge, this 

will be the first computational study and is thus expected to have long lasting impact 

on the field. 

 Investigation of the effects of soluble surfactant and viscoelasticity on the lateral 

migration of bubbles/droplets in a channel. It is known that the bubbles and droplets 

move either toward the solid wall or toward the channel centerline depending on the 

shear stress and deformability, and both the surfactant and viscoelasticity can 

significantly influence and even reverse the direction of the lateral migration of 

particles. This is of crucial importance in mass/heat transfer and separation of particles 

and biological cells. 

 Development and optimization of a novel parallel algorithm for multi-core computer 

architectures. The parallel algorithm will be based on the domain decomposition 

method and aims to be highly scalable for massively parallel computations.  

The numerical methods will be designed to be very general and applicable to a wider range of 

flows. The main goal of the project is to make fundamental contributions to fluid mechanics 

and computational sciences, and make long-lasting impact on both fields. 

Sponsors: TUBTITAK and TUBA 

Collaborators: Prof. Gretar Tryggvason, The University of Notre Dame, Notre Dame, IN, 

USA.   

Requirements: A PhD student is preferred for this project but a highly motivated MS student 

is also welcome. An ideal candidate has a background in Engineering, Mathematics or 

Computer Science, is highly motivated to pursue cutting edge research and has a strong 

interest in computational and numerical methods.  Very good knowledge of fluid mechanics 

and mathematics is essential and basic programming skills are very beneficial. Some 

programming experience using a high level language (Fortran, C++, C) is a plus. A good 

command of oral and written English is also required. 


