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	Project Title
	Computational Fluid Dynamics of High-Speed Low-Density Flows

	· Project Description

	An emerging theme within the Computational Fluid Dynamics Laboratory of the Engineering Department at the University of Liverpool is the formulation and development of computational methods suitable for simulation of flows with complex flow physics which cannot be adequately modelled using the Navier-Stokes equations for compressible Newtonian flows. In the proposed research project, high-speed low-density flows are considered. Examples of such flows include the flow around a spacecraft in the upper layers of the earth atmosphere and the flow in the exhaust nozzle of rocket engines. 
The strong shock waves as well as the areas with strong expansions present in this type of flows potentially create areas of the flow domain in which the flow length scales become of the same order of magnitude as the free molecular path of the low-density gas flow. This leads to a violation of the continuum flow assumption, which forms the justification for using the Navier-Stokes equations (used in the majority of CFD methods). The main interest is the flow regime in which the continuum assumption only breaks down in parts of the flow domain, while in the majority of the domain the continuum assumption remains valid. This regime poses a particular challenge to computational modelling, since modelling the entire domain with flows models valid for non-continuum flows is typically not possible due to the large computational resources required, while the Navier-Stokes equations commonly used in CFD method are invalid in parts of the domain. The present research aims to comine different flow models to obtain a computationally affordable and physically sound methodology.
The proposed research project aims to investigate different methods of combining flow models valid for rarefied flow with the Navier-Stokes equations. A first step in this direction involves an investigation of various rarefied flow models (Boltzmann equations, BGK model) for flows in simple generic configurations, for which results can be computed even on present-day PCs. The coupling with the Navier-Stokes equations  forms a challenge beyond the scope of a singe PhD research project, so the aim is to take a first significant step in the direct of a generally applicable coupling, by investigating how continuum flow solution can provide initial and/or boundary conditions for non-continuum flow simulations, and, vice versa.
For the prospective candidate, the proposed research project will provide an opportunity  to learn about modern CFD methods as well as take a first step in a research area that is seeing renewed interest from research groups worldwide, due to the need for lower-cost access to space provided by a new generation of launch vehicles.  


	Funding

	· Source
	dta
	Secured? (yes/no)
	No

	Funding details

	Possible funding through the departmental DTA.  This depends on the quality of the applicant and early application is advisable since dta awards are competitive. Each award provides funding for a period of up to three and a half years and covers tuition fees at the UK/EU rate and a stipend in the range £13000 to £17500 p.a. for living expenses. An additional £1000 p.a. will be available to support the research of each candidate. Only UK citizens and EU citizens with last three years uninterrupted residency in the UK are eligible for the tuition fees. Please note non-EU citizens have to pay the difference between the home rate and foreign student rate.


	Request for support by Departmental EPSRC funds?           (yes/no)
	No


	Candidate: special qualities/background required

	Potential candidates should have a good level of Fluid Mechanics and preferably previous experience with Computational Fluid Dynamics gathered during 1st degree final year project work. Also, programming experience (preferably C/C++ or Fortran) as well as experience with Linux/Unix would be a bonus.
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