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Partner University University of Brighton 

Faculty/School/Department/Research Centres School of Computing, Engineering and 
Mathematics / Advanced Engineering Centre 

Supervisory Team: please provide details of first, second, and where relevant, third 
supervisors for this project, and any external supervisors/advisors, where applicable 
First supervisor Dr Anastasios Georgoulas 

https://www.brighton.ac.uk/staff/dr-anastasios-
georgoulas.aspx  

Second supervisor Prof Marco Marengo 
Expertise relevant to the project: Two-phase flows, 
heat pipes, pulsating heat pipes 
https://www.brighton.ac.uk/staff/prof-marco- 
marengo.aspx  

Third supervisor Dr Nicolas Miche 
Expertise relevant to the project: Experimental 
Thermofluids 
http://about.brighton.ac.uk/staff/details.php?uid=
nddm  

Fourth (external) supervisor Dr Carlo De Falco 
Expertise relevant to the project: Numerical 
Modelling and Scientific Computing 
https://mox.polimi.it/people-detail/?id=290  

External/industrial supervisor Dr Ryan McGlen 
Advanced Technology Manager at Aavid 
Thermacore Europe Ltd. 
Expertise relevant to the project: Design    and 
optimisation of two-phase heat exchangers 

Contact details for project (for informal 
applicant queries) 

Dr. Anastasios Georgoulas Principal Lecturer 
Room C506, Cockcroft Building 
Division of Engineering and Product Design, 
School of Computing, Engineering and Mathematics 
(CEM), 
Advanced Engineering Centre 
University of Brighton, 
Lewes Road, Brighton, East Sussex 
BN2 4GJ 
Tel: +44 (0) 1273 642900 
email: A.Georgoulas@brighton.ac.uk 

DTA Programme(s): please tick which DTA programme(s) this project relates to: 
DTA Energy 

Project title Multi-scale numerical modelling of phase-
change heat transfer for the design and 
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optimisation of energy efficient thermal 
management systems in datacentres  

Project description: please provide a brief description, using the headings given below, of 
the project (max. 450 words) which will used as part of the advertising material and will be 
placed in the public domain. Please also indicate whether there are any 
confidentiality/sensitivity/IP issues of the research which should not be made publicly 
available.  

I. Scientific excellence 

The global tendency towards miniaturization driven by the micro-electronics industry, is pushing system 
and packaging towards unprecedented values of thermal design power, with a dramatic reduction of the 
surface area of the devices. As such, the thermal management of these systems requires novel and 
smarter cooling methods. New technologies of two-phase thermal systems for Smart Thermal 
Management (STM) are able to cope with this trend. In the case of datacentres for example, on-chip 
cooling, utilising two- phase micro-evaporators attached directly to the CPU are utilised. Refrigerant 
fluids enter in these micro- evaporators and evaporate by absorbing the heat load generated by the 
device, thus forming a liquid-vapor mixture. The refrigerant in most cases passes through parallel 
microchannels with a common inlet and outlet. The cooling performance of a micro-evaporator, and 
therefore the efficiency of the entire cooling system, depends on the geometry of these channels which 
influences the fluid mechanics and heat transfer mechanisms of the underpinned two-phase flow. Due to 
the overall flow complexity the development of advanced numerical simulation techniques is necessary 
for the design and optimisation of these STM systems and their components. 

 

II. Clear aim and hypothesis 

The proposed project aims on the development, benchmarking and application of a multi-scale 
numerical modelling approach, able to be used for the design and optimisation of devices and 
components of Smart Thermal Management (STM) systems that utilise phase-change heat transfer 
(boiling/condensation). 

 

III. Methodology and innovations 

The present project aims for a novel, multi-scale, numerical simulation approach, by developing a 
numerical simulation framework starting from the solution of phenomena occurring at the micro-scale 
(VOF- based DNS approach) up to the macro-scale (Eulerian – Eulerian) approach. Hence, contrary to the 
current state of the art, in which the DNS and Euler-Euler methods are treated as two different 
numerical investigation paths, the present project aims for the first time to create a “link” between the 
two and develop an enhanced Eulerian – Eulerian solver for “component” scale applications, based on 
realistic closure of the underpinned physics. The overall development will be conducted within the 
general framework of the open- source CFD platform OpenFOAM. The optimised version of the 
proposed, novel numerical simulation framework will be then applied for the simulation-based design 
and optimisation of micro-evaporators that are utilised in on-chip cooling technologies in datacentres. 

 

IV. Strategic relevance 

This proposal is relevant to a number of strategic areas in the UK science base and industry (e.g. 
aerospace, automotive, chemistry) and therefore, it will contribute to the UK Government’s objectives in 
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sustainable growth and globalisation. Moreover, the proposed research project is in line with the 
strategic vision of the EPSRC to support high quality, long term interdisciplinary research including 
postgraduate training and industrial impact in order to contribute to the economic competitiveness of 
the UK and the quality of life of its people. In the long term, the project will further strengthen and 
establish CFD as a design and research tool, impacting areas where the efficient design of two-phase 
thermal management systems is crucial. This proposal aligns with the UK goal to strengthen the area of 
numerical methods for equipment design purposes. The suggested numerical modelling framework, 
based on the idea of developing enhanced “component” scale models for phase-change heat transfer, 
though the use of modern enhanced micro-scale interface capturing techniques, will encourage 
commercial CFD companies to rethink the underlying philosophy and structure of their codes. 

 

V. Interdisciplinarity and fit with relevant DTA programme 

The PhD candidate will have access to a range of different academic and industrial environments, and 
multidisciplinary expertise including development and application of CFD-based multiphase flow models, 
experimental thermofluidic characterisation of two-phase cooling devices, design and optimisation of 
two- phase heat exchangers and numerical modelling and scientific computing. The project will develop, 
benchmark and apply a novel numerical simulation tool for the design and optimisation of on-chip 
cooling of datacentres. This technology not only has the potential to reduce the energy costs of 
datacentres, but also 

their carbon footprint and hence, their environmental impact. Therefore, the present project is directly 

relevant with the DTA Energy theme. 

Lay summary (max 200 words) to be used for reference as part of the selection process 
where non- specialists are involved 
Thermal management has become a major issue in high density power components such as 
microprocessors, fuel cells, nuclear reactors. Furthermore, efficient and Smart Thermal Management 
(STM) is also becoming an important and challenging issue for the cooling and thermal homogenisation 
of Li-ion battery cells in Electric Vehicles (EVs) as well as for energy efficient and effective cooling of 
Datacentres. Systems based on phase-change heat transfer, utilising two-phase flows 
(boiling/condensation), are a valid option for such cases, due to the dissipation of significantly higher 
heat fluxes than conventional cooling methods (e.g. air cooling, water cooling). The present project 
aims to develop an integrated, multiscale, CFD- based numerical simulation framework for phase-
change heat transfer (boiling/condensation) that will be applicable for the design and optimisation of 
on-chip cooling technologies in datacentres. The simulation-based optimisation of the utilised micro-
channel evaporators in such cases can significantly increase the performance and efficiency of the 
utilised on-chip cooling systems. 
 

Industrial/Employer placement opportunity please include details, where known, of any 
external placement opportunities or collaborations available to the student as part of the 
project 
The recruited student, at the beginning of the third year of the project, will spend a period of one 
month in AAVID Thermacore in Northumberland (UK), one of the global leaders for the production of 
custom, high- performance thermal management solutions, in order to collect necessary information 
regarding the current operational limits for existing on-chip cooling solutions. During this period the 
student will receive direct supervision by Dr. Ryan McGlen, the industrial supervisor of the project. 
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International placement opportunity please include details, where known, of any potential 
international placement opportunities or collaborations available to the student as part of 
the project 
The recruited student, at the beginning of the second year of the project, will spend a period of 3 
months months in the Laboratory for Modeling and Scientific Computing (MOX) in Politecnico Di 
Milano, a word leading laboratory for the development and optimisation of open-source 
computational tools based on OpenFOAM, the CFD platform that will be utilised in the proposed 
project. During this period the student will receive direct supervision by Dr. Carlo De Falco, the 
external supervisor of the project. 

 

Scientific, economic and societal impact of the project 
Scientific impact: The final output of the present proposal is of great interest and relevance to a 
variety of academic fields, from engineering, to physics, mathematics and even to chemical and 
pharmaceutical science. Therefore, it is of vital importance that the outputs of the proposed project 
will reach each of these scientific communities. This will ensure, that the overall outputs can be utilized 
within different contexts and lead to a greater impact to the society, from a long-term point of view. 
To ensure effective dissemination, the project results will be published in selected peer- reviewed 
journals, such as the International Journal of Energy Research and the International Journal of Heat 
and Mass Transfer, and will be also presented at important International conferences, such as the 
triennial International Heat Transfer Conference. It is expected that during the three years of the 
proposed PhD project, a total number of 3 Journal Papers and 3 articles in International Conference 
Proceedings will be produced. 
 
Industrial impact: The present research project will contribute to the optimisation, design and 
development of novel, energy efficient cooling systems. Therefore, it will aid in the improvement of 
the energy efficiency of a plenitude of industrial processes. It is important that apart from the design 
and optimisation of micro-evaporators in in-chip cooling of datacentres, the open-source numerical 
simulation tools that are going to be developed will be of great interest and applicability to a variety of 
industries, directly or even indirectly related to phase-change heat transfer. Examples include but are 
not limited to, Heat Ventilation and Air Conditioning, Waste Heat Recovery Systems, Liquid Air Energy 
Storage Systems. Therefore, the overall outcomes from the project will be discussed with the research 
support and business development services of the UoB, as well as with all the industrial partners, to 
assess the potential for future collaborations, in a variety of areas that will significantly benefit the AEC 
in UoB. 
 
Economical  and  societal  impact: The global heat  exchanger  market is  expected  to  reach 
£15.2B by 2022, and Europe has always been a major producer of heat exchangers, holding 33% of the 
global market. UK in 2014 held a total 7% of the European production. The global Heat Pipe market 
grew from £1.5B in 2013 to £1.7B in 2016 and it is expected that it will be further expanded, reaching a 
total value of £2.0B by 2020. Apart from these markets, the global EV as well as the Global Space 
Sector markets, are expected to have a total value of more than £73.7B (by 2020) and £400.0B (by 
2030), respectively. The thermal management of battery cells in EVs as well as of electronic 
components in satellites constitute a significant percentage of the corresponding manufacturers 
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businesses. It is therefore expected that new technologies of two-phase thermal systems for STM may 
have a quite significant value in the near future, reaching an approximate estimated value of £70.0B. 
So apart from the main targeted application that is the optimisation and design of micro-evaporators 
in on-chip cooling systems in data-centres the proposed research project will add significantly in the 
integration of Energy Systems and Fluid Dynamics for heat transfer research in the UK. The project 
focuses on the development and application of a multi-scale numerical modelling approach, able to be 
used for the design and optimisation of devices and components of Smart Thermal Management (STM) 
systems that utilise phase-change heat transfer (boiling/condensation), aiming to provide a novel 
simulation-based design tool. Therefore, the direct project beneficiaries are: i) the UK manufacturing 
sector working in the field of Heat Exchangers, Heat Pipes and Thermal Management in general; ii) the 
UK automotive and aerospace sectors, since advanced design and simulation skills will be available for 
smart thermal systems that are necessary for  cooling  and  thermal  homogenisation  of  electronic  
components,  electric  motors  and  Li-ion batteries in Hybrid and electric vehicles as well as for the 
thermal management of satellites and space missions; iii) the UK scientific communities working in the 
fields of Engineering  and Physics. 
 
The UK has a major role in the commercialisation and development of heat transfer components and 
devices that utilise phase-change heat transfer, since three of the 10 major companies in Europe 
producing heat pipes, loop heat pipes, vapour chambers and thermosyphons are based in the UK. The 
numerical simulation tool that will result from the proposed research will be of direct relevance and 
interest in these companies. The capability that will emerge to use simulation-based design and 
optimisation for their products will be important for their technological advancements. Apart from the 
direct beneficiaries of the proposed research, the provision of an open-source CFD tool for the 
numerical simulation of general phase-change heat transfer phenomena for component-scale 
applications, will be relevant to all industries concerned with efficient thermal management (e.g. 
compact electronics, energy, medical devices, food processing). 
 

Additional admissions requirements: please state if there are any specific admissions 
requirements for this project i.e. subject specific degree qualifications or disciplines, 
relevant skills, experience etc 
The candidate should have an Engineering Background and should also have some experience in 
Computational Fluid Dynamics and C++ programming. Experience, in the producing research 
publications would be considered a plus. 

 

 


