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Master (research)  

Thermodynamic modeling of two-phase condensing ejector 

NSERC chair on industrial energy efficiency 

 

Context: The development of the ejector technology has been the focus of researchers 

worldwide for many years, owing to their capacity to recover waste heat or use low 

temperature energy sources to produce a refrigeration effect. An ejector-activated 

refrigeration machine can improve the overall performance by up to 20% while alleviating 

greenhouse gas emissions. Environmental and economic impacts may therefore be quite 

substantial when using low quality heat to reduce electrical and fossil energy consumption. 

Despite the advantages of simplicity, operation stability and low cost, ejectors have a 

modest performance as thermal compressors (COP between 0.1 and 0.3), a condition that 

prevented their penetration in the refrigeration market up to now [3]. Their low 

performances are due to the low entrainment and compression capacity of the ejector itself. 

These two characteristics vary inversely. The present research seeks to reach and maintain 

a high entrainment while substantially increasing the ejector compression. It is expected 

that such a condition will offer both high performance and flexibility to ejector refrigeration 

systems. The project builds on the previous research experience on single-phase and two-

phase condensing gases. On one hand, the single-phase ejector has been widely studied 

theoretically, experimentally and numerically. This ejector type is heat activated to produce 

a refrigeration effect but its compression capacity is limited irrespective of the motive 

energy level and availability. On the other hand, the two-phase condensing ejector, even 

though less commonly encountered in the literature, presents some very interesting features 

such as a condensation shock occurring at the beginning of the diffuser, which induces a 

noticeable pressure increase. Condensing ejectors have so far been used to pump and 

compress water [2,4-5]. It is proposed here to combine the entrainment capability of one-

phase supersonic ejector to draw refrigerant vapour from an evaporator to produce a 

refrigeration effect and the compression capability of the condensing ejector to maximize 

the outlet pressure. The vapour stream resulting from the secondary and moving vapours 

(obtained in a truncated supersonic ejector with no diffuser) interacts with the liquid 

refrigerant jet in the mixing chamber of a condensing ejector. An interaction process will 

occur between the liquid jet and the vapour mixture, resulting eventually in a condensation 

shock. The outlet pressure is expected to be of the order of magnitude of the primary 

stream. Under ideal working conditions, the outlet stream is a high-pressure liquid, which 

means that neither the condenser nor the compressor are needed in the cycle. The feed 

pump to the generator and the liquid jet to the ejector may not be needed as well.  

 

Objectives: The main objective is to identify the main mechanisms that control ejector 

operation and performance as well as their interactions. The specific objectives are to (i) 

perform 1D modeling for ejector design and numerical simulations when necessary; (ii) 

investigate the impact of the main parameters on the ejector performance; (iii) identify 
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potential zones of optimal operation, the form and size of the truncated throat, as well as 

the characteristics of the condensing ejector. Successful scenarios could be identified 

depending on the advancement of the project. 

Methodology: In this project, it is proposed to take advantage of the existing knowledge 

on supersonic ejectors previously developed during the first mandate of the Chair. A 1D 

modeling tool needs to be built to generate data (for design and operation) and develop first 

hand knowledge on the main mechanisms controlling the operation of this hybrid 

component and the corresponding cycle configurations. One will start from the model 

developed by Croquer et al. [1] for supersonic ejectors with droplets. For an adequate 

ejector design, most representative parameters need to be identified, and the way they 

influence the operation, understood. In particular, the vapour mixture leaving the truncated 

supersonic ejector needs to be preserved from the main shocks and maintained in 

supersonic state before interaction with the liquid jet. CFD modeling based on the ANSYS 

Fluent software will help to obtain further operation details, internal flow structure, 

parameter distributions and geometry refinements. 

 

Required skills: Bachelor in mechanical engineering or in a related field. A good 

knowledge in thermofluid is required. A first experience in softwares like Matlab and EES 

(among other examples) would be appreciated. Canadians, Frenchs and permanent 

residents of Canada will be given priority. Applications must meet diversity and 

equity objectives. 

 

Institution: The main workplace is the faculty of mechanical engineering at Université de 

Sherbrooke (Québec, Canada) with a strong collaboration with CanmetEnergy (NRC, 

Varennes), where the student will be cosupervized by Dr Zine Aidoun. Good salary (net 

funding of 17000$ per year) and working conditions are offered. The suitable starting 

date for this position is winter 2023. Interested candidates are encouraged to send all the 

required documents (CV, transcripts and one example of scientific report) to Professor 

Sébastien Poncet (sebastien.poncet@USherbrooke.ca). 
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