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Related to the metal parts manufacturing, the automotive, aeronautic, nuclear and energy markets require 
to design lighter parts together with seeking for more and more security and increased life cycles. This 
antagonist trend is solved by enhancing the overall quality and processes fine tuning. As such, the heat 
treatment, one of the more sensitive process steps is critical. In the same time, environmental context 
claims for an almost re-engineered current quenching process by substituting the quenching fluids by more 
environment friendly ones. This implies the absolute necessity of the knowledge and control of the metal 
parts thermal history all along their manufacturing process paths. 

The experimental determination of the law of the transferred heat flux from the part to the bath which is local: 

φ(M,t) represents a scientific challenge. It requires an implementation of an experimental approach which 

considers a fine and robust instrumentation by thermocouple of samples and the choice of a non -linear post-

processing model that can take into account any source term. The estimate of local superficial thermal conditions 

conducted by appropriate inverse techniques must be qualified according to the region of the part to characterize. 

Indeed, the observation by experiment [1] shows (the theory as well) that, according to the regions, the cooling 

can be 1D, 2D or 3D. For example, on a parallelepiped part, cooling is almost always 1D in the middle of its main 

faces, 2D in the regions near the edges (away from summits) and 3D around the summits. In order to characteriz  

the entire surface of the part many precautions must be observed for the choice of implantations of 

thermocouple wires which must follow isotherms. In LTeN, significant efforts have been made to improve and 

refine the techniques of instrumentation by thermocouple [2] to characterize accurately and reproducibly surface 

or interface thermal conditions, which are often inaccessible to non-contact measurement. 

The measurement results must be presented under the form of local transient evaporation curve: 
φ(M) =f [T(M)], where T and φ are respectively local surface temperature and heat flux density (at point M). 
Then, it can be checked by the optical results given by a movie obtained by means of a high speed camera 
which records the transient cooling of the part in the bath; knowing that chronological order of appearance 
of transfer modes remains the same: film boiling, transition boiling, nucleate boiling and convection. The 
relative duration of each transfer mode must obey to the mean Biot rule [3]. 

recently we carried out experimental study in order to characterize the agitation of the bath which 
strongly influences the transient cooling of the part [4, 5]. The velocity field genrated either by 

pump or turbine was measured by 2D-PIV system. 
The proposed work will focus on the relationship between the transient cooling and the agitation aspect. 
The study of the evolution of critical heat flux in this transient process will be of particular interest. 

The supervision of this thesis will involve Pr. Brahim BOUROUGA who has a recognized expertise in the 
characterization and analysis of heat transfer in the forming processes (hot forging, hot stamping, high 
speed machining) and heat treatments (quenching). 
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