
Introduction and Objectives 

Conclusions 

Experimental and 1D-modelling effort to: 
 Study and analyze experimentally the effect of heat transfer. 
 Identify variables that are strongly affected by heat transfer. 
 Quantify the effect of these phenomena on engine operation. 
 Develop a methodology to take into account all these effects. 
 Validate the developed model against experimental data.  
 Propose a general methodology to obtain heat transfer properties 
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 Compressor and turbine efficiencies are affected by heat transfer. 
 The relative importance of this effect depends on turbocharger speed. 
 Heat transfer model is mandatory if TOT has to be predicted accurately. 
 External heat transfer in turbine side can reach half of the total enthalpy drop. 
 Turbocharger bearing housing external heat transfer is negligible. 
 The sign of external heat transfer in compressor depends on operative conditions. 
 Engine full load conditions are affected by turbocharger heat transfer phenomena. 
 At full load engine operation up to 70% of turbine heat power goes to the ambient. 
 Engine torque prediction is not affected by the usage of heat transfer model. 
 A general procedure to obtain all the heat transfer properties can be used. 

𝐶𝐶𝑇𝑇 = 𝛼𝛼 ∙ 𝑚𝑚𝑇𝑇 ∙ 𝑐𝑐𝑇𝑇 
𝐶𝐶𝐻𝐻𝐻 = 1 − 𝛼𝛼 ∙ 𝑚𝑚𝑇𝑇 ∙ 𝑐𝑐𝑇𝑇 + 𝛽𝛽 ∙ 𝑚𝑚𝐻𝐻 ∙ 𝑐𝑐𝐻𝐻 
𝐶𝐶𝐻𝐻𝐻 = 1 − 𝛽𝛽 − 𝛾𝛾 ∙ 𝑚𝑚𝐻𝐻 ∙ 𝑐𝑐𝐻𝐻 
𝐶𝐶𝐻𝐻𝐻 = 1 − 𝜀𝜀 ∙ 𝑚𝑚𝐶𝐶 ∙ 𝑐𝑐𝐶𝐶 + 𝛾𝛾 ∙ 𝑚𝑚𝐻𝐻 ∙ 𝑐𝑐𝐻𝐻 
CC = ε ∙ mC ∙ cC 

𝐾𝐾𝑖𝑖𝑖𝑖 =
𝑘𝑘𝑖𝑖 ∙ 𝑘𝑘𝑖𝑖

𝑒𝑒𝑖𝑖 ∙ 𝑘𝑘𝑖𝑖 + 𝑒𝑒𝑖𝑖 ∙ 𝑘𝑘𝑖𝑖
∙ 𝜋𝜋 4 ∙⁄

∙ 𝛿𝛿𝑖𝑖 ∙ 𝐷𝐷𝑖𝑖 + 𝜉𝜉𝑖𝑖 ∙ 𝐷𝐷𝑖𝑖
𝐻 

Capacitances Conductances 

Comparison between general and specific correlations 
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Experimental data 
needed: 
 Thermohydraulic test 
bench for conductive 
conductances and 
capacitances 
 Gas stand adiabatic 
tests for mechanical 
losses 
 Gas stand hot 
insulated tests for 
internal convection 
 Gas stand hot 
exposed tests for 
external heat transfer 

Turbocharger divided in 5 discrete nodes 

Simplified model 
 Fitted using test data 
from gas stand and engine 
 Geometrical 
simplification 
 Grey surfaces 
 Analytical expressions 
of view factors 
 Correlations for external 
convection 
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