
Laetitia Mottet Journée SFT March 10th 2016       00/22 

Simulations of  heat and mass transfer in the capillary evaporator 

of  a two-phase loop 

Towards an optimized evaporator design 

Laetitia Mottet 

 
 Institut de Mécanique des  Fluides de Toulouse 

 Centre National d’Etudes Spatiales 
 Airbus Defence and Space 

 

March10th 2016 

Marc Prat Amaury Larue de Tournemine 
Christophe Figus 

Typhaine Coquard 

Context                                   Modelling                                   3D simulations                                  Sensitivity study                                   Conclu 



Introduction and context 

Modelling   

3D pore network simulations 

Sensitivity study: towards an optimized design 

Conclusions 

Table of  contents 

2 

1 

3 

4 

5 

Laetitia Mottet Journée SFT March 10th 2016       01/22 

Context                                   Modelling                                   3D simulations                                  Sensitivity study                                   Conclu 



Table of  contents 

Laetitia Mottet Journée SFT March 10th 2016       01/22 

Context                                   Modelling                                   3D simulations                                  Sensitivity study                                   Conclu 

Introduction and context 

Modelling   

3D pore network simulations 

Sensitivity study: towards an optimized design 

Conclusions 

2 

1 

3 

4 

5 



Thermal control 

Two-phase loop 

 Loop heat pipe (LHP) 

Space application 

Terrestrial application 

Vapor 

Liquid 
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Loop heat pipe components and fluid motion 

Loop heat pipe 

Wick/groove interface 

Meniscus 
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Cylindrical evaporator 

Loop heat pipe 
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Distribution of  liquid and vapour phases 

 𝑆𝑣𝑐 and 𝑆𝑙𝑐: fractions of  pores occupied by 

vapour and liquid respectively right under the 

casing 
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Conductance 

ℎ𝑒𝑣 =
𝑄

𝑇𝑚𝑎𝑥 − 𝑇𝑔
 

 

 

 

 

 

 

 

 

 

 

Performances of  evaporator 

Variables of  interest 

 

𝑄 = 𝑄𝑒𝑣 + 𝑄𝑐𝑜𝑛𝑑 + 𝑄𝑐𝑜𝑛𝑣 + 𝑄𝑣 + 𝑄𝑙 
 

 𝑄 : heat load applied at the external 

surface of  the casing 

 𝑄𝑒𝑣 : heat flux actually used for 

vaporisation 

 𝑄𝑐𝑜𝑛𝑑: parasitic heat flux, i.e. flux lost by 

conduction towards the wick inlet 

 

 

 

 

 

 

 

 

Heat flux balance 
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Main operating regimes 

Distribution of  liquid and vapour phases within the wick 

  a) 0.8W/cm²                             b) 1W/cm²                         c) 10W/cm² 

  Regime I                                   Regime II                            Regime III 

  Low heat flux                           Moderate heat flux              High heat flux 
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Influence of  groove locations 
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Influence of  groove locations 
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Influence of  groove locations 
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Regime(s)? 

 Saturated with liquid 

 Vapour pocket mode 

 Two-phase zone 

 

 

 

Towards design optimisation? 

 

 

Main questions 
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Further work 

Conclusions 

Pore network model 

 Loop model needs to be more accurate 

 

 

 

 

Continuum model 

 Extension to the evaporator scale 

 

 

 

Towards realistic microstructures 

 Pore network simulations of  continuum  

model parameters on 3D digital images of   

“real” microstructure 
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In the longer run 
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