
Performances aero-thermiques de grilles d’aubes de 
turbines HP et aérodynamiques de turbines BP en

conditions representatives de fonctionnement moteur

Institut von Karman de Dynamique des Fluides
Département “Turbomachines et Propulsion”

Laboratoire “Jacques Chauvin”



High-Pressure Gas Turbine Nozzle Blades

LS 89 – Uncooled nozzle guide vane

Re2,is,c : 5.5 105 – 2 106

Tuꚙ : 1 % - 6 % -> 25 %
M2,is : subsonic – transonic
Gas/wall temp ratio : 1.1 – 1.5 

Aero and heat flux data (uniform temperature wall BC)

LS 94 – Film cooled version of LS 89

Suction/Pressure side film cooling
Similar boundary conditions

Aero and heat flux data (uniform temperature wall BC)

Steady inlet and exit boundary conditions



LS 89













         

              

     

    

    

 
 
 
  

  
  
  
  

 
  

  
  

 
 
 

  
 
  

  

  

    

  

  

         

         

         

         





LS 94



5 blades linear 

cascade

c [mm] 67.47

h [mm] 100

g/c 0.85

γ [°] 55

o/c 0.2207

β2  [°] ≈75

Cooling
Geometry

PS
Two // rows

SS
Two rows

Diameter
[mm]

Cylindrical 
Holes

0.5 0.5

Inclination
[°]

35 - // 35



Convective heat-transfer coefficient distribution

Ma2s=0.9 – Tu=1% 

δh = ± 6.8%



Ma2s=1.1 - Re2s=1.5 M – Tu=1% 



Mass-averaged loss coefficient / Area-averaged flow angle

Re2s=1.5 M

Tu=1% 

δβ2 < 0.16 [°]

δζ*
c = ± 0.0025



Convective heat-transfer coefficient

Ma2s=1.1  Re2s=1.5 M  

Tu=5.3% 

δh = ± 6.8%



T106 – T2



Low-Pressure Gas Turbine Blades

T106 – Design by MTU aero-engines and tested at DLR, Cambridge U., VKI …

Re2,is,c : 8.0 104 – 2.5 105

Tuꚙ : 1 % - 4 %
M2,is : ~ 0.6 (transonic exit should come soon)

Aero data (uniform temperature wall BC)

T2 – Design by VKI (higher pitch-to-chord ratio – UTAT programme)

Similar boundary conditions and measurements

Steady and periodic inlet and steady exit boundary conditions





















Mean Mach number

Mean pseudo shear stress

Mach number RMS

Pseudo shear stress RMS

PERIODIC INLET WAKES – TIME/SPACE DIAGRAMS

T106-C Cascade

Smooth suction side



EXIT KINETIC ENERGY LOSS COEFFICIENT

T106-C Cascade T2 Cascade
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No Grid Tu : 0.8 % Integral length scale : 0.005 m

Grid 5 Tu : 1.8 % Integral length scale : 0.012 m
Grid 1 Tu : 3.2 %



Conclusions – Summary

Validation is a “must” – in both directions

Geometries and experimental data are available

Application to RANS – URANS – LES …


