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TURBINES
Aerodynamics

67

“A mean line efficiency prediction method is the
sum of a large number of loss components. While
some of them may prove to be quantitatively
imperfect, the manner in which they are combined
may cause errors to cancel. The final proof of a
loss system must be its ability to correctly predict
the efficiencies of well documented turbines [or
compressors]”- Kacker & Okapuu
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Aerodynamics and loss modeling
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Aerodynamics and loss modeling
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Turbine Stage
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Turbine Blade Design

71

© RDDM 2020



72

Turbine Blade Design
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Turbine Efficiency & the Physical Design Space
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Turbine Efficiency
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After much algebraic 
manipulation

    TCmTTCmTCTCmH poEXoINpoEXpoINp  
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Mean Line Methods Time Line
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Turbine Loss Models

1945 Zweifel
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Turbine Loss Decomposition
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Turbine Loss Decomposition

78

• Profile
• Secondary
• Trailing Edge
• Tip Clearance
• Other

• YP

• YS

• YTET

• YTIP

• YOTHER

Turbine losses can be classically decomposed into 
the following loss components

Both geometric parameters and flow values have 
an impact on loss.
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Turbine Losses
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Turbine Losses
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Turbine Losses
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Turbine Losses
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COMPRESSORS
Aerodynamics
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Compressor Loss Mechanisms

84

REF: Yu, X., Z. Zhang, and B. Liu, 
The evolution of the flow 
topologies of 3D separations in the 
stator passage of an axial 
compressor stage. Experimental 
Thermal and Fluid Science, 2013. 
44: p. 301-311.
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Compressor Stage
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Compressor Effiiency & the Physical Design Space
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Compressor Blade Design
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Compressor mean-line model

88

Blockage factor used to mimic
Boundary layer thickness

Blockage factor used to mimic
Airfoil thickness

Blockage factor used as 
“go-to” parameter for PR match.

Cd CdCd Cd

Deviation at TEIncidence at LE

Actual airfoil thickness 
ignored

Directly obtained 
from ML solution

Literature shows mainly using 
idealized thin cambered airfoil

Literature has shown wide-
spread use of Carter’s rule

“Bladed mass flow equation”

Cd may be used at 
every mean-line 
calculation plane

Constant tip clearance

Literature shows that tip 
clearance remains fixed 

in a ML model
Remains constant through 

OD conditions
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Compressor 
loss models
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Other references of interest
• Steinke
• Howell & Calvert
• Schobeiri
• Denton
• AGARD
• Etc …
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Compressor loss
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Compressor Performance Chart
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Compressor Data
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Compressor Loss Modeling
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MDIDS-GT modeling
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PERFORMANCE
Calculations
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Cycle Calculation
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Simplified Performance Calculation
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TWO MAIN GOALS
Goal of the future 
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“Hey Google …”
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“I need a gas turbine that develops a 
thrust of 63,500 lbf with an SFC of 0.20 

at take-off”

“Change the turbine disk material, use 
bleed air from the stator leading edge, 

and run full 3D please”
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Or …
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Any questions?
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