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• sCO2 turbomachinery industry is undeveloped

• Conventional methods of turbomachinery design 
are not necessarily applicable to sCO2

• Global optimisation (exploration of full design 
space) is difficult to achieve using
conventional methods

• Turbomachinery design is usually decoupled
from system design and optimisation
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1. Conventional design/optimisation methods

2. Objectives of new design/optimisation method

3. Overview of turbomachinery models

4. Details and implementation of optimisation

5. Key results

6. Preview of future work areas
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• Iteration and evolution
– Reliance on empirical data
– Depends on knowledge and experience

of designer

• Computational fluid dynamics (CFD)
– Computationally expensive,

but can be improved somewhat with
response surface models (RSM’s)

– Practically impossible to use for
system-level optimisation

Source: NUMECA (2019)

Source: Dixon and Hall (2014)
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• Describe turbomachinery in isolation and
as part of a larger power system

• Gradient-based mathematical optimisation
– Models should consist exclusively of equations

• Modular and adaptable
– Add more accurate correlations as

empirical data become available
– Flexibility to choose between accuracy and speed
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Objective Function

Equality Constraints

Inequality Constraints

Design Variables ௡

Lower Bounds

Upper Bounds

(Specifications)
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Same notation can be used for 
turbine and compressor
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• Conservation of Mass
– ௠

• Conservation of Momentum
– Velocity triangles

• Thermodynamic properties
– Only two thermodynamic properties are independent
– Correlations of the form ଷ ଵ ଶ can be used

• Conservation of Energy and Loss Coefficients

ଶ௧

ଶ௧
ᇱslip factor
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“internal” transfer of momentum 

଴ଶ ଴ଷ “external” measurements

଴ଵ ଴ଶ

଴ଷ ଴ସ
nozzle and diffuser sections

e.g. clearance, windage
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௉
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ଶ
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• Dimensionless

• Function of
machine design

• Function of
operating conditions

• Determine numerical 
values using
– Experiments
– CFD
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interface for providing inputs

results



12concentrating.sun.ac.za
sterg@sun.ac.za

visit
contact

Calibrated coefficients for zero error with CompAero:

Observed errors (same coefficients applied to different machine):
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• Mach number limits

• Converging area ratio for nozzle section

• Diverging area ratio for diffuser section

• Typical design ranges (Korpela, 2011)
– Angles
– Velocity ratios
– Blade geometry ratios
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1. Write a function that returns the solution to the
inequality and equality constraints: 

2. Write a function that returns the solution to the
objective function: 

3. List upper and lower bounds for all variables:

4. Select appropriate constraint tolerance (e.g. 0.001 0)

5. Solve for various random starting points: ૚ ૛ ࡺ

(fmincon in MATLAB Optimization Toolbox or similar algorithm)

Starting points are independent: speed scales well with
CPU single-thread performance and CPU count 
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Key Constraints:

• Constant inlet 
temperature 
and pressure

• Constant 
pressure ratio
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Key Constraints:

• Constant inlet 
temperature 
and pressure

• Constant rotor 
tip radius
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Seek coefficients that are universally applicable
(i.e. correlated against dimensionless parameters)
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• Pareto front may or may not be influenced by magnitude of losses 
• Suggests that optimal values of some variables

may be independent of losses 
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• Same optimisation method and algorithm can be applied to 
generate off-design performance maps

• Requires only changes to which variables are kept constant

1 12 23 3

4 45 5

66

77
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• An alternative turbomachinery design method
has been introduced
– Can be applied to system-level modelling
– Global mathematical optimisation as basis
– Can easily be extended to off-design performance modelling

• It is useful to choose sensible constraints a priori 

• Accurate loss modelling is an important consideration 
for sCO2 turbomachinery design,
but losses only influence some variables
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