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• sCO2 Brayton cycle is an alternative 
to the steam Rankine cycle

• sCO2 can be operated with 
different heat sources at small and 
large power scales

• sCO2 offers better thermal 
efficiency, simpler cycle layouts 
and smaller equipment

• sCO2 industry is in its infancy
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1. Motivation and Objectives

2. System Configuration

3. Investigation into sCO2 Turbomachinery

4. General Findings
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OptimisationAnalysis vs

System Level Component Detailsvs

Design-point Off-design & Controlvs

1. Development of a versatile analytical model for the system

2. Development of a computational architecture

3. Development of an application strategy and workflow 
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1. Pareto-optimisation studies to show trade-offs 
between design variables

2. Optimise the system’s design for the maximum 
thermal efficiency under given constraints
– net power output
– DNI level and ambient conditions 

3. Optimise the system’s control strategy for the 
maximum energy production on a given day 
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Turbine Compressor
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conservation of mass
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conservation of momentum

shows the relationship between the
• blade velocity (B),
• absolute velocity (V), and
• relative velocity (R)

𝜎 = 1 −
𝑉2𝑡
𝑉2𝑡

′

slip factor
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ሶ𝑊fluid = 𝑀𝜔 “internal” transfer of momentum 

ሶ𝑊thermodynamic = ሶ𝑚 ℎ02 − ℎ03 “external” measurements

ℎ01 = ℎ02
ℎ03 = ℎ04

nozzle and diffuser sections

ሶ𝑊parasitic = ሶ𝑊thermodynamic −
ሶ𝑊fluid e.g., clearance, windage
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𝜁𝑅 =
ℎ0 − ℎ0𝑠
1
2 𝑅2

2

𝜁𝑃 =
𝑤parasitic

1
2 𝑅2

2
=

ሶ𝑊parasitic

1
2 ሶ𝑚 𝑅2

2

𝜂𝐷 =
൙

𝑃out − 𝑃in
𝑃0,in − 𝑃in

1 − 𝐴𝑅 2

• Function of design
• Function of operating 

conditions
• Determine numerical 

values using
– Experiments
– CFD

• Universal correlations?
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data for 9 different 
compressor designs,
each simulated at various 
off-design conditions
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Minimise 𝑓 𝒙 , subject to
𝑔𝑖 𝒙 = 0
ℎ𝑗 𝒙 ≤ 0

Objective Function

Equality Constraints

Inequality Constraints

Design Variables 𝒙 =

𝑥1
𝑥2
⋮
𝑥𝑛

𝑖 = 1,2, … ,𝑚

𝑗 = 1,2, … , 𝑟

𝒙 ∈ ℝ𝑛 ෕𝒙 ≤ 𝒙 ≤ ෝ𝒙

Lower Bounds

Upper Bounds
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111 Variables
324 Constraints
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• Importance of a heuristics-based, sequential
design procedure
– from most influential aspects to least influential aspects

(thermodynamics → turbomachinery → heat exchangers)
– facilitates a fundamental understanding
– significantly speeds-up computation
– takes advantage of existing knowledge 

• Dominance of turbomachinery
– vast majority of the system’s variables
– inherent requirement of empirical data for loss modelling
– complicated, non-linear performance and overwhelming 

mutual dependence of variables
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• The Simultaneous Analysis and Design approach is 
preferred for the turbomachinery
– analytical equations of the turbomachinery models are 

treated as the constraints to the optimisation problem
– purely a mathematical problem
– gradient-based optimisation algorithm

• The Nested Analysis and Design approach is preferred 
for the heat exchangers
– calculation of performance separated from optimising 

the design
– genetic-based optimisation algorithm


