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Preface

A sCO, Brayton cycle is an alternative
to the steam Rankine cycle

Steam turbine: 55 stages / 250 MW
Mitsubishi Heavy Industries Ltd, Japan (with casing)

Helium turbine: 17 stages / 333 MW (167 MW,)

A sCO, can be operated with o i 7 5530 (173
different heat sources at small and [ e cO: i s s oo
large power scales

Compressors are of comparable size

A sCO, offers better thermal
efficiency, simpler cycle layouts
and smaller equipment

A sCO,industry is in its infancy

6t Annual STERG /
STERG e : W' STERG
Q EEEEEEEEEEEE IUU Symposium AN visit ~ concentrating.sun.ac.za
UNIVERSITY
1918-2018



Contents

1. Motivation and Objectives

2. System Configuration
3. Investigation into sCO

4. General Findings

IIIIIIIIIIII G
| STERG IYUNIVESITHI
SSSSSSSSSSSS
_ soLar THERMAL ENERGY RSV UNIVERSITY
RESE GROUP

vvvvvvvvv

, Turbomachinery

" (@ STERG



Motivation and Objectives

Design -point  vs Off -design & Control
System Level vs Component Details

Analysis vs Optimisation

N _/
~

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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Objectives

1. Pareto -optimisation studies to show trade - offs
between design variables

2. Qrvkokug"vjg"u{uvgorRu"fgukip"hg

thermal efficiency  under given constraints

3. Qrvkokug"vjg"u{uvgoHu"eqgpvtqgn"u

maximum energy production on a given day
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System Configuration

‘ Cold Fluid Flow
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Thermodynamics of sCO, Turbomachinery
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Geometry of a Radial Turbomachine Stage

Vanes r
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Velocity Triangles
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Conservation of Energy
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Loss Coefficients

9 0
g(‘Y) A Function of design

' | A Function of operating
v W conditions

%(‘Y) ga (Y) A Determine numerical

values using

0 0

Ui L
p (O A Universal correlations?

6" Annual STERG [
STERG e : STERG |
k EEEEEEEEEEEE IUU Symposium visit ~ concentrating.sun.ac.za
ste sun.ac.za
1918-2018

UNIVERSITY



Introduction to CompAero

B
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Introduction to CompAero

Enter/Edit Case Title
| ignTypel

Impeller Blade Style Diffuser Type

Full-Inducer Conwventional Vaned Diffuser

Impeller Cover Style Discharge Type

Open Impeller Elliptical Volute

Impeller Splitter Blades? Performance Type
Inlet Total Temperature (deg K} =
Inlet Total Pressure (kPa) =

CHOOSE TwD OF THE PARAMETERS BELOW TO BE SPECIFIED

CHOOSE AT LEAST ONE OF THESE TWO ——79 9
[ EBotation Speed (rpm)
B Tip Diameter

ONLY ONE OF THESE THREE CAN BE CHOSEN
[ Impeller Tip Speed

ﬂ Rotational Mach Number

B (Air) Equivalent Tip Speed

Rotation Speed (rpm) = 20000

Rotational Mach Number = jlib]
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Introduction to

[mpeller Geometry

rm2 inlet blade angle
rms inlet diameter ....

Inlet passage width ...

Hub inlet diameter ....

Shroud inlet diameter ..
Hub inlet blade angle ..
Shroud inlet blade angle
Inlet rms cone angle ....
rms b/Rc
rms blade thickness
fillet blockage

learance ...
Tip width (

Throat rms= b

Inlet net ar S
Blade passage length ..
Eye shroud diameter ...

51lip factor
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Correlations from CompAero
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Correlations from CompAero
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