
[102] The 6th International Supercritical CO2 Power Cycles Symposium

March 27 - 29, 2018, Pittsburgh, Pennsylvania







*GFB : Gas Foil Bearing
*ACB : Angular Contact Ball Bearing
*TPB : Tilting-Pad Bearing
*DGS : Dry Gas Seal
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10 kWe-class 

(2013-2014)

Sub-kWe-class 

(2014-2016)

Tens of kWe-class 

(2015-2017)

kWe-class

(2016-2017)

Hundreds of kWe-class

(2015-2019)

Purpose
Feasibility

200°C/130bar

Power generation

200°C/130bar

Robust Turbo-generator

200°C/130bar

500°C operation

500°C/130bar

500°C Full-cycle operati

on for WHR application

500°C/130bar

Status

Tested @ 30,000RPM

Modified to the tens of 

kWe test loop

670 We 

power generation

Modified to the kWe test 

loop

11 kWe

power generation

287 We 

power generation
In progress

Cycle type
Simple Un-Recuperated 

Closed Brayton

Un-recuperated 

Transcritical

Un-recuperated 

Transcritical

Recuperated 

Transcrtical
Dual Brayton

Turbomachinery
1 Turbo-Alternator-Com

pressor
1 Turbo-generator 1 Turbo-generator 1 Turbo-generator

2 Turbine

1 Compressor

Compressor type Centrifugal, Shrouded
Positive displacement 

Pump

Positive displacement 

Pump

Positive displacement 

Pump
Centrifugal

Turbine type Radial, Shrouded
Radial w/ 

Partial admission nozzle

Axial impulse w/ 

Partial admission nozzle

Radial w/ 

Partial admission nozzle
TBD

Bearing Gas foil journal/thrust
Angular contact ball 

(Oil lubrication)

Tilting-pad

(Oil lubrication)

Angular contact ball 

(Oil lubrication)
TBD

Seal Labyrinth Labyrinth
Carbon Ring type 

Mechanical Seal
Labyrinth DGS

Rotational speed 

(RPM)
70,000 200,000 45,000 120,000 TBD

Heater
LNG fired 

Thermal Oil Boiler

Immersion 

electric heater

LNG fired 

Thermal Oil Boiler

Immersion 

electric heater

LNG fired

flue-gas Heater

Recuperator none none none PCHE 2 PCHE







[S. Wright, SNL, 2011]

[T. Conboyet al., Journal of Engineering for Gas Turbines and Power, Vol. 134, 2012]
[K. Radil et al., ARL-MR-0749, NASA, 2010]



s-CO2

s-CO2
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Rotor

Seal

Main Shaft
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※ Turbine Chamber Pressure ⇧ Generator Chamber Pressure ⇧



10 kWe

<터빈 출력 측정 예>
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TEST RESULTS @ TENS OF KWE TEST LOOP

P.cycle.max (bar) T.cycle.max (C) P.turb.in (bar) T.turb.in (C) Electric Power (x100W)



�����=14.5 kW

����	=51 %

��=606.8 kW

�����=51 %

����	=25.0 kW

��
�=10.5 kW

��
�=1.73%

Entropy (kJ/kgK)

T
em

pe
ra

tu
re

 (
℃

)

Parameter Value

Turbine Inlet Temperature (°C) 203.4

Turbine Inlet Pressure (bar) 98.1

Turbine Outlet Temperature (°C) 180.1

Turbine Outlet Pressure (bar) 67.7

Pump Inlet Temperature (°C) 24.3

Pump Inlet Pressure (bar) 65.9

Pump Outlet Temperature (°C) 31.7

Pump Outlet Pressure (bar) 99.1

Mass flow rate (kg/s) 1.69

Leakage mass flow rate (g/s) 34.46

Expansion ratio 1.45

Turbine Power (kW)* 25.0

Turbine efficiency (%) 51

Pump Power (kW)* 14.5

Pump efficiency (%) 51

Net Power (kW)* 10.5

Heat in (kW)* 606.8

Net efficiency (%) 1.73

*Power was calculated by enthalpy difference
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Labyrinth 
Seal

Angular Contact 
Ball Bearing

Angular Contact 
Ball Bearing

Permanent Magnet
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�����=1.00 kW

����	=81 %


��=49.12 kW

�����=70 %

����	=5.06 kW

��
�=4.05 kW

��
�=8.2%

Entropy (kJ/kgK)

T
em

pe
ra

tu
re

 (
℃

)

6

7

8

9

1011121
2,3

4,5

Temp. (℃) Pressure (bar)

1. Pump.Inlet 6.2 64.9

2. Pump.Outlet 12.4 128.2

3. Recup.Cold.Inlet 12.7 126.9

4. Recup.Cold.Outlet 96.3 126.8

5. Heater.Inlet 95.8 124.5

6. Heater.Outlet 451.2 124.5

7. Turbine.Inlet 398.75 110.5

8. Turbine.Outlet 349.9 67.3

9. Recup.Hot.In 309 67.2

10. Recup.Hot.Out 27 67

11. Cooler.Inlet 25.4 65.5

12. Cooler.Outlet 17.1 65.3

Mass flow rate 110.19 g/s

Turbine Leakage 7.66 g/s (7%)

Pump Work 1.00 kW

Pump Efficiency 70 %

Turbine Work 5.06 kW

Turbine Efficiency 81 %

Expansion Ratio 1.64

Heat In 49.12 kW

Heat Out 13.61 kW

Recuperator 38.53 kW (Hot CO2)
Recuperator 
Approach Temp.

15 ℃

Recuperator CO2 
pressure drop

0.1 bar (Cold CO2)
0.2 bar (Hot CO2)

Net Power 4.05 kW

Net Efficiency 8.2 %














