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Flue gas

T=339 ˚C 

Qin=611 kW

3.7 kg/ss-CO2

HX

T=650 ˚C Turbine A Turbine B

Cooling 
towerCompressor

T=500 ˚C 
P=13,500 kPa

T=392 ˚C 
P=13,500 kPa

T=442 ˚C
P=7,700 kPa 

T=355 ˚C 
P=7,700 kPa

T=239 ˚C 
P=13,500 kPa

T=355 ˚C
P=7,700 kPa  

T=103 ˚C 
P=7,700 kPa 

T=103 ˚C
P=7,700 kPa  T=73 ˚C 

P=13,500 kPa

T=35 ˚C
P=7,700 kPa 

T=73 ˚C 
P=13,500 kPa

T=73 ˚C
P=13,500 kPa  

1.74 kg/s

1.96 kg/s

Recup A

Recup B

Wt.A=123 kW Wt.B=58 kW

Wc=90 kW

Qout=520 kW

Wnet=82 kW 
(ηgenerator=95%)

η=65%

η=80% η=50%
1.94 kg/s

T=103 ˚C
P=7,700 kPa 



10 kWe-class (2013-2014) 1 kWe-class (2014) 80 kWe-class (2015-2016)
Purpose Feasibility test Control, Operation Power generation

Status Tested @ 30,000RPM
Modified to the 80 kWe test loop

Manufactured
Cold-run test @ 140,000RPM

Designed/1 turbo-generator 
was manufactured,

cold-run test @ 43,000RPM
Design Capacity

(kWe) 12 1 80

TIT (℃) 180 200 500

Cycle type Simple Un-Recuperated 
Closed Brayton

Transcritical &
Simple recuperated Dual Brayton

Turbomachinery 1 Turbo-Alternator-Compressor 1 Turbo-generator

1 Turbo-Alternator-Compressor
(design)

1 Turbo-generator 
(manufactured)

Compressor type Centrifugal, Shrouded Positive displacement Pump Centrifugal

Turbine type Radial, Shrouded Radial w/ 
Partial admission nozzle

Axial impulse 
w/ Partial admission nozzle*

Bearing Gas foil journal/thrust Angular contact ball 
(Oil lubrication)

Tilting-pad*
(Oil lubrication)

Rotational speed 
(RPM) 70,000 200,000 45,000*

Heater LNG fired Thermal Oil Boiler Immersion electric heater LNG fired flue gas heater
Recuperator none PCHE PCHE
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Thermal medium 
(Oil, Seriola)

s-CO2
3.2 kg/s

LNG

Burner

Turbine Compressor

Motor Alternator

T=7 ˚C

T=200 ˚C 

PCHE

Chiller

Cooling 
water

T=15 ˚C

η= 0.84 η= 0.7

CO2 Booster
Coriolis 

Flow Meter

Leakage Flow

Coriolis 
Flow Meter

η= 0.95

T=250 ˚C

Pnet=12.6 kW Wt=82.4 kW Wc=65.4 kW

T=69.9 ˚C
P=13440 kPa

T=180 ˚C
P=12980 kPa

70,000 rpm

T=142.2 ˚C
P=8270 kPa

T=35.9 ˚C
P=7910 kPa

0.16 kg/s

3.1 kg/s

3.1 kg/s

0.16 kg/s

3.1 kg/s

Qout=629.7 kW

Net efficiency 1.95 %

3.04 kg/s

3.2 kg/s

CO2 fill
liquid pump

Motor-driven
valve

CO2
bombe

Check
Valve

Cooling water 
from water tank

regulator

Motor-
driven
valve

drain Buffer tank

chiller

PCHE

Qin=646.7 kW

Target power : 12.6 kWe @ 70,000 rpm, 180℃/13 MPa
A hermetic Turbine-Alternator-Compressor (TAC) unit 
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Target power : 1 kWe @ 200,000 rpm, 200℃/13 MPa
Turbo-generator : Radial Turbine, Angular Contact Ball bearing w/ labyrinth seals

Oil Tank

Oil Filter

Power meter

W

s-CO2

Turbine

Pump 1 Chiller
15RT

T=200 ˚C
P=13000 kPa

T=20 ˚C
P=5729 kPa
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liquid pump

 CO2
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Electric
Heater

Water pump

FMw

Vacuum pump

Expansion Tank

drain

   

P/Tc,o

P/Tc,i

Cooling 
water
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Recuperator

P/Trc,i

P/Trc,o

P/Trh,i 

P/Tt,i

P/Th,o

P/Th,i

P/Tex

Rupture disc

P/Tp,o1

G

P/Ts

 

Syringe pump

drain

Rupture disc

s-CO2

P/Trh,o

Damper

Expansion
Valve

or
MFC

Expansion
Valve

P/Tp,o2

Check Valve

P/Tw,i
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Expansion
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T=157 ˚C
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Motor

Pump 2

T=34˚C
P=13000 kPa T=157 ˚C

P=5729 kPa

0.023kg/s 0.046kg/s

0.07kg/s

0.07kg/s

0.07kg/s

0.07kg/s

bypass

bypass

기액분리기
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Damper

Precooler 2
BPHE 20kW

bypass
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Water pump

Water jacket

Oil pump
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air

Precooler 1
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* # 23, 27 : Turbine cooling

Tt,i

Tt,i

Tt,o 2EA

Tbearing 2EA

* Valve # 4~9 : 
High Temperature

Separator

Bypass loop

Bypass loop



~ 1 kWe @ 200,000 rpm, 200℃ / 130 bar
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heat source inlet T >550 ℃

500 ℃

We are looking for an opportunity to increase power in WHR area.
 Characteristics of the SCO2 Brayton cycle

 Evaluation on a couple of strategies by modeling and simulation

 How to increase power of the cycle? ‘Power’ is more important than ‘efficiency’ in WHR

heat source exit T >400 ℃

열원출구 > 400 ℃

>400 ℃

>400 ℃



Flue gas
Combustor

T=331 ˚C 

Qin=785 kW

4.64 kg/ss-CO2

LNG

Air 
Compressor

Air

HX

T=650 ˚C Turbine A Turbine B

Cooling 
towerCompressor

T=500 ˚C T=397 ˚C 

T=446 ˚C
P=7,700 kPa 

T=347 ˚C 
P=7,700 kPa

T=231 ˚C 
T=347 ˚C 

T=101 ˚C 

T=101 ˚C T=71 ˚C 

T=35 ˚C 

T=71 ˚C 
P=13,000 kPa

T=71 ˚C 

2.18 kg/s

2.46 kg/s

Recup A

Recup B

Qcomb=1,552 kW

Wt.A=145 kW Wt.B=109 kW

Wc=104 kW

Qout=635 kWWnet=150 kW

Turbine C



Flue gas

T=339 ˚C 

Qin=611 kW

3.7 kg/ss-CO2

HX

T=650 ˚C Turbine A Turbine B

Cooling 
towerCompressor

T=500 ˚C 
P=13,500 kPa

T=392 ˚C 
P=13,500 kPa

T=442 ˚C
P=7,700 kPa 

T=355 ˚C 
P=7,700 kPa

T=239 ˚C 
P=13,500 kPa

T=355 ˚C
P=7,700 kPa  

T=103 ˚C 
P=7,700 kPa 

T=103 ˚C
P=7,700 kPa  T=73 ˚C 

P=13,500 kPa

T=35 ˚C
P=7,700 kPa 

T=73 ˚C 
P=13,500 kPa

T=73 ˚C
P=13,500 kPa  

1.74 kg/s

1.96 kg/s

Recup A

Recup B

Wt.A=123 kW Wt.B=58 kW

Wc=90 kW

Qout=520 kW

Wnet=82 kW 
(ηgenerator=95%)

η=65%

η=80% η=50%
1.94 kg/s

T=103 ˚C
P=7,700 kPa 



 Power turbine nozzle and rotor design



Turbine
Seal

Journal
Bearing

Journal
Bearing

Thrust
Bearing

Generator







10 kWe-class (2013-2014) 1 kWe-class (2014) 80 kWe-class (2015-2016)
Purpose Feasibility test Control, Operation Power generation

Status Tested @ 30,000RPM
Modified to the 80 kWe test loop

Manufactured
Cold-run test @ 140,000RPM

Designed/1 turbo-generator 
was manufactured,

cold-run test @ 43,000RPM
Design Capacity

(kWe) 12 1 80

TIT (℃) 180 200 500

Cycle type Simple Un-Recuperated 
Closed Brayton

Transcritical &
Simple recuperated Dual Brayton

Turbomachinery 1 Turbo-Alternator-Compressor 1 Turbo-generator

1 Turbo-Alternator-Compressor
(design)

1 Turbo-generator 
(manufactured)

Compressor type Centrifugal, Shrouded Positive displacement Pump Centrifugal

Turbine type Radial, Shrouded Radial w/ 
Partial admission nozzle

Axial impulse 
w/ Partial admission nozzle*

Bearing Gas foil journal/thrust Angular contact ball 
(Oil lubrication)

Tilting-pad*
(Oil lubrication)

Rotational speed 
(RPM) 70,000 200,000 45,000*

Heater LNG fired Thermal Oil Boiler Immersion electric heater LNG fired flue gas heater
Recuperator none PCHE PCHE
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