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Issues Studied in KAIST

Larger power system requires higher specific power

Advanced turbomachinery and heat exchanger design
and analysis methodologies

New Ltype of components or systems

Transient analysis (Startup, Shutdown, Incidents...)
Specific Technical Issues to Specific Heat Source
Critical Flow and Phase Change

Materials
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Increasing Specific Power
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‘ Calculated values Recuperated iso-Brayton
Heat (MW) 498 498
Effectiveness (%) 95.7 90
Volume (m?%) 3.34 1.17
UA (MW/K) 1.99 0.48

CO2 mass flow rate (kg/s) 194.75 86.07 f? NPNP



Turbomachinery Design & Analysis
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Turbomachinery Design Issues
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Heat Exchanger Design & Analysis
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New Component

» A Tesla turbine will be tested in S-CO,

power cycle expander operating
conditions.

> The external pressure vessel allows to
test in high pressure (>7.4 MPa)

Inlet Nozzle

—— T,

}Turbirle- Shaft ; ‘
\ R

Generator

: ,‘ o : H;);Jsing
- Conventional Turbine Tesla turbine

Blade Bladeless disc

Impulse & reaction force Friction force

Well experienced, optimized Low Pressure ratio (S-CO; cycle)
Characteristics

Need high quality clearance Manufacturing - easy and modularized design

No phase change allowed Robust - Two phase, Sludge flow

Maintenance Difficulties Easy maintenance



- New System

heat exchanger S,
Compressor o

Reactor core

. Magnetic
COo, urculator Turbine coupling

DHR system

Generator

L 9 : .
l 1 <With 8 fans and generator>

Magnetic
gearbox

Pre-caoler

Inventory  Recuperator
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<Conceptual figure of KAIST MMR>
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Drum type control rod Secondary control rod
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Gas plenum, He
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[ shielding material (B,C)

Reflector material/Primary control
assembly (PbO)

Secondary control assembly

i
Bottom Reflector, ODS

<MMR core design>



Transient Analysis for Control

0.50 ~ ; i ;
—a— |nventory control (KAIST)
P *‘ 0.45 - —e— TB throttle control (KAIST)
L WA= ' —4— Bypass control (KAIST)
Throttle 3
Precooler . ‘ ‘
> 0.40
0
c
)
3]
£ 0.35
©
Mc  RC =
£
o 0.30 4
=
|_
AN~ Btk
RARAAAAS oo ‘ 0.25
BN Bl 0
LTR HTR
020 1 T T T T T T T
30 40 50 60 70 80 90 100
Thermal load, %
50 0 26
=4=Thermal efficiency, % —-MCsurge
—B—Net Power, MW 15 marin
22—
=de=RC surge
" .
E‘m 1 60 margin
< F “*-_-—-... :
2 m
i: 45 3 L
5 H
£ a
b g
15
1
20 0 30 50 70 90 110
0 50 90 110 Thermal load, %
Thermal load, %

8 & NPNP



Transient Analysis for Prediction

SCO2PE
(S-CO2 Pressurizing Experiment)

GAMMA

(Transient System Code)
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Specific Technical Issues to
Sodium-cooled Fast Reactor Application

Ingress of high-pressure CO,
/ & Na-CO, interaction

Na (~0.1MPa)

‘ CO, (~20MPa)

Fig. Potential Na-CO, interaction in Printed Circuit Heat Exchanger(PCHE)

MICI’O meter size crac

Tya=599.9°C Ty = 585 °C
Ignition case Na-air reaction

10 & NPNP

Ty, = 598.3 °C




Critical Flow and Phase Ch

€ CO, critical flow modeling process

Inlet conditions of CO, at the crack
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€ CO, leak simulation results (T-

Fig. CO, critical speed measure instrument

s, h-s diagram, Mass flux of leaked CO,)
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Materials
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In S-CO, environments
v’ Corrosion tests in S-CO, environments (550-650°C, i
200bar, max. 3000h) o
v" Evaluate the corrosion and carburization resistance | |
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