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" Physical properties of the supercritical fluid

" Comparison of Brayton, Rankin and supercritical cycles
" Selection of technology and configuration

" Turbine and heat exchangers

" Direct cycle discussion
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Physical properties of the supercritical fluid Qa)

F-hdiagram for Carbon Dioxide Refigerant [R744]
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Physical properties of the supercritical fluid ga‘g NCBJ

Specific heat [kJ/kgK]

SWIERK
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low temp. heat exchangers
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Physical properties of the supercritical fluid @3 NCBJ

Thermal conductivity
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Physical properties of the supercritical fluid

Speed of sound Compression factor
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' “al¥ NCBJ
Comparison of cycles &j) NCBJ
Rankine cycle Brayton cycle
T M
T-s Diagram for Non-ldeal Rankine Gyclas specific entropy ”
Phase change Large losses due to compression
wiley.com/college/moran/CL_0471465704 S/ nuclear-power.net

thermonet/docs/user/index.html
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Comparison of cycles

Brayton cycle with supercritical CO,

800 F ! ' ' ' ' I
o COMPressors 2':]{:] MW I|J "
»  Low temperature recuperator \ A
700 F o High temperature recuperataor // '| :
e— Source of heat /," a
—e—Turbine i u
500 - —=—Precooler o 1
© 500 - -
£ n
frar}
o400 - .
@
o
£
@
= 300 - - =
20 MW
200 A .
100} l L 124 MW _
— -
- 1 I__i__ | 1 1 1 | 1 1
1.4 1.6 1.8 2 22 2.4 2.6 2.8 3
Entropy kl/kegK
100 MW py kl/ke

M. Komorowicz, Analysis of the possibility of using supercritical CO2 in HTR

No phase
transition

Reduced
compressor
work

Obligatory high
recuperation

Better low temp.
recuperation

8/24



SWIERK

Technology potential @3 NCBJ
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[1]Review of supercritical CO2 power cycle technology and
current status of research and development, 2015
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Scale dependent application of various cycle
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. A
Scale comparision Qd) NCBJ

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

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

X.L.Yan, L.M. Lidsky (MIT) (without casing)

Supercritical CO; turbine: 4 stages / 450 MW (300 MW,)
- (without casing)
Compressors are of comparable size

Dostal 2004
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Cycle configuration @ NCBJ
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Recuperator UA ratio
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Recuperation cycle @3 NCBJ

» Brayton cycle with supercritical CO, 136 MW
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Modified recuperation cycle with precompression &.))
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Heat exchanger proposition - s-fined PCHE @ NCBJ
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" Maintains heat exchange rate but reduces pressure losses by up to six times
" Uses the entire space more efficiently
How New Microchannel Heat Exchanger Reduced Pressure Drop to 1/6, MCHE 2011
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Potential materials Qd) NCBJ

Super alloys based on nickel (~60%) and chromium (~20%):
* 230 at 900°C can withstand up to 10,3 MPa (with tungsten)
" C617 at 900°C can withstand up to 12,4 MPa

" 282
"= 740
" 625

Potential moderator: Beryllia (BaO)
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" Significantly increase performance and
reduce the amount of elements and
resources

" Requires complete change of materials
used

" The circuits would be connected directly
" Requires a larger reactor

" Water ingress would cause hydrogen
formation, which would have
catastrophic effects

" The gas carries dust, activates and
undergoes radolysis

de.nucleopedia.org/wiki/Generation_ IV
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Direct cycle discussion @3 NCBJ

TRISO coating

Original TiSiN TiCN+TiN (TiCN+AL,O5+TiN)x2

- PVD CVD CVD
- ca. Spm ca. lpm ca. 30pm

Medium temperature carbon dioxide gas turbine reactor,TIT 2003
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Qa) dri

" Increasing the lower pressure may partially compensate
for the losses due to the higher temperature

" Requires significant changes in cycle operation and
special heat exchangers with a controlled work surface

" It is more profitable than cooling towers for water-using
power plants

" Makes it possible to build a power plant in any area,
even fully built-up

" The system is dependent on the weather but even in the
worst case it will achieve higher efficiency
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Qa) dri

= Supercritical CO, may be the next step in the development of
power engeenering

" Technology is relatively new and is not yet properly tested on a
larger scale, however after proper development it could be
relatively cheap

" Working conditions poses unique technological and material
challenges

" Material corrosion and erosion is a significant barrier
" A direct cycle would require a complete change of core materials

" It can be successfully used in many technologies but for lower
temperature and pressure
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