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Background ATHENA
Small Modular Reactor (IPWR)

Recent trend in SMR technology development : iIPWR | integrated PWR
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Background ATHENA

Conversion System of IPWRs

Enhanced siting flexibility from advanced power conversion system
4
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Background

Feasibility of dry air-cooled SCO, cycle
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Background ATHENA
Disadvantages of the SCO, cycle for IPWR

Low efficiency compared to superheated steam cycle

— ] — Primary applications of
Qout an(l T’) No advantage in external combustion
.. ) cycle efficiency SCO, cycle
v' the low efficiency increases the heat oo ‘ - y . I
rejection duty. ‘ 50 | ' | ; '
v’ Lack of information & interest in PWOR < 40
o _ (310°C) [
applications where no advantage in 2
S 30
cycle efficiency. i
O
©
320 i : | | |
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> Itis not clear whether the advantages of the 104 l ,,,,,,,,, —a—Helium Brayton cycle
| ! —a— Supercritical steam cycle
SCO2 cycle in air cooling can overcome the ; . | —*—Superheated steam cycle
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Overview ATHENA

1st Stage of designing dry air-cooling SCO, system for IPWWR

Main objective of this study:
To investigate effect of design parameters of SCO, cycle on the dry air-cooling system for iPWR type
SMR

Main contents of this study : Sensitivity analysis
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Method ATHENA

NDDCT solver : Air side approximation

® Elevation effect of atmosphere Z
o o 4 Pa) Atmosphere
v Pressure gradient in gravity field (pure air)
dP/dz = —p,g
» |Isentropic expansion according to the z-direction
d (P t
az\pr) =Y
Z\P Adiabatic &
> ldeal gas assumption . /p, o dT reversible
L _[= ¥ = isentropic
p = P/RT T, (pl) dz °
v
(1-k)dpP L1 1dT
kP dz  Tdz "
dT gk —1) z dT\k-1 T,P
—=——— sP=P|14+=——
dz kR ! ( T dz)
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Method

NDDCT solver : Tower side approximation

® Pressure balance of NDDCT

\

/ APin—out = ApgH, —

ATHENA

Elevation to chimney outlet

Heat exchanger loss

Elevation to chimney inlet

Tower inlet loss Tower support loss

Chimney
Only elevation effect
Neglect ® Tower geometrics
frictional loss
Parameters Value
The aspect ratio (H:/d 1.4
Only frictional loss _p : (H/d,)
y Tower inlet height (H,) 10 m
[ Jesl ediaiser _ ) Diameter ratio (ds /d.) 0.7

Tower supports

N B RN R >

Heat exchanger coverage ratio (A/A;) 0.65

S Coe s A s B

A L Sk 4 s SR ]

Elevation effect + frlctlonal loss

Length & diameters of tower supports

10.5& 0.5 m
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Method ATHENA

Thermodynamic solver : SCO2 cycle layout

® Recompression Cycle ® Recompression Reheating Cycle
Compressor
—_Precooler Turbine — Precooler
Heat exchanger 3
IHX | & HX | |
8 4 4
5 6 > 6 12 9
9 |10 !
. [TR_— HIR . [TR_ o HIR | LIHX
Turbine & Compressor Heat exchanger
v Turbomachinaery : isentropic efficiency v' Heat exchanger : effectiveness method
Ah Qreq = €nTR.LTR * AR
Ahcomp - —S: Ahtyry = Ahg * Neyrp = -
Ncomp
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Method

ATHENA

Thermodynamic solver : cycle efficiency & Operating parameters

® Optimization of operating parameters : Flow split ratio & Pressure ratio

v Optimization process of operating parameter
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v' Calculation results of the thermodynamic solver
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Method

ATHENA

Sensitivity parameters & Fixed parameters

® Sensitivity parameters

Compressor inlet
temperature

Cycle maximum
Pressure

v Parameters with high sensitivity to efficiency are

32°C-55°C selected as sensitivity parameters for this

preliminary analysis.

15MPa - 25 MPa

Cycle layout

Simple RC cycle & Single stage reheating

® Fixed parameters of SCO, cycle for 470MWt iPWR

Parameters Value (or range) Consideration
Turbine inlet temperature. 310°C PWR condition
Compressor efficiency 0.89 Literature reference
Turbine efficiency 0.9 Literature reference
Maximum heat exchanger effectiveness ~0.95 Literature reference
Ambient air temperature 25°C Assumption
Ambient air pressure 103kPa Assumption
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Results & Discussion ATHENA

Sensitivity analysis of the cycle

® Cycle efficiency results

Sensitivity of Pressure

< sensitivity of layout /\ single stage reheating I 25MPa
. B 20MPa

" O Simple RC cycle B 15MPa
347
> v" In 25MPa with reheating case, it shows the
o Increased Sensitivity PR
C 3ol of Precsurs best efficiency over the whole cases.
HLE> v Inreheating cases, the effect of cycle
o 307 maximum pressure is greater than that of
Q@ simple RC cases.
O
> 28
O v In the case of 25 MPa, the sensitivity

26 . . . . according to temperature was the smallest.
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Results & Discussion ATHENA

Sensitivity analysis of the cycle

® Normalized cycle efficiency : "/"@T=32°C

RN
o
o

ASingIe stage reheating = 25MPa
. ] 20MPa
O Simple RC cycle B 15MPa

v" In the case of 20 MPa and 25 MPa, it was
found that the temperature sensitivity of the
system increased as reheating system was
applied.

(o)
&)

v' At 15 MPa case, the sensitivity due to the
difference of layout was not observed.
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Comparison of efficiency
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compressor inlet temperature
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Results & Discussion ATHENA

NDDCT Input data from thermodynamic solver

® NDDCT Input data from thermodynamic solver

g 100 .ASingIe stage reheating - %gmg: g 14 ASingIe stage reheating = ggl\l\;llls:
© O Simple RC cycle B 15MPa = O Simple RC cycle B 15MPa
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Results & Discussion ATHENA

Sensitivity analysis of the cycle

® Evaluated height of NDDCT

180 : : :
_ A\ single stage reheating - Somrel ¥ Inthe case of compressor inlet temperature of
E 160 O simple RC cycle B 15MPa 32°C, 20MPa reheating case was found to be
5 the most advantageous for air-cooling.
0O 140 Decreased sensitivity of o _
| Layout & Pressure v’ Sensitivity of all design parameters decreases
E with increasing system minimum temperature.
o 120
.
o 100
T
80 ' ' ' '
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Compressor inlet temperature [°C]

}‘W.( HANYANG
 UNIVERSITY




Conclusion ATHENA

Sensitivity analysis of the cycle

£ ] [
® Key finding : — 160 y —
1. In dry air-cooling conditions, although efficiency determines the S 140
amount of heat rejection duty, it did not have a significant effect on S
the height of NDDCT. S 120}
2. Optimization of the compressor inlet temperature is essential. S 100
[}
I
v" In the dry air-cooled SCO, cycle for iPWR-type SMR, it was 80 - : - -
found that the compressor inlet temperature is the most 50 . % 4_0| . o t >0 - >
important variable through sensitivity analysis. 26 - Ompresst:n::ta::ez::ﬁeziﬂPa]
. . . . L . - OSimpIe RC cycle = ZOMP:
v Finding a reference variable for optimizing compressor inlet °\:34' -
temperature will be a key task of designing NDDCT. % 30l
O
v" Itis necessary to find out the cause of the nonlinear sensitivity E 307
to the system maximum pressure. 328_
26 ' ' - '
30 35 40 45 50 55
17 Compressor inlet temperature [°C]
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Thank you for your attention

Jihun Lim
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