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SUMMARY

[ . Project Title

Conceptual Design and Experimental Validation of Core technologies for WHEN
(Water-Hydrogen-Electricity Nuclear reactor) system

II. Objective and Necessity of the Project

WHEN (Water-Hydrogen-Electricity Nuclear reactor) system is an integrated system
based on nuclear electricity system coupled with desalination and hydrogen generation
systems. In order to determine conceptual design of the WHEN system, the core
technologies, which are HELP (High Economical Low-Pressure) SI cycle and
CD(Capacitive Desalination) + MED Hybrid system, will be carefully investigated and
demonstrated through controlled experiments. We will acquire design technology for

nuclear based integrated energy system for multiple purposes.

[I. Scope and Contents of the Project

1. Conceptual design of WHEN(Water-Hydrogen-Electricity Nuclear reactor) system

The WHEN system integrates HELP(High-Economical Low-Pressure) SI cycle for
hydrogen generation and CD(Capacitive Desalination) + MED Hybrid system for
desalination on top of the HTGR (High Temperature Gas-cooled Reactor) system which
generates electricity. The WHEN system will enhance energy utilization upto 70% and
will respond to various user needs. To predict system performance and transient
behavior of such system, this study will develop an analysis program that configures

functional flow diagram by utilizing nuclear system safety analysis code.

2. Hydrogen generation with HELP SI cycle

The HELP(High-Economical Low-Pressure) SI cycle, which improves material and
low efficiency issues of existing SI cycle by operating with optimized Bunsen reaction
and at low pressure, will be validated through controlled experiments. Over azeotropic
HI decomposition through flash distillation, sulfur decomposition with PCHE(Printed

Circuit Heat Exchanger), and selection of suitable materials and catalysis will be



followed by experiments, which test the catalysis structure integrity, decomposition

capability, and stability, to demonstrate the suggested cycle efficiency.

3. CD( Capacitive Desalination )

The CD method is low energy consuming desalination technique which is receiving
attention due to recent advancement in nano-technology. To increase CD device
efficiency high performance electrode will be designed with developed theoretical tool.
The CD technique will be connected to well validated desalination method, MED
(Multiple Effect Desalination), to form a highly efficient hybrid system.

IV. Results

1. Conceptual design of WHEN(Water-Hydrogen-Electricity Nuclear reactor) system
- Development of new flow-sheet of low-pressure operation of SI cycle, and its
operation achieving 60% of efficiency
- Development of a coupled flow-sheet with gas cooled reactor and MED
desalination plant
- Development of flow diagram tool and K-DEEP code which can analyze the

performance and economic efficiency

2. Hydrogen generation with HELP SI cycle
- Development of an intermediate heat-exchanging pressure-changing loop for the
operation of low pressure SI cycle
- Development of point model for the design of sulfur trioxide decomposition
considering practical design parameters
- Investigation of catalysts and process materials for sulfuric acid decomposition and
verification of activity and stability
- Development of a process for HI decomposition using absorption-desorption

concept and improvement of efficiency

3. CD( Capacitive Desalination )
- Development of modified Poisson-Nernst-Plank equation

- Development of 2-D CD simulator and its verification



V. Application Plans

The WHEN system is based on gas-cooled reactor passive safety features and can
produce electricity, water and hydrogen, which are essential for everyday life, with low
carbon emission and high efficiency. The system will be a main driver for low carbon
green development by generating massive amount of hydrogen which can substitute gas
from transportation system, and will also supply enough clean water for water deficient
countries due to climate change. The system can contribute to nuclear industry by
opening an opportunity for technology export through suggesting integrated solution to

energy or water deficient countries.
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U7, 2o A8s) RoEss Ba B8-S FAAA Iy YRGS
2 FPAAT
<ol faaction HI decomposition reaction Catalyst & materials
bgsic experiment basic experiment search and collection
2004-2005 jmeoiveimitindd - HI concentration (EED) E aa:;lysit selea?;n (H1)
5 7 2 - it - rals se;
e gl ﬁmﬁ;}ep:::::lé:?hembrane) (in Hix, Bunsen reaction )
EED Electro-slctrodialysis ‘ ‘ |
MR: reactor
o H,S0,d iti
IS process Closed-Joop operation B ,80, decomposition
concept prove ' (ZOIPIhr? reaction (KIST)  High efficiency
IS process
2009-2011 = 2012~

Pressurized
IS process <
concept prove

Pressurized closed-
loop operation(1 Nm?/hr)

1

Pilot-scale’
(=100, Nm?/hr)

Busen reaction HI decomposition reaction Catalyst & materials
(pressurized) pressurized) search and collection
2006-2008 - Phase-equil data - MR (500, 2 atm) (pressurized)
(~120T, 5 atm) - Hydregen permeation membrane - Catalyst selection (HI)
- Side reaction - HI-I,-H,0 VLE data - Materials search & Improvement
- EED (molar ratio of HI:l, = 1:~4) (HIx, Bunsen)
[} 2=
<KAERI-KIER-KIST ¥#}8 44 ZT=w>
ey ®
$0, O, Hy0 804, 04, H0 O ng R 0, —t
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i Ha80y, H:0} H 3 : H
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i H Heat
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i Hydrogen
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o 1 Hat,
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Al 1 A. WHEN(Water-Hydrogen-Electricity Nuclear reactor)
system®] 7]d A

1 A7 YGRE 7Nt s & A7) 2 4 P48 FRA2H

7}, vl 74
AR 312 d AdUAE Z[Htoe R E& d3184(thermo-chemical) &2 £33t FAE
Al Abs) 2 =-3 Abo]F (lodine-Sulfur cycle T+ IS cycle) 34 7€ AA7IA 713

= 8
TR T AL TIER2 dEA ATk [SAIF] Z12H<] Jid S 1980 2R vl
General AtomicsAtel] 23] & AAHQE=H, -8 Alxg o] &AUE, =ZA BEA
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(Bunsen reaction) 37, S4HH2SO4)&Eal 48, S =3, AHl) &3 FHo=E FAEHTH
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HZSO4+5-HZO<—>SOZ+6-HZO+%-OZ

2-HI+(4~6)1,+(6~8)}H,0H, +(5~7)-1, +(6~8)-H,0
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Oxygen

11:504 R, Hx
1:80, decomposer
80y, H:0 ' A

H Flash
—XD «

T
50 decomposer

A

I
2 H
H, Bunsen 1
Fi reactor *

Separator I, H.0, I,
Cooler

Heter
I

Holdup IHX

I, HL,0, HI 3 ‘? Hydrogen
O 1 1,0, 1 T =TT storage
1, L0, 11 - ”io_.
I & HI absorber Water
supply
¢ 311 1S 3A8%
o gme A
M FAZA 0@ U= B4 Al olahd, 43 aocsis e g 2ol
+ E187|(heat exchangers)$} 3l 7](decomposers)e] H4l A% A5E IHsIL 4 =
Ag AHAHA 60% o4 GEEE /T # Atk TY1 FF 5F IAL FUA F
Aoz AT £ lernz A% 3 ¥ £ Favt glo] £33 A9 A=
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kg

311 dA=7 *F HI

Sections Flow paths Components Flow rate, mol/s Description
502 1.00
503 0.43 .
. 804 5
2504 0.83 Recycles from H2S04 section
H20 12.73
Feed to Bunsen reactor oI 539
2 19.46 | Recycles from HI section
20 25.85
H20 1.00 | Net input of water
Bunsen section 2504(L) 226
o HI(L) 7.39 | Liquid mixture of sulfuric acid and HIx.
Feed to L-T. separator DO 1846 | Feed to L-L separator
H20(L) 37.15
2504(L) 2.26 | Lighter phase. Sent to H2SO4
H20(L) 11.30 | decomposition section
Out of L-L rator HI(L 7.39 .
e separator @) "~ Heavier phase. Sent to HI
(L) 18.46 decomposition section
20(L) 75 85 P
2 22
Feed to H2504 flash sz?f)@) 1130 From L-L separator
Recycle to Bunsen H2504(V) 083 )., .
section 200V) 10,69 WVapor phase from flash
- Feed to H2S04 H2S04(L) 143 | . A _
H2804 evaporator H20() 0.61 Liquid phase from flash
decomposition .
section Feed to SO3 decomposer SO3(V) 143 . - .
i 20(V) 2.04 | Mixed with and accompanying SO3
02(V) 0.50 | Net product
SO2(V) 1.00
Out of SO3 d r . )
o scomposet SO3(V) 0.43 | Recycle to Bunsen section
H20(V) 2.04
HI(L) 739
Feed to HI flash I2(L) 18.46 | Feed from L-L separator
H2O(L) 25.85
HI(V) 2.86
Feed to HI decomposer I2(V) 1.10 | Vapor phase from flash
HI H20(V) 1.53
decomposition i HI(L) 4.53
section i‘ict?jxlle to Bunsen I2(L) 17.37 | Liquid phase from flash
H20(L) 2432
H2(V) 1.00 | Net product
. I2(V) 2.10
Out of HI decomposer HI(V) 0.86 | Recycle to Bunsen section
20(V) 153

Aol obe) AN Fxd BAAE vgos RE T4 247 24 WYL oFo] A

4 gE7k Aka 2 .

BA ¥bg9o] ¢ ZF . C_HI=0.222 18|32 C_H2504=0.167
HI ZA 83 &% C_HI=0.157(azeotropic)
Fib A B3 73 C_H2504=0.7
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cHI w3y 88 =08,S duwgr] 08
: r_HI=0.7,r_SO3=0.7; o_H20-H2504=30,a_HI-(H20/12)=10

Aol Eo BEE 1), © T4 ALY AAFTS A% ALy wste] AAZA AUA 4
o g vz 78 5 Sdvh weF whgo]l tir], Wik 24 o] FolWTd, HHV &
286 kJ/mol o] AZAgo 2 Qg Ay Wsfolrt. g Ao HHSAY oI 2ol
& F Utk

_ HHV
p Q+W
n,
714, Qe dduyA dFolx, We Fdd ¢, 5,2 doluAr 42 HEE= 888 9
] gk},
A B E A8l 28 duAe AuiFoes & A e wdd, A AEd dd5
A Ao o] &3 Ate2E 411~420 KJ/mol 7} 2 Aoz ATt
HIE 92|17} OzturkZ} AMAE ZAAH o A 4S5 82 3vta 7HAstEgts, Ozturk
| AT JA| 3] HFo] v Basta MAY AATE FRo] A7] WE 411~420 kJ/mol
S A" TAEE A% FHH@d FAHo|gtal B 4 ok HI &8l ¥4 As, wek 27t
HIE &38fidt=t HPMR & ¢xd¥ 7]<S o] &3y, Kasaharad A-97F £ F=x7}
2 Aotk 89 AR tEFol AuH, fEl= EEDE AMEEA e ZQddH 23
o7 HANA dojus AY £2EE 1A gtk #4167 kJ/mol o] S| A7} o]
HI &3l A A-&d ot
BEZ A& A% AUA &RE FA HA G, dustd <dEF FF BE>FAA UL
= AAY FHH 2 52 Aed 5] A7) wWiEelth Goldstein o] 7-¢-¢F Bl gthH,
AA Al

2] T HEds AL 1
A AMEA AJE FHEY] EELES theF 2ol d3T F Utk o] A AFAEY A
o} vwd AL TS ¥ 3129 Al gt
. HHV
" Qg+ O + O
_ 286
(411~420)+167+17
=47~ 48%

O Qo Opaps ZH2E 34t 34 FRA 8738 doluX, HI FHA a3t 4
A=A, HzdE ongch
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w
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e
]:o{:
o
R
El

Roth,
Energy demand 32:{:13 o Kﬂ:fhe O;t;ul'k Buckingham | Goldstein et al Kasahara et S:i(z?a Present
o 2 2 2 Tor
kJ/mol (1981) | (1984, | (1995) | ©tal(2004) (2004) al(2007) | (5gg7) | Work
1989)
BE BE BE BE Max. BE Max. | BE BE BE
Sulfurie
actd Heat 460 4114 | 366.7 - 352 420 411.4 | 411.4 514 411~420
section
HI section Heat 148 237 - - 187 | 375~454 | 119.5 | 166.7 167
Electricity | Required - - - - 27412556 | 142 -
Pumping thermal - - - - 6+11 6+11 - - - 17
energy
Efficiency % (HHV) 47 - 56 39 51 33~36 57 34 44 47~48
# 312004 B AAH, A4 AH LA AW A Axdle] 24 AL nHdA o
z2&o A s 047] e 7tEd3 4wt sk e 1ga Hx do] 1y ﬁii,xﬂ

d &2 H29 HHVY 939 469% <ld LHV
o] o]&}H 39.7%°]t}h. A}Ol «l dass A5 21 7 3 Aol welA A2 HAY

obe] 1% 312 C_HI® wisio] whet Tgo] of €A Wt HolFid, & TEoA
L RgEsl FolETh W HIBEOA A4 fdol Z716ha olux &40 A% & 4
2.
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olgf] 13 3.1.62 HI 9F H2SO4 FAANAL dudr|ol a8 ot IS B Aol &
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Heat transfer, kJ/mol-H?2
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Hod 60% 712 £&5
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Uncertainty factor for thermal property data
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# 312 KAISTIS A% &

Description kJ/mol-H2
Heat input to HI decomposer 86.6
Heat input to HI flash 368.1
Pumping work 3.0
Heat recovered -243.1
Net heat input to HI section 214.6
Heat input to SO3 decomposer 163.9
Heat input to H2S04 evaporator 2522
Heat input to H2S04 flash 614.6
Pumping work 0.8
Heat recovered -636.1
Net heat input to H2SO4 section 3055
HHV (High Heating Value) of H2 286
LHV (Low Heating Value) of H2 242
Thermal efficiency (HHV), % 46.9
Thermal efficiency (LHV), % 39.7

7Hgskd, ofefol =3 stellA Alkd AR 4 dEHH} T&S & 3129
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e + A dAE} BHRIE A A =22 (Direct cycle type) 0.2 AA & o
759 b =32 (Indirect cycle type) 2.2 AZAE e ASE UFo] Az &

4 32

Aedtd e ol&% Jt2ENIRd artaddEe Aeddde o83 A=
(Light Water Reactor, LWR)ol| 3|33t Hl57

<
N
2ol & ZHAAL It WIS RY A 5571 R fEe] diridkEng vy "W &
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Z71¢ Wzhujdo] AAE WASEHo] WO §EHA 2 wTkEo] oT Fojot
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< 5HHoR FHFdor EAEY AL AV AVdEE YA 3 RES
Ao w AFste] ALHA HAEE AAT F A=EE AT
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0.3875bar 75 deg.C

_._'Flash Se.arn
. ntercooler . MED
1st stage C} = v Wate .

Rx >,/ Heat
ond slage<> Sink

e 08
= - | 0 dae C|

9 3.1.9 KAISTY Eshi2la A =AE

FHA BIE ol&siA MED HFEWE F7] ddS AlFstes S Addste ol F
= AEEs olgdl €5 AZY A5 EHdL AFTt SUMeA MED EFEHES] wjolut
& AXUES A7lE ¢ 5 Ad+e olFe] 7] wEeltk(Dardour et al, 2007). L#|il
BN dUE AESHE olfrE BFANE SHAA 9 &Vt 545 E 259 A
Aol dsdtzll £xE HUE wole Aol HeAw |5t s HEEIE vjH U
o] Scaling EAE s o =7F H 70=AZ AFEH7 75=X ] dd& o] &3t

of
A PH(Nisan et al., 2003). o]4¢ W& 712E 3la KAISTe E3H24S 2831, 1
27ty 729 MED HrEHWHES] F
K-DEEP codeZ 7)3} o).

(3) K-DEEP code& ©]-&3 ZAA4d #H7}

(7h) £ hypothesis®} input parameters

F3% KAISTY] 5% W2e H83t 7)d3k K-DEEP code?] &3 A5 2 & 4
A3}el 71&9] DardourE HIFE3F AFAEC] £33k AFAFete] HlwE £o|5HA 3]

$3] DardourZE B F3F AFAS0] A3 Reference site, YA Z F 5, input parameters
S B AFAE FLsA A& tHDardour et al., 2007; Nisan & Dardour, 2007). &
7ty 2ol FHE+ GAolA 73t GT-MHRo] AF8E 13, Reference sites= south
Mediterranean country®| Tunisia’} AA=HAch ofg] & F3l 8 hypothesis®} input
parameter=<S AT 4 Ut

@, K-DEEP code® o] 3] 953 4% 3 w§S B71% o, ofe} ol YJH Daas
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¥ 3.1.3 78 hypothesis ¥ input parameters (Nisan and Dardour, 2007)

Parameters | Units |
General Data
Year of reference 2006
Discount rate % 8
Nuclear Power Plant (GT-MHR) Data
Net thermal power/module MW 592.6
Net electric power/module MW, 286.6
Efficiency % 48.3
Availability % 91.2
Number of NPP units 2
Construction lead time yrs 4
Plant life time yIrs 40
Specific construction cost $/kW 1073
Specific nuclear fuel cost $/MW .h 5
Specific O&M cost $/MW .h 3.0
Decomm1551on11\§1§)gpcost factor of % 0.7
Desalination Plant (MED) Data
Average seawater salinity ppm 38,371
Seawater temperature T 21
Maximum brine temperature C 70
Base module capacity m’/d 12,000
Base unit cost $/(m*/d) 900
Average salaries (Tunisian
conditions)
Management $/yr 20,000
Labor — technical staff $lyr 7000
Availability 0.91
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¥ 314 dyr)et Y 47e] f85 Hsle wE K-DEEP 23}

K-DEEP / Effectiveness 0.85 0.90 0.95
No. of modules 2
Net electricity power MW. 573.2
Discount rate % 8
Base unit cost (A%)* $/(r)nd/ 855 (=5)

d
Total heat to water plant MW 290.8 307.9 325.0
Waste heat utilization rate % 47.5 50.3 53.1
Max. water production m*/d 130,003 137,651 145,298
capacity
Desalted water cost $/m” 0.5913 0.5911 0.5909

*A =100

Base unit cost(Input— Ref.)

Base unit cost(Ref.)

(\}) GT-MHR+MED A|2=Hle] tjd CEA-DEEP¥ K-DEEP 23} H|

Qo] A DardourE H]E3}
Ao sl Bl as)od

2R
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% %ol CEA-DEEPS| Axb= %7 & %
Aol BEHA R
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& el 33 F Aee
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# 3.1.5 GT-MHR+MED 4| Z=Hlo| tj§ CEA-DEEP¥ K-DEEP 2}

GT-MHR + MED CEA-DEEP K-DEEP
No. of modules 2

Net electricity power MW 573.2

Discount rate % 3

Max. ‘water production m°/d 38,720 145,298
capacity

Total heat to water plant MW 138.6 325.0
Waste heat utilization rate % 22.6 53.1
Base unit cost (A%)* $/(r)nd/d 900 855 (=5)
Desalted water cost $/m’ 0.6271 0.5909

Base unit cost(Input— Ref.)

*A =100x%
00 Base unit cost(Ref.)

olg)] ¥ 3.1.6= Nisan®} Dardour’} 7}& A =EH3 AT ZIHEQ CC-6008 MED ©4=
HES} F3s A gt YAZE MED BFZHES 53435 Al2HS dHludk Ao
K-DEEP code®] ZA¥}E H3 Zo|t}(Nisan and Dardour, 2007). o2} ZA AT 4 9l
ol dytFo® AAH S o] &3 MED F3; AlxHlo] 7HE A3 4 ds EWRERT
O AHsA G5E AL F Ade A4S AT 5 Uvh 2 dAE @3t A2H"HE
TAME nertadA 2 R/ 5 3y GI-MHRE MED @FZHES 533 Al 2E
o] 7I¢ A & AT F Ao, 1L FolAE KAIST TdT4S &3 &=
3} A 2Hlo] B B2 G5 U5 A A4S F e AS A F A
ojlF T B dA+E

2yzt29 MED 94ZHEE
o
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316 ¥ 949 FHMED) A =HEFe] vl

Nisan and Dardour (2007) KAIST

CC-600 GT-MHR | GT-MHR
Coupled with MED PWR-9 | AP-60
plants (60$/bb 00 0 (CEA-DEEP | (K-DEEP

1) ) )

Net electrlclty MWe 1 <545 1 X951 1XxX610 2 X 286 2 X 286
power
Average daily | 34| a90a9 | 39703 | 39,289 38720 145,298
production
?Oe:ta“ed water | o031 16415 | 0.8877 | 0.9508 06271 0.5900
A % ~46 —42 ~62 —64
% A = 100 % Desalted water cost(Reactor— CC600)

Desalted water cost(CC600)
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% 3.1.10 GTHTR300 &3 E 9] layout (Takizuka et al., 2004)
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lurbing cooling <1%:
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cooling water flow =—-—-
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4429 Ka's GTHTR300
e rivy, QB0499
RECUPERATOR
588.2C 136.0 °C
.95 MPa TOMPa
43B.3 Kg/s 438.3 Kg/s

g WH 2o g cycle diagram (Kunitomi et al.,
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(2) A37dE

18 31.12L8 KAISTS 7F2EulEAd w27~y zt2 9 MED

o
= b |
€3 GTHTR300 + MED A ~®l 9] nodalization 23S Ho&ETh 3+ KAISTY =34+

4e #g57] A3 7129 GTHIR300 AGHUE 9 3718 olg

gzoz 19 HES AFstes AA ol MED §5-ZHES 4
o HEe AFsts 24 dol dAAde AT

Wal0 !:.'
L1
Turbine coaling pipe T ——
3umpre$snr:/&/a
Turbine Compressor Electric
" volume volume

i g ' Generatﬂr

[#30 ] | SR j ¢ Fhuid block [#110] [ma]— - —
O : External junction
() : Pipe wall
Working fluid : He gas
Pipe | w20 Pipa |#100 &
A
t Cc 227 (5
oaling water !
#60 | Pipe 9 {— 2, ”
Heat Sink (2™ stage precooler) |#310 [ #85
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o] z iy . Pipe |#140
MED (1" stage precocler) P I'EH:Ij
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Reactor vessel cooling pipe - A
w2z - RS —
Remparatﬂr
H #I}}E . ) 280
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e - '

AN 24 2] 98] 9ARe dE8S 600MWthzZ IA3HA FA e, ofg) &

3.1.78 Aaakefol A o] JAEA 9L KAISTS] power balance ZA#E ® gt Zlo|th

3E 3.1.7 A3 g A JAEAS} KAISTS] power balance H]xl
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JAEA KAIST Deviation

Reactor thermal power (MW) 597.20 600.00 0.469%
Turbine power (MW) 542.19 530.99 - 2.066%
Compressor power (MW) 248.49 233.79 - 5.916%
Precooler dissipated power
306.62

(MW) 313.84 - 2.301%
(KAIST : 1¥stage+2"stage) (179.32 + 117.30)

Generator power (MW) 294.42 293.33 - 0.370%
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Undercooling conditions : o’
[Loss of heat rejection) Overcooling conditions

1. MED
- Loss of cooling water ’ 3. Seawater temperature | (Heat sink)
2. Heat sink Cooling water flow rate t (MED)
- Loss of cooling water ’
Flash| Steam
P ——— Precooler Tank| ¥
oy | ([EEDT)
1ststage( > ) I Water
P " __‘_
Rx 3 Heat
ond stageC> ) '; Sink
<o  o@—

% 3.1.13 Ao AbElE

O ¥A=Z FEA (Reactor kinetics)

el s dARe] dEES dASA FA5H7] Yl 600MWth 43S AH&3A
AT ol ol e A AAEE A7) 98] six groups?] delayed precursorsE 71|
+ point kinetics equationsE ©| &3] YAES] dEHS A4EeH th(Lamarsh and baratta,
2001; Yan, 1990).

A2 WS & (Reactivity)® Z27] W%, 4lo 2% v, T2y ARG YAHE =
=4 (Fission product poisoning) ol ¢JsA A= tH(Yan, 1990; Kim, 2008; Duderstadt
and Hamilton, 1976, Kunitomi et al., 2004). $-2]= HH-3E& Aojslr] &l Alojag<= A&
skl dsk7lell A WS kole AlolEol o3 a3yl xFHA Fohth o= A =
Aol Al AAES =A% Ao wg] B B4 HIolga B Aok S Ao
 F O 4o Ao E G2 ke AV JIEAE At} AT o]

B AFAE= Ao 2% A< (Temperature coefficient)@ MGR-GT2] H o] E(Yan,
1990)2 A3tk 1 olfE GTHTR3000] thdt Aol &= A% dolHE 4 + %
7 Folth. ol 1HL MGR-GT =49 &% A4E Ho FtHLine A-Active core
isothermal). o} I8 3.1.1394 &AT F Axo] =49 25 A7 AV 59 @
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1/k AK/AT (x1072/°C)

= }
o] AR ol A AR AARL ©dd Hese A4S AR o F B3 olwk oy

719] AR &e Tl Lol AAHA R F¥e EAL F AVT ok B HolsiH

® 318 MED R4ZdES 53 79 57 27158 Axl oig dola|d Ax

Steady state 600 — 588 (2% | )
Reactor thermal power . ~
(MW) Maximum 600 (-)
Minimum 581 (3.2% )
Steady state 293 — 288 (1.7% | )
Generator power (MW) Maximum 293 (=)
Minimum 287.95 (1.68% | )
Average core temperature Maximum 736.22 (0.025% 1)
(C) Minimum 735.91 (0.017% |)
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©® dAALE T H<E AAZE 275 AMAL (Loss of heat rejection (Heat sink))

dAALL E3 HD AA7} Bl

A1 % MED BZWEC that At fAst
A ol oyrie] 4 dolA G AAREES dE '4?4’5}}5 WA O R AL S-S BA
ST ofel v Holsd AFE 8ok Aol
¥ 319 dAAYE T #HE AAYF ErFsalm Ao digk Holsd A
Steady state 600 — 427 (28.8% | )
Reactor EI&/{e{{]n)al power M aximum 600 (-)
Minimum 420 (30% 1)
Steady state 293 — 210 (28.3% | )
Generator power (MW) Maximum 293 (-)
Minimum 209.8 (28.4% | )
Average core temperature Maximum 737.90 (0.25% 1)
(C) Minimum 734.74 (0.176% )
@ =y AL
2= oA AUNSE FH AFE BARSHY] 98], WA old dur] AR o] @yzbao
FHS 1008) F71A1713, ol dyr] 4] @] Wb 2xE 2T 1T2 ¥33

. olg) ®& Holal4 ARE ok Aol

Steady state 600 — 637 (6.2% | )
Reactor ‘Ell\l/le\r];r;al power Maximum 660 (10% 1)
Minimum 600 (=)
Steady state 293 — 328 (11.9% 1)
Generator power (MW) Maximum 328 (11.9% 1)
Minimum 293 (-)
Average core temperature Maximum 736.40 (0.050% T)
() Minimum 735.49 (0.074% 1)
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GAMMA-T codeE ©| &3 A IH&A F Ao A Fd3A . G5A 2=H

o BAZ GEAzE o3 AGol A AANA @ A% 03 VA YO o
Ge AAT A7t 2ot sy Ak 4wy F Ao WRLE Aupash F
A ATAE BEAA £ 01% VRO Uehgeh £ AP Gai B 2E

o7

2 =
olal HMGol AARA ke AT AeolA T 1.8% uro] HA kkTh BpAl 2w g
e lgos Adel AL ATAAAHE 2321 A %
Azeel o8 Mol AARA = AmAtEe] A5 3
W oge te vl gt GAAUe] $3719 4TS HUY WEOR B %
el dge T oe vel ft AAALY A5, AAALL Bd ADe] AANA Yt
AZAE S TE Holsld Avtl A UAze] AdZe wal, Ao W &
= Huus Fol B w5 zdel ofs ¥ 3}

)

! =
of Bls] 108 o] ZA YeEbgd AL E—an ot
]

o

e AF GEA Axzoltt Ahagztzs] ADL ol §F P A
E o] oF Al AEle] old Ao AuA JaFS w x| A Hr)
= ] S FHLgAo)m 2 Helium-Water 3ol A
:rLoﬂ}\il: A& A X—?ELH]—HS‘TL]_ _/':‘]Z_-]IH]—HJ.O_ U‘: /\],,Q_o]_oi];},
&
=4

. jm h=|
AdE ﬁo}O% 1%14 sz NHETE AT A2E PCHE & 150 mm x 144 mm x 896
al T+

—_

mm Apo]Zolal, TS 146 kg, PCHE WH-ol& 125 A5 Zb7 1280719 micro-wavy 'do]
FAE Ak A g e P4 229 Ao 1A5S 12 dFol TEE HAHFE, 235 A
o ol sEE /Wy FxE FAHTH PCHE ¢4 7= &%, 48 =433 circulator 9

2 12 FZ 1.78~1.85 MPa, PCHE ¢72%

i=]
wolA S SAske] Ads Jddsielth Az
80~240C, % 65~120 kg/h o|t}. &< 0.1~0.51 MPa, PCHE g+2% 10~26C, % 8~45
kg/min ©]t}.
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HEATER |

@o 150KW

I
: _______ 1 Water
|/ —— | Tank
| |
| e = A
-He Closed Loop
-Water Open Loop
eoo Cooler 2

Circulator Vacuum lq—g Helium
PumP Tank

131, He-Water test loop

246 mm

|
292, PCHE W& A Az Ade] d4

FA A M-S 9ol GAMBITH CEFD code FLUENTE AR&3tith. Adhe AFE ArsEa A7k
o2 Al PCHE 4SS EF BASHIE B7Fsstez, Z2F Add 22 f39 &
PCHE ¥A+S periodic boundary conditione AF&3le] 1933} o] w<=3l3}i ).

t Hot channel
LA 4 A A A A A A A A A A 4 4 A A YY)

‘A A A A A A A A A4 A A2 A4 A A
A A A A A A A A 4 A A A Al 4 A ) Byeems
‘A A A A A A A 4 4 2 442l J ] Arw
LA A A A A A A A A A A A A A d A A
‘A A A A A A A A A4 A A 424 A A Top
A A A A A A A A A A 4 A Al 4 A A Periodic
‘A A A A A A A A A4 A A2 A4 A A « 2.62mm_,
A A A A A A A A A A A A A A4 A A 5 1mm
vovvvvvvvvvvvvvwvwvwew | Helium
LA A A A A A A A A A A A A A A A A Left Right
A A A A A A A A A A 4 AA A A A A Periodic ———{ Periodic
A A A A A A A A A A A4 4 A A 2.92mn) v_»
‘A A A A A A A A A |\ A4 4 A/ 1 Water
E Cold channel i >
: Periodic
Down

7133, periodic boundary conditions ©]-&3%F dx| PCHE® A9 w3}
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obs 4

S & =
B E} w}aw 24 HHOE‘* 0}04 dedud, drREels suT
o}, o]a@ FEL At d Ao R o Fste] PCHE

32000 - y=X
28000
1 +8%

. 24000
©
g .

20000 -
o °
I 1 ° -8%
© 16000 -
a ] LN J [
[
5 12000
9 4
@ 8000
A = Pressure drop in the hot side
[0} 4 . .
& e Pressure drop in the cold side

4000 ) )

] Pressure drop in the cold side of
o4 hydraulic test

T T T T T T T T T T T T T T T T T 1
0 4000 8000 12000 16000 20000 24000 28000 32000
Pressure drop in experiments (Pa)

% 4. PCHE 34 wjd AgA] o=l S vl (A8 vs. CFD)

160

= Temperature difference in the hot side
140 o Temperature difference in the cold side /

120- y=X
100-
80
60

40 4

Temperature difference in CFD (K)

204

0 — 77—
0 20 40 60 80 100 120 140
Temperature difference in experiments (K)

24 e PCHE 488 +3% 359 dohe
B P e P I P P
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9 gEuese] APPFS 2 et ks AL WHED o5 Fato], $¥e
2 A8 49 PCHES] $A4udo]l Sd-udny) bdd e3¢ & 5 A8¢
y=x
25000 o
+8% &
® 20000
S
[
m s -8%
15000
§- ®
©
o 10000
5
@
9] = Pressure drop in the hot side
0 5000 ® Pressure drop in the cold side
Pressure drop in the cold side of
hydraulic tests
0 T T T T T
0 5000 10000 15000 20000 25000
Pressure drop in experiments (Pa)
a7 6. PCHE #2414 wjd A4 kR mlal (44 vs. CFD)
200
4| = Temperature difference in the hot side (/
1804| e Temperature difference in the cold side y=x
g 160
E 4
5] 140
£ i
o 120
o 4
c
® 1004
%9 _
T 804
9 4
2 604
o _
8 40
IS _
()
= 20
0 T T T T T T T T T T T T T T T T T T !
0 20 40 60 80 100 120 140 160 180 200
Temperature difference in experiments (K)
a9 7. PCHE #2414 wjd A 2= Blal (23 vs. CFD)
$2)t= PCHES] eHd#4Ql £9& 9late] PCHES +44 wide 744sa, 279
S 54 el AHgE S e FuAS ARt 44 SR9Ae dPow
Aol eng, Agor HFE 73t olflds U HFHE CFD RdS Algste] H
Re 3000 3t 7HA] &3S o dojA = fxRe vs. Reo] A¥= 17 83 ),
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60

50

40

30 1

f X Re

20

10 1 = The global Fanning factor in the He side in He-He tests (Kim et al., 2009)
® The local Fanning factor in the He side in He-He tests(Kim et al., 2009)
The local Fanning factor in the He side in He-Waters

04 v The local Fanning factor in the water side in He-Water tests
T T T T T T T T T T 1
0 500 1000 1500 2000 2500
Re

13 8. He-He A3 2 He-Water 239 Fanning factor x Re vs. Re
He-He 2 3d°9] 799} &¥], He-Water A2 &9

45 dlolHEe] dAAFS Holx] gtk He-He A
o] &% E¥9} He-Water A39 2% X5 vudS u (29 9,10), €S Holx &= AHE
S eno W3yl £ 1 YT AL FEo A H golskith. He-Water test®] 7A-¢ %13)

A A&
W] A ek 2wyt w9 Ak wepA] d3do A Blojd HES ST ¢ de HTEES
A3 G . (2= TAE termE, &%, viscosity, B%, dynamic viscosity ¢ W) 1 A}
dynamic viscosity®HF2 EdAd= Aol 7 2 BEAXAS HAS 4 9L, °o]= correction factor
Z A}LE ] ATA S A orE AT},

f,-Re=15.78+4.868x107 -Re"*'*~ C.F M

C.F=10939-11.014Y%
where v,
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# Helium bulk mean temperature in the hot side
580 4 = Helium surface temperature in the hot sicde
8 Helium surface temperature in the cold side
M % v Helium bulk mean temperature in the cold side
5004 ¥,
Y -
e
o 450 4 ¥
! -
< MR Cold inlet
g Y
=
= e
g 4004 5.
: > b,
S ve
I— ‘c n
3504 - e
Hot inlet 3.
e,
v,
300 4 3
T v T v 1 v T v T v T v 1
0 5 10 15 20 2% 30
pitch nodes
2% 9. He-He £39 PCHE WH &=
550
. * Helium bulk mean temperature
Helium surface temperature
500 4 Water surface temperature
¥ Water bulk mean temperature
< .
Q -
5 40/ Hot inlet
o
g -
~ - *
vy * -
200 - vor ', Cold inlet
Yeonp*
MASL I I e
» 47+
0 ) 10 1% 20 25 30

pitch nodes

19 10. He-Water 2389 PCHE W4 &%

Nusselt number A#2] mutiple regression®] WS o] &3sto] 7/fEHAL}. AFH} EZ HolgHE =
T ALEste] e Ao xS, dEY =9 Nusselt numbers o5& 4 St} 7Ed

e e gt 2o,
Nu =4.089 +0.00365 - Re- Pr**® @)
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A 2 A. HELP(High-Economical Low-Pressure) SI cycle
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i p (kg/n)) (J/EEQ:) (kg/s) 7EﬁW;Q

= (300° C) 1370 | 3035.04 |  494.23 9.49
HEF (550° C) 820 1280.49 |  1171.43 9.86
LiF-BeF, 1940 | 242474 |  618.62 2.20
LiF-NaF-BeF, 2000 | 2058.00 |  728.86 2.51
NaF-BeF, 2010 |  2194.03 |  683.67 2.35
LiF-NaF-KF 2020 1892.08 |  792.78 2.71
LiF-NaF-RbF 2690 983.64 | 1524.94 3.91
LiF-NaF-ZrF,(26-37-37) 2790 1264.52 |  1186.22 2.93
KF-7rF, 2800 1050.00 |  1428.57 3.52
LiF-7rF, 3090 1223.30 | 1226.19 2.74
NaF7rF, 3140 1177.07 | 1274.35 2 80
Rb~7rF,(58-42) 3220 834.78 | 1796.88 3.85
o 207210 116.95 | 12825.64 0.43

Ept 7310 178.69 |  8394.63 7.92

2. AYg AL 34 B FA
7}. 34 B8 7] A2 A4 Point model
B AFoA= &gk B3l7] AAo B3 o8] /1A AA HEES 133 Point model
AABA olE &8sl HalE, =7 2% " At T =FAA4Y AFES 45T

T A S

(1) Point model +% [1

]
F4 B olelsh go] F b wEo® Yirofzith

H,50, — SO, + H,0 (F 330C) (2] 3.2.3)

50, — 50, + 50, (%) FHANA °k 850~900C) (21 3.2.4)
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2 l‘%’é‘ﬂﬂ: FAHoA Lol dYUS HeF

Fatol A Ealle ARatsiato] oj4tsgo
A% FAwrgoly] Zug Waw Ak Aasige] 7oA Ealge JEnw thew 2
.
Xlarg,z) = Moo~ P ®12) (4} 3.25)
nsoS,E

FUT BRE nleyz) 0oz 20A BRE)

<= ZHskA Fdth =0 IFE LS 1,y

TS (2] 3.2.6)

—ng03(z,y,2)
Niotal, =

= X(z,y,2)

nso3,€7 nsoS(x7y’Z) o nsoB, S

Y(z,y,2) =

Ngo3, 2T Mo, e Niotal, €

& dolx Y9 plugflowZ 71435l r, 6 WFo 2o Wy gl 7143t
3}3te] B2l 3DoA 1IDE T F glon e Zrh
Nyorar, = d Y =~dA (2] 3.2.7)

HFS& % gA:dzo) s|3sts Er) T )

-
"
_+..
*3
e

a9 3.2.2 plug flow

S 48 ofdus s Aoz m@sY o

st el WS dAA o m JHA skl e
o 2t
v= K[S80,] = Bexp(— E,/RT)[SO;] (2] 3.2.8)
(:pre-exponential A=}, E:ZA 3ol A|, R71AS, [S0,]:44H813 5 %)
A Ae AHEste JREA o= mdsE o 2o



Y A attotal Am otal
[rearo g dA___ Act sota (4] 3.2.9)
0 Y 0

Niotal, = Notal, =

cEe AEY ET BEE, 4, S0 29H)

[SO,] = W’T%m (2} 3.2.10)

”505 _ Nso3™ Yntotal 4 3.2.11)
— L.

Xg03 —
n503+ ”502+ n02+ nHzo ntotul+ 0. 5ntoml Y

You You T Youm ota + OSTL (; a Y
f ﬂx 1 7\/ dYZi RT / total ™ U t.tl 4y (4 3.2.12)
o 7 Bexp(—E/RT) Sy SOl K(P,+AP)

Nsos.c ~ Notar ¥
QA2 A T dE7IU e HdEFRo|t, Al&GEA HiEste] Aelstd gS3 2ok

A(a ouK(Pz))+ AP)
tlotdl - :_05Y0ut
nfofaZRT

11’1 (1 - — out

0570,
(1+n.503‘€] (2 3.2.13)

ntotal., S

S AN ERE Fu) ERA (4,,,), FAUSE A, 20 4 (£, F BHFH(n,,.),

n - n _
T 24 (2P0 5o O dAEH, T EHE (X, = —2"y,,), dEBE(AP),
Nyotal Nyiotal
BA%(T) 52 WFEo|th
dEGetE A=537] Aske] Ergun equations ARESF oM thEd Atk
A _
IAP 150p(1—€) Vo 1.75p(1—¢) P2 (4 3.92.14)
L Dp2€3 Dp€3

(2) CFDAH=
M Point model®] HZS ¢3te] CFDZ =<l FLUENT 63262 o] &3&te] Bl w34 o
FLUENT®] A8 AxE & 15625070018 4Habslste] Bajrls RHEE ] 2.D )3
BAZAE AT FH HHAL ddEHOR A sa, FwlE  packed-bed
porous body 2 A gt o &4 7= oA A2 7FA
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Axis-Boundary
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1.0 4
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— e
o Tin
=
E 0.5 4
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2 inlet outlet
g
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B
S 04-
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B ®  Coupled method
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E
[=]
R
l:ll:l v T T T T T T T T T
0.0 02 0.4 0.6 0.8 1.0
CFD outlet decomposition ratio
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(3) Point model®] &% 2]n]
Point model& AA o &8&37] 93t 2](3.213)¢ FHWHE FALF o2 A
G AT SE ZPHET
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o}

Atotal?((Pop + AP)
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A% B0l a7} 3 oI5 ML Fujel 2 2u) &Mz&% W o EsE a2A 2
£ 1 B3} Ae vehanh
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= 06+
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F® 322 AHbsts Ear] Aldzd

Case 1 Case Case 3| Case 4
=7 TilE 0.9 0.9 0.9 0.9
187 A& 2m 2m 2m 2m
Hk-g-7] 4o K 244 2k K
Zu)] & AA 0.05m 0.05m 0.05
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& &do] sttt stAS wf Fabe SETIA oF 330TC oA #E7] AlAtstH 7St &
A R dESE At S712 EeEnh AatEE e Zef wge dAo=w <t
At dBF WAooz BIrt ojyy vyl Dasty 43 Tgulgolnz gYo)
AL FFHojoF dth w3 P Ao 700CAA 60% FEo|BE 47 L3 7153
AT A7) YME 1L Yo AT 3 YAZ T HIY So2RE 98 A
2 g 5 ot

gebd AAY Fa Aol BLF £ A7) AAAE T Y BN A T

& Sujrh vteA] 2o & dFeA e 7S] Brd d7ARES MRoE e
€ = A4 Ade A8
Fa 2ol g Sl E AAGsh] AR Ve ved 2ok
- BHo] B 2 : 60% o4
STl B A A 10042 o HolE
AR S 2 AAA T
323 4t Ballg Eu) [1-6]
Year Affiliation Stability Test Catalyst :1]:11:2:1:1 Shape 01.‘|-eri:l§.lt1ugr'£empe C Bf:jz';m Conversion
1984 Westinghouse ~100h Fe20: Al203 powder §30-850/C 94%
1989 Yokohama Mat. Univ. Mo Cr20; Al203 pellet 600-1000 /AC =T0%
2006 Hitachi Mo Fe20s 600-1100 < 40%
2006 EMEA Mo Fe20s quarz woal powder 800-1000 /c =80%
2007 BhaBha Atm. Rch. Cnt. Fe, Cr powder 400-800 /c =80%
2007 KIST ~170h Fe/ Cu/f Al=1:1:2 powder 650-1000 /c 70% ~60%
2007 KIST ~170h Fe/ Al=1:1 powder 650-1000 /c 77% ~30%
2007 INL ~250h Pt metal oxide powder 800-850 /c 20-50% <30%
2008 INL ~170h CuOCrOg powder 800-850 /c 65% ~B60%
2008 INL ~170h MiFe204 powder 800-850 /c 35% ~30%
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Gk Eafl &2 AAE A4 &Fe Foto Adteted 1 AAH S e 2k
- A A EE AL V'02: Cp, > V,. (2] 3.2.16)
VO‘ -
- A BRE A 0= (HF, o17IA W) (2] 3.2.17)
n '*"o‘ 2Xn :xxox
- B gield(%) = — 2 T TO0RE g (2] 3.2.18)
nNm,s0, 3% w50, &%
9] ARrE vtg o E SA% F4ke] EnrsA s v Ao
A HA I8 CuCrOs 1gs 800C oA ¥EEAZl Aot &4bo] Bl &2 HE 12% A
oy aAF "olA 778 = 10% = Akt
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o] Jiﬁ}@] ‘?1* 612t F-oll 50%77}1] 715\_61"%1:}- e x=3A
& Tk 10641 74A A &3 A3 e &2 10544 50%E 71 =3kt

Fe;O; Zujjo] &4 &3l &5 =o]7] {3t FHulo] 4& 3g, 34 F5-2 0.08ml/min,
WS- 2= 850C oA st B Adods oA Al 2] 120432 AT &
oF =& W3zl A9 glAom 850C HIFASEQ 8% TH3= AFHRE FA AT

(3]
BA v
A S Rl &o] EolA e HES A FAERST Al A AdASo|th
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APl ST B Flo Beld EHS v
371 Slskel A%, S00C oAl 100412} %/&1‘5:
Zulg Mwstsich obdje] ¥ BET £4¢
N U P

-:s}am Fe:0s ) A}%@ E4e wl

o}:]j&iilrlﬂ:

o
N r°"

3 324 A& ARt Fe0s 54 W3}

=0

REERSN treatment
(100hr) (100hr)
Pore surface area (m?/g) 3.0335 0.9278 1.1722
Pore volume (cm®/q) 0.008747 0.001578 0.0023219
Pore size (nm) 11.72 7.57 2.49
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Reaction ::;::::'
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C 20.26 16.26 20
O 49.76 59.98 53.99
Fe 27.61 15.45 24.68
S - 8.3 1.33
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3.2.7. g A,

WS %, A4 F Evje] BET A

Lla s 7 AR F(5507C)
BET surface area(m?/g) 141.1245 82.1236 89.2905
Pore volume(cm?/g) 0.281083 0.174119 0.313699
Pore size(nm) 7.96699 8.48084 14.05296
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A 3 A. CD( Capacitive Desalination )& ©] &3 @3 A7

1. Z%5 9%
o]R9 AT dEle T TAZR o]FoZth = & AA FAHoE HAES HHE
st| WY AT FUFoR A AF Aole MrAoR s UEF oL}
o ol SATol FHHY Ak oo e golee ST FAULh 1 Az
HEZrl 92 A85E ds F A0 7 /1A dAE A5 35 dAZA J5& KE
A3 AE B Pl 92 4 Utk d@71Fel AAHUY WE FHE ool AT
WogRE WEHD o T WAL ALHAA wEAY

Phase 1: Salt removal ifs

Q .
Saline water Adsorptlon of ions Deionized water

Phase 2: Electrode recovery

/

Saline water ! Waste water

Desorption of ions
719 331 CDe| A5 dd

2. A% 49

CD &= AA e Heol o]
Poisson-Nernst-Plnack (PNP) -4 2]
S8 o]&HE HOoEA o7 M}
HEA Al S A7 o) mE o] o]& A 5
AstE He= Aol dial ol5 A2 3t

Poisson H}A 4]

S AHE3FH Y Poisson WA AL A7 Eo| A UREA
=]

2ZXE #dY BxZE Axgth ¥, Nernst-Planck

A

e _ P - —
vip=-~ wherep = F(C, —C.) (33.1)
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5 &4k 3-8 ¥35F= Nernst-Planck 34 2.
oC 5 DF
—+ = pVC —VIC.Vo)-UVC
EY; + Tt AT ( + (0) + (3.3.2)
oC, 2 DF
7 = DV C+ + EV(C+V(D)— UV C'+ (333)

AN A Stern layer7t EA1g Tt 7RGt o= e e £3A Py shch

Ps + 15V¢‘S = ¢‘ wall (3.3.4)

A A Stern layer T2 0.35nmol| A Stern

=

R =
layer®] #d& &< 015 W] @& Atk ©]E Tl Stern layere] 2AAR] F7

7} 350me)g ALY 93, C=e/ls HORRE FHEFO| 0pF/cm2Y L ANT F 9
o ol Yz :

2 AY AAgx & LA gt} Stern layerE X E3st= PNP WA AL HE

ol ojm Z %47 Gouy-Chapman-Stern X

PNP &% WA 242 Gouy-Chapman-Stern 2E-& Wx3t= 58 Aoz A71e 4 9l
o

7 398 stk sbgstch

E|

st ; oAtk ¥4 FYSHMD(E CDI AE#olA
S 9% igte] @ 5 Utk Ly MDE AW ANS T o] AE ol 2]
3 oAke AdwTh A AFA SHed MU A% WHAL A8t Stern layers
LAY Steric EHE WY AFFE £ S 3= Zolth Sten layer® IeIFH ol
2o Al FHFL AV Steric THE LelFHA o2 A HEE ATHTh o]
Mg A2t 9% wgsas gAw Beld a4 J4os dgdnks ol Aok
B ATAE A%H $FPHHS AEHE Sten layer® F/HH O welstach ue
A B ATE JEE e T8] gsiAg Roks CDI Aol A WESe] met o
A WseA Bstee 1 BHe B

3. A EF A & ML

AZboll mE M9t = Z2adS f7] 9fdll, Poisson WA A} FAHE NPIAY S &
=

Aol Fofof 3t Iy olE WAL HAFJE Y Mz LA FEF= F7] dEol
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F 0 FAF s He A8k Poisson WA A JHEgE NP A4S CDI
Al AlLketazr kAT o= Decoupled-Implicit ¥R 7, Coupled Implicit % ©]Th.
E5 Explicit W2 o] obd Implicit W2& AR&3sh=0], ol Explicit ¥4 3t
o]

Roy Az A7|7F ZS wf AZF AR Z717F 10E-8s 0.2 FolX o= A

n
oz

B
A

)
o
o rr

=
213k AlAke MATLABS A&

—> Decoupled

Set Up Geometry | = > Coupled
Initialize Variables

h 4

Solve Nernst-Planck Eq. 3
+ :

D Solve Poisson Eq. <

Inner Iteration

Time Index ++

No

Equilibrium? Outer Iteration

Yes
End

719 332 CD AlEHCIA 9 FAF A Y Z2TAHE

Decoupled W23 coupled W&]& 7 & 2o X2 Poisson WA A3} 7| FH
< A2 AT A ATkl 9tk Decoupled W42 o] &
Aoz Aitsted e WA e 7l (steepness) 0.2 Q1] AZE A=A

My
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7kA "ol At} under-relaxation 7]&< AF&3H AR H Zo] tha] AAE w Az7F AR
A717F F7Hee a8y 325 EdAME ol¥d ri&ol HERFHOY W
coupled-implicit ¥2]oll= convergence #A|7} WA3IA oke=th wElA Coupled W4 o]
CDI Al Ede]Aol A=At
A,

Coupled 21& AH&3HH, FRdo] dats thal MFdE NP B4 vy e F
7tE AEs Folok @t oy &5 H¥eE fd S/ e F& vhEIH 2ol ¥
A3kt

C" (V™) = {C +AC}{V¢ +A(Vo )}

~C"VpF)+ AC(Ve")+C" {AVgo } (3.3.5)

A g3tEl Poisson WA /jFE NP ¥AH4e MEL: P2 wdd ¥, MATLABY]
band solverE o]&3}a] 7zt A7te] %9} A9 e Astgth
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