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ABSTRACT

The Supercritical Water Reactor (SCWR), one of the six possible types
of Gen-IV reactor, is a Light Water Reactor (LWR) operating at
supercritical pressure. It has the advantage of high thermal efficiency,

plant system simplifications and proven technologies.

In this study, RELAP5/MOD3 code is used to simulate the steady state
of the SCWR and to analyze the transients. The components considered in
the input deck include SCWR core, 2 loop hot legs, cold legs, and safety

components.

Analyses have shown that a transient caused by a Loss of Main Feedwater
(LOMF) event can be a challenging event. for a SCWR. The propose of the
safety system 1s to make the peak cladding temperature remain less than
the transient limit 840°C. Due to some defect of the heat transfer model

of RELAP5/MOD3 code, the transient analyses are not complete.
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B 2.11 = F BERHERE - LA kF BERSS LY
BFIF g i g1, 230, 5kJ/kg F 2 R A e 03, 170, 3kT/kg o vt Rk 5N e
MRS E R F T

Bl 2.12 5 = 23 F B Bh%c B A RB - AZTRR K F B il & 280
T3 500C BP R F 2RI g Al Tl B i ot A 2R 41
MAB S R F BB A BT R KRR 2 e S
BRI UFER  AZTRAKF BB anl R R R F] 0 10w o e
i # BRI Y &

B 2.13 A3 F RERARE > Br LREKE BES vk
KRR G Yo i s A= gk AR R 0 R 38
£k o iSRG F BT TN AZTRR K e B4 0 L
T mdvkds o s P 3o RehT g B s o
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221 2RBANEF e A F BEDE I [1]

F s E kb LI = 4 B ECC) # & (MWe)
REBFANFRE #d 3 i ¥ 900-1000 250-300
b BL TR 3R R hod 3 ok 550 30-150, 300-1500, 1000-2000
RIEA kP BE /PP 3 ek 510-625 300-700, 1000-1500
FASNEY 3R R v 3% 850 1200
b ALY SRR b 3 -t 4 480-800 20-180, 300-1200, 600-1000
RN RE /PP 3 v o 700-800 1000
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% 2.2 RHRTHKF BEXK (2]

Characteristics of nuclear reactors cooled with supercritical steam—water (Oka, 2000)

Parameters Company/teactor (year)
Westinghouse GE, Hanford B & W Kurchatov Institute  University of Tokyo AECL, CRL
S5CR SCOTT-E 5CR SCEBR B-300 SKDI SCLWR SCFEE-I CANDU-X2
(1957) (1962) (1959 (1967) (1993) (1992) (1993) (1998)
Reactor type Thezmal Thermal Thermal Fast Thermal Thermal Fast Thermal
Pressure (MPa) 276 241 379 253 2335 23 23 23
Power (thermal/electrical, MW T0/21.2 2300/1010 300/~ 2326/980 13504515 278071145 2630/1040 2536/1143
Thermal efficiency (%) 303 433 ~40 412 381 412 40 45
Coolant temperature at outlet ("C) 338 566 621 338 ~380 416 433 623
Primary coolant fow rate (ka's) 193 979 330 338 ~2700 2032 3750 1321
Core height/diameter (m/m) 152106 6.1/9.0 3.97/4.58 S 42/1.61 577267 2/2.16 S
Fuel material U0, U0 U0 MOX U0, U0, MOX with nat. U -
Cladding material St 5t 5t 5t Inconel-X St 5t Zr-alloy or St St St. St St. St Zr-alloy
Rod diameter/pitch (mm/min) 762838 - S S 9.1 (8.5)113.5 814 12.5/10.8 S
Moderator H,O Graphite D, 0 - H.O H,O - 0.0

Abbreviarion:. OEF, General Electric; B & W, Babcock and Wilcox; AECL, Atomic Energy of Canada, Limited; CRL, Chalk River Laboratories; SCR, supercritical reactor;
SCOTT-R., supercritical once-through tube reactor; SCFBE, supercritical fast breeder reactor; SCLWE, supercritical light water reactor; SCEBR, supercritical fast breeder
reactor; CANDU, CANada Denterium Uranivm reactor; MOX, mixed oxide; nat., natural; U, uranivm; 5t 5t stainless steel; Zr, zirconium.
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% 2.3 T 2 RELTN RF BEXRSL[6]
Japan Europe Canada Korea Russia USA
SCLWR-H | SCFBR-H HPLWR SCR-CANDU SCWR ChUWR ChUWFR SCWR
2004 2000 2003 2000 2004 2004 2004 2003
neutron spectrum thermal fast thermal thermal thermal thermal fast thermal
Reactor type RPV RPV RPV PT RPV PT PT RPV
pressure (Mpa) 25 25 25 25 25 24.5 25 25
thermal power (MW) 2740 3893 2188 2540 3846 2730 2800 3575
electrical power (MW) 1217 1728 1000 1140 1700 1200 1200 1600
thermal efficiency (%) 44 .4 444 44 45 44 44 43 44.8
lant inlet t fur
E(é) )an HHeL Tempetdliie 1 agp 280 280 350 280 270 400 280
lant outlet t tur
‘(:%’)an OUEC TmpAratie 1 55 526 500 625 508 545 550 500
coolant flow rate (kg/s) 1342 1694 1160 1320 1862 1020 - 1843
height/di
core height/diameter 425368 | 32328 4/- 4 3638 6/11.8 35/114 3.93/43
(m/m)
fuel type U0, MOX UO:MOX UO:/Th UO: *UCG MOX UO:, 95%TD
enrichment (%) ~6.1 <6 4 5.8 4.4 5
cladding material Ni alloy Ni alloy | Stainless steel Ni alloy stainless steel | stainless steel | stainless steel
moderator H.0 H0 DO ZrH: graphite B«C/Ag-In-Cd

*Uranium-Carbide Grit pored over with calcium

15




%004 RTRROKF RER Sl

Parameter Value
Thermal 3575 MWt
power

Met electric 1600
power MWe

Met thermal 44 8%
efficiency

Operating 25 MPa
pressure

Reactorinlet | 280 °C
temperature

Reactor 500=C
outlet

temperature

Reactor flow | 1843 kg/s
rate

Flant lifetime | 60 years

Z 2.0 RIRAAF BBR S K Sk

Parameter Value

Number of fuel assemblies 145

Equivalent diameter 393m

Core barrel inside and outside diameter 43/45m

Axial/Radial/Local/Total Peaking Factor 1.4/1.3M1.1/2.0 (best estimate)
1.4/1.4/1.2/2 .35 (safety analysis)

Average power density 694 KWIL

Average linear power 192 KW/m

Feak linear power at steady-siate conditions 39 KW/m

Core pressure drop 0.15 MPa

Water rod flow 1660 kg/s (90% of nominal flow rate)

16




% 2.6 LTRA -k F B E R

IR S & 8

Parameter Value
Fuel pin lattice Square
25x25 array
Number of fuel pins per assembly 300
Fitch to diameter ratio 1.09804
Number of water rods per assembly | 36
Water rod side 33.6 mm
Water rod wall thickness 0.4 mm
Water rod wall materials TBD
Number of instrumentation rods per | 1
assembly
Number of control rod fingers per 12
assembly
Control rod material B.C
Number of spacer grids 14
Assembly wall thickness 3 mm
Assembly wall material TBD
Assembly side 286 mm
Inter-assembly gap 2 mm
Assembly pitch 288 mm
% 2.7 AZTRR KR B Sk
Parameter Value
Fuel pin outside diameter 10.2 mm
Fuel pin pitch 11.2 mm
Cladding thickness 0.63 mm
Cladding materials TBD
Fuel pellet outside diameter 8.78 mm
Pellet to cladding gap {cold) 80 microns
Fuel composition UO,, 95% TD
Fuel density 10.4215 glcc
Heated fuel length 427 m
Fission gas plenum length 06m
Total fuel pin height 487 m
Fill gas pressure at room temperature 6.0 MPa

17




£2.8 FRES G5 28

7

#[3,9]

Aok E R

BN E R

RRAkE R
#4
3,579 3, 800 3,957b
(MW)
i R A
7. 17 15. 51 25.0
(MPa)
BT /AT
277 / 287 296 / 320 280 / 500
KR (CC)
J/fé = %‘r:’gﬁ—?
13, 230 20, 034 1, 843
(kg/s)
PEBR
55. 8 95.0 69. 4
(kW/L)
J[é,u r’g }’i
3.76 3. 81 4.20
(m)
% 54 FR9)
Xk S8 FAL[3]
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Cp (kJ/kgK)

T,oC
D
Critical point
7R Y R
I
I
|
I
|
I
|
|
|
|
|
I
|
i
|
I
/\ i
|
: Saturated
Saturated -~ | vapor
liquid :
|
|
0.003155 L, m¥/kg
B 2.1 K7 b T R2Z T 4p %1 E A2 R
300
— P=30.0MPa
250 ; - —— P=05.0MPa
: Pseudo Critical Temperature
. ——P=04.0MPa
200 —— P=03.0MPa
—P=02.1MPa
150 —— P=00.0MPa

350 400
L (C)

Bl 2.2 TR #Cp &R M R

19

450



— P=30.0MPa

— P=25.0MPa

— P=24.0MPa

— P=23.0MPa

—P=22.1MPa

— P=20.0MPa

400
1 (C)

Bl 2.3 AbiF 42 B R B Ok B

450

10
8 -
~
56
z.
1
i— 4
e
2 -
0
350
800
600

HH (kg/m3)
~
S

2

200

— P=30.0MPa
— P=25.0MPa
— P=24.0MPa
— P=23.0MPa
— P=22.1MPa
— P=20.0MPa

350

400
L (C)

Bl 2.4 $REERMGHE
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3000
2500
ol
=
X
4
-g/': — P=30MPa
e
2000 —— P=05MPa
—— P=24MPa
—— P=03MPa
—— P=02.1MPa
—— P=20.0MPa
1500
350 400 450
A (C)
Bl 2.5 #2858 B K %R
0.6
: —— P=30.0MPa
—— P=25.0MPa
05 & —— P=24.0MPa
< — P=23.0MPa
§ 04 - Q A ——P=02.1MPa
J‘: 5 5 —— P=20MPa
5 o
03 | o
g
-1'\E
02
0.1
350 400 450

e (C)

Bl 2.6 # @ E g g BB R
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B 2.7 AZTRfokr B & & Seif Bl

Upper guide
support plate

Cold nozzle

oF

CR guide tubes

Barrel flange

Calandria tubes

Hot nozzle

Water out at
500°C

Water in at

280°C

Upper core
support plate

Water rods

e

Steam line

Top of active fuel

Bottom of active fuel

Lower core plate

B 2.8 LIl kFr BRERA LN IR



Fuel rod (300)

Water rod (36

(00000000000000000000009¢
= b b —

—y—]

A

(Chow,

, C.K., Khartabil, H.F., 2007)

PRESSURE

B? 3 F BB

CO0O0000 0w OO0 0000

B g

INSU

B4

NN N TN T
L\-_x"-\_/ '\_/I "\_/; _/kv! R-..}

(Cheng, X., et al.,2007)

l‘.‘_,f'\_ S A
0.0,
OO

NN NN TN
OO0 :3

| Hofmeister et al. 2005 |

TUBE
FUEL PINS

MODERATOR
LATOR PERFORATED LINER

O RO O
M HH OH OB
) [~ D b ]

R R O GO,
SN H H OH OB
H::N: 2
s % ‘N 3

b LA JLX JE UL
‘B 2
~ b= D) bl - o

Xk B o 4 JL
2 e = b 3 el
P> ] el b4 B ]

eulsiowersuenisicainsle n

(Cheng, X., et al.,2007)

B 2. 10 A2 -k & & vt ke i2 4 5 )
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3500
— SCWR
3000 | —PWR
— BWR
22500 |
]
4
iz 2000 |
1500 -
/ /
1000
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BTGNS
B 2. 11 A Bl #0500 i1 F
550
—SCWR
500 e
450 || TBWR
O 400
&)
o5 350
00—
250 +
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Bl 2.12 7 BB~ g R RF
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B 2.13 FREBR e R KRB
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% = & RELAP5/MOD3 #2;% 4 %

3.1 RELAP5/MOD3 #g.3¢ 4

RELAPS #23' & # % Reactor Excursion and Leak Analysis Program > #_d
T i 7 B 72 #2F % % (Idaho National Engineering Laboratory, INEL) ¥
% Wi g 414 B € (U.S. Nuclear Regulatory Commission, NRC) & i£4f &
TR NPT Rk S AR o W R AR P o AL 0 Py ¢ adl R

CFETRGEERREE > 0 BT AR o FF AN NI ARITE R F
B R Rend 2 4 4r-k (loss of coolant) ~ ¢ #F %7 & A & % (anticipated
transients without scram, ATWS) ~ # % 47-k (loss of feedwater) - # % ¢t

% (loss of offsite power)# ;T ##% (turbine trip) % & ik o

RELAP #2 5% fricdp & 4 cnfr @ % B o 3L & & * 7 RELAP5/MOD3 £_¢
RELAPS/MOD2 #2i& 25 A 238 3 1 @ s i be m 3t B3 > # A28 2 4% - F)
3.1 E_RELAP 42 5% i it W & » 7 0 51Re 50 & % e B i Az -

RELAP5/MOD3 # 47 42.5% #_d EG&G Idaho, Inc. 2 & = = > #* FORTRAN %%
BB P TR F ki A AR o A2t i B0 G A e g
(non-homogeneous) ~ B 4p 2~ T @ & (non-equilibrium) - 22 g /= %8 (two
fluids) » A& * 55 5% ;8 8 T Ry & Su4 454238 o RELAPS/MOD3 #2.5% d »

I e Ea N B I N

1. #-kinsgEa42:% o (Thermal and Hydraulic Loop Code)
Fo ke #2538 o (Thermal and Hydraulic Core Code)
# @ & 47 ;% o (Thermal Conduction Code)

-~ W

% F #%25% o (Nuclear Reaction Code)

e N v e 45T Bk SR

1. =4# 4 5% o (Hydrodynamics)
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2. #FEHEMH - (Heat Structure)
3. #=4],% %Y (Control System)

4. Frde & g BB L o
5

P 3 F R ERH AL 558 (Point Kinetic)

A2V R UNHACS S AR A B0t (Separated Model ) » & * 6 B A &
Pt I R R N R
l. T FE 5 250
AR R T AR
A ApE TR AR
RApd R TR AR

AAp A B TR AR

Sy O = W DD

A £ SRS AR5

3.2 RELAP5/MOD3 # * & [Fl 2 #% 74

RELAPS #2385 7 #-k\ FBm k3 FE A HA kF BB > %
WARYDFERLIVURET R T RSB e RS g
F
3.2. 1 4255 ¥ i

RELAP5/MOD3 A% 3¢ 4~ ik e & o Bldr® 3.1 9757 [11] o A2V 8 B ehde =
4 F_100MPa » EARTRA REHRE A v B > & i@ FIF & 25, 000K 32+
WATRA RF BEARERERS > TRE BEF AL ORRY 220
U AR
3.2.2 4 M4

RELAP5/MOD3 #z:% ¢ ch# 4 (4 » 2.4 £ B+ 1 24 ¢ (Anerican

Society of Mechanical Engineers, ASME) *t 1967 &% % chgh 4 |25 4 4250
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ASTEM 2 =< {s 2 4 - ASTEM %_- % FORTRAN #2.;% ¥ @] 42 ;% (subroutine) » 4 5
» RELAPS/MOD3 i f23% ¢ » % kA 4 #4 B4 o e 4 L

- A4 (binary table) s » i{ T * o
3.2.3 BN

RELAPS #25% % — 2 8483 H|¥r 4 P AFRT™ & % ot 2502 5 i o [§] 3, 2
PR T BER[12] 0 A2 nB B ¥ - ﬁ%’%{ﬁﬁgﬁﬁaaﬁ@*’
EFRERARS BT RG -G ks RANBRTEG > Luld 2 F

P AF N L md® o & 3.2 fv& 3.3 % RELAPS/MOD3 #ti% 4750 ik = 58 7)) 4
[13] > 7137 & a4 BN AT RN ES%R 258 o ARTERKF BREHZ b)Y
b3t R AR A AR RS S BN ER G R EGYE TR KA S H el

#-7% | (supercritical or single phase) » ¢ #78 #-¥ R I HN | sk o 7% o

FRe®e anikl 5 Fir > RELAPS/MOD3 ¥ 3t e /i d8 e /4 g 3+
BV * Dittus—Boel ter i5% o'5% shie Dittus-Boel ter 5% ;¢ f w2 f2ft R
R A ﬁgr%;g 1 7 2. et LA AF [277 1% S RELAPS/MOD3 4 474z 5 -k &
s B TFI3E o B3 F 5 AT RIARTRA R BB gk o N 0§ B

Dittus-Boelter§ @k ;8 4 » 12 I 78 e 2x » HzRig 2 m K o

BT RHRAE VR OCRITOESR S RN - TR A
H bt 5 4@ %dkc (Heat transfer coefficient) @ 1% £ & i & 277 0
T~ A2 50 mﬁs?J ~ %8 (input file)#k® - & & RELAP5/MOD3 #%;% & £ pt 38 # it
’ﬁ Pln BERPABGEREAR S FIMAHY P T l’ﬁ e ™ m g B 0T o

it & * Dittus-Boelter g2 st k38 -
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# 3.1 RELAP5/MOD3 #2.5" & ¥ 4 ]

Description Temperature (K) Pressure (Pa) Specific Volume (m*/kg)
Minimum | T, | 273160d+02 | p__ | 6.11240d+02 n/a
Maximum | T | 35.00000d+03 | p 1.00000-+08 n/a

Trple Point | 1 273160402 6.11240d+02 i 1.000204-03

Critical Point | T 6.47300d+02 2.21200d+07 Vep 3.17000d-03

#. 3.2 RELAP5/MOD3 #u i# - 4555¢ o5 o 58 71 &

Mode Heat transfer Correlations
number phenomena
0 Noncondensable-steam-water Kays +21 Dittus-Boelter +2-2 ESDU?. Shah 423
s e Churchill-Chu, *** McAdams, ***Elenbaas **7
Petukhov-Kirillov,** ¥ Swanson-Catton**1
1 Supercritical or single-phase Same as mode 0
liquid
2 Simngle-phase liquud or Same as mode 0
subcooled wall with voidg =
0.1
3 Subcooled nucleate boiling Chen*-6
4 Saturated nucleate boiling Same as mode 3
5 Subcooled transition boiling Chen-Sundaram-Ozkavnak 17
6 Satrated transition boiling Same as mode 5
7 Subcooled film boiling E!mmle‘}-'.'1'2']‘23 Sun-Gonzales-Ten,**1? and mode 0
Correlations
B Saturated film boiling Same as mode 7
9 Supercritical two-phase or Same as mode 0
single-phase gas
10 Filnrwise condensation Nusselt #2720 ghah 221 colburn-Hougen* 322
11 Condensation 1n steam Same as mode 10
12 Single-phase liqud or Same as mode 0
subcooled wall with voudg <
0.1
: 3.4 for . Nucleate boiling Forster-Zuber, +-33 PDH.E’}-’—RE].SIGH-GT‘JHI_'I':'l'l'
1orizonta T
ESDUF
bundles
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# 3.3 RELAP5/MOD3 #: & ¥ H75¢ 55,

ASEAET]

) ) Nucleate | Transition Film
Laminar Nature Turbulent | Condensation - - - CHF
boiling boiling boiling
Nusselt/
Chato-
Sellars C-Chu/ Dittus-
Shah- Chen Chen Bromley table
Nu=4.36 McAdams Boelter
Coburn-
Hougen
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FLASH-1 " RELAP1
}
FLASH-2 RELAP2
! }
FLASH-4 RELAP3
\ RELAIf4/MOD1
RETRAN [¢ RELAF{4/MOD3
\ RELAF{4/MOD5
RELAIf4/MOD6 PILOT
RELAFt/MOD? RELAiS/MODO
RELAP5-YA [* RELAF{SIMODl
RELAP5/3D-K  [¢ RELAP5-3D RELAF{SIMODZ
RELAF{SIMODB

B 3.1 RELAP 4 71425\ i & [B)
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i
. T = .
“ ”&g 01N T e --T-.-;}
/%\\ (_,/'/ .4-__1\___\.:\_,_’_.
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SEN e
l N /7\ o
Call DITTLR X 1 <oy -:199§>\T.
N F o
. ¥ R - 098l TF
e TT——
LN -
b
Call DITTUS l
P
PN
Tu.' = -E.l|l'|\>"-
W \;i?_v L ]
Call DITTUS T Czll CONDEM
'\\
/’ ™ N Colbwin,_ T
T 13\4\ T.=T Pt T \HDLll;dmff
A L fau
/ F \\ —'.E-II
\\M e cv. FSTDNE -
Call PREDNE] Go to Mode 2
(Call PREBUN| FRHLN [Call SUBOL
/ N ?
N\, TS
= T o N 4B
Call SUBOLL - N _
L j P IT [can I:u:rms
s )
PN ah N N
<T5 < Tope Tt :.]1:“,: T:-:.T.r}’} <\ g = l//
- 0% T
| \‘\_\J/'f \\\/'_.-"X \u’_/ \\v/ T
F F
Mods =0, i I Fl [T I LS Fl 3 S
Afr-water or Tode ¥ Tod . . = o
uperhasted 1‘_%*_"&;. _ 3 5% Dode | |Med==9 | =i0-n
watar 7= ].1.{]11.1? Mucleate Transition Film l*i'.lsa, Condensation
| = ._.'_1 4 + - +*
_/
{\\_ﬂ E?}T T »F Et-::od ,-1:—————______
. F . ™~ I '
L Mode=Mode~20 | \T Modehlode 30 ( Remm)

@l 3. 2 RELAP5/MOD3 #t i# 3 435¢
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4\

YrE AZTRA-kF BT 2 RELAPS/MOD3 4% jix 2 =

1.1 9 » ek i =

~ % P2z = RELAP5/MOD3 42 &% -k & JCES IR S TP AEE IR
SE AR ©

2 2 A2 TRR -k F & % RELAPS/MOD3 mﬁ%l »BPp o %R AE T - BARERKE
BB G HT o AT ETHFIRY > R ERNEEFRTI R
(Idaho National Laboratory, INL)»t 2005 & - * & 12 &2 -k F i BIR 2
[3] - TR kF BBORIHLI LB PTR > FTR2E KF BRERva b
Frok ekt s F RBHAL AT S Spo? FHIEAE  FRIEA & 2

/;%%g:’?%}:i’?gqﬁ 7./'/‘ E’ﬁgﬁ,pg o

R KF BRBOT R ARE G TG Me & i«;%@.u VA Erok ks s B
8~ 02 Rk su(Balance of Plant, BOP) 3 o &~ &8 8 chde [ (&
éﬁﬁﬁﬁﬁ‘ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ°$ﬁ*§%%&$%§%ﬁ%%§
%ﬁﬁﬁ’ﬁﬁﬁ%$$§&ﬁ£%’%ﬁ@%ﬁ%ﬁi%ﬁOﬁﬁﬁﬁﬁﬁ

PR 0 MR - S g
4.2 RELAPS #) » $Hchist

Bl 41577 5 2 3 2& 2 2 LR K F &% RELAP5/MOD3 ﬁ?] N IS s B G N
B o AUHCHEE & SLenr v g * ki 408 # (time dependent volume) o ¥ %E
FRg 4 s k458 (tine dependent junction) @ % Tinf8:d & 2
B o v B RPEFEEPIMARTERERS c RERRE BB
RELAP5/MOD3$%J?\$§:#§;@’:‘;A\ R BERAKRES D TF RERS AR
SR ER e § 2 BINA A B R IREPR > LI o B 4.2 T 5 R
BB RS HIL R4S FHRB IR A HER -RER OB ST LR -
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& * RELAPH #z;\pF+ fl# pzne e & PR Bodg e % AL A7 50 mﬁﬁ ™
F 759 (input manual) ¥+ & o il » 2 § g dnipl o Ak e ¥ 3D

it e o

® 4% f# (single volume) @ * k¥ ¥ 23 el Y SR - B
® i (single junction) : ¥ * kRt ®it o
® i 448f# (time dependent volume) : K TR ik » ¥ R T F R

ERiFE -

“J

® xPF/i484xE. (time dependent junction) @ & =af B iE 2 o
AR BRI A 2 R AR R .

® 4~ i(branch) @ P L 5 AR BEIAIMA T > 7 - $ 5
I SR

® Fi(pipe): T A BRHERESIFER B BRDFRY B B

® X (valve) °

4 L
KAl

N
ui=

® & (pump) °

4.2. 1% »ﬂi%l ~ Bt Fokon 22 (hydraulic components)

B
RS
\‘C)O
[@p]
()]
o

ATRhkF BERA oty > »riEEfodic kit &6
psia > 932°F (e i* 26,86)% 3,600psia - 5H36°F(fei* 98) c i& v i & %5
4,063. 21bm/s o HofE & SLp 2R 2 e daiE 20 I AR T B AR E
L3 Mfp e PR TS ~foigip s (saturated liquid internal
energy, Uf) ~ 4 4=iZ 48 #c (saturated vapor internal energy, Ug) ~ 7 ¢
A F(void fraction, a ) FAGHZBZEL 3R AMTOEE > AR T
e 4pi# & (liquid velocity) ~ i3 4pi# & (vapor velocity) ~ & & i# & (interface
velocity) -8 o BAEsS P HEEL f Sbenle iR B2 5 BHE L B30 T A4
LT BIE AR BT A NE Bt aRS Bd 2l A EPE o
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A G T 2 R (AN S RS A et o R E RN INDRS S
v B ﬂ#?%’ 7 #(Form loss coefficient) ki 3| p o ¢
A GHEAHBEHRE RS I TR Lo RN R FL VEED Ty

B
%
N
NV
‘1\

b R BeniE o B E % o

;/{ 'f-Ta—I' %ﬁﬁi; /”L,EQJT;IE%_Q‘!;W’JZ‘W-&P]Q B:—l}: 1 AT lf’i’ :h| g l;’fjl/ﬁ_
oo f#‘}?rs" VOB R AR A A T o — AR FOE S L 0 ¥ AR E P4
A PR g AN AT B A AR 2 o jei e F - AR E P

Sl o IEART FL

AT KF BEL- B - RBOF BERT S BRBFR S BASRE
Lok A P‘T’?ﬁi?ﬂéLél%fﬁv’? ?-—f$,%%i@q IR A4 s E (isolation
)3

it E PR kF BE g 8 B 2D ER > Ty iR
*% i+ % (downcomer) (i 20-26%80-86) ¥ =~ K% 3 B (lower plenum) (e
02~04) ~ g 384 (22 15~35~55~T5) ~ Y= B8 7 & (upper plenum) (&
% 98 ~100) ~ g~ F =2 & (upper head) (e 196 ~ 198) » 11 2 -k % (water
rod)(fe® 135155~ 175) o Ypro FR A g # e 2 5E 78 > 2R 4 1 5.5 200 52 & o

I~

¥

¥

=

N
=

N
Sk

dWRERRF BELHfT 7 ARG L DR V- LR 2
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