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Prediction of Thermal Behavior of FBR Fuel

in the NSRR Transient Tests
Takehiko NAKAMURA, Makoto SOBAJIMA and Ryuji HOSOYAMADA™

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received August 2, 1990)

For the NSRR FBR fuel failure test program in Japan Atomic Energy
Research Institute sodium capsules, loops and fuel handling facilities
are being designed. Predictive calculations of fuel energy and
thermal behavior of the test fuels in the NSRR transient test have been
performed in order to design the test rigs rationally and to make a
meaningful test plan. By using the results of fuel energy estimation
which were previously reported, heat transfer calculations were performed
for test fuels. The predicted transient thermal behavior of the test
fuel is presented in this repdrt.

Under sodium cooling conditions, cladding was estimated to be solid
even in the Transient Over Power (TOP) conditions in which a large
fraction of fuel was melted. This implies that the major failure
mechanism will be clad burst caused by pressure increasé and PCMI, or
partlial clad melt caused by the attack by the melted and relocated fuel
rather than the overall clad melting which is dominant under water
cooling conditions. For these calculations, the NSR77 code which had
originally been developed for evaluation of LWR test fuel behavior in
the NSRR test, was partly modified for the FBER fuel test calculations.
Changes made for the thermal calculation model such as heat transfer

between stainless cladding and sodium, are also summarized.

Keywords: FBR, TFuel Failure, TOP, LOF, Impile Test, Sodium, NSRR
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# 1 NSRRESPHREFERIC BT 5 SR OHEEA R

FE : ¥ ?%%%‘jg%{tg A& | cal/g-fuel | k]/g fuel W/em
UO: 5 Hew 155 |0.648 155
10 " 264 1.10 263
15 ” 344 1.44 345
20 # 431 1.81 433
30 # 517 2.16 517
(Pu—U) 02 18 ” 433 1.81 389
24 ” 487 2.04 438
30 " 525 2.20 473
(%%ﬁéazfﬂ;oﬂﬁfd/t) BIk 22 "’ 380 1589 34z
(Pu—U)C 30 # 462 1.94 515
(Pu—UJN 30 # 439 1.85 518
U—19Pu~-10Zr 19 ” 759 3.16 785
20 M 254 1.11 266

U0z 7 A
10 # 195 0.82 198

1) LA EA 100 MWs Bzl 0o REE

2) ST 10 MW Sz
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2 AT—ErIHBESGHEDOE D

7| o I B S ) AL
A BECC) | mEms)
]| B | §4.3 (ERE23k]/g) MEMOX | 500 5.0

2 ” ’ v " 2.0
3 ” ” ” ” 0.5
4 i . . » | Aagkutn
b " $3.7 CRE#E19Kk]/g) ” " 5 0

& # $3.0 (EEAE14k]/g) " P ”

7 ” $4.3 (EBE23k]/g) ” 400 p

8 ” ” o 600 ”

9 | BEETAR | 4T0W/en (2R +$3.0 BB E 1.4k J/g) ” 500 ”

10 g / ” ” 0.5
11 v ” ” ” BRG]
12 ” AT0W/en (3B +$ 2.5 (RBELIK]/g) ” ” 5.0
13 ” ” # ” EEF o
14 ” 470W/em (4RSS +$ 2.0 (RBE08k]/g) ” ” 5.0

15 . ” ” R
16 | Bigss R | AT0W/en (8F5R) ” 500 50

17 " " ” . 0.5

18 i ” ” v BB
19 ” ” ” 400 0.5
20 ” ” ” 600 0.5
el ” ” ” 500 | 5.0—0.1
22 | GRR/SVR | 385W/en (4FPED+$3.0 CGEREEI2k J/g) | KIEMOX 500 5.0
23 . ” ” ” 0.5
24 i i ” v | B
25 ” 385W/em (6FbME) +$ 2.5 (Fe#E0.9 kJ/g) ” " 5.0
2% ” " ” ” EE-S-avin
27 " 385Wiem (TFfH)+$2.0 CGEREN Tk ]/g) ” P 5.0
28 ” ” # ” SRS
29 | B YA 1 385W/em (6RPRT) (ozBRg) 650 W/em (5ELE) % 500 5.0
30 g v ” ” 0.5
81 g ” ” 400 5.0

32 ” ” ” # 0.5
33 g ” " 600 5.0

34 ” ’ ” " 0.5
35 ” A00W/cn—3E ” 500 | 5.0—0.1
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%3 BHNH L OBHABRSA TOMERBERDE LD
CgRgl e VR 6.5m, A5h380m, ¥ =77 FEI105m)

oz |was|m om|m ow|wo®E | sEu | B | & X
wm & A T ¥ NLE

& (c) | (nss) |8 M| @ | # (.%) (kJ./g)
4, 3 500 5. 0 ] W D & 3 100 1. 820
4. 3 5002, 0 ] AT D # 4% 100| 1. 820
4, 3 500} 0. b H W D H 100 1. 820
4. 3 500 | H % # P D H H 100 1. 820
3. 7 500 5. 0 # 4% i Moo | L. 490
3, 0 500 6. 0 H i i #Mb5o0 1. 0320
4. 3 400]| 5. 0 A <t ] 100 1. 780
4. 3 50O 5. © e<] A 1 100 1. 850

BB -7 /) - FTOH
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Fx 4 TEREIIREERS, SORBITRERERTOMBHBREREOT &0
(R e V@Eﬁﬁmm, HHME3BOm, =77 FE10.5m)

/2 VA A SR I - B I BH|#% B B waAH | #HH | B R o=
| - 1 oy TANLYE
A ﬁe‘ & (C) | (n/8) | B % R (%) (kJ/g)
9 | 470w/co+$3.0] 500 [ 5. © # i3 = #95 1, 380
10| 470w/cn+$3.0| 500 | 0. 5 H " = #9 b 1. 440
I1] 470w/cn+$3.01 500 | B M #H W @ & H 95 1. 442
12} 470w/cn+$2.5| 500 [ 5. © #H 3 4 #5650 1. 040
13| 470w/cn+$2.5[ 500 | B AR H AT D H H #1170 1. 08¢
14| 470w/cn+$2,0{ 500 | 5. 0 be1 & #® ¥ 51 0. 990
15| 470w/cn+$2. 0 500 | B %A # Wil D & # W70 1. 260
x BHEY-v) - FTOH
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%5 —TCHIEERETORRBESEGOE LD
R Y ViR 6 5m, BEE380m, ¥ =77 F10.5m)
A NN A wEA | W # B A | HH | BRE | B K ox
I H#H O OE oo T RNAE
A & % (C) (n/s) Bl B | W OB | (%) {(kJ/g)
16| 470 w/cm 500 5. 0 i 4 &% 0 0. 510
17| 470 w/cm 500 0. 5 i i 3 0 0. 520
18| 470 w./cn 500 B #E 4E F =1 0 0. 650
19{ 470 w, cm 400 0. 5 s i3 3 0 0, 500
20| 470 %/ cm 600 0, 5 i i3 i 0 0. 550
21 470 w,/ cm 50065001 ki i3 H 0 0. 530

x RWY -4 ) - FTOH
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6 —TEHARFEED COBEERERTORERREGDZ 20
ORKHE Z8.65m, AR 380m, ¥ 27 v FEEI0.5m)
Lo R | BHEM | H R | B M| BB B wHEM B x| B K o=
I # = R TyENLYE
x| % 4 (C) {n/s) | B B | & B # B (%) (kJ/g)
22 | 385w/cm+$3, 0 500 | 5, © H = i 680 1, 080
23| 385%/cm+$3. 0| 500 [ 0. & H e H 80 1, 080
24 | 385w/cn+8$3.0) 500 [ B # =) # H 60 1. 110
25 | 385w/cm+$2.5 500 | 5. © H 3 3 10 1. 010
26 | 385w/cn+$2.5| 50 0 [ B " H H H 10 1, 020
27 | 385w/cm+$2,0{ 500 | 5. 0 45 = = 0 0., 85¢C
28 | 385w/cn+$2.0| 500 [ B A R i H 0 0. 940
x RME -7V ) - FTof
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CBRE e 128650, BHEES30m, ¥ =7 v FEICS m)

72 PATY |V 2 HEHM | W & [|R OB WEIHM | B x| K o=
I WO M TVENYE
A * # () (n/5) | 8B M w oM (% (kJ/g)
281 385w/em—650w/cm | 500 5 0 i 14 0 0 620
30 | 385w/cm—650w/cn | 5 0 C 0. b5 Fiiid i3 0 0 630
31| 385w/cm—650w/cn | 4 0 0 5. 0 i i3 0 0. 600
32 | 385w/cn—650w/en | 4 0 0O 0, 5 Fi3 4 0 0. 510
33| 385w/cm—650w/cn | 6 O O 5] 0 = = 0 0 6 5 O
34 | 385w/cn—650w/cm| 6 0 0O 0, 5 L3 i 0 0. 66O
35 400w/cm — 5E 500 |5.0-0.1 i3 # 0 0 550

x BB/ -7 - FTOHE
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%8  NaliNGi#d X UK HIZH T DM B OE

AN G B . BHGE #HEYE™ W E 5 R BRATo 4L (kifg)
% i (m/s) N a 7k N a 7K N a 7K N a 7&
BRENIVA

470w/cm 5. 0| M= i 4 Fid 4 i3 0. 510| 0. 380
SN A

470w/cm+2.5% | 5, © H - i 5 i B 1. 040} 0, 870
SN A

A70w/cm+3.08 | 5. 0 | H BB #H i ¥R 1. 380 0. 970

* M- - FTOHR
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i #; o> B 3 U P S IGF 47 L A1 45 D (U F )
bl
CRTRETAE O - AR B
300 kW
pd !
By
| . 23,000 MW
H— v Z A Hy
: % HSHE A
130MW e
By il
10MW
)
i R
A 110MW s
X - H‘? I"di
SO &2 E K
Ko 10 MW
{5 110MWes
Hi
H
LE |
23,000 MW
ﬁ Mo
110 MW-
. 10MW s
B i
&kt R TR
23,000 MW
~ Mo
1A 110 MW -s
tH 10 MW
H
L
[x] 3 NSRR@@%}@@ﬁ&@iﬁﬂ?_F&Uiﬁﬁdﬁ%‘fé’i@ﬁﬁﬂ

_,725_
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Coolant Temperature (C)
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/////‘///% & — 2 {SUS316)

/ %4k (B
// 4 4% 1k (Bn)

'%Z/ .

/// i i Bk (Ta)
| ik 7 :
////;? ; ‘ﬁ . 5 "EE /{/;

/// Ui I #3322 T (Bn)
1 / i " 7

: | AP ;

B S AR
. EXS .

- 65 .

Es b—%E0OE

=--G-- T-1Central sub. (Experimental)

———+-- T-8 Outlet (Experimental)
—&&—- Node-10 (Calculated)
' Run~No. 7B-185 TOP-1
1000.0 B T T T T | T T T T | T T 1 I
- i 1 1.
| 1 [
800.0 b~ ~-cvenannans e LRt | e
- | ‘ \ .
[ | . ' 4 120.0
BOD.O |-------——=-—-——- e Aol ---- -
- i 1 -
- [ ]
br=c-=ncgmec==- =5 e -{ 100.0
B | 1
1000 b— - A/ mm—mm e m et mm e e m e m - .
- | —>
- I Power -] 80.0
| !
L (72—117TkW) ]
600.0 (J-—-------—--—- R R R B SR
' | ' ] s0.0
| ¥
| 1 -
00 0 ______________ e b 4. __\___.
600, ! T 4 40.0
1 f
| I e
400.0 N pot I I 1 1 ] I |G- 1 1 1 20.0
0.0 5.0 10.0 16.0
Time (s} '

K6 - EvicksTOPER (7B—185) 0 TOMT RUHEEE

__27,._

Power (kW)



Temperature {C)

1000 T T T T T T T T T T T T l T T T T T T T
Pin surfoce temperature T-4 — 1 _"_,’-‘\L‘
300 ' = —
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0 o N
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3100 P a4 a2 PR T R 1 M I L PO
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T k- vER (FCI04)W KB 3iE - REOREE
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EBRBHRHBE (KJem?)

JAERT—M §0—140

34 [ T T T T T a
32 ___'O_ (PU“U)O: "'O“" (PU‘U)O: iﬁi’:]{ﬁ ]
—%— [Py-UIN ---X--- (Pu-UIN EHE
—+— (Pu-UIC -—+-- (Pu=UIC FH
30 - — A— Burn-up ---A--- Burn-up  TFHHE 7
o8 _——O— U0, 120%E1---O--- U0, (20°%E) FHE ]
26 |- .
24 - :
22k =
20 F .
18 I- -
B |
14 |- .
12F A K T 7
0 - .
81 1 ! | ! |
0.00 0.05 0.10 0.5 0.20 0.25
o # ZF (em)
(a) EERAERMSH (FAHABFESRE)
24 T T T T T T T
22t
5 20
FT
B oyg|-
B
14
;Z
g 12
% gk
i 10
8 |-

6 .
50.0 550 600 €50 700 750 800 850 900
4RO T S WFioE S AR (Z s ) iERE (cm) {F 3

(b) $aH@FEIMSH CREHEIITHE)

(09 NSRRERICEITLRENBREORSSA Y



JAERI—M 90—140

240 HL B 2 B
/_FI
£ B &—rﬁﬁﬁ%
10 WoEm e Or7vaR
o
9
ﬂ ®
8
®
7
®
6
®
5
380
®
4
@
3
4 ®
2
@
1
D Ad s H
S R 5~0. 1n/S . BRHR
e [AoaE: 400~600%
6. 5
e 05—
WO B

)10 REFEHBICEGE , — KA%, Ay Y2 RBE T



JAERI—M $0—140

—&8— Power —— NVT

{SMIN} LAN

10.0

8.0

8.0
{s)

Na AE0%F 500°C, 5m/s)

Time

4.0

TR

2.0

(r—=1,

0.0

S 2 2 2 2 o
= a S : & o
- 2
w»F T T T T 1 Yo O
@ T T | T S
48 ! 1 ] ! R oF
<t 1 1 ! ] 1
1 ¢ | 1 o ».Dr...
- rTTTTT T [ S -t 1= “
k 1 1 1 m|
- ] } 1 ] -1 E 4
! ! ! 1 o) = .
b -———— b————— - ———— tm— - _————— .ﬂ ..mu..
; I 1 1 £
L 1 ' I ' - H -
1 1 b 1 o
o N
R TR W e e I -
m- 1 1 1 ) ~ ~ 10
' 1 l ' [3e} [
B 1 1 t 1 ] <f W
1 1 1 | Q w0 =
————-- Fo=-—-- e em—— T === = Z E J..n._u L
| | | | iy ot
- 1 ' ' 1 4 2 n 8o
L J ! L 2 o °o |
— - """ v T v v ' e e = 8 =
B 1 1 | 1 _ £ Q . -
" ﬁ “_ “ oF 3 -
o A A L - il
I
H 1 1 ' 1 -1 - ,w _ I
|- 1 1 I o H =
P - ———— ——— = - - —— - - +——_————— e ke BPS ,.i_u N O LY -
] 1 I 1 kil I T |
= | i ! I . .Nee o
1 ) ' ] —_ U.N.M
_ ! ! _ | Z2Z2Z 2S
- \
- L
B .IF\.Q\W\\.\.\
l
a o o [+ o =) © Q o o
’ g o o d
e < o « -+ o b4 = S g
R 2 e B
Olw (MIA) 18M04 J030B8Y

{B3/r3) Adieyiug jeny

M 11-2 FTHARLOTOP ($4.3) TOEBREE T v & v ORFIZIL



Fuel Center Temperature (C)

Fuel Surfase Temperature {C)
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~——&—— Node-9
w—+—— Node-5 —¢—— Node-7
—&— Node-1 —#&— Node-3

LR

3000.0 '%l“'ikl\zlll

Flow 5.0 m/5,4.35,500C
L A E— T F T

| S |

2600.0 |
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i1 1
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1600.0
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S M T T )
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Clad Inner Temperature {C)

Clad Outer Temperature {C)
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1600.0
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Coolant Temperature (C)
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(W/m™K)

Gap Conductance
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Heat Transter Coefficient {(W/m’K)
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0.0 ] l’{a. oy -
0.0 2.0 4.0 6.0 8.0 10.0

Time (s}

11-9 FEAHLOTOP ($43) TOF » » 7IEOEEEL
(r—2A1, HBEE, NaBs&E# 00°C, Fm/s)
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—3—— Node-5 —¢— Node-7
—&8— Node-1 —&—— Node-3

Flow 5.0 m/s,4.3$,600C
1 T T [ | T |

126.00 T T T T 7T T— T 7 ] ]
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122.00 |- ’,
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ne.gg L—L1 1 L 11 P13 Lt 1 L1t
0.0 2.0 4.0 8.0 8.0 10.0

Time (s}
11—10 TBHALLDTOP ($4.3) TORGERMORRFZE/L
(o —2 1, $EEE, Na@4l# 500°C, 5m/s)
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——&—— Node-9
—4+— Node-5§ ——3— Node-7
—&— Nodeg-1 =—#-— Node-3

Lo Flow 5.0 m/s,4,3%,600C
Ll < LI B S RN A R B B M | T T [ T T 1
3.0
E
S
2
w 2.0F
3 ‘
i
o
L
x
1.¢ K
0.0 —! S U 1 xé 1 g——i‘%ﬁ%m_’
0.0 2.0 4.0 8.0 8.0 10.0
Time (s)

1—11 THABHSCOTOP ($4.3) TORFHEORKLZEAL
{4 —Z 1, MEEE, Na/gis500°C, 5m/s)

—&— 4.000 sec —~—— B.000 sec
——t—— 1.000 se¢ -——3¢— 2.000 sec
—o— 0.300 sec —&— 0.6800 sec

Node-1:Flow B0 m/s,4.38,500C

3000.0 \.\
r ;@ ﬂ -
F— ] . .
2600.0
g | \ "\ .
g - \ \V ]
2000.0
E - -
o = -
}E ‘L&_\_ .
L] ~ -
2 1600.0
£ N \S\e N
Lt
— ] -
. ] \ N
1000.0 \V\Q\Mm,%\&\
- \ -
500.0 %—
0.0 0.6 1.0 1.6 2.0 2.6 3.0 3.5

Radial Direction {mm)
B 11—12 THAHLSOTOP ($4.3) TOERRE (» — F 1) OFFHEEESH
(ir—2= 1, BEE#E, Na%il#t 500°C, 5m/s)
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———— 4,000 sec —%— 5.000 sec
——+4— 1,000 sec -—>— 2.000 sec
—&—— 0.300 sac —a&— (0.600 sec

.. Ngde-3:Flow 5.0.m/s.4.3$,600C

M1

3000.0 X — A A 15 ooy .\ L -
2600.0 ™ \
G - \ .
2000.0+ \
E | \?\ \ ]
@ 5
a 1600.0 \Q AN
£ . \ i
- : \R \\ :
B % i
1000.0
. TR st .
600.0 : zS
0.0 0.5 5.0 1.5 2.0 2.8 3.0 3.6

ARadial Direction  {mm)

. = 11—13 ZEHEA»LOTOP ($4.3) TOHEERBE ) —F3) @4# T [GiiR A
(& — 21, $RRMRE, Nai@HI# 500°C, 5m/s)

—o— 4,000 sec —5— b5.000 sec
———+—— 1.000 sec —¥— 2.000 sec
—&—— 0.300 sec —&— (0.600 sec

3000.0 ¥ Nade-4:Elow R.Q m/s,4.3%,600C

=R
<

o1 r 3

2500.0

T .

2000.0

L 3 T .

1600.0

Temperature

(C)
L ERLER TV T LR L l/illl T

//
Pt

1000.0

N
RN
o)

| S - |

0.0 0.6 1.0 1.6 2.0 2.6 3.0 3.8
Radial Direction {mm}

M11-14 ZHEAHLOTOP ($4.3) TOEBRME (/ — F5) D¥4E R E 2
(F—2 1, e, Nadi# 500°C, 5m/s)

500.0
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—&— 4.000 sgc —%— 5.000 sec
—t— 1,000 sec —3¢— 2.000 sec
—&— (0.300 sec —&— 0.600 sec

.. Npde-7:Floyy 5.0 m/s.4.3$,600C

000.0 3 Rt <. £
a. / /i;r//%\4 \ -]
2500.0 \ ]
i \ :
5 g ]
2000.or;~' \ N
-] - -1
: b ML |
= B
qé 1500.0: ' \R\\\\ u\® :
S S I T - N\ N
[ S ]
1000.01: Ng@ \XD ;
600.0 L %& ]
0.5 1.0 i.6 2.0 2.5 3.0 3.6

o
o

Radial Direction {mm)

11-15 FHEHAHLOTOP ($4.3) TOERBRE (» — F 7)) O¥REFEERELS
(r—R 1, R EE Na/BE#t 500°C, bm/s) '
——— 4 000 sec —— 5,000 sec

—+—— 1.000 sec —>— 2.000 sec
—&—— 0.300 sagc —&— 0.600 sec

Node-9:Flow 5.0 m/s,4.3%,600C

X

3000.0

| I

Lol L L

‘\v\\g\g\\

—

SR
e | N

0.0 0.5 1.0 1.6 2.0 2.5 3.0 ER
Radial Direction {mm)

11-16 T|HEASSOTOP ($4.3) TOEBRBE (/ — F o) ONMEHLBEST
(r—=2 1, HEBRE, NalHr 500°C, 5m/s)

1000Q.0

2600.0 (p———] \ \B\
ol N, \\ | “

2000.0 >
(] - pu
5 :—.\'—‘--. -~
@ - N \\ \X\ i
g- 1600.0 B \'9 I ]
E (“L_._"_.ﬁ_ \G \
a g

-

‘%
i T

500.0
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Fuel Center Temperature-{C)

Fuel Surfase Temperature {C)

JAERI—M 80140

—&¢—— Node-9

——t+—— Node-5 —— Node-7

—&8— Node-1 —&— Node-3

Flow 5.0 m/s,3.7§,600C
| T T T

3000.0 —1—g— —— r

L\

i 1

L1 1 !

}> ¥
S

0
L

2800.0 1

Ll 1 1

2000.0

T T T

1.4 11

16G0.0

w000 [1- IS |

B00.C i

s
4

OFI T
. —

-

b=

-

b

o - 2.0 4.0 6.0 8.0 10.0
Time (s)
12-3 FRAHLDTOP (§3.7) TOXRBRBER.LERERE
(& —RZ 5, HMEHE, NaidilH 500°C, 5m/s)
—-&—— Node-9

——+—— Node<+h ———¢— Node-7
—&—— Node-] —a&— Node-3

Flow 5.0 m/s,3.7%,600C
T T T T T T

3000.0 | S T T | i

1L

2500G.0

T+ 1 1

2000.0

LR

1600.0

1000.0

||||[llf‘|

600.0 &
0.0 2.0 4.0 8.0 8.0 10.0

Time (s}

M12-4 BHASLDOTOP ($3.7) TOEBRMELEFELEER
( —2 5, MEBE Nalil# s500°C, 5m/s)



Clad Inner Temperature {C)

Clad Outer Temperature {C)

JAERI—-M 90—140

-—=&—— Node-9
——j—— Node-5 ——%—— Node-7
—&— Node-1 —&— Node-3

Flow 5.0 m/s,3.7%,500C
] T 1 13 1

2000.0 T 1 T 1 1 1 T T T T

- i
1600.0
1000.0

£

i S~ 4
500.0 fhitl—t—1 it i S B TR

0.0 2.0 4.0 8.0 8.0 10.0

Time {s)
12-5 ZHFHLOTOP ($3.7) TOWEEAMIEREEE
‘ (/r—2 5, MERHKE, Nada# s00°C, 5m/s)
—&%—— Node-8

—j—— Node-b6 —¢— Node-7
—&— Node-1 —&——— Node-3
Flow 5.0 m/s,3.7%,5600C
2000.0 T 1 T | S | S |
o ’ -
16C0.0
1000.0
- -1
500.0 thiL %‘::F:IT"—‘T'—‘“——IW’ BTN WU A NP O S UM N1 T DU W
0.0 2.0 4.6 8.0 8.0 10.0
Time (s}

19— EHHHLRTOP ($3.7) TOWREEGRERE
(4 —Z 5, $HEEE, Na/&#E 500°C, 5m/s)

)41 _
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—6—— Node-9
~—+—— Naode-5 —3¢—- Node-7
—&8— Node-1 —2A&—— Node-3

Flow 5.0 m/s,3.78,600C
T T T 7%

1500.0 T T T T T T T T ¥ T T
3]
d B -
3
“E B i
1]
':El 1000.0
]
}-‘ - -—
b=
(4]
3 i .
Q
Q
soo.oxijn*i::'zslz;';}'m';;';i:l',
Q.0 2.0 4.0 8.0 8.0 10.0
Time (s}
K 12—7 FHALSOTOP ($3.7) TOBHMEERE
(-2 5, HEREE, Na ¥ 500°C. 5m/s)
—<&—— Node-9
~——+—— Node-b —2¢— Node-7
—&8— Node-1 —2— Node-3 )
© Flow 5.0 m/s,3.78,500C
. ;’ 4.0 T 7 T T 1 T T T T T T T T T
A A
e 20
2
D
Q
£ 20
o
s 3
o
c
0
Q
o 0
a
3 \
0.0 1 lhklk\{alqllglﬂllmﬁlsll‘;sl;:
0.0 2.0 4.0 6.0 8.0 10.0

Time (s}
12-8 ZHRNALSDTOP ($3.7) TOF + v Fa vy s 4 v XOBERITIL
(Ur—R 5, HEEE, Naiikts00°C, 5m/s)



+10°

Heat Transfer Coefficient (W/m’K}

{mm)

Gap Width

12-10 ZHEH»50TOP ($3.7) TORERBOERE(L
(4 —2 5, HEREE, Nam#Eld 500°C, Sm/s)

JAERTI—M 90—140

—&—— Node-9

——j—— Npde-5 —¢—— Node-7
—&— Node-1 —&— Node-3
Flow 5.0 m/s,3.78,500C
1.0 7171 @i Rt mons Bumny S s S A S Bt RN SN N
0.8
0.8
0.4
0.2
0.0 r\ L d}—l”’i}"ﬁ?’]ﬂwﬁ' 1 1 1 [ 1 1 ] 1
0.0 2.0 4.0 6.0 8.0 10.0
Time {s)
12—9 FEHAHLSOHTOP (§3.7) TDF v v wi =YL=t 4
(r — R 5, HEHEL, NaisEl# 500°C, 5m/s)
——&—— Node-9
——+—— Node-B —— Node-7
——&—— Node-1 —&—— Node-3
Flow 5.0 m/s,3.7§,600C
126.0 I T T T e — T T
V= m%%@@%@w%ﬂ
124.5 |- r/‘f?d
123.0 H ]
121.6
120.0 1 1 1 1 1 i ] 1 L 1 1 1 [ 1
0.0 2.0 4.0 6.0 8.0 10.0
Time (s)

43—
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—&—— Node-9
—+—— Node-5 —>— Node-7
—8— Node-1 —A— Node-3

© Flow 5.0 m/s,3.78$,500C
b | I 1  Bu | T | —
22.6
E
2
) 16.0
=
L.
-
@
I
T
7.6
Q.0 1 L 1 L I I ‘-t —§=‘1——I_%=,hrz._,..._r_¢" Lol
Q.0 2.0 4.0 6.0 8.0 10.0

Time {s)

BI12—11 FHAHLOTOP ($3.7) TOBARTOHIELL
(& —R 5, MELE, Nai#lkt 500°C, 5m/s)

—9—~— 4,000 sec —%—- 5.000 sec
—+—— 1.000 se¢ —¢— 2.000 sec
——&— (0.300 sec —&—— (0.600 sec

Node-1:Flow 5.0 m/s, 3. 7$ 500C

-4

3000.0

-

2600.0-
) 4

2000.0
E -
= -
b
s -
o
5 -
g 1600.0
m -
'._

-

1000.0

500.0 T
0.0 0.6 1.0 1.6 2,0 2.6 3.0 3.6

Radial Direction {mm}
12—12 FEHEALLDOTOP ($3.7) TOERBRRE (4 —F 1) OFEHEEESH
(r —R 5, HREME, Nai@Hi#t 500°C, 5m/s)
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—0-— 4.000 sec —%— B.000 ssc
——+—— 1.000 sec —¥— 2.000 sec
G —— 0.300 sec A 0.600 sec

Ngde-3:Flow 5.0 m/s,3.78,5600C

2000.0 /VA
I EIEN 1
2600.0 | <) ]
8} & ]
N 2000.0 i \ i
[ 4] . -
5 u \\ i
© - \\ ]
é 1600.0 = 4 AN
® i \q\\ \ é\ ]
1000.0 ! ; K\Q\R \+ k\g ]
BOO.Q [ = %ﬁ}? |

0.0 05 1.0 1.5 2.0 2.6 3.0 3.5
Radial Direction {mm)

@12—13 ZHEHL GO TOP ($3.7) TOEBBRE (/ — F 3) OERHBEEDT
(& —Z 5, MEBE, Na#lst 500°C, 5m/s)

—— 4,000 sec —%— 5,000 sec
—+— 1.000 sec —— 2.000 sec
—&— 0.300 sec —&— 0.600 sec

Nqde=5:Flow £.0 m/s,3.78,600C

3000.0 [ - ﬁ
ift %; : \ i
2600.0 ;— §
G - \ .
2 2000.0 - \ \)\ \\ ]
2 | ]
L el \ -
E- 1600.0 +—
§ ; \q\%\j\Q\; \\@\ ;
1600.0 :-7 \‘3?51\ \( i
\%\ ]
3 &\‘—\ Rﬁ) i
800.9 0.0 0.5 1.0 1.5 2.0 2.6 3.6 3.5

Radial Direction {mm)
129—14 ZHAHSLDOTOP ($37) TOERBE (/ — ¥ 5) OHEHEREST
(r —2 5, HHTREREL, Na/A&lkt 500°C, 5m/s)
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—%—— 4000 sec —%— 5.000 sec

——+—— 1,000 sec —— 2.000 sec
—&—— 0.300 sec —&— 0.600 sec

Npde-7:Flow H.0 m/s,3.7§,5600C

3000.0
F—" ]
2500.0 i
5 b \ ]
2000.0 BN
hd o \ \ -
A - .
oy -y
@ .
3 16C0.0 i__—'“_— \ \, ]
S S i ~
8 - \ :
- \KQJ\&\{\ \r N .
1000.0 i % R@ i
= .
600.0 — E g‘.{
Q.0 0.5 1.0 1.5 2.0 2.5 3.0 3.6

Radial Direction

{mm)

K 12—-15 FEHAPLSDTOP ($3.7) TOEBRRE (/ — FT7) OREAHBELSH

(r =2 6, MIZEME, NalGH# 500°C, 5m/s)

—&—— 4,000 sec —%— 5B.000 sec
—+— 1.000 sec ——¢— 2.000 sec
—6— 0.300 sec —aA— 0.600 sec

Node-9:Flow 5.0 m/s,3.7%,500C

3000.0 .
e
2500.01,{:}_.::: AT
———1 % ]
_ S \*\ ]
- \ 4
° 2000.0 |- . < .
o | o -
w - , i
['A] "' -
g- 1600.C
a 5 \s\e \\\LN ]
rr-__'*"_”\-v___ -
1000.0 \K%\V\QL \\gg \%
500.0 [ Eﬁ ]
0.0 06 1.0 1.6 2.0 2.6 3.0 3.5
Radial Direction {mm)

12-16 FHASSOTOP ($37) TOEBRMEL (/ — ¥ 9) OREFEEENT
(5 —2 5, HERME, Naipiés 500°C. 5m/s)
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Fusal Center Temperature \C)

fuel Surfase Temperature (C)

3000.0

. JAERI—M 80—140

—&—— Node-9
—+—— Node-&5 —3—— Node-7
—&—— Node-1 —&— Node-3

Flow 5.0 m/s,3.08%,500C
T 1 1 T T T

[ T T 1 ‘, T T 1 T T
2000.0 _/ \ \
. .y
1600.0 \k
1000.0 i \@x |
500.01‘; 1 1 1 ] 1 1 L 1 1
0.0 2.0 4.0
Time (s)
13—-3 FEBAHLS5DOTOP ($3.0) TOEBBEDCEERFE
(Ur—26, ABEEE, Na#l# 500°C, bm/s)
——— Node-S'
—tem— Node-5 ——3¢— Node-7
—&— Node-1 —&—— Node-3
Flow 5.0 m/s,3.08,500C
3o00.0 1 1 i T T L) T T T T T 1) ) T T
L N
2500.0 B !
2000.0 X '
1600.0 — ]
1000.0
500.0 ik el

Time (s}

13—4 FWHAHODTOP (§$3.0) TOREBRBKEXRERE R

(4 —R 6, HIERBREL, Naia#i#t 500°C, 5m/s)



Clad Inner Temperature {C)

Clad Quter Temperature {C)

JAERI—M 90—140

—=&—— Node-9

~———— Node-5 —&— Node-7

—&— Node-1 — & Node-3

Flow 5.0 m/s,3.0%,500C
T T ¥ T

T T

2000.0 ™1 T | S T T T

1600.0

B B
1000.0
500.0 d — e e o |
0.0 2.0 4.0 6.0 8.0 10.0

Time (s}

13—5 ZHABPLOTOP ($3.0) TOWEENEGEREE
(r—= 6, e, NadH# 500°C, 5m/is)
«——5—— Node-9

e—p—— Node-5 —3— Node-7
—8— Node-1 —=&—— Node-3

flow 5.0 m/s,3.05,500C
! T T

2000.0 1 T 1 T T i T T T T { T
o - -1
5 i
R .
1600.0
100G.0
500.0 it ety b e el L)
0.0 2.0 4.0 8.0 8.0 10.0
Time {s)

[@135—6 EHALLOTOP ($3.0) TOWEE FREmREERE
(/r—2Z 6, HIEREE, Nai@il#f 500°C, 5m/s)
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—<%—— Node-8
——+—— Node-5 —¢— Node-7
—&&— Node-1 —&A——— Node-3

Flow 5.0 m/s,3.05,500C
T T T L] T T

1500.0 T T T T | —
g X i
2
2 - 4
@
@
g 1000.0
@
- - N
-
=
@
S . ]
Q
Q 3 ..
500.0&&%“""{%’{3‘:‘$'J'2}'f;'$'!{i
0.0 2.0 4.0 6.0 8.0 i0.0
Time (s}
13—7 EHOHLSOTOP ($3.0) TOBHMEERBIE
(/r —A 6, HIEHE, NaiB##f 500°C, 5m/s)
—&—— Node-%
—+— Node-5 —3¢— Node-7
—&—— Node-1 —&— Node-3
o] Flow 5.0 m/s,3.08,600C
v 30.0 LS | T 1 ™ TT T T
M
Z
e 225
-~
2
[
2
2 15.0
o
3
o
o
=}
o
(= 1.5
w©
L)
.0.0-'1_-"'11:'114191'!.IEIL’:IH
0.0 2.0 4.0 8.0 B.0 10.0

Time (s)

13—-8 FEHALLDOTOP ($3.0) TOX » » 73 ¥4 4 v 2OERIZEL

(r—26, MEME, Naigiltr500°C, 5m/s)



*10

Heat Transfer Coefficient {W/m?K)

1.0
0.8
E
£ e
=
=
=
= 0.4
a
0
Q
0.2

[K13—9 ZTHRAHELOTOP ($3.0) TOX +» » TIRORREIZAL
(Fr—A 6, HERISE, NaiS#4 500°C, 5m/s)

JAERI—M 90—140

——&—— Node-8
~——+—— Node-5 —>—— Node-7
—&— Node-1 —&—— Node-3

Flow 5.0 m/s,3.05.,500C
] T T 1 T T T 1 | L) T T T 1 ]
A et 2 = ;T‘g o 4
z‘\l W?fm?f_; ' L1 ] I
0.0 2.0 4.0 5.0 8.0

Time ({s)

—&—— Node-8
—— Node-5 ——3¢—— Node-7
—&— Node-1 —aA—— Node-3

10.G

Flow 5.0 m/s,3.0%,600C
126.2500 % T T 1T 1 T T T T 1 — T 7
125.0000 U W
123.7500
122.5000 (/
121.2500 1 1.1 1t | B | [ S | I
0.0 2.0 4.0 6.0 8.0
Time (s}
13—10 ZdA» SO TOP ($3.0) TORERKORRZEAL

(7 —2 6, HIZEE, Namil#t 500°C, bm/s)
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—Q—— Node-9

—+—— Node-5 —>¢— Node-7

—&8—— Node-1 ——&—— Node-3

Flow 5.0 m/s,3.08%,600C
T ) T T

1 1

*10

30.0 ] I T ' b T { 1] T

22,6

(W/m*)

16.0

Heat Flux

7.5

N\

ool oou I et n
0.0 2.0 4.0 8.0 8.0 10.0
Time (s}

K13—-11 FHEAHSDOTOP (§3.0) TORBRED ML
(r —Z 6, AHEEEL, Na/mil#f 500°C, 5m/s)

—6— 4.000 sec ——-%—= 5,000 sec
—+— 1.000 sec —— 2.000 sec
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Clad Outer Temperature (C)
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BeaRiRRL
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1023
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1123
1173

3.03487 x10-*
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3. 13715 =10~
3.18913 x10°*
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3.29483 <1071

*10°
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10. A7 v L AEOERRRE

EXPANTION
'© SUS316
:— 30.0
26.0
’___#_______d_____...-——--"""'—"”
20.0 b= sl
o
E 16.0
o
o
10.0
6.0
0-0 400 500 800 700 80O 900 1000 1100 1200 1300 1400
Temperature (C)
e N R dR
{BEE | #7vy L | $RREIRAREK B FTYy b | RIEIRIRE
T (17 T) C 1/ T)
20| 0.266 15.15 x10-* 350 0.291 19.19 x10-®
50| 0.268 15.65 x10°* 400 | 0.295 19.57 x10-*
100 0.272 16.48 x10°* 450 | 0.298 19.93 x10°°®
150 | 0.275 17.22 x10°* 500 0.302 |20.28 x10°¢®
2001 0.279 17.85 x10°* 550 | 0.306 |20.60 x10-¢
250 | 0.283 18.36 x10°* 6007 0.310 |20.87 x10°*
3001 0.287 18.79 x10-* 6501 0.314 |21.09 x10°®
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Pug{bE

3060
3034
3008
2982
2997
2933
2909

L A B Sl Sy R S I

10
19
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39
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(Pu—U) Qp ORA
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13, (Pu—U) O OEMLELFE

JAERI —M 90—1490

Thermal Conductivity (W/mK)}

BE | Vs HEE EHE | s8R BE | V3R
(k) (W/mK) (k) (W/mK) (k) (W/mK)
673 | 4.15962 1423 | 2.61809 21731 2.12937
7231 3.96273 1473 2.57873 22231 2.11071
7131 3.78416 1523 | 2. 54179 22731 2.09842
823 3.62285 1573 2.50659 31731 2.00842
873 | 3.47768 1623 | 2.47254
923 1 3.34750 1673 [ 2. 43916
9731 3.23117 17231 2. 46607
10231 3.12751 17731 2.37303
10731 3.03535 18231 2.33994
11231 2.95353 1873 2. 30682
1173 | 2. 88091 19231 2.27386
1223 | 2. 81637 18731 2.24139
1273 2.75883 2023 2.20993
1323 | 2.79725 2073 2.18015
1373 | 2.66064 21231 2.15295

—8— (Pu-U)0,

4.2 1 =TT T

900

1300 1700

— 160 —

2100 2500
Temperature {K)

2900
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14.

(Pu—-U) Oz Di#
PuZ bR W/0D{E, (EH#M  MATPROD

JAERT-M 90—-140

BE |  Lk# EE|  HE# BE || k& BE | H#
(K) | (J/keK) (K) | (J/keK) (K) | (J/kgK) (K) | (J/kgK}
673 | 306. 5217 1423 | 340. 608 2173 1 394. 381 2923 | 579. 740
7231 308. 997 1473 | 342. 534 22231 401. 500 2973 | 598. 356
713 ( 313. 098 1523 | 344. 537 2273 1 408, 283 3023 [ 617. 717
823 | 315. 914 1573 | 346. 647 23231 417160 3073 | 637. 807
873 | 318. 508 1623 | 348. 896 2373 | 426. 961 3123 | 902. 954
923 | 320. 917 1673 1 301. 322 2423 | 436. 906
973 | 323. 187 17231 353. 962 2473 | 447.614
1023 | 325, 341 1773 | 356. 855 2523 | 459. 102
1073 1 327. 400 1823 | 360. 047 2973 1 471. 381
1123} 329, 385 1873 | 363. 580 2623 | 484. 461
1173 | 331, 310 1923 1 367, 497 2673 | 498. 344
1223 | 333. 191 1873 ¢ 371. 844 2723 513. 034
1273 | 335, 044 2023 | 376. Bb5 2773 | 528. 529
1323 | 336. 885 2073 | 382. 001 2823 | 544.812
1373 | 338. 733 2123 | 387. 893 2873 | 561. 88S
—&— {Pu-U}0O,
880.0 T T TTT T T T T T T LA D B B S N S S B N B B
620.0 [~~~ --1----- S [ - S A -
N A S SO N I
2 .
é? 540.0 _.j
2 i -
> 600.0 L--&-Q
2 | ]
Q | N
Q 4600 f-----q-- oo -
Q ]
B 4200 el bGP =
Pt N
I ]
KL T R i T T Ty < R R -
400 —----d e el .{
360.0 1) 1 L1 1 i 11t ' [ I Lt o1 J 1.1 ]

1300

1700
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15, LR (U—19 Pu—10 Zr ) OEEILEE

RBE | BizWRE BB | xR
(K) (W/mK) ) (W/mK)
673 15.4781 11731 28. 3462
7231 16. 4836 12231 29.0196
7131 17. 5599 1273 | 315327
823 18.7039 1323 | 33.1822
873 19.9126 1373( 34.5260
923 21.1827 16731 34.5260
973 22.5112

1023 [ 23. 8949

10731 25. 3307

1123 | 26. 8156

—<— U-18Pu-10Zr

356.0 r

O -

o -4

O T Y T T e D —

E i "
- B ]

2 - . -
— |

S~ - | -1

T 20— e —
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b— — — e e e e e m e e = e e e - - - — Y A -—
O 23.0 |

® X ]
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16. GE#E (U-19Pu—10Zr) OLE

BE| K& BE|
(K) | (J/kgK) (K) | (J/keK)
673 | 306. 527 1173 331. 310
723 1 309. 997 1223 333.191
713 | 313. 098 1273 | 335, 044
823 | 315.914 1323 | 336. 885
873 | 318. 508 11373 ] 338. 733
923 1 320. 917 1423 | 340. 608
973 ) 323. 187 14731 342, 534
1023 | 325. 341 1523 | 344, 537
1073 | 327. 400 1973 | 346. 647
1123 329. 385 1623 | 502. 954
— e | J-19Pu-107Zr1
§10.0 T T T I T ] T [ T ] T
v0.0 | I S I ] h
R
3 - | | : : | ]
- 4200 }—----- JI ------- : ——————— :— ------ JI _______ : _____ —
3 i : : | : : ]
Q& 3900 f------ P . R oo S N
A T : : : B
; = t | [ | 1 .
£ 3600 |—----- S N P g == - -
330.0 l-~~—-—é ------- E ------ ;ﬂ _--é _______ E ______ B
300.0 . | ! l L | 1 | i ] i
500 700 300 1100 1300 1600 1700
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1. &%

AI— FRIBHEGHMOBBHOHENTEE T,
B TS 2RAEREBEEET VETRIIRT,

1. &R
(1) HEREH

'UOz

* (PU—U) O P
- (Pu-—-U) Z2r
bE—F—EYv

2) #HEH

. "./'Jwbm/r——é
257Vl Z (SUS)

(3) ¥t

7k
cFRUTL
S ()

2. BizEExF L
(1) k&%

DB A ILTREI
Qi

@eRI%I

@B

OREERE

@7 — LR

OCHF (BAMKE)

2 +FY7LER
-2t

OebigwT
@#efE

R TR

DN a BrslnHsEER

@CHFOHE

ON a S g izER

@N a REAE RS zER

ON a BN FEABBEELIIN 2 KETHOMEBTHRES HOE LT,
N a BRI HREER (@) £HOK,

—165—



JAERI—M §0—140

I. NSRID-V2a—-FDo—-VFEJ 2 —iL{Fik
NSR1D~V23—FDo—FEa—n{EJ CLETIRITRT .

o= FEZ2-ERICL

R T P T B B id Bt SECTS EEEETSETEY SEEETTRLEY SERETEEERY |

17JCLG JOB 00000010
i EXEC JCLG ) 00000020
TISYSIN DO DATA,DLH=‘++" 00000030
{1 JUSER 12243933, TA,.HAKAHURA,0934.01% 00040202
7.1 C.0 ¥.7 1.4 SRP 00000050

OPTP PASSVORD= LNOTIFY=J3933 goos50202
I=JGEPARK K=0 00000070
I A NS NN NN EA AN AR REEENAXAAENSRIRaaTsERNIRXcasxswsxxarx Q000080
1iFORYU EXEC PGM=JIK@&FORT,CONP={(4,LT), REGION=768K, 000000%0
i PARH=’AUTODOL(DALPADA) ,LLCO) ,,OPTIMIZEC2) ,ELH (=) NOS,ALC” 00000100
TISYSPRINT DD ODUMHY aoagoito
fISYSTERH 0D DUHHY 00000120
TISYSLIN DO DSN=LE0BJ ,UNIT=¥X10,015P=(HEW,PASS), 00000130
I SPACE=(TRK, (50,20)),DCB=8LKSI2E=3200 00000140
FISYSIN DD DSH=J3933,1.NSR1DVZ.FORT77,0I58P=5HR 00000150
J iR NIRRT EREEENNTARRAREANES N AN TSR sEs RS TRTRERCEXRESERRRRRAEnxsx JOO00080
J/FORT EXEC PGH=JIKS8FORT,COND={4,LT), REGION=763K, Q000090
ri PARH=‘AUTODBL(DBLPAD4) ,LCCD) ,0PTIHIZE(2) ELM(=) HOS, ALC" ao000100
TISYSPRINT DO DUHHY QQ000110
TISYSTERH 0D DUMHY 00000120
HISYSLINK 0D DSH=LE0BJ , UNIT=¥K10,DISP=HOD, 00000130
¥ SPACE=(TRK,(50,20)),0C88LKRSIZE=3200 00000140
fISYSIN 0D OSN=J3933.1.NSRIDV.FORTTT, DISP=SHR ) 00000150
R R R NS E NS NI NN ATASSEINANEXRENENREEzsssnsssxsxvasxsxnx Q0000160
fILIHK EXEC PGH=JQAL,COND=(4,LT) , REGION=512K, 0o00a0170
I PARH=*HOMAP HOLIST, LINECOUNT (O}’ 00000180
r11sysLls 00 DSN=5YS59.GGS.LOAD,DLSP=SHR 00000190
I D0 DSH=SYS9,.PHNL.LOAD,DISP=SHR 60000200
I DD DSH=SYS9.SSL2.LOAD,DISP=SHR 00000210
i 00 DSH=SYS9.JSSL.LOAD,BLISP=SHR 00000220
1 D0 DSN=SYS2.FORTLIB,DISP=SHR 00000230
IISYSPRIRT DD SYS0UT== 00000240
TISYSTERM DD DUMMY 00000250
1isYsuTy DD URIT=WK10,5PACE«(TRK,(30,10)) 00000260
f1SYSLKOD DD GSH=J3933.1.NSR10V2.L0AD, 00000270
i UNIT=TDS,DISP=~(MNEW,CATLG,DELETE), 00000280
1 SPACE=(TRK,(10,5,1),RLSE) 00000290
1ISYSLIN DD O05N=%308J,DISP=(OLD,DELETE) 00000300
++ 00000310
I 00000320
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I. NSR1D—-V 22— FDET
NSR1D-V22-FOETIJCLETELIIRT,
P EITIC 14
FTO04F001 & Zavg7zrA

B T EE T T it AR DRy R R P TR PR PO PRy SETET SE T T SERRY SRS

{1JCLG JOB
i1 EXEC JCLG
JISYSIN DD CDATA,DLH='++’
It JUSER 12243913, TA.HAKAKURA,0534.01
T.§0 C.3 ¥W.4 I.3 SRP NGT

OPTP PASSWORD= , LWOTIFY=J31913
f=JO0BPARM K=0
RIS AN EE RN A A AR NS I AN A AN NI R AN SN ASEASTATAEITRE
1160 EXEC PGH=TEMPNAME
JISTEPLIB DD BSH~J3933.1.HSRIDVZ,LOAD,DISP=5HA
1IFTO6F001 DD SYSOUT==
tIFTI0FC01 DD DUMMY
FIFTIIFGO01 DD DUMHY
fIFTOOF001 DD OUHHY
{I=FTO4F001 0D URIT=VWK10,

Ii= SPACE=(TRK,(50,20))

1/FTC4AFQ01 DD DSH=J3933.1.NSRYAT.AO1.DATA,

r DISP=(NEV,CATLG) ,UNIT=TDS,SPACE=(TRK,(10,5),RL3SE),
X DCB=(RECFH=VYBS,BLXSIZE=32760,LRECL=32756)

fIFTOSFOO1 DO DSK=J3933.1.NSRWAT.DATACAO1),D]ISP=SHR,
i LABEL=(,,, I}
++

rr
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00249817
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00250017
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N, 7 AHE
1. AFYVVABEEREE-IKBINIBIT 24 v 7 uE
HUT Iy —Z 1 DAFRE
1) HBRe

CD-’\ﬂ-y | ]"ﬂg

QuEEAREZE

A

QKAHEMER
OmBIFUERES |
OBEE 8
2) VHEERUERURARGE

OFED I MWEHI S I 2 HBRBOLR$E U0, 10% 1. 071 kW

LI Ohonen
OO OUTUN Wy

OO —
2885888

Q¥R 2B B 20 T
QRARIGE B ,0uA 4. 38 (28, 2W./cn)
@iE B#ANH (0. 1m/s)

3) J—FE=FNL

CEEEAEE 10

ORAEIEE ~Lv FHBE 20
HEESIK 4

©L b beabs Eirl o

@EFNMEERERN - LITRLTS

HhsHLE asWals Kiil o HAhRHL HAs it

F /=¥ J—¥
R & R g R
= B B g B
© lo 666| @ |1.154] @ [1. 171 ® [0, 717
@ |0.881] ® |1.212] ® |1.072| @ |0. 461

@ |1.044), ® {1.218| ® |0. 921

@BIFEETT IV
BRI FESET IV
- JETEREE :  Dstracha
- B EbiRIg +  Nishikawa and Yamagata
- BEEINT RSB . Lode-Go Function
- EEHIEE - Lode-Go Function
- FER B . Dougall and Rohsenow and King
S R S :  Bromley
+CHF *  Rohsenow-Griffith
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25 v L AR E KBS LYy Ty -2 ]

N T T B T S S e R ARl REREE EEE RN SRR EEEEY .
A0 WATER (WATURAL 0,10 WIS 4,30 ) L02 10X 00010000
1 9 1 1 1 0 0 1300.0 12110 00011000

€T S FT S FS S 1T S5 OFT 58@ S HC S CV 5 CT 10 00031000
10 20 4 0 7 2 3 21.180 00040001
0.002705 0.00278 0.00325 0.010350 0.0 0.00400 00041100
0.0010719 0.380 0.933 7820.00 9.000 175.30 00042000
1.560 00043000
4.30 0.000 10. 00053000
200020000 50 2.0E-03 0.20 10.0 00054000
200020000 1000 1.0E-04 0,28 00055000
200020000 1000 1.0E-04 0.36 00056000
2000200006 1000 1.0E-04 1.00 00057000
1000050000 1000 1.0E-04 5.0 00058000
1000050000 100 1.0€-03 10.0 oo059000
1000050000 1000 1.0E-04 50.0 . 00060000
0.656 0.881 1.044 1.154 1.212 1.21800076100

1.171 1.072 ¢.921 0.717 G.461 00077100

0.2E-3 0.2E-3 0.100 0.000 00100000

2 2 2 1.000 1.000 0.000 ‘00110000
0.000 1.033 1000.0 1,033 00111000
0.000 998.4 1000.0 398,40 . 60112000
0.000 20.0 1000.0 20.9 : 00113000
3.970 10.00 0.0 ' 00114000
0.000 00115000
1.000 0,000 0.000 0.000 0.000. 0.000 00170000
¢.000 00180000

1 1 1 1 1 2 i 00190000
0.000 ¢.700 0.050 6. 100 0.000 00200000

1 600.0 00210000
0.900 0.000 0.000 0.000 0.000 6.00000221000

0.000 0.000 0.000 0.000 0.000 0.00000222000

0.000 0.000 0.000 0.000 0.000 0.00000223000

0.000 0.000 0.000 0.000 0.000 £.00000224000

0.000 0.000 0.000 0.000 0.000 0.00000225000

g 9 00230000
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G TNy —R 2DOADEE

1) BER2es
O~y L FAE 5. 41 mn
CHAERE 5. 56 mm
A 6. 50 mm
QkAHEMmESE 4. 00 mm
@mBiEMEWEEE 10. 50 mm
ORBE 380 mm

2) VHEERBERFRARRE
QFHRH I MWEICE T 2R OLRME UO. 20% 1. 458 kW

CumBIHEE 20 T (38. 4W/cn)
GRARIGE

CBRLE BT OMWICEL, ERLIE ] 0 MWERET 5,
@3k T 5. 0m/s

3) a—FEFWN

O#FmaER 10

@RGSR «V)bﬁ%& 20
HEEL T 4

QYL :psa ik Pk gl

WAoo sk Eitdio WAL 5 ALk

R i~

—F
H
i

® | 0. 666 @ 1. 154 @ 1. 1171 ®@ (0. 717

0. 881 @ 1. 212 ® 1. 072 @ 0. 461

kY 1. 044 ® (1. 218 ® (0. 821

@#izEE TN
AWM HEET IV
- JESRIEIE :  Dittus and Boelter
- BRI : Jens and Lottes
- SR 2 S . Schrock and Grossman
- BB FEE :  McDonsugh, Milich .
- RERBER :  Dougall and Rohsenow and King
- 7 — VR Eh iR I . Bromley
+CHF . Rohsenow-Griffith
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A7 Y VARBERRE-KRIIBF B Y- 2

T L Ly T SR

AD4 WATER (5.0 H/S

1
CT 5
10 20

9

1 1

1

Q

FT S F8 S5 IT 5 0T 5
2 7 3 31.3100

4 3

0.002705

0.001
1.560

200020000 1000
1000050000 1000

0

2
0.000
¢.000
0.000
1.97¢0
0.200
1.000
0.000

1
0,000

1

4580

0.0

0.666

1.171

«2E-3
?

600.0
0.000
0.000
0.000
0.000
¢.000

0,00278 0.
0.380 0.933
0.0001
1.0E-04
1.0E-03
0.3
1.072
0.2E-3 0.100
2 1.000 1.
1.033 1000.0
4992.9 1000.0
20.0 1000.0
10.00 0.0
0.000 0.000
1 1 1 2
0.70¢0 0,050
0.000
0.000
0.00¢
0.000
0.000
9

25 10MV) UD2 20X

0 1300.0 12110
S4 5 HC 5 C¥ 5 CT 10

00325 ¢.01050 0.0
7820.00 0.000
2.00 10.0000 1000.00
50.0 10.0
1000.0
1.044 1.154 1.212
0.921 0.717 0.461
0.000
000 0.000
1.033
4992.0
20.0
0.000 ¢.000
11
0.100 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

—171 —

0.00
175.3

10

G6.000

00010000
00011600
00031000
00040001
400 00041100
0 0a042000
00043000
.000000063000
06075000
00075100
1.21800076100
00077100
00160000
0o0§10000
00111000
06112000
00113000
00t14000
0otts000
00170000
0g180000
00150000
00200000
00210000
0.00000221000

- ¢.00000222000

2.00000223000
0.00000224000
0.00000225000

00230000
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9. 25 VUL XBHEEBEE—F U D LREIE TR TP
Ty —Z 1 DADRE

1) RS
O#E BLEs Pu
@vE ALy FAE

HEEAE 5.
HE&E 6
WMEES 3

2) YHEEEERUFRARDE
OFHH I MWEIIS T AREEORAE 1. 458 kW (38.
QUIERHIHER 500 T

QRARITE Bz 4.3 8
@& seEixd® 5. 0m/s

4 W. cm)

3) a—-FEFI

QuAsEaEE 10
QBFEHEE <Ly FHEE 2

HRE ST
@#FEB AL

0
4

Wb Xiilne aksLitlad SupabsXishin A5tk

J—F
7 =
B

/= F

#
7 &
@ |0.6668| ®@ |1.154] @ 1. 171 ® 0. 717
0. 881 ® |1.212] @ 1. 072 ©® ;0. 461

@ [1.044] ® |1.218] ® [0.921]

b
fir

S

CBAEE-FVIOEE LT

L7
F 1 Qe /
il

~by FEE

W

EEAR
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AFVUABBEEAREE—+ U D LBMICEFEY I —R ]

1
£T 5
10 20
0.0
0,001
1.560
4.30
200020
00020
200020
200020
106000350
1000050
1000050

0

2
0.000
0,000
0.000
3.970
0.000
1.000
0.000

1
0.000

1

S IR r STt S S R R St EERE ARl AR EEERT
A10 (NA 500.0 5.0 K/S 4.30 BARDLE) ' 60010000
s 11 ¢ 0 1300.0 22211 00011000
FT S Fs 5 1IT 50T 53sa 5 HC 5CY 5 CT 10 00031000
i 0 7 2 3 2M1.700 00040000
02705 0.00278 0.00325 0.01050  ©.003198 0,00400 00041000
4580 0,380 0.933 7820.00 0.000 175.30 00042000
00043000

0.000 10. 00053000

000 50 2.0E-03 0.70 10.0 00043000
000 1060 1.0E-04 0.28 00073000
400 1000 1.0E-04 0.38 00083000
000 1000 1.0E-04 1.00 00084000
800 1000 1.0E-04 5.0 00085000
000 100 1.,0E-03 10.0 00086000
009 1000 1.0€-04 0.0 00087000
0.666 0.821 1.044 1,154 1.212 1.21800088000
1.171 1.072 0.924 0.717 0.461 00089000
.2E-3 0.2€-3 - 0.100 0.000 00100000
2 2 1.000 1,000 0.000 00110000
1.033 1000.0 1.033 00111000
4161.01 1000.0 4161.01 60111100
175.65 1000.0 175.65 00111200
10.00 0.0 00114000
00115900

0.000 ¢.000 0.000 0.000 0.000 00170000
00180000

101 2 2 11 00150000
0.700 6.050 6.100 0.000 00200000

600.0 00210009
0.000 0.000 0.000 6.000 0.000 0.00000221000
0.000 0.000 0.000 0.060 0.000 0.00000222000
0.000 0.000 0.000 0.000 0.000 0.00000223000
6.000 0.000 0.000 0,000 ¢.000 0.00000224000
6.000 0.000 0.000 0.900 0.000 0.00000225000
9 9 80230000
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4+ PN =R 2 DANEM

1) RS
Q4 B PugElE
@& vy rAE 5. 41
HHEEAE 5. 96
RE 6. 50
BrRE 380

2) PHEREERUEARICE

3
mm
mm
m
mn

0%

QFHH I MWBHIB I 2 BEORME 1. 458 kW (38. 4 W /)
@B EE 500 T
ORARGE B/ VL X
p.0~2.O@TIOMW\4@iT%%L\4?E3.OSN»X%HA?%O
@& pedlYd 5. 0m/s
3) a—VFEFN
Qe#FHmaEE 10
QEAENEE vy toaE2E 20
HHEES I 4
Q) patc WAk Eiihue -
J—F | ARm| s —F | #AsE] - F | HHSEE ]| /- F | AR
g R m R g R g R
& & fr & r & i &
@ 0. 666 @ 1. 154 @ 1. 1171 @ 0. 7117
@ 0. 881 ® 1. 212 ® 1. 072 @ 0. 461
3 1. 044 ® 1. 218 ® 0, 921
BEAC-FVIER 1.7
H LT
71 1.0
Jue
LEHE i
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2

R S e A e R e R e T T

A253 (HA 3500,0 0.5 M/S 10HMwW+3.00 )
1 9 1 1 0 b} 1300.0 22211
€T 5 FT 5 FS 5 IT SO 5 8@ S HC 5 ¢€Cv 5 CI 10
10 20 4 -3 -1 2 3 21.700
0.002705 0.00278 0.00325 0.01050 0.0000
0.0014580 0.380 0.933 7820.00 0.000
1.560
0.0 0.0001% 2.00 19.0000 4.00
3.00 0.000 10, 4.0
200020000 200 5.0E-04 4.0 10.0
0.666 0.881 1.044 1.154 1.212
1.171 1.072 0.921 0.717 0.4861
0.2E-3 0.26-3 0.100 0.000
2 2 2 1.000 1.000 0.000
0.000 1.033 1000.0 1.033
0.000 416.101 10900.0 416.101
0,000 175.65 1000.0 175.65
3.970 10.00 0.0
0.0600
1.000 0.000 0.0090 0.000 0.000
0.000
1 3 1 2 2 11
0.0090 0.700 0.050 0.100 0.000
1 600.0
0.000 g.000 0.000 g.o0c0 0.000
0.000 0.000 0.000 0.000 c.000
0.0600 0.000 0.000 0.000 2.000
0.000 0,000 0.000 0.000 0.00C0
0.000 0.000 g.000 0.000 0.000
9 9

—175—

g.00
175.3

10

0.0600

00010000
00011000
00031000
00040000
400 00041000
0 00042000
00043000
.000000044000
00053000
00073000
1.21800088000
00089000
00100000
00110000
00111000
0a111100
00111200
g0114000
00115000
00170000
00180000
00190000
00200000
00210000
0.00000221000
0.00000222000
0.00000223000
0.00000224000
0.00000225000
00230000
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b — kU ABIICE T B Y VT
H Ty -2 1 DAHRE

(D&%
=g -tV 6. Smm
cbe—-2—-FHHBE 93 0mm
(2%
+ PR 1. 23m/s
- AOBE 397 T
EH 18K
(BHBE Rt
B Rl tH ba
() (W 7cal)
0.0 101.9
5.0 101.9
10.90 250.0
@kHSHBEE
d=4., 0 mm
ENiER R
r=4, 0 m

R LT T E T SR

A01 ¢ HEATER-PIR

g —EY—F P LB Ay YT -2 ]

B S T SRnd CECEPEPERT

1 b 1 1 Q o} 1300.0 42211
cT $FT 5 F$ 3 LT S OT 5 sa 5 HC 5 CY¥ 5 CT 10
10 10 5 10 4 5 2 2
D.0016350 0.00205 0.00270 0.0037%5 0.0103500
0.004000
0.01936176 0.930 1.000 782¢.00 0.000
1.360
0.0 o.0001 ¢.00% 1.0000 5.00
14.0 1.0000 1000.00 1.0009
200020000 200 5.0E-C4 100. 60.0
200020000 200 5.0E-04 1000, 6¢.0
1.000 1.000 1.909 1.000 1.950
1,000 1.000 1.04090 1.000 1.600
0.2€6-3 0.2¢-3 0.10Q 0.000
2 L] 2 1.000 1.000 0.000
0.000 1,020 1000.0 1.020
0.000 5450.0 4.0 5450.0 340
1000.0 272.5
0.000 144.23 1000.9 144,23
j.9M0 10.00 0.0
0.000
1.000 0,000 0.000 0.000 0.000
g.000
1 3 1 2 2 11
0.000 0.700 0.050 0.1090 0.000
1 500.0
¢.000 0.000 0.000 0.9q0 0.000
c.000 0.00¢ 0.000 0.000 0.000
0.000 ¢.000 0.0400 0.004 0.000
0,000 6.000 s.0240 0.0Q00C 0.000Q
0.000 0.000 §.0Q0¢C G.000 0.00¢
0 0
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6§.36 MIS ---> D.63T H/5 (30§) 3I97C 101.9¥W/CH2Y

0.C00400

17%.3

1

272.3

0.000

0go10007
¢o011000
poo3iooo
00040000
00040100
00041100
1} 00042000

00043000
.000000063000

gonTigoo

poorsca0

00076000
1.00000081000
00082000
00100000
0o11Q¢00
coi11000
00112002
00112100
00113000
00114000
goi1is000
00170000
00180000
00190000
00200000C
00218000
0.00000221000
0.00000222000
0.0000022300Q
0,00000224000
0.00000225040

00230000
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H Ty —2 QDA HEE

(1Ji&%
E—f - U 6. 5mm
-2 —-HHE 930mm
(2R
W7 101. 9W . co
- AOEE 3917 T
EH | & E
(3R
B R0 1
€D (m/s)
0.0 6.35
4.0 6.35
34.0 0.318
WkAOFHEEE
d=4. 0 mm
(BITRER ¥ &
r=4., 0 mo

E—F—EY—F P} LRI BT R Y YISy —x 9

e e e e R S R e R R R e T R
AQZ UTGP ( HEATER-PIN 1.272 KIS 397C 101.9¥/CH2-->250,0W/CH2 ) 00010003
1 g 1 1 0 0 1300.0 42211 gogt1000

CT s FT 5 Fs 5 IT 5 OT 5 s$& S KC 5 Cv § CT 10 poRI1no00
10 10 5 10 4 5 7 2 ' 0004000}
0.0015%50 0.00205 0.90270 ©.00325 0.010500 0.00400 Q0040100
0.004000 00041100
0.01936174 0.%30 1.000 T820.00 0.000 175.30 00042000
1.540 00043000
0.0 0.0001 0.001 1.0000 5.00 1.000Q00063002

10.9 T.4500 1000.00 2.4500 - 00073000
200020000 200 5.0E-04 1000C.9 0.0 00075003
200020000 200 5.0E-04 1000.0 0.0 Q0076003
1.000 1.000 1.000 1.900 1.000 $1.00000081000

1.000 1.000 1.000 1.000 1.000 00042000
0.28-3 0.26-3 0.100 9.000 00100000

2 2 2 1.080 1.000 0.400 0gtiio0c000
0.000 1.020 1000.0 1.020 00111000
Q0.000 1090.0 1000.0 1090.0 001120090
0.000 144,23 1000.0 144,23 00113000
J.970 10.00 0.0 00114000
0.000 00113900
1.000 0.0060 0.000 Q0.000 6.000 0.000 00173000
0.000 001800400
1 3 1 2 2 I 00190000
0.000 s.700 0.050 0.100 g.000 00390000
1 60C.0 00210000
0,000 0.000 g.coo 0.000 0.000 0.00000221000

0.000 0.000 ¢.000 0.000Q 0.000 0.00000222000

0.000 g.oco0 g.000 0.000 9.000C 0.00000223000

0.000 0.000 0.000 0.600 0.00¢ 0.00000224000

0.000 g.o000 c.000 0.0d¢ 0.008 0.00C00225000

0 ol T 00230000
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V. ADER
1. TINCON,; wv—Fv
A=-F Nl FORMAT (A7 2)

1) TITLE : %4t
- %2 FORMAT (715, F10. 0, 1X, 511, F5, 0)
1) IPLT D oy brFTvayv

=0 ;8%
>0 70y b7 74 LESFHL

2) IMIN DTV rE T vE (£9)
3) IFLD r KDHELX Sy
=1 | EFIRT A
=2 5 BN
EE) V%fﬂﬁﬁ'f PU D LRREREENZ,
4) 1GAP r FeoTBEE (GAPCON) £F 047 v s v

=] ;GAPCON—THERMAL 2=,
=2 ., CRACK=®Fn
=EE) ?L%iﬂﬁiﬂa‘" U D LAEE=1IZRESHh 3,
9) IFIS D BROHEERYS AOEREKE (FISCAS) =50ty 5 v
=1 i NSRTTE=Fn
=2;:;Load-Goli%=+
ZE) ?%fﬂﬁb?'f FUDLEBII= 1 IIREXND,
) IZRYW 15(3(?-1"%1;265’5%3' WatterRILEE A 7o 3 v
’ = U
m1"3'%
WIE A P v ARIIER XN S,
"I’gk FITAHBERL vz v
s LA
T%
+§k$ﬁ%ﬁ%ﬁg
. 0D 1. 0x10'"°mEEshs,

— R
% oISy ml

W DD N A2 DHIHDF{]V

7) IEUT

8) EUTT
9) MPEL

PA

u—-UOz
—19Pu—102r

10 MCLAD

&
(3~ I [ (Ol

o

11y MCOOL

45
By

BiRA 7 a v

+ R -

12) MTRAN

i

=10 I - -

; SEEIXT o
) BTER
13) IRCLE

14) MECR

[

{E#M’fﬂ@P uEALE (W) Puly/(Pu+l) 0,
O P UBLEI] 8w/ BEEXNE T,

SED|MM%MH
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A—-F %3 FORMAT (9 (IX, A2, 13))
1Yy W1 (1) WhHY VE L
2) W2 (1) SyV2avES
I=1,IMIN

WhHYVEL (1~35)

DD OO DD DD D b b b b b 4 3t
P LI RO D 00 I U Lo DS j— 2 P OO O Lot

(]
o

o 0O 0D

29.
30.
1.
32.
3d.
34.
39,
38.
3.
38.
39.

OO0~ ndum
Mo <tgmnmununn e oz

pfas
=<

A

Normalized Power

Plenum Temperature( )

Gap Pressure( kg /ciG)

Fuel Center Temperature (T

Fuel Surface Temperature (TC)

Clad Inner Surface Temperature ()

Clad Outer Surface Tempereatre (T

Surface Heat Flux  (Kcal /m' h)

CHF Ratio

Heat Trasnsfer Coefficient(Kcal /m'+ T+ h)

Gap Width (mm)

Fuel Displacement ( mm)

Cladding Displacement {mm)

Cladding Hoop Strain

Cladding Permanent Hoop Strain

Cladding Permanent Axial Strain

Cladding Hoop Stress{ kg cnd)

Cladding Axial Stress (ke cd)

Effective Cladding Stress ( kg /cd)

Ultimated Cladding Stress (kg cd)

Contact Pressure (kg cif)

Coolant Velocity (m 'sec)

Coolant Temperature ( )

Coolant Average Quality

Coolant Pressure (kg cd)

Average Fuel Enthalpy (Kcal kg)

Heat Transfer Mode

F.P.Gas mole (mole)

W2=1;Helium =Z; Argon =3;Krypton =4;Xenon
=5;Hydrocgen ==§;Ailr =17;5tean

Gap Conductance (Kcal /m'~- T +h)

NY T (W)

Energy Deposition {(cal. g )

Cladding State

Hydrogen Generation State (sec™?)

Hydrogen Void Fraction

Average Fuel Temperature ()

Fuel Axial Strain

Cladding Axial Strain

First Bifferential of Fuel Axial Strain

Second Differential of Fuel Ax:ial Strain
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2. THEATRN,) »—F Y
A—F Na 4 FORMAT (813, F5. 0) MPEL#4

1) JMAX BAMA Y Y2 ¥

2) NI (1) : BFABHEFRA v V=¥
3) NI (3) : BFAREEGEIRA v Y2¥
4) IPW T WAHRRET -4 ¥

=0 ;3-FHRTHET 3.
<{ ;& LX
5y 1T i A LZAF T
=0 BRI, LAT v TF—FZHANDS,
<0 ;BR/Z
6§) MESH @ BFRAvV28REFITVa v
=0; IMAXEEBFREAv a2 ¥
=] :&xAy ¥
=2 ; EEH’
7) MRCD : &ﬁ?&ﬁf@#ﬁ&ifiza/
- 1 é-ll\
=] ; PWREBxH\3%
-2;BWR%%ﬁw5
=3 %HEHNaH
8) MECR wﬂﬁﬁﬁwﬂi
=] BEE 5%
=2 BEE10%
=3:8mEE20%
9) PNA ! BHEHMNaBRHEERSRAE—+ V7 ERE
1, TOARETEET.

A=F Nod4' FORMAT (813) MPEL={

MAX  HEEAvYa2¥

1 » #8237 (BN) BF@Avva¥
2 : R (Ta) BHERA v Ya ¥
i 1 A&tk (BN) 88 A Va8
P

: Y—=Z (SUS316) BAaAyval
W . HOREF—s¥
=0 ;32— VFRTHET S,
<( ;&L
7 1T D YA LRAF TS

< :B8F LR

BlAy Y 18FLTvay

0; IMAXWEBSmAy 2 ¥
1 ;%4 )/J&

2 ¥\
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A—F N FORMAT (6E12. 5) MPEL=#{

BESL Y FEE (m)

EHERREE (m)

BHEARLE (m)

. BEHESEEE (m) )

L eABEEE (m) (BIHORBHEIES)
=0. 0DBS, (R (4) ? —R (3) *) iv2

KHEBEE (M) (MEEERICER)
=0. 0O, 2% (R (4) =R (3))

A—F N5 FORMAT (7TE12. 5) MPEL=4

w7 (BN) ¥8 (m)
ek (Ta) E&E (m)
#wEE (BN) (8 (m)
v—2Z (SUS316) ¥& (m)
B FEREE (m)
HILEEEE (m) (GEHOERFEICER)
=0. 0D, (R52 —R¢2?) '/2
KAEHESE (m)  (EMZERBICER)
=0, 0D, 2x (R5—R4) THET 2,

A—F HNob FORMAT (6E12. 5)

1) TOTPW : #EESESHH (MW)
(FHEAIMWYEHOERBE R (£E)
AL, PuB{tE3 0%HALp 3 8amET
0. 001458 MW/MW ¥
2) PINTH : #EBrrvEX (m)
3) FRADEN : ®BEES®E
S E

S S N S
[T] s LoD —
A T g

T LTI
m O/“\f\/"\/—"-

O wHaxmAdgd

i S N S
0!
-

e | Oy Ul e LI DD
O Hdaodxod™
™ Crend LIpD—

HOC D HEHEMEE (ke/m)
ETHPMH : Prompt Moderator Heating Factor
§) RADPR : HBUBHBICIHERBICIERINAIINT -
(MeV ~fission)
7) RADDY : BAZSEICIOERNIIERSN 220 ¥ -
(MeV fission)
F) 6) . 1) HBABEIZAVWSh S,

H—F N7 FORMAT (BE12. 5) MESH=0 OBAZL

1) SR (1) : BHEEFHEFv Y2 (m)
[ =1, MAX IMAX=NI (1) +NI (3) +3
Xz N1+N2+N3+N4+12

A—F Na8 FORMAT (6E12. 5) I[Pk #0 O

) (1) : B (3)
) (Iy + Hh (MW)
1, IPW

1) QT
2) QQ
[ =
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#A—F Ka§ FORMAT (4E1 2. 5) IPW =0DF

i) REACT : ®mRREE (%)

2) F 1 0.0

3) TTMAX : HEXRTHER ()

4) TPALS : &SR/ LAEO/ QLA ()
H—F Na8DEA (MW) IZERESOAS

H—F KNal0D FORMAT (315, 3E12. 5) IT#0 D
1) MINOR (1) : ZVYvFHAh 3R
2y MAJOR (1) : ZY v rHH/EM
3y IPLOT (1) : Fou 7274 vHA BR
4) STEP (1) : ERE0E (B
5) TLAST (1) RTEME ()
6) TERM DOETEKRTER] (B
[=1, IT (I=] RS Z %, =0, 0DEFTLAST(IT) 2 ERESHD
A—F Noll FORMAT (6E12. 5)
1) FRPW (1) : #FEEADE
I=1, JMAX+1

A—F Nal?2 FORMAT (6E12. 5) MRCD=0DEAH

1) AMU (1) D BAEBASHE
[ =1, IMAX IMAX=NI (1) +NI (3) +3

3. TGAPCONJ nv—Fuv
H—F Nel3 FORMAT (4E12. 5)
QUF P Ruy FPEEHSE (mm)

1} R

2) ROUC T HEERAREDIOX (m)
3) COLDW : Cold Work data (m'./m)
4) FLUX v EEFETFE (3./m. sec)

EX) #EHANPSUSKEIL I, 43EBRE03,
b~ —EVERERENS,

4, TFLUDYN, w—%v
A—-F Nold FORMAT (315, 3E12. 5)

1YIP BHEEHT—48 (250)
2) IG i BSRf&Mass Flux F—2% (£570)
3) I1H : BRI VvINE—F-4%5 (£5(0)
4) OMEGA]l : EEFBERAIILTIEAEY

0. 0 ;Explicit
. 5 ;Crank - Nicolson
. 0 3 Implicit
YEFABRRICBITAEAEY
. 0 ;Explicit
. 5 ;Crank - Nicolson

0 ; Implicit

5) OMEGA?Z

H
oo —o
e

BENCRIC o

6y TAU

e
U
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A—F Kl FORMAT (GE12. 5)

1) PT (1) o ByfE (ER)
2) PP (1) c EA (ata)
I=1,1°p
H—F Nol6 FORMAT (6E12. 5)
1) GT (1) B (Bb)
2) GG (1) :  Mass Flow Density (kg/ m', sec)
I=1.,16
A—F Nal7 FORMAT (6E12. 3)
1) HT (1) BER (8)
2y HH (I) v (Kcal/ ke)
I=1, IH

"TDEFORM,J W—F

HE) BIENF MY o LFRIIREINREZN .
E—4 - VELIIFN=1RESN D,

A—F Yol FORMAT (6E12. 5) IDFM=10DEF

1) VPLEN U FadERE (m)
2) GUESS T At (T
3) CRCK : Diametric {racking Factor

H—=F Nol$ FORMAT (BE1 2. 5) [IDFM=2F}

UNT : $5FHsEAH0XEEE

F DMLy P EONHE
%‘ D BHEHBEDOADONEE
6
(
(
(
(

WMEANLy PONITEE (kg/m)
HAEROEHEDNNFEYR (ke/ ')
1) MAELEE Bulk Modius  (kg/m')
2) o BRELREE Bulk Modlus (ke /m')
3) : BHBERE (ke m)
4) T PREHEARERED (kgn0)
EFPCR : Displacement Limit for Failure{ %)

OO~ A0 A& WD —
Nt N N Nt T Nt S e e

Pt

r’FISGAS) w—Fv
EE) BEHMF Y Y ABRIFISEINEESN S,
H—F N20 FORMAT (1E12. 5) [IFIS=1D8

1) B T BAEE (MW - sec/kg)
H—F No21 FORMAT (BE12. 5) [FIS=1 OB
1) NRF1 (I) LR » v THRE
[=1,7 I=1:i~0w94 (ata)

=92 ¢+ F)av (ata)
=3 ;707 bv (ata)
cERE /v {ata)

5 ;Ik#E (ata)

g P & (ata)

(I |

3 i

P HER (g
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A-F K272 FORMAT (6E12, 5) [IFIS=2DE

1) NRIT (1)
=17

E]Fﬁ#—+ w THAE

1 i~y 2 (ata)
2 Ty (ata)
:9')7’%‘1 (ata)
s Fk ) v (ata)

s KFE (ata)

} Z& (ata)
;K& (8)

L | (I T II

1NN P

A—-F K23 FORMAT (6E12. 5) IFIS=20D%

N e LI DD —
N e’ St e e e
v
o
—
=z
o

SIGUOZ

MIEE (MWD,/T., UOD:)

HMyE¥ (B)

¥iEE (8)

hiEEE (2 /cd. se)
RARBIRANVFE— (crl /g. UO:)
sLRNE (F)

UQO., OFE (g cd)

A—-F NZ4 FORMAT (6E12. 5) IF1S=2DEF

1) WPCENT (1)
=1, 8

—

bk
— 8

[ ==

00 I €1 LN LI DN
HuZgEaac
T T A
DO DD B3 B 09 B RO 00
B b G0 GO OO G W
— OO Ww W o

£CcDED
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8., TTRACON, n—Fv
RE) BEENF M) I LABERERSNINT - HERERANBEDICEET %,
#—-F N?Z5 FORMAT (715)

1) FCONYVY ¢ BANXIIEE R ,
=1 :Dittus and Boelter (B&HMEINIIR)
=9 ; Ostrach (BT

2) TNUCBL : B#HiE
=1 ; Jens and Lottes (F&&ITH0)

= 3 ; Thom (&EIxI o)
=3 : Nishikawa and Yamagata (B RXIHH)
3) NFCV 5 Up s g

=1 : Schrock and Grossman
=9 ; Load- Go Function
4) TRBOIL : Zi#HiE
=1 : Mcgonough, Milich and King (3&&3350)
= 9 ; Load- §o Function (7 —vghie)
5) FMBROIL : ZEEHRE
=1 :Dougall and Rohsenow
=2 : Miropli, SK1y
=3 ; Groeneveld
=4 ; Modified Bromley
= 5§ ; Load-Go Function
6§) NPOOL 1 F—uESRRE (271, 2 2kgcl. sec EIF)
=] ; Berenson Correlaiton
=9 : Bromley's Correlation
7y CRFLUX : CHF (&ix#dE HE
1 : Westing house W-3
2 : (. E. design
3 : Combination ofW-3 andGG. E
4 ; Mackbeth
5 ; Barnett
§ ; Becker
T : W-3 and Barnett
8 ; B+W-2
9 : Modified Barnett
10 ; B+W-2 and Barnett
11 : Rohsencw - Griffith

N | O 1 O

#—F N2hb FORMAT (6E12, 5)

1) TDC : W-3 mixing factor
92y EATAR(]) : Bromley's fittiong factor
I1=1, 5
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g. 'TOXIDE; n—+v
EE) BEELNF P U ARIERESOANT - S RBERASIENIIEET 2,
H—-F N2 1 FORMAT (I5, E12. ()

1) IDOXID : #Fvazv

I I A

I
CJ
3
-
b [ T (R TR

7
4
-4
4
-4
2) TREF ' ﬁf]\(ﬁ’zﬁ (T)

A—F N2 8 FORMAT (6E12. 0)
) P UIHEE (g

(1) & FNHARRILERNE (micto-)
(1) vne (BMEEE+E¥ i)

10. TMELTJ n—%v
A—-F No29 FORMAT (2110)

1) IDMLTF : <vUw bEBEHEL SV v
#*0 ;5845
=0 ;HEZLLH

2) IDMLTC : #HEEBEIELI Vs Y
#0828 T53
=0 ;#HELLZL
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Vi, 7au Ty A7+ —4

wI—-F
Na 2 : ik BA
L. (1) TITLE D24 R(72 XE)
2. (1) IMaAK : &5m ./ — F¥ Radial-Direction Number
( 2) JUak : 85|/ — N Axial-Direction Number
( 3) IGAP P ¥ e w T Gap Number
3. (1) SR(IMAX) : BA5 RS (n) Radial-Oirection Distance
4, (1) HTRAN ¢ BB HPFED Fuel Power Density (kcal/m's)
( 2) TIMEX : BER (sec) Time
( 3) QTRAN : fAd Reactor Power (M)
( 4) TPLEN ¢ e+ LEBE (T) Plenun Temperature
( 5) PRES i U+ LEH( kg/ cnf) Plenum Pressure
( 6) RFIC(D ¥y THADE LE (Mol)-He Gap Cas
(T RFL(2) D F ey PTHADELE Mol)-Ar
( 8) RFI(3) ey THADENLE Mol)-Kr
( 9) RFI(4) P ¥ ey THADE I Mol)-Ke
(10) RFI(3) CF ey THRDEIVE Mol)-H
(11) RFI(B) D F e THADENE Mol)-Alr
(12) RFI(D X e THAOENLE (Mol)-Stean
(13) TMAX P EEFHA T (i)
(14) TAVE : T G o0F — (cal/g) Energy Deposition

(15) TUMAY, ) ¢ &FE (T) Temperature Distribution
(16) EPSZIP(D) T B ESEOT A Axial Plastic Strain

(17 SIGT(D) : 0 FREBH( ke/ of) Cladding Radial Stress

(18) SIGZ(D) : $h5E A ( kg/ cr) Cladding Axial Stress

(19) BFSTSS(I) @ #MBIAH( ke/ o) Effective Cladding Radial Stress
(20) ALH(D) s A (kg/ o) Ultimate Stress

{21) CONTP(I) ¥ e vy ITHRE( e/ cl) * F-C Contact Pressure

(22) GFLUX(D) T EEMH (kcal/m' -+ hr) Surface Heat Flux

93) QACRIT (1) : CHF tE CHF ratio
(24) ‘HTIMKH(I) BMZEIZEE (kcal/m' - hr - T) JHeat Transfer Coefficient

(25 DELG(D) P F oy FiE(nm)  Gap Width

(98) URFL(D eI (om) Displacement of Fuel Surface

(27) URCOLD s WEIE S (om)  Displacement of Cladding Outer Surface
(28) EPST(D) . 6 FE T A Cladding Radial Strain
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va-—F

o e t ik ER

4, (29 EPSTP(D) : 0 FEBELT A Theta Plastic Strain
30y XX(D P MBI Ly b TV Fuel Enthalpy (kcal/kg)
(31) HHTREG(I) : #iZiFE— F Mode of Heat Transfer
(32) UMD : B EEHEEE (n/s) Coolant Velocity
(33) XF(D : KA F& Void Fraction of Coolant
(34) P(D) : BEIMES( ke/ o) Coolant Pressure
(35) HFE(D) : I T & v — (kcal/kg) Coolant Enthalpy

(36) HGAPO(I) t ¥y TSy sy VA (keal/m' + hr ¢ T)
Total Gap Conductance

(37) SIGR(I) s BAFMEIGAH( ke/ o) Cladding Radial Stress
(38) EPSZ(I) : MiAEUE S Cladding Axial Stress
(39) TAVJ(D) ¢y wsBEE () Unit Ring Average Temperature
(40) EPFZ(D) ; BUElER 5 EONT S Fuel Axial Direction Strain
(41) DVEPS(D : First Differential of EPFZ
(42) DDVEPS(I) : Second Differential of EPFZ
(43 () s 74 Y54 Quality
(44) (1) : EEREHE Critical Heat Flux (kcal/m’ - hr)
(45 D(D AT HEEEE-FRKE (C)
(46) 0S(D) i ATsar HEEEE -FAREE (O

1=1, JMAX

* RBBREIEEEOEMENEZRLTO S,
R EEIE8 A b, (R

<ROPSICL BF -2 EEBEBSICDONT>

La—FARDOTHEADT D, (15 TUMAL D @ BEECSWTIMAXDF—7#

RBEXNTVEE (16) EPSIP(DEBOF -2 I LT IMAXEF -4 315,

(16) EPSZP(DHLIBDF —# ICH L TOF — 2 HEFESHTLOREZAN S,

F—SAEBSN=ZHEE-1+IMAX

Fl, DIMAX=15TQD CONTP(D ey THEDF - HEESIE
F— I BERE=FEES -1+ IMAX=21-1+15=35
ROPSTid—~35&7% %,

@ROPSTI1 S5 &iFELRERE. BAMERIIL L.
EEEAEET 2EAHEHESERET 5
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