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Development of Blow Down Model for the LEAP Code
- Validation by Data of Sodium-Water Reaction Tests -
(Research Document)

Koji JITSU *, Isao ONO **, Koji KAWATA *,
Akikazu KURIHARA * and Toshio YATABE *

Abstract

It is one of the important matters to select the design base leak (DBL) of the steam
generator (SG) of a fast breeder reactor (FBR) in sodium-water reaction. The selection of
the DBL has an influence on safety, economical efficiency, etc. of the plant.

It is necessary to develop the computational model to estimate the sodium-water
reaction phenomenon with high accuracy and rationality for selecting the DBL of large
SGs. The blow down evaluation on overheating tube failure phenomenon is pointed out as
part of the necessary improvements, since the behavior of overheating tube failure is
largely affected by the steam conditions inside of the tube.

This document shows the validation of blow down model for the LEAP code, which is
developed as analysis code for failure propagation of the SG tubes, by test’s data in
Sodium-Water Reaction Test Rig No.1 (SWAT-1R). The following results have been
obtained through the validation.

(1) Within the mass flow rate ranging from 160 to 540 g/s in SWAT-1R, it has been
confirmed that calculated internal pressure shows good agreement with the test’s
one. The pressure in tests becomes close to the calculation by Ogasawara model
in critical flow models.

(2) Mass flow rate is appropriately calculated of the test after about 10 seconds in the
beginning of test. Calculated mass flow rate by Ogasawara model is closer to the
test than that by Moody model.

(3) On both Moody model and Ogasawara model in critical flow models, internal
pressure in calculation shows the underestimation of HT-3 test. It will be
necessary to investigate this reason.

(4) Mass flow rate at the pipe near water heater tank shows the large overshoot in
the beginning of test. Also, the small overshoot that supposed to be moved from
upper stream appears at the nozzle about 2 seconds. Since these overshoots are
estimated too large, these phenomena should require to be examined.

(5) As calculated mass flow rate at the nozzle in both critical models have a tendency
to be evaluated larger than the test, this result must be investigated according as
the above item (4).

*. Thermochemistry Safety Engineering Group, Advanced Technology Division, O-arai
Engineering Center
**. NESI Inc.
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3.1 SWAT-1R

No. HT-1 HT-2 HT-3
43
STBA24 (2-1/4Cr-1Mo
¢ 31.8x 3.8tx L260 (mm)
160 g/sec 340 g/sec 540 g/sec
17MPa ¢ 17MPa ¢ 16MPa ¢
30 sec
Na 470
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4.1

1.1 1509/s Moody
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2.2 @ 6.0mm

3.1 600g/s Moody
HT-3 Wv501

3.2 @ 8.0mm

* W2 Wv501 3.1
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4.2.1(1/3)  SWAT-1R HT-1
a HT-1
1
No. m? MPa kg Q)
0.075 16.766 351.13 26.42 0.388
0.0106 0.294 396.40 1.0 2
0.589 0.208 470.00 1.0
1
2 40A Wi wvz2 Wwvs01
b HT-1
No..- No. m m m
1.0 9.294x 10™ 0.0344
1.925 9.294x 10™ 0.0344 - Wv2
2.0 9.294x 10 0.0344 40A Sch160
1.0 9.294x 10 0.0344
1.3 9.294x 10™ 0.0344
3.958 2.061x 10™ 0.0162 w501 - WV502
20A Sch160
0.950 2.061x 10™ 0.0162 Wv502 -
20A Sch160
2.567 1.267x 10™ 0.0127 -
10A Sch40
0.760 2.552x 10 0.0057
6A Sch80
1.496 2.552x 107 0.0057
6A Sch80
0.120 1.963x 10 0.0050 @ 5mm

-20-
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4.2.1(2/3)  SWAT-1R HT-1
c HT-1
No.- No. m?

9.294x 10™ 0.438 1.00
9.294x 10™ 0.65 0.65
9.294x 10™ 0.65 0.65
9.294x 10™ 0.65 0.65 40A
9.294x 10™ 1.3 1.3
1.188x 10™ 75.46 75.46 Wwv2

@ 12.3mm, Cv=6.3 !
1.539x 10™ 2.62 2.62 Wv501 @ 14.0mm, Cv=7.5 !
1.539x 10™ 2.62 2.62 WV502

@ 14.0mm, Cv=7.5 2
1.267x 10™ 0.823 1.043 20A 10A
2.552x 107 0.709 1.35 10A 6A
2.552x 107 0.0 0.0 Na
1.963x 10 0.754 0.74 6A
1.075x 107 0.0 0.0 @ 3.7mm
3.1 Z

¢

.3.2 (W502) Z
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4.2.1(3/3)  SWAT-1R HT-1
d HT-1
No.- No. | (kg/cm?*(abs))

170.96 351.13 0.999

170.90 355.0 0.999

170.80 357.2 0.999

40A

170.70 394.5 0.999

170.60 395.0 0.999

170.50 397.0 0.999 W2
3.0 396.6 1.001 Wv501
2.8 398.7 1.001 Wv502
2.5 398.7 1.001 20A 10A
2.4 395.5 1.001 10A 6A
2.3 470.0 1.001 Na
2.2 470.0 1.001 6A

2.122 470.0 1.001 @ 3.7mm

470
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4.2.2(1/3)  SWAT-1R HT-2
a HT-2
1
No. m? MPa kg )
0.075 16.795 351.5 34.205 0.199
0.0106 16.672 397.0 0.999
0.589 0.180 470.0 1.0
1
2 40A W1 wvz2 wvs01
b HT-2
No.- No. m m? m
1.0 9.294x 10™ 0.0344
1.925 |[9.294x 10* 0.0344 - Wwv2
2.0 9.294x 10™ 0.0344 40A Sch160
1.0 9.294x 10™ 0.0344
1.3 9.294x 10™ 0.0344
3.958 |2.061x 10 0.0162 Wv501 -
WV502
20A Sch160
0.950 |2.061x 10 0.0162 Wv502 -
20A Sch160
2.567 1.267x 10™ 0.0127 -
10A Sch40
0.760 |[4.778x 10° 0.0078
12.30x 225t
1.496 |4.778x 10° 0.0078
12.300x 2 25t
0.120 |2.827x 10° 0.0060 @ 6mm

-23-
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4.2.2(2/3)  SWAT-1R HT-2
c HT-2
No.- No. m2
9.294x 10™ 0.438 1.00
9.294x 10™ 0.65 0.65
9.294x 10™ 0.65 0.65
9.294x 10™ 0.65 0.65 404
9.294x 10 1.3 1.3
1.188x 10™ 75.46 75.46 W2 ¢ 12.3mm, Cv=6.3 !
1.539% 10™ 2.62 2.62 Wv501
@ 14.0mm, Cv=7.5 1!
1.539% 10™ 2.62 2.62 Wv502
@ 14.0mm, Cv=7.5 2

20A
1.267x 10™ 0.823 1.043 20A 10A
4_.778% 107 0.63 3.076 10A 6A
4_.778% 107 0.0 0.0 Na
2.827x 10 0.834 1.126 6A
2.827x 10 0.0 0.0 @ 6.0mm
3.1 (

¢
.3.2 (W502)
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-25.-

4.2.2(3/3) SWAT-1R HT-2
d HT-2
No.- No. | (kg/cm’(abs))
171.26 351.5 0.999
171.1 380.0 0.999
171.0 390.0 0.999
40A
170.8 395.9 0.999
170.5 390.0 0.999
170.2 384.5 0.999 W2
4.023 385.4 1.001 Wv501
4.00 399.5 1.001 Wv502
3.80 398.1 1.001 20A 10A
3.50 434.0 1.001 10A 6A
3.00 470.0 1.001 Na
2.00 470.0 1.001 6A
1.834 470.0 1.001 @ 6.0mm
470
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4.2.3(1/3)  SWAT-1R HT-3
a HT-3
No. m? MPa kg )
0.075 15.739 346.0 35.190 0.204
0.0106 15.691 396.0 0.999
0.589 0.178 470.0 1.00
1
2 40A Wi wvz2 Wwvs01
b HT-3
No.- No. m m m
1.0 9.294x 10™ 0.0344
1.925 9.294x 10™ 0.0344 - Wv2
2.0 9.294x 10 0.0344 40A Sch160
1.0 9.294x 10 0.0344
1.3 9.294x 10™ 0.0344
3.958 2.061x 10™ 0.0162 W501 -
Wv502
20A Schi160
0.950 2.061x 10™ 0.0162 W502 -
20A Schi160
2.567 1.267x 10™ 0.0127 -
10A Sch40
0.760 1.267x 10™ 0.0127
10A Sch40
1.496 1.267x 10™ 0.0127
10A Sch40
0.120 | 5.027x 10° 0.0080 @ 8mm

-26-
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4.2.3(2/3)  SWAT-1R HT-3
c HT-3
No.- No. m2
9.294x 10™ 0.438 1.00
9.294x 10™ 0.65 0.65
9.294x 10™ 0.65 0.65
9.294x 10™ 0.65 0.65 40A
9.294x 10 1.3 1.3
1.188x 10 75.46 75.46 W2 ¢ 12.3mm, Cv=6.3 !
1.539% 10™ 2.62 2.62 Wv501
@ 14.0mm, Cv=7.5 1!
1.539% 10™ 2.62 2.62 Wv502
@ 14.0mm, Cv=7.5 2
20A
1.267x 10™ 0.823 1.043 20A 10A
1.267x 10™ 0.35 0.35 10A 10A
1.267x 10™ 0.0 0.0 Na
5.027x 107 0.921 2.961 10A
5.027x 107 0.0 0.0 @ 8.0mm
1 4.3.1 ¢
¢
2 4.3.2 (W502) Z
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4.2.3(3/3) SWAT-1R HT-3
d HT-3
No.- No. | (kg/cm’(abs))
160.49 346.0 0.999
160.45 395.0 0.999
160.3 395.0 0.999
40A
160.2 397.0 0.999
160.1 399.0 0.999
160.0 398.5 0.999 W2
2.835 398.0 1.001 Wv501
2.80 399.0 1.001 Wv502
2.75 393.0 1.001 20A  10A
2.60 431.5 1.001 10A  6A
2.50 470.0 1.001 Na
2.00 470.0 1.001 6A
1.816 470.0 1.001 @ 6.0mm
470
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4.3.1 14
Cv o ¢
() Q) Q) (m () )
Wv2 100 6.3 1.513x 10™ 0.0344 9.294x 10 75.46
Wv501 100 7.5 1.801x 10™ 0.0162 2.061x 10 2.62
Wv502 100 7.5 1.801x 10 0.0162 2.061x 107 2.62
(J1S B2005-1995)
7 =2 R/C? )
¢ [-]
A [m’]
C [m*]
C=7.59805x 107" p w? Cv
Cv [USgal/min/(Ibf in?)%?]
pw 15.6 [60° F] [kg/m*](=999.171)

1(USgal)=3.78541x 1073(m*)

1(Ibf/in?)=1(psi)=6.89476x 10°(Pa)

-29-




JNC TN9400 2003-062

4.3.2 Wv502
Cv ! C ¢
)
HT-1 | HT-2 | HT-3 (%) ) ) ) (m?) (mm)
0.0 0.0 0.0 100 7.5 0.00018013 2.62 .5394x 10 | 14.0
30.0 | 29.3 | 29.7 100 7.5 0.00018013 2.62 .5394x 10 | 14.0
30.2 | 29.5 | 29.9 10.0 0.750 | 1.8013x 10°° 261.88 .5394x 10° | 4.427
30.375 | 29.675 | 30.075 5.0 0.375 | 9.0064x 10° | 1047.52 .6969% 10° | 3.130
30.50 | 29.8 | 30.2 1.0 0.075 | 1.8013x 10°| 26188.01 .5394x 10° | 1.400
32.0 | 31.3 | 31.7 0.5 0.070 | 1.6812x 10° | 30062.76 .6969% 107 | 0.990
32.5 | 31.8 | 32.2 0.2 0.050 | 1.2009x 10° | 58923.01 .0788x 107 | 0.626
33.0 | 32.3 | 32.7 0.1 0.040 | 9.6069x 107 | 92067.21 .5394x 107 | 0.443
40.0 | 40.0 | 40.0 0.0 — — 92067.21 0.0 0.0
1 100% 1% Cv
0.5% 0.1% Cv
2 4.3.1 (D
WV502
¢ valve(m) 0.0140
@ pipe(m) 0.0162
A(m?) 0.0002061 @ pipe
p w(kg/m®) 999.171 15.6 (60° F)
Cv 7.5

-30 -
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LEAP-BLOW

B.1 LEAP-BLOW

LEAP-BLOW

\

.

B.3

Graph

B.1

B.2
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B.3

B.1

B.1

B.1

B.2

DIMENSION TS(20), XDT(250),

READ(ID) TS
READ(ID) NG, NP,

DO 1 1=1, NP
READ(ID) XDT(I),
CONTINUE

MG

YDT(250,100)

(YDT(1,J), J=1,MG)

TS
NG
NP
MG

80
1 NG

XDT X
YOT Y

20
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B.2
X 1 2 3 4 5
/Y N
XV(),  Y(1,1,1), Y(1,2,1), W(1,3,1), YV(1.,4,1), YV(1,5,1)
! l ! | l !
! l ! | l !
! l ! | l !

XV(NP), YV(NP,1,1), YV(NP,2,1), YV(NP,3,1), YV(NP,4,1), YV(NP,5,1)

- /

/;V(l), YV(1,1,NGR), YV(1,2,NGR), YV(1,3,NGR), YV(1,4,NGR), YV(1,5,NG§}

i i i i i i
i l i i l i
i i i i i i

XV(NP), YV(NP, 1,NGR), YV(NP, 2,NGR), YV(NP, 3,NGR) , YV(NP,4,NGR) , YV(NP,5,NGR)

- J

NP 1 NP 250
NGR 1 NGR 20
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B.3 5

C**-k*****-k*****-k*****-k*****-k*****-k*****-k-k****-k-k****-k-k****-k*****-k********

c PROGRAM  PLOTFX ( FTO1,FT06 )
C***********************************************************************
c

COMMON / CALCM /

1 ITIT(20), XV(250), YV(250,5,20), PDAT(100),

2 ID1(10), 1D2(10), PDT(10)

CHARACTER*32 FTO1,FT06

OPEN ( 1,FILE=FTO1,FORM="UNFORMATTED® )
OPEN ( 6,FILE=FTO06 )

OO OO OO0

READ ( 5) ITIT
READ ( 5) NGR,NP,MAXP
DO 1130 J= 1,NP
READ ( 5) XV(J),(PDAT(K),K=1,MAXP)
DO 1120 N= 1,NGR
DO 1110 I= 1,5
K = (N-1)*5+1
YV(J,1,N) = PDAT(K)
1110 CONTINUE
1120 CONTINUE
1130  CONTINUE

(@]

A

DO 1220 1= 1,NGR
DO 1210 J= 1,250
IF (J.LE.NP) WRITE( 6,6010) XV(J),(YV(J,K,1),K=1,5)
1210 IF (J.GE.NP) WRITE( 6,6020)
1220  CONTINUE

(@]

B

6010 FORMAT (1H ,6(1PE12.4))
6020 FORMAT (1H )

STOP
END
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B.4 11 AABBCD

6 AABBCD
AA B.4
BB 19 11 19

91 95

c
D

B.4
AA
01 TTLG TAHD TXNA
02 MPa PPLG PAHD x
03 MI/Kg HHLG HAHD x
04 kg/s (GGLG) FBLHD FANA
05 m/s (GGLG) (FBLHD) x
06 kg (RRLG) WAHD x
07 kg/m? RRLG RAHD x
08 % XXLG XHHD x
09 % VRLG VAHD x
10 MW/ (m? K) HFWL HFWH HINA
11 MW/m? QHLG QHHD x

BB

c D

D

BB C
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_ D
( )
4.6.1
SWAT-1R HT-3
@ in
(m) L=L0 (1+a AT)
L: (m)
LO: (m)
a: (/ ) = 18.0x 10°
AT: (=T0-T1)
TO( )=349 WH ( )
T1( )=10
LO D.1
(L-D) 62L 4.6V
LO:

LO= L0=0.062/0.03444 1.80(mH,0)=1800.0(mmH,0)
LH=1800.0x 1+18.0x 107°x 349-10 1810.98(mmH,0)
LW=209.4x 1+18.0x 107°x 349-10 ¢ 210.7

D.1 (L-D

0-1800 (mm) < 1-4.600 (V)
0-18xx (mm) < 1-VMAX (V)
18xx LH=1810. 98 (mmH,0)
VMAX = 1810.98 1800 4.600=4.628(V)
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0-1810.98(mmH,0) 0-A P(Pa)

(PA) AP=p gAh p =999(kg/m*) at 16( )
AP = 999x 9.80x 1810.98x 1073=1.773x 10*(Pa)

p 0-A h(m)

AP AP

Ah=AP p g=1.773x 10* 589.60x 9.80 = 3.0684(m)

(15.739MPa,346 ) p =589.60(kg/m®)

1-VMAX (V) 0-A h(m)

L1 L1=2.790(V)

head = A h VMAX 1 x
= 3.0684 4.628-1 x 2.790-1
= 1.5139(mH,0)
head=1.5139(mH,0) w1
WH S head
W1=S head p
p S

Wi=(m  4)x (0.2107)2x 1.5139x 589.60=31.122(kg)

W1=31.122(kg)
w2 )6.9x 103(m)
W2=6.9x 10-°x 589.60=4.068(Kg)

WOHD = W1+Ww2 =31.122+4.068 = 35.19(kq)

VOHD = 75.0-(52.78+6.9)  75.0 = 0.204(-)
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@ ;209.4(mm)

3

&_/
75(L) N I
N 1800mmH20 46y
62(L)

yd

%

10 20 30 40 50 60, 70

D.1 SWAT-1R (L-1)
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Smith

o= ”
1+(—1)pgs
X P

e=04

S(-)
a(-)
X(-)
p,(kg/m*)

p, (kg/m’)

Thom(1.724MPa[250psi] )+Martinelli-Nelson(1.724MPa[250psi] )

G,
AP=P, - P, =1, 2 A7°
AP(Pa)
P, (Pa)
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P, (Pa)
G, (kg/s)
A(m?)
p,(kg/m*)
fo (_)
0*(-)

Thom

Martinelli-Nelson

1.75

¢’ =¢p(1-x)

2.75

ol = (1 _ Xfo.ess)

0.143 0.571
X = n (Bij 1-x
ug pl X

x(-)
p,(kg/m’)

p, (kg/m’)

Ml(Pa ’ S)

llg(Pa )
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MCRIT=1,2,3

MCRIT

MCRIT=1
MCRIT=2

Henry-Fauske

Moody
MCRIT=3

Henry-Fauske

LEAP-BLOW

H
P N
S* S
A% X
a Y
n P
S C
L G
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a Henry-Fauske

Henry-Fauske

2
_ VisGc Pc

n=1
2P, s

Scc =S, dP s
N= Xc 0<N<1
0.14
b Moody
Moody
H
2 {Hs _HL -t (Ss _SL):|
_ SGL
|:S*(SG_SS)VL +(Ss SL)VG:| {Ss SL SG Ss}
SGL SGL SGL S *? SGL
V. \3
S*=| % Hg =Hg -H, SeL =S¢ =S,
VL
dG.
dP,
C
S*pLpg

) Xp,. +S*(1_X)pc
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i 2 * VL2 2
(S*—1){1-X(S*+1)f
g
A\ 1
gL _ZMZ(HG_HL)WZO
GFL

+2F

F=[p {1+2(S*-1)X}-S*pg 2—S*+2(S*~1)X]]n
+{1+(S*-1)Xg(H, —H,)

N {[M(S*z AR s s _I)X]Z;L}

M=XPL +(1_X)S*pG
e = Xpy 00 L1=X)8*p; op,

pe OF Pr oP"
oH oH
=X—S& +(1-X)—=*
=275 (1-x) oP
d
G.=p P

(o0, (%)
oH ), "\oP),
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Nu=—————Re’()"?|1+
AP 006z D

hy =5.-Nu
di

Nu(-)

Pr(-)

Re(-)

D(m)

di(m)

h, (W/(m? -K))
K(W/(m-K))

b. Jens - Lottes

Toa = 0-82q1’4e(_63xlz" 9]

h, = q _ 1 qo.75e[63x1%4 gj
T, 0.82
Tsat (K) (: Tw _ Ts)
T, (K)
T, (K)
h, (W/(m? -K))
q(W/m?)
p(Pa)
g(m/s?)

sat
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C. McDonough, Milch and King

q = qCHF - C(P) : (TW - TW,CHF)

Nucleate F Press[psi]
q Boiling Boil%g 2000
Steam 1200
A 800
Subcool 300° E
<>
Tsat
d. Rohsenow-Dougal I
K
h, =—=>-(0.023-Re"*. Pr*)
De
h, (W/(m?-K))
K. (W/(m-K))
De(m)
Pr(-)
Re(-)
e.
4 -1
NU = 1 _ 2Pr -Res-(ﬂ)w- 1+ 0.098 1
26.2 B D di s
Pr?-0.074 {Re‘ ()2}
L D _
K
hf =—_'NU
di
Nu(-)
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Pr(-)
Re(-)
D(m)
di(m)
h, (W/(m? -K))
K(W/(m -K))
f. Jens-Lottes
7373 G)" (9 022
Oso =3.154 c (TJ x(g T subj ><106
Jso (W/mz)
G (kg/(m* s))
P (MPa)
Tsub (K)
c,m:P=6.86 c=0.626 m=0.275
P=9.81 c=0540 m=0.370
P=13.73 c=0445 m=0.500
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