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EXECUTIVE SUMAARY

Experiments with 1VO's full-scale and 1/10.6-scale loop seal
facilities have been analysed with RELAPS/MOD2. The facilities
correspond to the loop seal geometry of a VVER-1090 pressurized
water reactor. The steam generated in the core and blown through
the loop seal during a cold leg LOCA was in the experiments
simulated by atmospheric air.

The RELAPS calculaticns were performed with both the frozen version
RELAPS /MOD2 36.05, and with the modified version [2) in which the
treatment of the interfacial drag term in the loop seal bends was
changed,

A ncteworthy difference between the experimental data and the KELAPS
resvlt=~ was discovered, RELAPS removes in the beginning of a
calculation & large amount of water out of the loop seal and thus
depletes wat. ' in the loop seal (clears ‘oop seal) with much lower
cas superficial velocity. Based on this phenomenon shortly after
the beginning of the trannient, flow regime predicted by RELAPS

be. . .es horizontal stratified whereas in the experinents a typical
flow regime was slug flow. Because of the early loop seal cleari~g,
the pressure loss across the loop seal is also too low,

The modifications to the interphacial drag improved slightly the
correspondence between experimental and computational residual water
level duta, but a remarkable gap still remained.

The discrepancy between the experimental and computational data
follows the same trend foir "~ full-scale and 1/10.6-scale
experiments.



1. INTRODUCTION

The beha. ior of loop seals between steam generators (5C) and reactor
coolant pumps (RCP) of a pressurized water reactor (PWR) may
strongly affect the reactor core water level depression and core
heatup ducring a cold leg loss-of-coclant accident (LOCA).
Especially, before a loop seal is cleared, i.e. the water in the
loop seal is pushed out by the steam generated in the core, a large
pressure difference over the loop can be created which lowers the
core coliapsed water level., Thus, the correct modelling of the loop
seal in the integrated thermal hydraulic computer codes used for PWR
accident analyses is of crucial importance.

Imatran Voima Oy (IVO) has performr p seal experiments with
atmospheric air-water facilities and 1/10.6-scale)
correspsnding to a locop seal geo - ., of the Soviet VVER-1000
pressurized water reacter [(1). As a part of Finland's contributicn
to the International Thermal-Hydraulic Code Assessment and
Application Program (ICAP) this report summarizes the results of the
RELAPS5/MOD2 simulations of these experiments. The RELAPS5/MOD2
simulations were conducted with the frozen version 36.05 and also
with a version including modifications in the interfacial drag of
the lcop seal bend junctions as suggested by Y. Kukita of JAERI [2].

2. TEST FACILITY

The primary loop of a VVER-1000 type PWR is shown schematically in
Fig., 1 and the full-scale loop seal test facility in Fig. 2, The
facility consists of high-capacity, speed-controlled fan (3 m’/s
with a head of 0.03 MPa) which provides air to the loop seal with a
maximum superficial velocity of 9 m/s, buffer tank (10 m*’) to damp
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Table 1. Flow and pressure drop oscillations in the full-scale loop
seal experiments [1].

Oscillation ranges

Nominal j, A bp K,
m’s m/s bar

1.0 0.8-1.2 0.12-0.16 1.12
1.8 1 3-1.7 0.09-0.15 0.85
2.0 1.8-2.4 0.06-0.13 0.78
3.9 2.0-3.0 0.02<9.10 0.72

jo = superficial air velocity in the loop seal

op = pressure drop across the loop seal

A, = dimensionless residual water level = h /D

h, = residual wp'er level after an experiment
= diameter of the pipe (= 0.85 m).

3., RELAPS INPUT DECK AND MODIFICATIONS TO THE CODE

The loop seal nodalization model used in RELAPS5/MOD2 calculations
consists of totally 15 control volumes and is shown in Fi $. Tha
bends of the loop seal are modelled using nodes with an inclination
of 45°.

The calculaticns were made for a steam-water system at a pressure of
2.2 bar, at which the density of saturated steam eguals that of air
in atmospheric pressure, The steam is supplied to the loop seal
through a ' .ime dependent junction’- component. The vapor velocity
at the time dependent junction was set as a boundary condition. The
base case RELAPS5/MOD2 input deck of the full-scale experiment with
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the dimensionless initial water level in the lower horizontal pipe
R, |, « 0.8 and inlet vapor velocity j, = 3 m/s is presented in
Appendix A,

The calculations were also done with a modified RELAPS/MOD2 in which
the treatment of the interfacial drag in the junction connecting
volumes 50 and 70-1 and the junction connecting 70-5 and 90 was
changed., 1Instead of determining the interfacial drag coefficients
of these junctions as an average of the drag coefficients of the two
adjacent volumes the junction drag coefficients were set egual to
the coefficients of the horizontal neighboring volumes only (i.e.
70-1 or 70-5) [2). RELAP5/MOD2 uses vertical flow regime maps and
constitutive equations at the 45° bend nodes 50 and 90. Similar
kind of treatmert »f the interfacial drag (together with a
modification in the horizontal flow regime map) was shown to be
effective in ref, [4), when a steam-vater experimeat under 70 bar in
a 10 m long pipe with inside diameter of 180 mm was calculated with
RELAPS /MOD2.

4. CALCULATION RESULTS

The calculations were performed with the IBM version of RELAPS5/MOD2
cycle 36,05 on IBM 3083J with the operating system MVS/XA 2.2.0 and
VSFORTRAN 2.3.0 compiler.

4.1. Full-scale experiments

The residual water level as a function of the modified Froude number
in the experiments and results using both the frozen and modified
versions of RELAP5/MOD2 are shown in Fig. 6. The modified Froude
number is defined as:
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1400000 JUNCI SNGLJUN

0400101 030010000 050000000 0.57 0.0 .0 00000
0400201 © 0.0 0.0 0

*

e COMPONENT 50 , CURVE #1
0500000 CurVl SNGLVOL

0500101 0.57 1.00 O 0 ~-45, =0.707 5.0-4 0.0 00000
v300200 002 2.245 2216,0-6

# oo COMPONENT 60 , CURVE JUNCTION #2 ~—-

0600000  JUNCZ SNGLJUN

0600101 050010000 070000000 0.57 0.0 0.0 00000
0600201 © 0.0 0.0 N

COMPONENT 70 , HORIZONTAL PIPE

0700000 HORIZ P1PE

0700001 5

0700101 0.57 5

0700301 1.0 5

0700601 0.0 5

0700801 5.0-4 0 5

0701001 00 5

0701101 00000 L

0701201 002 2.2+5 217.0-6 000 5

0701301 0.0 0.0 0 4

Y = COMPONENT 80 , CURVE JUNCTTON #3

0800000  JuUNC3 SNGLJUN

0800101 070010000 090000000 0,57 0.0 0.0 00009
0800201 O 0.0 0.9 0 * CONDITIONS

* COMPONENT 90 , CURVE #2

0900000  CuRrV2 SNGLVOL

0300101 0.57 1.C 0 0 45. 0.707 S5.0-4 0.0 00000
0900200 002 2.245 2216,0-6

s COMPONENT 100 , CURVE JUNCTION #4 —-

1000000  JUNC4 SNGLJUN

1000101 090010000 110000000 9.57 0.0 0.0 00000
1000201 O 0.0 0.0 0

#oeeee COMPONENT 110 , VEKTICAL PIPE #2

1100000 VERT2 PIPE

1100001 3

1100101 0.57 3

1400301 1.00 3

1100601 90, 3

1100801 5.0-4 0 3

1101001 00 3

1101101 00000 2

1101201 w2 2.2+% 1.6 000 3

1101301 0.0 0.0 0 2

* oo == COMPONENT 120 , OUTLET JUNCTION -

1200(C0  OUTLJUN SNGLJUN

1200° %2 110010000 130000000 0.57 20.0 30.0 00100
1200200 0O 0.0 .0 0

* oo QCMPONENT 130 , OUTLET VULUME

1300000 OUTLVOL TMDPVOL

1300101 0.57 1.0 0 0 90. 1.0 5.0-4 0.0 00000
1300200 002

1300201 0.0 2.2+5 1,0

» CONTROL VARIABLES

20501000 PLOSS SUM 1.0-E 0 0
20501001 0.0 1.0 P 030010000

20501002 -1.0 P 130010000

»

20502000 TOTALM SuM 1.0 0 1

20502001 0.0 0.57 RHO 030010000
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