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ABSTRACT

The FIX-11 eplit break experiment No. 3051 has
been analyzed using the RELAPS5/MOD2 code., The

code version used, Cycle 36.04, is the frozen

version of the code,

Three calculations were carried out to study the
sensitivity of vurious parameters to the change
of break discharge ané passive heat structures.
The differences between the calculations and the
experiment have been quantified over intervals
in real time for a number of variables available
from the measurements during the experiment.
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1 INTRODUCTION

There is a growing interest in modifying existing
rules for reactor licensing and safety thermal-
hydraulic calculation away from those stated in
Appendix K (Ref 1) towards procedures based on
best estimate types of calculations. A)though
Appendix K furnishes a set of skillfully and
simply phrased rules, its present conservatisn
on safety is regarded as being in growing
contradiction to the increasing knowledge gained
from experimental programs. The many advanced
best estimate thermal-hydraulic reactor codes in
existerce today also demonstrate this.

When the simply formulated older calculation
rules are replaced by best estimate type cal-
culation procedures another measure of relia-
bility has to be established to ensure con-
servatism, Plans for conducting code assessments
for the purpose of determining the accuracy and
the validity of advanced LWR syetem codes were
proposed some years ago (Ref 2). Today the
International Code Assessment Program (ICAP)
with this goal is being carried out under the
auspices of the USNRC (Ref 3).

These calculations are presented as a Swedish
contribution to the ICAP. The contribution is
funded by the Swediesh Nuclear Power Inspectorate.

In the present study the RELAPS5/MOD2 version 36.04
is assessed against LOCA experiment No. 305l
carried out in the FIX-1] test facility at
Studsvik. The experiment is one from the second
test series,
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Test No. 3051 ie a split break simulation and

had the smallest break area of all the FIX~11
tests, see Table 1. The break area was 10 per cent
of the scaled down area of a recirculation line

in the reactor,

A description of the test facility and this
particular test is provided in Chapter 2. A
description of the input model is given in
Chapter 3. The base case and sensitivity cal-
culations are discussed in Chapters 4 and 5. Run
statistics are given in Chapter 6. General
conclusione are drawn in Chapter 7.

Appendix A contains the complete input lists.

The data comparison plots are included in
Appendix B. Results of the statistical analyses
of differences between experiment and predictions
for discrete time intervals are included in
Appendix C, Finally Appendix D describes the

data package on magnetic tape, prepared for use
in the ICAP evaluation work,

IBMIRD EA
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2 FACILITY AND TEST DESCRIPTION

The FIX-11 antegral test facility was completed
at the end of 1981, It has been run by Studsvik
Energiteknik AB under contract with the Swedish
Nuclear Power Inspectorate, The experimental
program comprises investigations of the fuel-to-
coclant heat transfer. Various blowdown and pump
trip situations conceivable in Swedish BWR's are
simulated.

2.1 Test facility

The test facility is shown in Figure 1. The
volume sczaling is 1:777 of the Oskarshamn~11
reactor, which is of the ASEA-ATOM external re-
circulation pump design. An exhaustive descrip-
tion of the FIX~II test facility may be obtained
from Ref (4), which also provides additional
references where various problems pertaining to
the construction period are discussed. Therefore,
only some fundamental aspects of the facility
will be presented here.

The core model involves a full length rod
bundle, which in the geometry is closely related
to a fuel element of the ASEA~ATOM design and
which is electrically heated by DC. Here,
however, there are only 6 x 6 rod simulators
instead of the 6 x 8 rods in a fuel element.
Figures 2 and 3a show details from the core
simulator design. As seen, filler bodies are
placed between the sqguare-section fuel channel
and the circular-section pressure vessel to
reduce the water~filled volume, which otherwise
may influence the test by the leakage of steam
to the upper plenum during depressurization. The
water surrounding the fillers is externally
recirculated and cooled by 200 to 250 kW.
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The upper part of the pressure vessel, Figure 3b,
holds the steam separator and the steam condenser
volume with its three sprinklers., During steady
state power operation the steam outlet is

closed, The turbine power is modelled by the
partial circulation of water from the downcomer
through an external 6 MW cooler with feedback to
the sprinklers of the steam condenser and to the
upper part of the downcomer. The flow rate in
the two branches with cooled water is adjusted
to control the pressure and the inlet subcooling.
The remaining downcomer flow, representing the
recirculation coolant flow in the reference
reactor, splits at the lowzr downcomer end into
two loops. One loop reprerents three of the in-
tact recirculation lines >f the reference
reactor, while the other loop, representing a
fourth recirculation line, incorporates the
break devices. Both loops have its own recircu-
lation pump. The intact loop pump speed is
controlled according to a predeternined speed
history.

The FIX~I11 has, as part of the core model, an
external bypass simulator, Figure 30, through
which about 12 % of the recirculation mass flow
is diverted through a control valve. This bypass
is heated separately to represent the channel
wall heat transfer. At the lower end of the
bypass there is a stagnant water volume to
simulate the reference reactor space for the
control rod guide tubes.

Since the FIX-I11 facility has been designed for
blowdown experiments only, no emergency core
cooling equipment is installed.
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The data collection system is constructed around
a signal processor controlling 192 measurement
channels. The selection of measurements is made
in a signal exchange terminal. A muitipurpose
minicomputer transfers the raw-data of measured
parameters to & magnetic tape. From this tape,
the final analysis at the central computer gives
the desired tables and plots from an experiment,
The data acguisition system includes measurements
to obtain:

- pressures (PT)

- differential pressures (dPT)

- temperatures of fluids (TE)

- mass flows (4PT, PT, TE)

- electric currents (I) and voltages (U)
- pump speeds (nT)

- water level positions (CE)

- valve positions

at places shown in the instrumencation diagram,
Figure 4.

For recording clad temperatures their: were about

100 thermoccuples engaged at 16 axial levels of
the heated length in the 36-rod bundle.

2,2 The experiment

The preparation of the experiment is initiated
several hours before the actuel experiment. For
the heat-up of the facility, a 200 kW preheater
is involved for a period lasting about 5 h., The
recirculation pumps are also running during this
period. Initial conditions are then established
by switching the power supplies to the bundle and
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to the bypass with the 6 MW cooler and the
condenser spray in operation. The preheater is
now disconnected. For about 10 to 30 minutes,
the electric power to the rod bundle and the
bypass heating is gradually increased until the
initial test conditions are reached. Necessary
calibrations are made, and once the eguilibrium
conditions are approved, the segquence control
equipment is activated for break opening, valve
manoeuvres, power reduction, pump speed changes
and so forth, according to a programmed scheme
for the test. For the split break test

No. 3051, the transient ends 137 s after opening
of the break.

In the present FIX~I1l experiment, the speed of
the pump in the intact recirculation line de-
crecsed from the break time to about 20 % of the
initial speed at end of the transient. The speed
of the broken recirculation line pump was not
explicitly controlled.

The break flow escaping through the fast opening
break valve, Figure 1, is discharged into the
receiving tank, T2. Initially, the tank is
partly filled with cold water for efficient pool
condensation of the break flow.

The split break assembly consists of a T-piece

on the line from pump P2 to the lower plenum. A
break flow limiting orifice, downstream of the
break iscolation valve, consists of an exhangeable
conical inlet part followed by a restriction
pipe. In experiment No. 3051, the restriction
pipe diameter was 6.8 mm corresponding to a 10 %
area of one recirculation line,.
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Apart from the heat removal from the filler body
space, see Chapter 2.1, some 100 kW are also
lost by the non-perfect insulation encapsulating
the recirculation lines and the pressure vessel,
The magnitude of the steady state heat losses
was one argument for not performing experiments
with very small break areas at FIX-~II.

The main measured parameters for the steady
state before break are reproduced from Ref (5)
in Table 4. The test performance chronology,
related to the programming of the seguence
control equipment, is given in Table 5.

Experimental raw data were collected for the
whole period of the transient. However, internal
flows were then only qualified until about 50 s
due to uncertainties in the two-phase flow rate
measurements.

A summary of the main results (including event
times, maximum cladding temperatures and some

peak mass flows) is given in Table 6.

2.3 Measurement uncertainty

To obtain estimates for the accuracy of the mea~
sured data, test procedures were adapted within
the experimental program. Probable errors and
errore corres onding to a 95 % confidence level
as derived from these tests are summarized in
Table 2a., The probable errors of derived quanti=-
ties, mostly mass flowse, are given in Table 2b.
The pump speeds are measured using a tachometer
of a l r/s accuracy. The pump characteristics
were verified against the manufacturer's data
for cold water single phase operation,

IBMIRD EA
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3 CODE AND MODEL DESCRIPTIONS

The assessment calculation for the FIX-II1 experi-
ment No., 3051 was done using RELAPS/MOD2,

Cycle 36.04. The code was implemented in June
1986 on a CDC computer at the Stockholm Comsource
Centre where the calculations were carried
through, The descriptive document available for
this code at the time of preparing the calculation
input was the rather detailed code manual

(Ref 7) which also contained an input data
manual. The code features are discussed in
Chapter 3.1.

Existing FIX-II input for RELAPS5/MOD2 (Ref 6)
and a previous RELAP5/MOD2 calculation (Ref 8),
formed the basis for the present RELAPS/MOD2
input. Details of the input are discussed in
Chapter 3.2.

3:1 The Code Features

An extensive code description for the RELAP5/MOD2
is given in (Ref 7). The main characteristics of
the code are summarized in Table 3.

Since the RELAP5/MOD2 code is primarily developed
for PWR application, the gquestion arises whether
the code fails to predict some important features
for a BWR-type application like the present
FIX-11 experiment,

Key questions are, for instance, the behaviour
of droplets under top spray cooling, the effects
of lower plenum and guide tube flashing on the
water distribution in the system, dryout and
post dryout phenomena. For experiment 3051 only
the effects of mass distribution could be
addressed since no dryout was observed in the
experiment.
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3. The Input Model

The model geometry used in the present calculations

is closely related to geometries used in several
previous calculations for FIX-~II experiments
using previous RELAP5/MOD] code versions (Refs 6

and 8). The nodalization diagram for the geometric

modelling used is shown in Figure 5. Figures 6
and 7 depict the modelling in the geometry of
the test facility.

To reproduce fundamental messured steady stote
gquantities, see Table 4, the input for the
steady state search run got some additional
components and control systems:

11

I11

v

IBMIRD EA

To obtain the steady state dome pressure,
a time dependent volume outside of the
opened steam relief valve was added. This
volume had the experimentally measured
dome pressure.

The speed of the pumps Pl and PZ was
regulated using the RELAPS control system
to reproduce the measured mass flows.

To divert the correct mass flow into the
core bypass, the junction from the lower
plenum was modelled as a motor valve. By
trip logic that valve was regulated to
give the experimental bypass mass flow.

When entering into the transient calculation,

the valve setting was fixed.

The measured steam separator collupsed
level was satisfied by connecting an
auxiliary time dependent volume to the
top of the steam separator. The connecting
junction was modelled to regulate the
collapsed level by water exchange depend=-
ing of the level offset.
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Evidently, some non-zero flows (points I and 1V)
will remain at the junctions from the pressure-
and level regulating time dependent volumes.
These llows are guite small and are influenced
by the system heat balance.

The input for the steady state calculation is
given in the Appendix A.
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“ THE BASE CACE CALCULATION

The transient calculation of the base case
(called Case A) was continued from the restart-
plot file obtained from the steady state cal-
culation. To verify the guality of the steady
state, the opening of the brezk was delayed by
30 s.

The calculation of the transient itself was
carried out without any particular problems. The
smooth lapse of the CPU~time, Plot B.34 and of
the computation mass error, Plot B.35 indicate
that,

A set of results from the base case calculation
and the sensitivity calculations were selected
to satisfy the reguirement cn aseessment para-
meters given in Table 3 of Ref 3. Those para-
meters are listed in the Table 8 and the corre-
sponding plots reproduced in Appendix B. Since
some of the parameters are not available from
the measurements, only comparisons between the
different calculations are showr in gome of the
plots. For the mase flow comparisons, it should
be pointed out that the experimental data are
not reliable after voiding has begun which for
most measurements occur 40 to 50 s after break
opening time,

The total mass inventory is dependent on the

feed and spray water flow, the flow through the
relief valve and the break flow. The spray flow
and the feed water valves are closed about two
seconds after the break. There is a good agreement
between calculation and experiment of the mass
flow rate through the steam relief valve,

Plot B.27. The break mass flow, Plot B.29, which
in the experiment is derived from the increasing



STUDSVIK ENERGITEKNIK AB STUDSVIK/NP~86/108% 12

IBMIRD EA

1986-09-17

content of a flow receiving tank, Plot B,30, was
overpredicted in the base case calculation,
particularly up to 45 s. The measured nass flow
shows a pronounced peak during the very first
seconds after the break. This peak is not
realist.c and is caused by steam replacing water
in the tube leading from the break to the
receiving tank. This results in an apparent
volume increase equivalent to a water mass of
about 37 kg from about 3 s until the end of the
test. At the end of the test, the break valve is
closed causing refill of the break line. Taking
this into account the base case calculation
overestimated the mass loss through the break by
about 23 kg.

The thermal~hydraulic conditions in the system
are also influenced by heat exchange with the
core and other boundary structures. Plot B.3
shows the calculated heat exchange with all the
passive wall structures in the loop except for
the separate filler body space with a knwon
cooling power of about 256 kW. The heat returning
from the passive structures exceeds the core
decay heat from about 50 s onwards. The structural
wall material thickness of the components was
generally modelled as 0.09 times the tube inner
diameter.

The system pressure, Plots B.20, B.21 and B.33,
was well predicted until 40 s. Afterwards the
predictions decreased faster than in the experi-
ment. The cycling of the steam relief valve
dominates the behaviou: ~f the system pressure.

Flow rates are measured at the bypass inlet, at
the discharge sides of the two main pumps and

also in the broken loop between break and vessel
inlet; these flow rates are depicted in Plote B.22
through B.25. Two additional measurements of
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in-loop mass flows are the differential pressures
over the orifice in the steam separator, Plot B.17
and over the core inlet restriction, Plot B.2,
The mass flows evaluated from the experiment,
i.e. Plots B.22 through B,25, are not reliable
after the formation of steam has started at the
respective location., The times for the first
steam formation range between 40 and 50 s and

are indicated by increasing flow oscillations,.

Up to that time the predicted base case flow
rates compare well with the measurements. The
flows in the broken loop from the pump eide and
the lower plenum side, Plots B,24 and B,25, are
in agreement with the break flow behaviuor,

Plots B.1, B.13 and B,28 show calculated fluid
densities at the core bottom, at the reactor
vessel bottom and upstream of the break. Fluid
densities were not directly measured in the
experiment.

A% the downcomer bottom, Plot B,18, the first

steam is formed at about 40 & when the steam

relief valve is cpened. The calculation predicts

saturation before this point in time. Notice |

that the thermocouple response may have been

affected by structural material. Shortly after |

40 & the loop conditicns are saturated and the |

fluid temperatures continue strongly coupled J

with the pressure. |
\

The fluid inventories of the core, Plot B.12,
the upper plenum, Plot B.16, the downcomer,

Plot B.14, and of the lower plenum, Plot B,15,
are compared as differential pressures which are
directly measured in the experiment, The differ~-
ential pressure over the core is generally

iz Hlnit ot R
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underpredicted which meens that the mass of
water in the core was larger than calculated.
Underprediction of the triction losses could
also have contributed to the discrepancy.

The differential pressure in the lower plenum,
Piot B.15, is initially slightly high but is

after opening of the steam relief valve reasonably
well predicted.

The comparisons of the rod clad temperatures are
done at the clad inner surface which is closest
to the thermocouple positions of the heated rods
in the experiment. The calculated temperatures,
Plots B.4 through B.9, agree reasonably well at
various levels of the core with the measurements
in the experiment except for early and late in
the transient. No dryout was ever measured or
calculated and heat transfer coefficients
typical for two phase cooling provided a strong
link between the clad and fluid temperatures.
The discrepancies late in the transient were
therefore a result of the pressure (and fluid
temperature) prediction.

During the steady state and early in the transient
the clad temperaztures in the experiment appear
higher than the predicted temperatures by as

much as 10 K. This disagreement is too large to
be explained by the thermocouple location in the
caiculation model.

Heat trensfer coefficients (HTC) evaluated from
the measurements and calculated HTC are compared
in Figure 8, The calculated HTC show a larger

variat{on with time (han those obtained from the
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measurements. Since the temperature differences
are small the measurement uncertainty could be
significant. No definite explanation could be
identified for the discrepancy.
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5 SENSITIVITY CALCULATIONS

Although the results from the base case calculation
(Case A) compared well with the experiment for
many parameters an improved prediction guality
could obviously be obtained by adeguate input
updates.

Case B

The molelling of the present 10 % split break
had used a motor valve applying an opening time
of 1.2 8 known from the experiment. The junction
characteristics of that break valve had been a
choking model combined with and abrupt area
change option. The default value of unity had
been applied for the break discharge coefficient.

Case B was run with a break discharge coefficient
of 0.76 for subcooled upstream conditions. This
value was determined from several sensitivity
studies. A discharge coefficient of unity was
retained for saturated upstream conditions,

The overall results were generally improved by
this change. In particular diff{erential pressures
over the core, Plot B.12, over the downcomer,

Plot B.14, over the upper plenum, Plot B.16, and
over the steam separator, Plot B.17, were in a
better agreement with the experiment. Improvements
in temperature predictions were also obtained as

a consequence of a slightly lower depressurization
rate.

Case C

Case C was devoted to modelling of heat exchange
with the surroundings. Since thie was the
smallest hreak size ever tested in FIX-I1 it
could be expected that the heat exchange could
affect the results., Case C used the break
discharge coefficients as in the Case B.



F STUDSVIK ENERGITEKNIK AB STUDSVIK/NP-26/108 17
1986-09-17

The previously used heat transfer had been
determined from steady state conditions. It had
been noted that the exact core inlet subcooling
was difficult to reoroduce. The offset was 2 to
3 K.

To obtain a cooler fluid entering the core the
outer surface heat transfer coefficient was
eplit into three coefficients in the ratios of
1:3:9 such that most structures had about the
same heat transfer coefficient as earlier. Some
structures in the flow path from the feed water
inlet to the core inlet, like the pumps and the
vessel bottom volume, got the high outer surface
heat transfer coefficient. The low heat transfer
coefficient was applied on the steam dore
structures.

As it turned out this rather large change in the
oute: surface heat transfer coefficients had a
very limited influence on the predicted core
inlet subcooling. The steady state fluid tempera-
ture decreasve down to the core inlet is con-
sequently still not fully explained. The results
were nearly identical to that of Case B.

IBMIRD EA
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6 RUN STATISTICS

The transient calculation model used with the
base case RELAP5/MOD2 prediction for the FlX-I11l
tesc No. 3051 was modelled by:

58 volumes
60 junctions
69 heat structures

The volumes nuamber includes two pump components
and five time dependent volumes and among the
junctions there are two valve components ana
four time dependent junctions.

The computer efficiency is summarized in Table 7
from the major edit printouts, sce also Plot B.34,.
The table also gives the number of time step
reductions from regquested time steps forced by
the current transport limit in the interval from
the previous major edit.

The transient calculation needs were:

Computer time CPU = 2113, 8
Number of time steps DT = 1278
Number of volumes C = 58
Transient real time RT = 145.8

A code efficiency factor of
3
CPU x 10
rxpr —° 28.5

is obtained, compare Ref 3. The computer used
was a Cyber 170-810,
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7 CONCLUSIONS

The present calculation for the FIX-II test

No. 3051, a 10 ® split break, wae the latest out
of a series of RELAPS calculations performed for
experiments done with the FIX-II facility. That
means that improvements on earlier calculation
inpute were incorporated in the input used foi
the present calculations. The code version used
was RELAP5/MOD2, Cycle 3€.04.

As in the experiment the calculations showed no
dryout during the transient. Comparison of clad
temperatures are therefore less meaningful since
these are linked to the fluid temperature by
large heat transfer coefficients. The major
cause for the temperature discrepancies is the
slight underprediction of the pressure and
thereby the fluid temperatures which are near
saturation temperatures towards the end of the
test,

The sensitivity studies addressed the discharge
coefficient and heat exchange with the surround-
ings. Changing the discharge coefficient from
unity to 0.76 for subcooled blowdown improved
the prediction of mass inventory in the core,
downcomer, and upper and lower plenum. The
sensitivity of the heat exchange vith the
surroundings did not significantly affect the
results.

The mass inventories in the core and downcomer
were generally underpredicted in the calculations.
The redistribution ¢f mass caused by flashing in
lower plenum and guide tubes were zorrectly
predicted by the code.

IBMIRD EA
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Design of a fuel rod simulator
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the FIX-11

Nodalization of the main volumes of

{compare Figure 3).
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Table 1
Test matrix of reported FIX~]]1 LOCA tests
!m clessificotion Aplit bresks Ouilletine
Type of simulotion
(oee Pigure 1)) & » ¢
Relotive bresk ares (V) |20 "N 1) 100 180 | ROD | ABNe w00
Presks 1.0 ()60 1o u.juo 2050810000 Bee
0. u
Indtel buntel powver (W)
“hot ehanne ) .08 (2.0 PR 1)
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Table 2.4
Evalusted measurement errors

Quantity Probable Error oottou!oadt

error to 95 X conf Conc:q
level

Pressures 0.014 MPa 0.04 MP2
Fluid temperatures i*c 2'c
Cladding temperatures 1.6%C 3.2%
Small range differential

pressures

(5 to 7.5 kPa) 0.1% kPs 0.3 kPa
Medium range differential

pressuras

(25 to S0 xPa) 0.22 kPa 0.5 kPa
High range differential

pressures

(100 te 700 kPa) 0.26 kPa 0.65 kPa
Table 2.0

Errors in derived guantities

Quantity Probable error
Mass flow rate in orifice

meter K) (P1) 0.2 kg/s

Mass flovw rate in orifice

meter K2 (P2) 0.14 kg/s

Mass flow rate in orifice =10 X of actual
meter K6 (steam flow) value

Mass flow rate in orifice ~10 X of actual
neter K7 (Bypass) value

Break mass flow rate ~10 X of actual

value
Electric power to bundle
and bypass heaters 1 X of max value
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Table 3
RELAPS Mod 2 code features

COMPUTATION PROCESSING FEATURES

= Severs) problen type snd execution control options es

o»u! state initislisetion using fiotitious structure hest
cespacities for faster oconvergence

b. transient cslouletion

c. wtrip execution, to select reguested parameters from a
restart file

4. trip system, to decide on sctions during caloulstion due
to reaching specified conditions in calculetion parameters.

®. ability to delete or add h amic componenty, struc-
ture components and control verisbles st a restart of
caloulation,

CLASSIFICATION OF MYDRODYNAMIC MODEL

-~ One-dimensional, with provisions for

LD
b.

choked flow model
sbrupt ares chenge model

cross flow junctions.

- Two-fluid, six eguation, space-time numerical solution scheme.

- flow
flux

a.

b.

regime oriented field characteristics depending on mass
and void fraction for

;-ou:omn flow with bubbly, slug, mist and stratified
ields

verticel flow with bubbly, slug, annular-mist (and strati-
fied) fields

. high mixing { bubbly eand mist fields (for pumps).
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Table 3 con't

HYPRODYNAMIC COMPONENENTS (1nput systematics)

« Voluwe type components

single volume

pipe and annulus, for condensed input of severs) similer
single volumes

time t volume, for defining & boundary source with
s time t fluid state

branch, & volume capable of two or more connecting junc-
tions at either end

pump, charscterized by rated values for flow, hesd, torgue,
density and moment of inertie. The single phase homologous
curve, two-phase multipliers and phase difference tables to
nodel the dynamic pump beheviour

speciel system oom ts for steanm separator, jetmixer,
turbine and scoumuletor.

= Junction type components

single junction

time dependent junction, for e time dependent junction
flow whith a time dependent or controlled flow stete

cross-flow junction, to model & small cross flow, & tee
branch or & smell leak flow

valve, various operstion cherscteristice aveilsble for
check valve, trip valve, inertisl valve and relief valve.

INTERPHASE CONSTITUTIVE EQUATIONS

~ Interphase dreag

b.

stesdy dxog due to viscous sheer de ing on flow regime.
Seni-empiricesl mechanisms to describe flow regime tran-
sitions

dynamic dreg due to virtual mess effect.

~ Interphease mass and hest transfer depending on flow regime and
the fiuid fields to ssturation tempersture differences
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Table 3 con't

FLUID 7O WALL CONSTITUTIVE EQUATIONS

- Well friction due to wall shear effects formuleted for flow
regimes and besed on 8 two-phase multiplier approach.

- :::x heat transfer depending on flow charscteristics defined
s. single-phase forced convection (Dittus-Boelter)

ssturated nucleste boiling (Chen)

subcooled nucleste boiling (modified Chen)

. eritical heat flux (Biasi or modified Tuber)

transition film boiling (Chen)

film boiling (Bromley-Pomerant and Dougall-Rohsenow)

. condensation (partly Dittus-Boelter).

© = @ o o0 U

- Interfecisl mass transfer st the wall depending on wall, fluid
and saturation temperastures for

8. subcooled and satureted boiling
b. transition film and film boiling

¢. condensation.

T STR

These may be rect lar, cylindricel or spherical in shape.

The structure position is defined through compinent numbers of
1eft and right hand side hydrsulic components. A structure is
physicell efined by the geometry and the tempersture dependent
conductivity and volumetric hest cepacity date. The structure
model is further specified by the number of internsl mesh points
in the direction of heat flow.

CONTROL COMPONENTS

Py these new (control) varisbles are defined from celculated
parameters using algebrs, standard functions, tiip type ope-
rands or integrels.
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Table 4
Initial conditions, for test No. 3051
Measured Predicted

Quantity Cone Cose & Cose ¢
Pressure i the stews dome (MPe) (38 1) 6.9 6.9 69
Power to the 36-rod bundle (incl connections)  (MW) 2.3 am i a»
Power to the bypass hesters (kW) 611 6.3 61.1 6.1
Cooling power in the filler bofly space (kW) P a8s. 258 855
Mase flow rete through pusp Pl (hg/n) 4.8 4.0 4.8 490
Rase flow rete through pusyp P2 (kg/e 1.5 1.9 1.8 1.62
Nese flow rete in the bypass (kp/®) 69 N1 1) n
Mass flow rete 4o the 36-rod bundle (kp/®) 5.7% §.7% $.7% .0
Mans flow rete in the spray line (kg/s) .00 .00 3.00 3.08
Mass flow rete in the feed weter line (kg/») 1.8 1.9 1.9 1.9
Teapersture of water st the bundle inlet ) 7. 260 260 F
Temperature of fesd and sorey weter ({9)] 179 179 179, A7
Weter level in the sprey condenser ») 838 836 83 834
Rotational speed of pump Pi t'n) 6 5.« 5 4 %5 4
Rotational speed of pump P2 (e LA %) ELI 1) 335y 313 .%
Nead of pusp Pl (kPa) 1166 1238 1238 1233

Table 5

List of events in test No 3051

Time (9)
Event leposed  System Predicted
sction resction Case A Case b Case C

The break ocours (valve VIi20 starts to open) 0 .0 0 0
Start of cosst down of pusp P 0 0 0 0
Start of power decey (rod bundle and bypsss) 0 0 0 0
The SRV starts to open 8 N ) . N )
The SRV is fully open 1.1 14 1.1 1.1
The SRV starte to close 15 1.5 1.8 1.5
Minimus in steam Gome pressure occurs 1.9 2 2. 2
The spray flow is closed 2.0 a0 2.0 2.0
The feed water flow is closed 21 21 21 2.1
Valve Vi04 to the eveporstion cooler is closed 2.2 2.2 2.2 2.2
The SRV s closed F PN ) 2. e
Macimun of steam dome pressure (] s 0 0.8
Plow reverse) in the intact KCL 0. 188 198 19.5
The SRV sterts to open LN .. M 3¢
The ERV s fully open 40 .3-137 .2 403 403 403
Cavitaion in the broken RCL pump P2 45 ‘" 45 ‘"
Flashing starte in the LP (st seturstion) o 45 4o 5.
Level swell (recovery) in the Aowncomer o “" 4o 46
Fles ' ing sterts in the bypese puide tubes vo)ume 449 ¢ 82 83 83
Peak in the bypass flow into the UP $1. 85, 85, 5¢
Test stop signel 1361 . . .

Abbrevetions: LP
ur
RCL

L

« Lower plenum
*« Upper plenum
Recirculetion line
Stean relief valve
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Teble &

summary of the main results in test No 3051

Seseured Predicted
Coase A Caae B Case C

Total tioe of transient (break discharge) (a)
Initial dryovt Bone « « Bong ~ -~

Bundie uncoveory Mot achieved « « Bot mchieved - -

Broak mass flow 2 o after the break * (hg'e) 2.7 2.0
Max. brok flow tate from lower plenum (kg/a) <1
brash flow through pump P2 (kg's)
Max. dome pressure sfter broak time (HPe)
Dome presoure ot the and of test (Mpa)
Hax. rod temperature, ond of blowdown (C)

Integrated broak mass flow (kg)

Integrated steam rolief mass flow (kg)

* Approx. at the maximum break flow of the test

Table 7

Run statistics data (Case A)

Ties (8) Conputer Mo, of tise Ho. of tioe step reductions in interval
CPU tiee (8) staps guality asxtrap. Booo propty Courant

~679. ~-480
0. 0
234, 160
872. 393
1182, 776
1663, 1030
2113 1278

Time of break opening
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Iable &

Parameters plotted and used in the assessment
comparison.
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