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Abstract

Seven NEPTUN rellooding experiments with varying parameters flooding rate, single
rod power, pressure and initial rcxl temperatures were simulated with the code RE-
LAPS / MOD 2, version 36.02, to assess the code, especially its reflood model. ffhese
calpelations were perfonned with the specific objectives of evaluating the general pre-
diction capability as well ris specific problem areas of the RELAPS/ Mod 2 code in
modelling boll off and reflocxl behavior.

First a study of the effect of the hydraulle and conduction nodalization to the results
of the code was perfonned using a ,dgh and a low flooding rate experiment. After the
choice of a proper nodalization, base case calculations were done for all seven NEP-
TUN reflooding tests. The differences between code predictions and experiments are
described and analysed. Implementing new correlations into the code and modifying or
correcting existing correlations, for example for wall heat transfer or interphase friction,
some of the weak points of the code during reflooding could be identified.

These modifications were checked with all seven NElrrUN experiments. Additionally,-
two FLEClIT-SEASET tests were simulated with the frozen version and also with the
modifications mentioned stave,

iii
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1 Introduction

The best estimate thermalhydraulic transient computer code RELAP5/ MOD 2 was used
at Paul Scherrer Institute (PSI. fonnerly ElR) for assessment calculations of NEPTUN
boil-off and reflooding experiments.

NEPTUN is a half length, electrically heated 37 rod bundle facility (33 heater rods
and 4 guide tubes) for core boil-off and forced bottom refloodin3 experiments. In this
facihty 40 reflooding experiments were performed during 1981-1983. Seven of them
were chosen for assessment calculations with RELAPS/ MOD 2.

This report summarizes the work which was done at PSI using RELAP5/ MOD 2 code
with respect to NEPTUN reflooding experiments. These assessment calculations are
part of the contributions of the PSI to the '' International Code Assessment and Appli-
cation Program" (ICAP), of the US. Nuclear Regulatory Commission (NRC).

This assessment work was performed in the following order. First, hydraulic and con-
duction nodalization studies were done with a high and a low flooding rate experiment.
After the nodalization was chosen, all seven experiments were calculated witn the frozen
version of the code. The differences between calculations and experiments were ana-
lyzed and described. It was tried to find the reasons for these differences and if possible,
to eliminate them by modifying correlations in the code or by implementing better cor-
relations. In this way, a modified version of RELAP5/ MOD 2, especially tested for
reflooding, was created.' With this modified version ~, all seven NEPTUN reflooding ex-
periments were calculated again. As a final test, two FLECHT-SEASET experiments
were simulated with the frozen and the modified version of RELAP5/ MOD 2.

The contents of the report follows the same order as described above, in chapter two,
a description of the NEPTUN test facility and of the seven NEPTUN reflooding tests ,

used for this work are given. In chapter three, the used code version is described . !
'

and the evaluation of a proper nodalization for the NEPTUN test section is reported.
In chapter four the base case results of all seven NEPTUN reflood experiments are }
given. Chapter five describes model improvements to the code.which were found as !
a real improvement in the NEPTUN reflooding experiments. Chapter six gives the j

comparison of the frozen version and the modified version of RELAP5/ MOD 2 calcu- |
lations for two FLECilT-SEASET expetim:nts. Chapter seven contains a discussion - !

of the results of the calculations with the frozen and the modified v~sion of the code
for the~ seven NEPTUN and the two FLECHT-SEASET tests, Run statistics of the
two NEPTUN experiments with highest and lowest flooding rate tue given in chapter [
eight. Finally, in chapter nine, the main conclusions of tius work are summarized and [

reconmendations are made, In the appendices, one finds a sample input deck of one !

NEPTUN experiment, the updates to create the modified version of RELAP5/ MOD 2 }
}
'

r
i

!

!
!
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and the mathematical fonnulation of the implementation of the new bubbly /F
interphase friction correlation into RELAP5/ MOD 2.

2- Facility and Tests Description

2.1 NEPTUN test facility

The NEPTUN test facility (Figure 1) was originally built to study reflooding in bundle
geometries. The NEPTUN heater rod bundle consists of 33 electrically heated rods and
four guide tubes. A cross section of the NEFTUN bundle can be teen in Figure 2 and
the dimensions of a NEPTUN heater rod is shown in Figure 3. The outer dimensions of
the rods are similar to those of a PWR fuel rods except being half length in size (1.68 m
heated length, heated rods with diameter 10.7 mm, p/d = 1.33). The whole bundle is
placed in a insulated octagonal housing. The axial power profile of a NEFTUN heater
rod is of the form of a cosine with a peaking factor of 1,58 (Figure 4). There are five
fuel assembly spacer grids, axially located at equal distances.

At eight measurement levels, rod cladding temperatures, fluid temperatures and differ-
ential pressures are measured as shown in Figure 5. Each heater rod is instrumented
with four to eight thermocouples, placed inside of the cladding at the eight different

|

measurement levels. The five centrally located heater rods are additionally supplied with
external thennocouples. There- are further measurements of flooding water, fresh steam
and exhaust steam mass flow rates, water carry over, absolute pressures and heating
power. From the absolute pressure measurement and the pressure difference measure-
ments the void fractions between all measurement levels and the collapsed liquid level
of the whole test section can be obtained. The pressure in the upper plenum of the test
section is held constant during the experiments by a pressure control system.

Further details about the NEPTUN test facility are given in reference 1.

2.2 The NEPTUN reflooci experiments uscci for assessment calcula-
tions

40 reflood tests were performed in the NEPTUN test facility from 1981 until 1983.
Seven of them were chosen for the assessment of the RELAP5/ MOD 2 code, as repre-
sentative cases. Their test pa;;.nseters are shown in table 1.

The experimental procedure of such a reflood experiment is given in ref. I ar d will be
summarized here. Before the start of the test, the flooding water in its cin:uit is brought
to the desired conditions. The test section is kept at a defined experimental pressure and
is filled with saturated steam. Then the power at the heater rods ir switched on and the

heater rod temperatures start increasing, A short time before the cladding temperatures

.
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reach the desired value, the valve for th- ",aoding water is opened and the water enters
into the test section. The power at the bundle is held constant until the end of the
experiment.

2.3 Measurement uncertainty

There exists no detailed quantification of the measurement accuracy in the NEPTUN test
facility. Hence, the errors of the test parameters and the data of the NEPTUN reflooding
tests have to be estimated. For example, the collapsed liquid level in the test section
can be determined by the sum of all op measurements along the test section and, also,
by one op measured between bottom and top of the bundle. From the difference of
these two values the accuracy of the measurement of the collapsed liquid level can be
determined.

The scattering of the rod cladding temperatures in the bundle was estimated from plots
of these temperatures for different rods at measurement levels 4 and 5. The rod tem-
perature data used in this work for comparison with code calculation were taken from
the so called representative rcxl [11,12] and gives average values for cladding temper-
atums and quench times between all the rods. This was rod E3 (Figure 2), and at the
measurement levels, where this rod is not instrumented, it'was rod El.

Six of the seven used NEPTUN experiments were repeated {3]; in these repetition
experiments the five centrally located rods where instrumented without external ther-
mocouples. The idea of these repetition tests was to detennine the influence of the
external thermocouples to the bundle during reflooding, especially to the mpresentative
rod. This effect was negligible, except to around 35*C lower quench temperatures (and
therefore a little later quench times in the tests without external thennocouples) and
the amount of water expelled from the test section. The water entrainment was higher
without external thennoccuples in the tests with low flooding rates (see table 3).

These repeat experiments gave also an indication of how good a NEPTUN reflood test
can be reproduced. Except for some special cases, the reproducibility was very good.
The largest differences between original and repeat experiments can be seen in table 3.

The uncertainty of the test parameters or measured data in the seven used NEPTUN
tests can be sun in table 2.
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Table 1: Test parameters of the seven used NEPTUN reflooding
'

experiments
,
t
4

Exp.Nr. Pressure Flooding water Single rod power Maximum initial !
(bar) Velocity Subcooling (kW) cladd. temp. i

(cm/s) ('C) (*C ) i

!
p- - -

!

't
5036 4.1 1.5 11 2.45 757 !

t
: 5052 2.5 78 867 L

" "

5051 4.5 f
" " " "

5025 10. 757 j
" " "

" " "5050 15. 867 i1

'
5049 1.0 2.5 " " "

5056 4.1 2.5 4.19 !
" "

;
- ;

r
t

l I

| k

i
e

i
!

I
L

b
r

a

!

1

'

|

l .'

| !

;

?
>

l

| ~I
| . x,

h

k

o
--$

,

'
L

-

i

- _. ,

|
. . . _ _ . ~ , . _ _ .- - - . , - _ . . , - , . ....m. _ ._.. - _ _ . , . . . . _ . . . - . - . . . , . . .__---..,_,.,.,,,.._,_.r...-,_..-_. ._



6

|
t

i
;

,

,

&-

!

i
1 %ble 2: Measurement errots and scattering of the data during NEPTUN

,

2 reflooding tests.

Quantity ' Probable error Largest scattering min. to max. of the data
:

~

{ Flooding water mass flow t 53 % <

;
<

j Flooding water temperature 0.5*C
,

4

Test section pressure i 0.03 bar 0,42 bar during exp. 5050
i ,

i
Rod power i 1.8 %

.

Collapsed water level 4cm
,

'

Void fractions 0.04
,

Rod cladding temperatures between all 48aC dudng exp. 5050,

rods without extemal thermocouples sac 90 C during exp. 5036 -,

4
,

d

i
Quench times between all rods without 2.5s during exp 5050 -
extemal thennocouples at measurement i 1.2s 14.2s during exp. 5036
levels 4 and 5

,

I

I

)

3

.

-

;
s

i

!
'

i

;
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,
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| Table 3: Differences of the data between NEl'nJN reflooding tests and repetition

f experiments
:

; Quantity Largest scattering between original and repetition test
,

i

i
Rod cladding temperature 20'C between exp. 5050 and repetition experiment i

at representative rod 90"C telween exp. 5036 and repetition expedment2

Quench time of representative rod 4.2s between exp. 5050 and repetition experiment
at measurement levels 4 and 5 9.2s ty: tween exp. 5036 and irpetition experiment

Water entrainment Identical during experiments with 4.5 15 cm/s'

Dooding velocity _
. _

-

5 % higher in repetition experiment during experiments
with 2.5 cm/s flooding velocity -

i

33 % higher in repetition experiment during experiment
with 1.5 cm/s flooding velocity

|

L

1
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3 Code and Model Description

3.1 Code description

The code used for this wolk was RELAP5/ MOD 2, Cycle 36.02 (Frozen version), with ;

no further updates. This code was used for the nodalization study and the base case
calculations. During the course of this work, modifications were made to the code
which will be explained in due course. The details of the models can be seen in the

code manual [2].

3.2 Model description and study of the effect of the nodalization

The model used to describe the NEPTUN test section was very simple (Figure 6).
A pipe component representing the test section fluid volumes is connected to a time
dependent volume at the bottom by a time dependent junction. The upper plenum is a
time dependent volume with constant pressure, connected to the upper end of the pipe
by a single junction. Guide tubes and housing were neglected in the calculation, but
their effect on the ikx> ding behaviour of the NEPTUN bundle is very small. Comparison
of an experiment with heated guide tubes and heated housing to an experiment without
hcating of these components leads to this conclusion as indicated in reference [3],

'

Before choosing a final model, the effect of different nadalizctions to the results of
RELAP5/ MOD 2 was investigated for two experiments,5050 with the highest and 5036
with the lowest flooding rate. Of interest was the influence of the number of hydraulic
volumes chosen and the effect of the number of fine me.h conduction nodes selected
in the heat conduction elements.

The different nodalization were selected and tested using 10,18 and 32 volumes for
the bund!c (Figure 6) by fixing the number of fine mesh nodes in the heat conduction
elements. In the high flooding rate experiment the effect of the nodalization on the
cladding temperatures is small (Figure 7). Higher number of volumes results in higher ,

wall heat transfer and earlier quenching.
.

In the low flooding rate experiment as it can be seen from Figure 8, the effect of
the nodalization to the results of RELAP5/ MOD 2 is not systematic. At axial level !

4, nodalizations with 18 and 32 volumes give similar results and-nodalization with |
10 volumes gives the worst wall heat transfer and later quenching. At axial level !

_

5,32 volumes gives the worst heat transfer, highest cladding temperatures and latest
quench. The main reason for this deviation could not be identified. Though, in this
calculation, there are large differences between measurements and code predictions;
hence, unsystematic effects have to be expected, The same nodalization study. was r,

performed with a modified version ElR-update 75 of RELAP5/ MOD 2, which gives - '

!
v

.

__. -_ _ . . . _- _ __ _ .. _ . _ . _
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better results for this experiment (EIR update 75 is very similar to ElR-update
which will be documented in section 5). With this modified version, the results art.
much more systematic (Figure 9). The code calculates lowest cladding temperatures at
least before quenching and earliest quench wP'132 volumes than with 10 volumes.

All the calculations to be presented latter in this icport were performed by selecting the
nodalization with 18 volumes as the basis.

Calculations by fixing the nodalization and varying the number of fme mesh nodes in the
heat conduction elements were also performed. In Figure 10 the result for experiment
5050 at measurement level 4 can be seen with 16 and 64 fine mesh nodes per heat slab.
The number of fine mesh nodes does not have an influence on precursory cooling wall
heat transfer, but it has an effect on the quench temperature and thus on the quench
time.

11ased on the nodalization studies described above, it was decided to use 16 fine mesh
points per heat slab for further calculations.

4 Base Case Results

Using the nodalization scheme mentioned abose, base case calculations were performed
for all seven NEPTUN reflooding experiments. The results can be seen in Figures lla-
26a. They will be summarized for the different flooding rate groups:

n) At high flooding rates the code overpredicts the wall heat transfer coefficient dur.
ing film boiling (Figures lla,12a). Therefore, the rod cladding temperatures
decrease too fast before the quench. The quench ternperatures are predicted 130-
170 K lower than in the expetiment and thus quenching occurs latter than h the
measurements,

b) At medium flooding rates, the same behaviour can be observed as in the high
j flooding rate cases: the overprediction of the wall heat transfer during film boil-

ing (Figure 13a) and the quench t:mperatmes are 90-150K lower than in the'

measurements.
|
| c) In the low flooding rate experiments the first phase of steam cooling is well pre-

dicted by the code; calculated and measured surface temperatures agree well until
the measured turnaround temperature point (fig.14a-17a). Though, during dis-

| persed film boiling and film boiling, the calculated wall heat transfer is much
I lower than in the experiment and hence, the turnaround points are calculated at

higher temperatures and turnaround times occur later Calculated and experimen--
tal temperatures differ by as much as 300 K before the quench. The quench times
deviate within a factor of 2 from the measured ones.

1
.- - . - .
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At the s9mc time, the code grossly overpredicts the amount of water expelled and
iconsequently, underpredicts the collapsed liquid level (figs. 21a 24a, especially
*Figure 24a). This behaviour is typical for alllow flooding rate experiaents. The

calculated void fractions are over-predicted (Figures 25,26. middle figures) and e,

shov u, physical instabilities. The collapsed liquid leve!s also exhibit instabilities
and stepwise' decreases, while the water entrainment increases by steps at 'he
same time (fig. 24a). t

5 Model Improvements

The discrepancies between experiments and calculations reported in the last chapter
could partly be eliminated by implementing better correlations into the code, f

The over prediction of :he wall heat transfer coefficient during film boiling in the high
lin -ate experiments (.ould be climinated by kinging back the Modi.and medium C .

fled Bromley v ..ation for the film boiling heat transfer coefficient to its original form
as it stands in the coCe manual [2]. Missing coefficienis had to be added and an empiri-
cal factor had to be removed (fig. 27). As a result of tids modification, the rod cladding
temperature histories calculated by RELAP5/ MOD 2 dmbs, ilm boiling become parallel

Pto the experimental ones (Figures 28,29); the problem of the low quench temperatures
predicted by the code and consequently, the late quenching, will be discussed latter.

The anal;1is of 6 NEPTUN holloff tests using TRAC-BD1 version 12 {7,t; and TRAC.
BDl/ MOD 1 {5,9] has shown, that TRAC overpredicts the amount cf wat:r expelled ero
'mderpredicts the collapsed liquid level for these experiments. The same behaviour was
found with RELAP5/ MOD 2 for one NEPTUN boiloff experiment [9). The amount of
water expelled in a bolloff expenment is mainly determined by the interphase friction
in the bubbly and slug flow regimes. It was found that both codes overestimate the
interphne friction in wese flow regimes for tod bundle geometries.

,

Actually, the correlations used in these codes for the interphase friction were developped
for tubes and not for rod bundles._ For the bolloff experiments this problem could be
solved by implementing a new correlation [4] from the CATHARE code for the inter-
phase friction in bubbiy and sir; low, which is applicable for rod bundles {5,7,8,9]. ,

;
'

This new correlation was also implemented in RELAP5/ MOD 2. The wthematical for-
,

mulat ons of the implementation into RELA"5/ MOD 2 can be formd in. Appendix C.i

Figure 30 shows the formula as it was implemented in RELAP5/ MOD 2. With this new2

correlation, the severity of-:he problem of too low collapsed liquid levels in the low l

flooding rate experiments could be reduced (Figures 31,32). Also, the amount of water
expelled from the bundle was reduceu, whicl was before over-piedicted (Figures 31,
32). This modification also improved the predicted void fractions (Fig. 33), and the1

,

N __ _ s,
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cladding teinperatures became a little closer to the experimental ones (Fig. 34). f

One could observe in the calcelation of the low flooding rate uperiraerd 5036 that the
collapsed liquid level always deumased by step changes (Figure 31) at the times the

'

entrained watu incrc'ised by a step. 'Diis occured just at the times when the steam
velocities in the test section exhibited numerical spikes.

These numerical oscillations are probably dun ta the interpolation of the reflood wrtu
' at transfer coefficient between two wt points for void fractions 0.91 < a < 0.99. ;
At the hi.e.her end, the Modified Bromley cormlation is used with an (1 - a) factor,
at the lower end the Modified Dromiey correlation is taken without ar.7 additional
factors (Figure 35). This short transition bety een Modified Bromley correladon and
(1 -- a) ti nes Modified Bromley correlation probably caused the numerical oscillations
mentioned above By implementing the Forslund-Rohsenow correlation [6] into the
code and using it for void fractions a > 0.S, using tne Modified Bromley correlation
for a < 0.6 and making interpolation in between (Figure 35), improvid results were -
achieved.

'

Actually, with this new wall heat transfer bgic, the instabilities disappeared. The pre-
dicted collapsed liquid level is smoother and in good tgreement with the measured o,.s
for the low flowing rate experiment 5036 (Figure 36|. The entrained water predicdon,

has become better (Figure 37). The :bdding tempera'.ures of the reds are also smoother
(Figure 38) and the turnaround time and turnaround temperatures uce now in better
agreement with the experimental ones. As an impo. tant by-product, the calculation has
become more stable. The oscillations la the steam velocities are much smaller and
the big spikes have disappeared (Figure 39). This is an example, where the choice of
a cnitable heat transfer correladon and logic has reduced thermalhydrulic ins.nbilities
and has given better results in cladding temperatures, collapsed waar level and water
entrainment.

One of the remaining problems in the low floviing rate experiment 5036 is the under-
prediction of the wall heat transfer after the turnamund points (Figure 38b). The reason
for this deviation between experiment and calculation arc the too high void fractions
calculated by the code for low floodmg rate experiments. Reducing die interpnase fric-a

tion in the md bunu!c geometry in the hivested-slug flove regime _by a factor of 2.5
and in the (dispersed) flow by a factor of 2 (Figure 48), better agreement could be
achieved between calculated and experituental void fractions (Figure 40). As a resultv
the cladding tecnperattue histories agreed betc with the experimentt 1 ones (Figure 41).
The col!ipsed liquid level increased a little and the water entrainment was very well

,

predicted.

Two addidonal problems remained: One was sinphysicci void frnetion discentinuities

.

"%
'

_.~ %
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which occured in :he low flooding rate experiments around the cpench time in the lower '

part of the test section (Figure 43, middle). The other was the too low quench tempera-
tures and therefore much too late quench times calculated by the code especially in the
high tboding rate experiments (Figure 28b).

7

The reason of the void fraction discontinuities in the low flooding rate experiments is
probably due to the criterion for selecting the pre dry out interphase friction correla-
tions near the quench front. If a node had quenched, the code continued selecting the
post-dry out interphase friction correlations. Tne criterion for choosing the pre dry out
interphase friction fonnulas in the code is given in Figure 42 as well as the modification
which was performed to climinate the void fraction discontinuities. As one can see from
Figure 43, the oscillation is smaller with the modification, but it has not disappeared.

j One can choose Tc T, - 40 instead of T, - T, - 40(1 - o) in this correction. Then,
this oscill tion completely disappears in the lower part of the test section, but the ccdei

calculates too high void fractions and therefore too high cladding temperatures in the-
upper parts of the test section. One obtains worse results compared with the experi-
ment. The choice of T,- T, - 40(1 - a) is a compromise, which although does not
solve completely the problem of the void fraction oscillations in the lower part of the,

'st section, it also does not influence too much the void fraction in the upper part, in
gure 47, one can see that by introduction of the last modification, this void fraction

_

nillations have almost completely disappearedc

vc saw in the analysis of all NEPTUN reflooding experiments that REl,AF5/ MOD 2 h
* ~

calculates too low quench temperatures which results in later quench times; in the high
tlooding rate experiments, this delay of quench time can be large (Figure 28b). The-

effective quenching point in RELAP5/ MOD 2 is the crossing point between-the film
boiling heat transfer coefficient and the Weismann transition f.lm boiling heat transfer
coefficient. There exists a second criterion (2], which calculates a rewetting tempera-
ture. But in ali our cases, this crossing pomt between film boiling and transition boiling
heat transfer coefficient was higher than the rewetting temperature, so this crossing point
is automatically taken as the effective qu:nching point. The crossing point could be
changed to higher temperatorea by changing an exponent in the.Weismann transition

9 boiling conelation _(Figure 44).

A second modification was performed to the code at the same time To account for
the effect of the subcooling of the fluid on the wall heat transfer during film boillag,
the Modified llromley heat transfer correlation was multiplied by.a correction factor
(Figure 44) This factor has only a small effect in the lower part of thb test section.

The effects of these modHications to the rod cladding temperateres can be~ seen in)
Figures 45 and 46. Good agreement was obtained between the er.perimental data and
calculational results. Figure 47 shows that the void fraction oscillations mentioned

3

- .
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above have almost disappeared with this last change.

The summary of all the updates performed in RELAPS/ MOD 2 at PSI is given in fig-.

! ure 48. With the version ElR. update 83 the seven NEPTUN re0ood experiments were
re-calculated. The results of the rod cladding temperatures, collapsed liquid levels, lig-

,

uid carry over und some void fractions can be seen in Figures 11b-26b, compared with,

the calculation with the frozen version (Figures lla-26a).
,

| The modified version of RELAP5/ MOD 2 gives significantly better results fer all seven
NEPTUN reflooding experiments. In particular, the low flooding rate experiments were <

much better predicted by the modified version.

!

6 ralculations of two FLECHT-SEASET reflooding ex-
! periments using the frozen and the modified versions

of RELAP5/ MOD 2,

. .

: 6.1 The two FLECIIT-SEASET tests used for calculations and the
: used norialization
,

! Resuhs of code calculations can be dependent on geometries and facilities. As a test,
'

in order to assess if the modifications introduced in the last chapter were also resulting
in improved predictions for experimems iri other facilities, two FLECHT-SEAShT tests

i10) were calculated with the frozen and the modified version of RELAP5/ MOD 2. The:

test parameters of these two tests are given in Tabic 4. Test no. 34006 is u low flooding '

rate experiment, while test no. 31701 is a high flooding rate test.
!

| The input deck for test 31701 was recieved from EG&G, Idaho. The FLECHT ter.
section is simulated by a pipe of 20 volumes of the same kngth Upper and lower
plenum are simulated by a time dependent volume, similar to the NEPTUN nodalization

j- (Figure 6).

6,2 Results with frozen and modified versions of RELAP5/ MOD 2

The two FLECHT reflooding experiments were calculated with the froren and the nod-
: ified versions of RELAP5/ MOD 2. The results can be seca in Figures 49-55.

In the high nooding rate experiment, the results of the frozen and the modified versions
are both very god (cigure 49). No large differences can be seen betwec. the two
versions with respect to rod chdding temperatures. The deviations' of the calculations

: fmm the experiment are vety small. '1he water in the bundle and the water entrainment
; are almost identical with both versions; the mass in the bundle is underpredicted, while
;
.

_ - ..m
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the water entrainment is overpredicted b," de code (Figure 50). e

in the low flooding rate experiment, with the frozen versien,- only the first phase of
steam coofing is well predicted by the code (Figure Sla). During dispersed film boil-
ing the code calculates a too high wall heat transfer. This results in 100-150K lower
turnaround temperatures than in the experiment. Dunng this phase of the calculation ,

'

the steam temperatures in the test section oscillate by 450K (Figum 52a). The msss in
the bundle is a litde underpredicted (Figore 33a) but the water enrainment is grossly
overpredicted (Figure 54a). The steam velocities in the test section o.willate and have o

large spikes (Figure 55a). The void fractions (Figurc $6a) exhibit large oscillations and
are too high, similar to the .NEPTUN low flooding rate experiments. r

a
With the modified version of RELAP5/ MOD 2, the underprediction of the turnaround

'

temperature is as large as with the frozen version (Figure 51). Quench times are pre-
dicted earlier than wnh the frozen ;crsion (similar to NEf'rUN) and the amplitude of
the steam temperature oscillations is somehow reduced (Figme 52). _With the modified
version, the mass in the bundle is calculated very well and without the numerical os. ,

cilla: ions cf the frozen version, sitnllar to the NEl' TUN calculations (Figure 53), and
,

the water entrainment is smaller than with the frozen version (Figure 54), but is still'
overpredicted. The steam v'elocities in the test section oscillatr.with the modified ver-
sion less dan with the f:ozen verrion (Figum 35), and the large velocity _ spikes have -

/disappeared. This is the same behaviour as in the NEPTUN c dculations(Figure 39).

The void fractions are calculated much better with the modified version of REl.APS/MCD2
(Figure 56). The large oscillations have disappeamd and th( measured collapsed water -
level is well predicted. Finally, the void fraction 3 predicted by the modified version of
RELAP5/ MOD 2 are closer to the mearred ones than the or es pmdicted by the frozen,

version.

7 Discussion

g- Thi; assessment work has shown, that the frozen version of *he IW1.1.?5/ MOD 2 code
gives relntively good results fc,r the NEPTUN high and medium flooding rate experi- f
ments. Large deviations between prediet:ons and measurements necur in the low flood-
ing rate tests.-

,

Two c.reas in the code were lound, 'vhien are mainly responsible foi th; differences
between predictions snd measmtments in the NEPTUN facility: r terphase friction andn
wai! heat transfer. In the low floodio.g rate experiments one always faces the same 3

problems: Overprediction of the amount of water expelled (com me bundle ind, at the
same time, underpredictica of the callapsed water level.

<

i
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Thu behaviour was found to be due to the interphase friction correlations in the code,
especially in the bubbly and slug flow regimes. Actually, all the correlations in the code
are developped from tube geometrj experiments. Though, in a rod bunole, the interphase
friction is smaller than in a tube, as experiments have shown [41. Therefore, the code
overpredicts the amount of water expelled in the NEPTUN bundle. By implementing a
correlation used in the CATilARE code for the interphase friction in bubt>ly and slug
flow, which is suitable for rod bundles, the problem of the overprediction of the water
entrainment could be solved. In the other flow wgimes, the interphase friction was
reduced by multiplying factors in this work. This was done because there were no
exist ng correlations for the interphase friction in the rod bundle geometry for thesei

flow regimes.

The reduction of the interphase friction in the rod bundle geometry is most important in
the bubbly and slug flow regimes. These flow regimes determine mainly the amount of
water which is expelled from the bundle in low fkxxiing rate cases; though, whether in
the other flow regimes a reduction of the interphase friction in the rod bundle geometry
is necessary, has to be tested by further assessment calculations of other experimental
facilities.

The new correlation for the interphase friction in bubbly and slug flow gave also perfect
agreement for the prediction of the collapsed liquid level in the FLECHT-SEASET low
floocting rate experiment. But in this full length facility, the underprediction of the
liquid level by the frozen version was not as large as in the NEPTUN low flooding rate

J experiments. -

! +

| The changes in the interphase friction also greatly improved the predicted void fractions e
1 of the low flooding rate experiments, both in NEPTUN and FLECHT. One sees that the

b
interphase friction is one of the important parameters in the low flooding rate experi- F

ments during the reflocd phase and both void fractions and heat transfer coefficients are
strongly dependent on it.

.

It seems to be of importance that the interphase friction in RELAP5/ MOD 2 has to
be reduced in the core region and consequently, that the ccde should use different
correlations for the core and the other components. The distinction between core and
other components was made in this work by a check on the hydraulic diameter. The
core is the component with the smallest hydraulic diameter.

One of the weak points of the reflood model in RELAP5/ MOD 2 is the reflood wall
heat transfer correlation for high void-fractions. The interpolation between the Brom-
ley correlation and (1 - a) times Bromley at high void fractions results in numerical
instabilities, which disappeared afar implementing the Forslund-Rohsenow correlation
hto the code and modifying somewhat the selection logic. In any case, using the

'E
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:

Bromley heat transfer coefficient up to void fractions of 0.91, as in the frozen version
of RELAP5/ MOD 2 is questionabic. The prefactor of 0.2 in the Forslund Rohsennw;
correlation, which was set to 0.4 in this work, could be increased even more, It was3

! tried with 0.75 for example by using only the Forslund-Rohsenow correlation to very
Iow void fractions (which is also questionable), instead of using the Modified Bromley.

| correlation, with good results for the NEPTUN experiments. An important fact is, that |
with the Forslund-Rohsenow correlation and the modification in the selection logic one |

obtains quite a smooth and well predicted transition from steam cooling to dispersed
,

film boiling and film boiling, because this formula contains a void fraction dependence, j

which goes to zero when the void frnction goes to 1.0. Additionally, the turnamund
temperatures and times were very well predicted in the NEFTUN low flooding rate

; experirnem 5036.
:

I It is very interesting that the spikes in the steam ocities in the test section calcu-
lated by the code disappeared, and the oscillation these velocities were suppressed

,

after implementing the Forslund-Rohsenow correiuoon into the code at;d modifying the
4

interpolation between Bromley and Forslund- Rosenow for high void fractions, This
effect was very significant both in the calculations of NEPTUN and of FLECHT.

,

!

For the high flooding rate NEPTUN tests, the " modified" Dromley correlation is se-

; lected for the Post-Dry out heat transfer; though, tnis correlation is somewhat modified
and differs from its original fo,m, and is mukiplied by an unjustified void-depended
factor, which results in over prediction of the film boiling heat transfer, In the FLECHT'

high flooding rate experiment, the frozen version calculated quite well the rod cladding;
'

| temperatures. The empirical factor, with which the modified Bromley correlation was
multiplied, fitted well this experiment, but not the NEPTUN tests. By bringing back the

,

Modified Bromley correlation to its original foim, taking into account the subcooling by
another more physical factor and by changing an exponent in the Weismann transition-,

film boiling correlation, the rod surface temperature histories wem well predicted by the,

code for the high Dooding rate experiments in both facilities, FL'ECHT and-NEI'rUN.~'

Without this change in the Weismann correlation, the film boiling wall heat transfer
; would be a little underpredicted in the high flooding rate FLECHT experiment.

The correction of the criterion for selecting the pre-dry out interphase friction corre-#

i lations near the quench front eliminated the void fraction oscillations in calculating
both facilities, FLECHT and NEPTUN. The good prediction of void fractions in the

,

NEPTUN and FLECHT low flooding rate experiments with the modified version EIR-4

update 83 is mainly due to the new bubbly slug interphase friction correlation and the
,

suppression of oscillations is also due to the modifications mentioned above.-

1

In the NEFTUN facility the quench temperatures calculated by RELAP5/ MOD 2 were
too low for all experiments. The change of an exponent in the Weismann transition film

4

_ _ _ . _ . . _ _ _ _ _ ._ _ _ . _ , ., _ _ . _ ,, _ . ._._ ._____1
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; boihng correlation resulting in an increased transition boiling heat transfer increased the
predicted quench temperatures in RELAP5/ MOD 2. To what extent this modification

3

is reasonable, can only be said after analyzing tests in other facilities. In FLECHT
'

for example, the experimental quench temperatures were lower than in NEPTUN. For
'

determining a reasonable value for this exponent in the Weismann correlation extensive

{ data from quenching of nuclear rods should be analyzed, for example from LOFT, since
1 - the quench behaviour of nuclear rods could be different from the one of electrically

heated rods (13,14].

An effect not understood is the different behaviour of RELAP5/ MOD 2 at low flooding
rates in calculating the two facilities NEPTUN and FLECHT. For NEPTUN, the code'

{ calculates lower wall heat transfer during dispersed film boiling and therefore higher
! turmtround temperatures and later turnaround times, while in FLECHT the opposite phe.

nomenon is observed: lower turnaround temperatures. In FLECHT, this overprediction'

of the wall heat transfer until the turneround point is caused by water droplets, which,

evaporate. This momentarily decreases the steam temperatures and causes large oscilla-
,

| tions in the steam temperatures and hence, to the wall-to vapour heat flux. The driving-

| force of this behaviour is the interphase heat transfer (or area), which is probably too
i high.

] An unresolved problem is also the water entrainment in the FLECHT low flooding rate
experiment, which is overpredicted by the code by a factor of '' with the frozen version;

and by a factor of 6 with the modified version.'

.

The effect of the nodalization chosen is smaller than the deviation of the code from the

| experiment. In the calculated high and low flooding rate NElrTUN tests, the difference
' of the cladding temperatures and of the quench times for the thrt tested nodalizations

j with 10,18 and 32 volumes was only 50 percent of the deviation of the frozen version -

| of the code from the experinient. For a core, not more than 20 volumes should be
used, because there will not be big diffen:nces in the results and the computer costs

~

.

,'

will increase by using more number of volumes,10 volumes for a core should be the
minimum.

!

! As shown in tables 2 and 3 some imcertainties exist in the NEPTUN tests,' for example,-
in the flooding water mass flow rate or in the measured entrainment in low flooding rate,

[ experiment 5036. It can be stated that the main conclusions drawn from this work are
i independent.of these uncertainties. The differences of the results of RELAP5/ MOD 2

'

;_ by changing the flooding water mass flow rate by 5.3 percent are small. Hence, one
can safely say that for the separate effect tests analyzed in this work, the differences

) between measurements and predictions resu ting from model deficiencies in the code

{ are dominant over any experimental uncertainties.

.

'

s
.-

;
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Concluding this section, we feel that some final reinarks are necessary for clarifying a 3'
few points related to the actual physical modeiing of the reflooding process und the way
it is treated in RELAP5/ MOD 2, but also in other thermal-hydraulic transient analysis>

codes, in this work, we have tried to explain the differences between measurements
and code predictions and, if possible, try to climinate them by appropriately modifying
the code. With the exception of the modification of the bubbly / slug interfacial shear
in rod bundles which is by now well-estoolished and tested, all the other modifications
reported in this work, are based on modifying in the code correlations which are in
many situations u ,ed out of content; we shall demonstrate this by two examples,

a) liigh flooding rate and subcooling reflooding: The code uses the modified Bromley
conelation for the wall heat transfer to the liquid. Though, this correlation was
derived by assuming certain interphacial shear and heat transfer relations which
may not be compatible with the ones used in the (two fluid) codes; additionally,
for this situation, the codes assume a heat transfer coefficient both to the liquid
(Bromley) and to the vapour while strictly speaking, the Bromley represents an
over ajj heat transfer to the mixture and as such, would be suitable for 4 equation
codes.

'

b) Low flooding rate, saturated liquid at the quench front: Downstream, the codes
also use the modified Bromley for the wall heat transfer to the liquid. This gives
an almost coastant heat transfer coefficient, contrary to the experimental findings
that there is a rather strong exponential increase of the heat transfer coefficient
as we approach the quench front from the dry region, in this respect, even for
this situation, the Bromley correlation is used totally' out of content and a more
appropriate approach would have been to use a wall heat transfer coefficient to
the liquid which, among other parameters, is a function of the distance from the
quench front. Though, we do appreciate the fact that in a general purpose code,(
such an approach would probably create more problems than it would solve, since
it is not clear how (if at all) such an approach could handle multiph quench frontsi
1-lence, one can conclude that in general, the very nature of the wide variety of
cases which these codes are supposed to model as weil as the relatively large
nodes required for having a cost-effective calculation, makes the introduction of
sophisticated and physically sound models in these codes an extremely difficult,

task without any guarantee that the outcome of such an approach would result in
better agreement between measurements and predictions.

)

3 8 Run statistics

The model used for the NEPTUN facility consisted of 20 volumes (18 in the test section, 3

an upper and a lower plenum),2 junctions and 16 heat structures.

. _ - - _ _ _ - - _ - - - _ _ - - _ _ -
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For run statistics, two experiments are shown,5036 with the lowest flooding rate and
5050 with the highest flooding rate. The CPU time of this two experiments can be seen
in figures 57 and 58 In figures 59 and 60 the time step chosen by the code and the
user specified maximum time step of these two experiments are shown.

The number

EME
c.r,r

where CPU = used computer time
C = number of volumes
Df = number of time steps

was 33.4 for the 400 seconds of transient time of the experiment 5036 and 27.8 for the
70 seconds of transient time of the experiment 5050

The code was running on a CDL cyber 170-730. Later on, for d!1 calculations with
modifications of the code, a cyber 180-855 was used, which is 5-6 times faster than the
cyber 170-730.

,

9 Conclusions

As shown in the previous section, in this work some deficiencies of RELAPS/ MOD 2-e

during reflooding could be identified, and in some cases, they could be eliminated. On
the basis of these findings, the fellowing conchisions can be drawn and recommendations

'

given:

i. High and medium flooding rate experiments were predicted relatively
well with RELAP5/ MOD 2. This is an important fact, because in full
scale best estimate power plant calculations, relatively high floodmg
rates are to be expected during the reflood phase of a LOCA [14]

ii. Calculations for low flooding rates shaw large differences between
measurement and predictions of RELAP5/ MOD 2. Changes in inter-
facial friction and wall heat transfer bmught some improvements to
RELAP5/ mob 2 predictions,

iii. The interphase friction correlations of the code which are obtained from

tube experiments me.y not always be applicable for the rod bundle ge-
ometry of a reactor core. The interphase friction is smaller in rod
bundle geometries than in tubes, and it is this parameter which deter-
mines mainly the amount and the distribution of the water in the bundle
d. iring reflooding.

__ - _ ____ d
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iv. The implementation of a new bubbly / slug flow interphase friction cor-'

relation for rod bundles from CNIllARE into the RELAP5/ MOD 2 code;
,

i gives very good prediction of the amount of water in the test section
during reflooding at low flooding rates. |

'

< . 1

v. The use of different correlations for the interphase friction in rod bundles'

and in tubes makes necessary to have different correlations for core and . I
for the other system components. It is suggested that other correlations I

! are used in the core than the ones used for pipes. j

vi. The modifications of the wall to liquid heat transfer during reflooding-
resulted in better agreement between measurements and predictions and.

; eliminated some numerical oscillations which were resulting in "numer-

j ical" liquid carry-over,
i vii. The interphase friction is one of the dommant parameters during re-

| flooding, mainly for low flooding rates. Void fractions and therefore
heat transfer coefficients are strongly dependent on th interphase fric-
tion.

| viii. Attention should be paid to'the quench temperatures predicted by RE-

| LAP 5/ MOD 2: the code calculates too low quench temperatures. Within

j the framework of existing logic in the code, we have shown that this
problem can be solved by. modifying the Weismann transition boiling-,

correlation.

ix. Nodalization effects are not very important during precursory cooling
| but acquire some importance in calculating the quench temperature. For
| a reactor core,15-20 volumes are recommended, but we believe that
i one should not use less than 10 core volumes for large break LOCA
i calculations. -

!

i
<
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I
Exp.Nr. Pressun: Flooding water Single Rod Maximum Initial

(bar) - Velocity Subcooling Pcwer Cladding Temperatum
(cents) (C) (kW)__ ( C ')

e

34006 2.7 1.5 79 Max 2.90 882
Min 1.51.

31701 2.8 15 78 Max 5.00 872-
Min 3.64

I

g Table 4: Test parameters of the two FLECHT-SEASET reflooding experiments calcu-
lated with RELAP5/ MOD 2.

,

+-
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APPENDIX A
.

Listing of Input Deck of NEMUN test 5036
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03000310 MitHk 001100701 =

03000311 HTHTC 001100701 i
00000312 HTTEMP 001100710

'

0303031) HTTFMP 001100910
00000314 TEMPG 002110000 s

03000315 TEMPF 002110000
i~03000316 VOIOG 00211000u

00000317 HTRNR 001101101 'I
03000316 HTHTC 001101101 i
00000319 HTTEMP 001101110 '

00000320 CMTPLVA1 1 i
03000121 CtlT RLV A R 2 i
03030322 Catit(VAR 3 I
00030323 CNTELVAR 6 i
*

i

* Td[P F0k WATER INLET !

e T

00000401 TIMC 0 CL NULL 0 0. L 5

?

e HYORD0Yt,aMIC COMPUNLHTS Y

e .1
e WATEP TANN

}0010000 IANK THOPVUL !
00101J1 1.nf.b 1. O. O. 90. 1. . 0. O. 10 *

0010200 101
0010201 0. 407.19 C.
. .

* TE57 3ECTION !
0020000 ".0 0 E PirE T

!' 0320001 Ic
0020101 1. ; J2 6 E-4 lb i
0020102 2.4002E-4 10 *

3020301 0.10 1

3020302 0.124 2 f
3020303 0.116 13
3020304 0.09 15
3023305 0.06 16
3020306 0.042 16 I
00e0501 40. IM >

0020R01 n. b.6161L-3 6
0020P02 0. 8 637br-2 18

.

0021001 nu 10 *

n071101 To4nn 1% '

0021102 30100 to
0021103 30000 17

.

:
.

e

i

!
'
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0021201 101 4.1/400,*9 L15.9% v. O. D. 1

0021202 193 4.12400E*> 7u7.43 0. D. D. 2

0021201 101 4.14400i+9 797.73 0. O. O. 3

0021204 103 4.12400L*>- eL6.4 O. D. O. 4

002179% 101 4.124uot.9 9 18. 0 % u. O. O. 5

0021206 103 4.12400E.) 949.56 0. 04 0. b

0021207 191 4.124v t.9 9$9.47 0. O. u. 1n

0021205 lui 4.124uot*L 927.44 0. O. O.- 6

0021209 103 4.12 4 pta . b 673.9) O. D. O. V'

0021210 lu) 4.124006 5 d15.95 0. P. O. 10
0021211 103 4 12400L+b 7Jh.12 0. C. O. 'l l
0021212 103 4.12 4 uo[ + +. 623.43 0. D. O. 12

0021213 lui -4.12*unt.t 545.79 0. u. D. 13

0021214 103 4.12400L*> S13.10 0. O. O. 14

0021215 193 4.12400t.V 512.25 u. D. O. 15

0021216 103 4.12400L+4 429.69 4. D. O. 16
0021217 193 4.12400let 428.09 0. u, O. 17
0021219 103 4.12400E+> 426.02 0. 0. 0.- 18
0021300 1
3021301 0. O. O. 17
e

* UFPkR PLENUM
0030004 UPPitPL THD*vbt
0030101 1.0E+6 1. O. O. 90. 1. O. O. 10

0030200 102
0030201 0. 4.124L*5 1.
e

* LOWER vuNCfl0N.

0040000 LDWJUNCT Tr0PJON
0040101 001000000 002000000 1.302bE-4
0040200 1 401
0040201 0. D. 0.- 0,

0040202 C. 1.422L-3 0. n.
e

* UPPER JUNCilD*4
0050000 UPJUNCT SHCLJUN
0090i01 002010000 003000000 2.4002E-4 0. O. 30100
0050201 1 0. O. O.
o

4 HEAT STKUCTJRES
o -3
* HEAffa RODS
10011000 16 10 t 0 0. 401 1 16

'

10011100 0 1

10011101 1 1,4FL-3
10011102 1 2.tE-3
*0011103 1 3.lE-3
10011104 1 3.9E-3
10011105 1 4.2E-3
10011106 1 4. S E -3
10011107 1 4.743E-3
10011106 1 5.0E-3
10011109 1 5.36-3
10011201 5 1

10011202 4 2

10011203 1 3
10011204 3 4

10011205 1 %

10011206 2 b

10011207 1 9
10011301 1. 1

i. 10011302 0. 9
10011400 -1
10011401 529 35 626 11 ~619.54 618.96 618.92' 618.6b 618.1?
* -610.02 617.9S .617.91 .

..

10011402 726.27 721.no 712.00 '711.2b 711.17 710.83 709.90
+ 703.75 704.65 709.60
10011403 a21.63- t16.27 003.09 802.19 802.08 801.67 800.25-
+ - 400.07 799.9) 799.R9
100114e4 -R94.36 P86.32 'P72.42 871.43 671.30 870.63 6h8.9a
+ A68.78- 866.6% 708.58
10011405 946.59 -940.13 922.30 921.24 921.09 .920.60. 916.41-

* 918.20 918.05 917.96
10011406 981.23 974.64 -955.83 954.76 954.61 944.10 951.71
+ 451.49- 951.34 951.27
10*11407. 990.57- 984.07 965.41 -964.35 964.20 963.71 961.31
6- 9hl.09- 960.95 960.88

_ _ _ - _ _ _ _ - - _ - _ . _ _ _ _ _ _ - - - _ - - _ _ _ _ _
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j 10011408 956.39 6t0.17 932.22 931.t0 93146 931.14 =929.03
*' 428.83- 920.b4 928.%2.

{ 10011409 499.32_ 693.54 '876.45 877.51 877.38 876.95 6/5.lb
. 474.98 B74.65 P74.79i

i. 10311410 836.51 831.57 619.25 818.43 818.32 817.94_- 816 60
.

. 816.43 616.32 t16.27
1- 10011411 749.75 745.03 736.79 736.13 736 06 735.75 734.67
: * 734.74. 734.b5 734.62
1 10011412 631.16- 628.47 622,99 622.53 622 48 622.26 621.82
4- * 421.73 621.67 621.64
i 10011413 527.71 526.25 523.62 523.36 523.33- 523.21 523 03
! * $22.98 522.44 522.93 . .

I 10011414 517.67- 516.54 514.17 513.93 513.91 513.83 513.64
3 * -513 59- 513.56 513 54
' 10011415 517.79 516.4b 514.09 513.B5 513.83 513.72 513.56
i * 513 51 513.4e 513.46-
4 10011416 418.99 416.99 418.99 418.99 418.99 418.99- 419.00-
j * 419.00 419.00 419.00
* 10011501 0 0- .0 0 0. 16
i 10011h01 002010000 0 -- 1 1

0.10 _ 2| 10011bO2 002020000 0 1 1 0.124 .
1-

-

i 10011603 002030000 13000 1 1 0.11b 13
I 10011004 002140000 10000 1 1 0.09 15

10011005 002160000 0 1 1 0.06 - 16
,

10011701 100. - 3.72396-2 0. O. 1

.( 10011702 100 6.6530E-2 0. O. 2

f. 10'11703 100 8.0456E-2 0. O. 3
10011704 100 9.45221-2 0. O. 4s

! 10011705 100 0.104033 0. O. 5
i 10011706 100 0.10t275 0. D.' b

10011707 100 0.}070c4 c, - O. 7$

4 10011705 100 0.100ed! O. O. u

! 10011709 100 8.w82SE-2 U. O. 9
- 10011710 100 7.4764L-2 0. O. 10

i 10011711 100 -08E-2 U. O. 11'

} 10011712 100 45f-g 0. O. 12-
| 10011713 100 1 106E-2 0. O. 13
i 10011714 100 1.2574L-e O. O. 15
i 10011715 0 p.

. O. O. 16
j 10013901.0 1.35b8!-2 0. O. 16-
: *

i. * TifxPAL PN3PfRTY UAIA
f *

|- 20100100 14L/FCTh 1 -l *lhCONCL 600
t 20100200 IDL/FCTN 1 -1 4AL2O3
j 20100300 1DL/FC1N 1 =1- *CDPPik
; 20100400 THL/FCTN.1 -l *83RON N1 TRIO
j.. 20100500 inL/FCTN 1 -1 *KAN]HAL-

'
t
t. * TifkPAL CUNOUCilVliifi (w/M-K)
1 * INCOMEL-600.
| 20100101.293.15- 14.49 373,15 -15.e4 473.15 -17 53

- 20100102 573.15 19 21 673.15 20.90 773.15 -22.59-
1 20100103 B23.15- 23.43 673.15 24.28 ~ 973.15 25.47-
1- 20100104 1023.15 26 61- 1073.15 2 7.$5 - 1173.15 29.34
' 20100105 1273.15 31.03 -1373.1 32.72 1473.15 34.41-
! 20100106 1573.15-:36.10
4- e

}~ * AL203
1 20100201- 293.lb 16.31' 373.15 -13 13 473.15 13.23
! 20100202 '573.15 0.03 673.15 u.36 773.15 5.21
* '20130203 373 15 4.45 973.15- ~3.60 .'1073.15 .3.4P
? 20100204 1173 15'.3.19 1273.15 2.99 1373.15 -2.b5
! 20100205 1473.15 2.'75 1573.15- 2.70
' *
*

* C3FPC2. . . . ,
.

3 23100301 323.15- 395.7 373.15 391.5 4/3.15 .353.2
) - 20100302 L573.15 374.8. 673.15 366 4- 773.15 358.0
i 2 31303 03 ~ 673 15- 350.9 973,15J 344.2 1073.15 '337.5
4 20100304-1173 15 330.8 1273.lt' --324.1 1373.15 317.4'
3

. *

! * BDRON t.liRID . .

! 20100401' 293.15- 15.67 123.15- 15 57 37J.15--15.075 .
20100402 A73.15 14.07 573.15 13.065 673.15 12 33s

i 20100403- 773.15 11. b 8 . o73.15' 11.43 973.15 13.495
; 20100404 1073.15 10.74 1173.15 10.59 1273.15 13 44
: ~ 20100405 1373.15 - 10.29- 1473.15 .10.14 1573.15- 9.99
:
j=

i

4 -

* a - -,, v m ,ww-.-,w,. ,wwa e m em n m - a n, , vc v c A. -, -. v n v s w,- ,-,+e o.e-n m n wm- wm e ~ ., m m + m e n ~vne~wn,
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8 (ANTHAL
20100501 323.15 17.1 -373.15 17.7 473.15 - 14 1
20100502 573.15 20.4 673.15 21.7 773.15 23.1
2010050) 073.15 24.4 973.15 2b.8 1073 1b 27.1
20100504 1173 15 26 4 1273.15 29.8 1373.15 31.1
20100505 1473.15 32.4
+

+ v0tuaFIRIC NEAT CAPACITIES IJ/M3-n1
* INCONEL 600
20100151 3.69911*b 3.9073E*6 4.1096E*6 4.27b7E*6 4.4258E+6
20100152 4.be00E*6 4.661eE*6 4.7630E*6 5.0470E*6 5.1297E46
201001%3 5.1760E*6 5.2392E*6 5.2bv6E*6 5 3404E*6 5.3910E*6
201001%4 5.4416E*6 #~

9

* Ai201
201002N1 1.119ef*6 -3.5%92E*6 3.9uh4E*6 4.1972Coh 4.335BE*6
20100252 4.4612E*h 4.5b24E*6 4.6284E*6 4.6930E*6 4.7500E+6
2013025) 4.745bl*6 4. H th bt . b 4.Ab64E*6 4.8530E*6
+

+ C3PPra
20130351 3.4381E.6 3.5095E*b J.6470E+6- 3.7685t*6 3.8486E*6
20100357 1. 4 5 t.01 * e. 4 9 / ?lf * 6 4.1792E*6 4 2b966*6 4.366DE*6
23130353 4.4362E*6 4.5007E*6
*
* BORON NITRio
20100451 1.4254t*6. 1.6179t*6 1.8711E*6 2.3052f*6 2.6529E*6
20100452 2.91RDE*6 3.0967E*6 3.2426E*6 3.3771E*6 3.4962E*6
2013045? 3. * %f 1 E * 6 3.6787E*6 .3.7421E*6 3.7901E*6- 3.8205:*6
+

* EANTHAL
20100551 3.0956E*6 3.21b'esh 3.4435E+6 3.6778E*6 3.9121E*6J
20100552 4.1464E*6 4.37360*6 4.6079E*6 4.8422E*6 5.0765E*6

- 20130553 5 3037t46 5. 5 3 8 48i + 6 5.7723E*6
'

4

* P3WE4 TABLE
e

20210000 P0wEr.
20210001 0. 2448.5
20210002 1000. 2448.5
e

* CDNit0L VARIABLE 5-
*
* COLLAP5ED LIQUID LF)EL
20500100 CoilcLI e SUM 1. G. - 0
20500101 0. 0.1 4010F 002010000
20%00102 U.124 VOIDF 002020000
20530103 0.116 V010F 002030000
20%C0104 6.116- .v010F_ 002040000
20500105 0.116 V010F 0020>0000
2050010b 0.116 VDlDF U02060000
20500107 0.116 v010F '002070000
20%00108 0.11b YO10F 002000000
20500109 0.116 v010F 002090000
20900110 0.116- v010F 002100000
20500111 0.116 v010F 002110000-
20500112 0.116 v010F. 002120000
20530113 0.116 V010> 002130000
20500114 0.0R' V010F '002140000 -

20500115-0.09. VDlDF 002150000
20500116 0.06 vot0F 002160000
20500117.0.092 v010F 002170000
20500115 0 002 YOIDF 002100000
+

e'ENTRelNMENT MA55FL0n
20500200 ENTRMFLO MULT 2.4002E-4.0. 0

20500201 LHOFJ 0050u0000
20500202 YELFJ 005000000
20530203 VOIDFJ 00500000u

>

. .
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* * ENTRA]NMENT TANK C Ole T [ N I

23530300 ENTRAINN INYLGRAL 1. O. 0

| 20500301 CHf'LVAR 2
+ e

* TIME STEP*

20500400 OLDilME SUM 1. p. O

1J500401 0. 1. ChlRLVAR $
1 e

|| 20500500 Nf wllMt SUM 1. U. O

i 20500501 0. 1. TIME O
e

20500600 T51EP 50M 1. O. O

? 20500601 0. -1. . LNTRLVAR 4
20500602 1. CNTRLVAR $'

4 e 1

t

RELAPS/N002.TERMINAf0R CAk01 . . . . .

i

<

1

t

i
1

r
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i- APPENDIX B
i

Updates to cteate version ElR-update 83 of RELAP5/ MOD 2,
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eintNT MAkT!N
el PHAlNT.4

rommnH/lF LG2/lf L A6/ 41000)
tilMINSION IFLAcit10001

*! PHAINT.I$'.
!! FL l= ( 1-t v. I V 5K Pl / IV $a r

.lFLAGillIFL11 0
el PHAINT.294

TC5AT = TC$AT AU.*VO!DFill
el PHAINT.370

- I F ( F p uP . G1. 0.0. OR . F b t VG . 01. U . 0. A N D . D I AM V t i l .Ll . 0 016 )

1 IFLACilllFLilal
el PHAINT.390

IFtDIAPvt11.LT.u.01tl THEN
F I C a hS.0 * V0100 t il ovul0F t il * * 3.0* EH0G t i l /0! AMY t l i
FNDIF

'l PHAINT.421
IF(DIAuv(1).LI.O.01sl.THEN
FIC1=b5.o*YUIDGill*VDIDFill**3.0*RHOCill/0!AMV(ll
FNDIF

*1 PHA!NT,424
IF (DI AMV t 'l l .GE . 0.01 BI THEN

el PHA!NT.425
ENDIF

*1 PHAINT.495
IFt01AMvtll.LT.b.01ol FIC1=FICl*0.L'

*1 PHA!NT.633
IF101AMytll.LT.O.01bl THEN
FICI = VnIO*tFICl*0.5+1.22540.4*RHOGlit*5LSLG'V313**2 1>
ELSE

a

*I PHAINT.634
ENDIF

'l PHAINT.656
IFt01AMVIII.LT.0.01bl FIC=FIC*0.5

el PHAINT.462
IF (DI AMV f il .LT. O.01bl .F IC=F1C*0.5

*I PHAINT.655
IlFI'*(1-lJ41J5KPl/lJ5KP
IFL.G2tilFL2hD

*1 PHA!NT.919
IN0k=(F-Id*1V$KPl/IV5KP
INDL=(L-lV+1VSKPl/IVSKP

-IFilFLAG1tlNOKI.EO.1.0R.lFLAGillNDLI.EQ.11 IFLAG2t!!FL25=1
*D OFHTRC.156

HTV 2 t lN0ll =HCCHF A*EXP t-0.0175s TE RMl * GTE R** EXP (-0 012* T E RM)
*0 0FHTRC.178

( 1. +0. 025 * AM Ax1 ( 0. ,5 &T T ( 10x t -T E ** F (I Da l l iFACBR =

- HCBR= AM Ax1 t HTV2 (INDZli t CONV AP* TERM 1* TERM 2*(IS ATHG(IUXI-5 ATH6(IDxil
-*0 0FHTRC.179

! / A M a x 1( T MP B OY-S AT T ( 10X I ,0.011 + 0. bs * C $U B PG i l DX i l * 9.' 81/ ( 2. * 3.1415 91
*0 0FHTRC.180

2 *SQRTt9.81*TEkM1/51GMAttox'l/V15CGtIDhll**0.25*0 62*FAC6kl
VELD =AMAxitVELG(IDXI-VELF(10x),0 0011
DDROP =3.* $1GM A t 3DX ) / t RHOG(10XI * VELD ** 2 3 -
IF(00 ROP.LT.1.5E-Al DDROP=1.5E-4
IF(DDROP.GT.3.0E-3) 00RUP=3.0E-3- . _ ,

. . .

' TERM 5=1./(1.*0.354CSUBPG(10x1*AMaxatTMPaDT-SATT( D .),0,00311..4

/ AM. Ax18 5 ATaG( IDx i-5 AT HF i lDX ) s 0.0111 * * 3. -1

HCFO*0.4*3.14159/4.*tb.*(1.-v010Gt10xil/3.141593**0.6666667
' * t 9.81*RHOF t 10x i tRHUG t 10x i * AM Axi t $ AT HG IIDX 1-S A T HF (10x l .0.011 '1

* TERM 5*CONVAP/(AMAXI(TMPBDY-TEMcFt10xi'0.00011*V15CG(10x) ..,

2
3' .*(3 14159/6.l**0.3333333*00ROPil**0.25

, ,
- --
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IF I vulPGi lD A ).L( .0.bl ThfN
HCFB HCON-

FL56
.

. .

-IFIVulnGill41.G6.0.01 . THEN
HCFbs';*D<

FLSE

HCFB=tvulDGtIDXI-0.61/0.2*HCFD+40.8-VulDGilbX))/0.2
1 *HCHP

E t,h l r
FNDIF-,

*, OFHTRC.187 18A
TE RM=T E KM2 *HCF B

*D QFHTRC.209,

. 1 * AM A X 110.023* I N t VN2 ) * * 0.4/ 01 AM V i !Dx l T E RM410 *0 QFHTRC.221:223
VE L.D= A P A X t t V E LG t ! DX I-V EL F ( I DX ) ,0.001),

DDRDP=3.851CMA(IDX)/(kHUGIIDXI+ VELD **2),

IFtDDRDP.LT.I.5E-41 DDROP 1 5E-4=

IFIGDRDP.GT.3.E-31 DDROP = 3.E-3
]

.

TE PM5 = 1./ f l . 4 0.J S * C5UbPGilDX ) * AMA X11 TMP D0Y-5 A T T( IDXi s 0 00313
1 /ISATHGt!Dal-5ATHFilDXil)**3.

i HC F O = 0. 4 * 3.1415 9 / 4 . * ( 6.*tl.-YOIDGilDXil/3.141593**0.6666667;- 1 * t 9.81* RHur (IDXI *RHUGi lDX) * t $ ATHCIIDX I-S ATHF (IDXII '

2 * TE RM 5 * CONV AP/ t AM AXl i !MPBDY-TEMFF 4 ! DX ) e 0. 0001) * V15 CG t IDX)'
3 *t3.1413n/6.l**0.3333333*DDROPI)**0.25

| HCFB=HCFO
3 *l VEXPLT.9
t COMMON /lFLG2/lFLAG241000).
i: *! VFxPLI.322 ~

| C0=1.0
| Cl=1 0
1 IIFL2=(1-lJe!J5KPl/IJ5KP-

IF ilFL AG2 t il FL21.C O.11 THEN
C0=1.2
CI= t t .0-CO*VOIDC A l/ AM AX1 t t 1.-VO!DG A ) 1.0E-5 )

4

1 IFIC1.LT.O.7) C1=0.7
I'DIF

j *D VFXPLT.323
*

F JF Ga t F l J t i )* D X * t AB5 t Cl*VELG Ju il l-CO*V E LF J0t i l l + 0.01) .*D VEXPLT.507
, .OlFF $CRACH+(FAICFJ+CO*FJFG*VPGNX*HLD$5F)*DT

=

90 WEXPLT.505
*

DI FG = -5C R ACH-IF k) CGJ +Cl* F JFG +VP GNX + HLO55 Gl *uTj *! vlMPLT.8 ,

!: CDMMON/lFLG2/! FLAG 2410008
*I VIMPLT.435

f. C0=1.0
*

I- C 1 = 1. 0 . .

II FL2= t !-! J e lJ5K P l / t J5K P ~i lIFflFLaG2t!!FL2).EO.11 THEN
| .C0=1.2
2 C1=tl.0-C0*VotDGA)/AMAX1tti,-v0!DGA).1.0E-53*

17(C1.LT.O.7) Ct=0.7
FNDIF

*D VIMPLT.436
F JFG= t F l J t t l *D X * t A0 5 t Cl* VCLG JU t l )-CO*V F LF J 0t i l l + 0.01)*D VtMPLT.591

COEFVilDG-1) = IFklCFJ+CO*FJFG*vPLNX*HLU55Fl*DT + SCRACH+0 VlMPLT.972
:COEFvl!DGi =-t F RICG J + Cl* FJ F G + VPD;4*HLU5 5G l *O T - SCR ACH -

*C OFF INF PHAINT ,bFitikC,Vk XPLT VIMPLT

'I
i

|

l
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APPENDIX C

Mathematical formulation of the implementation of the new bubbly / slug flow
interphase friction correlation into RELAP5/ MOD 2-
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j The near bubbly / slug flow interphase friction correlation from CATHARE is based on
the following vapour drift velocity (4]:

0#
Va = K { # ")i/2 (1)

Ps

where g is the gravity constant, Ap = p,-py, Du the hydraulic diameter of the channel -

and K = 0.186.
From eg. (1) it can be shown that the interfacial shear per unit volume f; can be
expressed [5]

f, = F| | C V, - Cove | (C V, - CoV,) (2)i i

where

~ " ##
F'! = " (3)

K'Dn.
and

~"
C =- (4)i

_

and Co = 1.2.
In this form the correlation was implemented into TRAC-BDl/ MOD 1:with k'= 0.124

'
~

which was found to give better agreement to the NEI' TUN boiloff tests [5].
In RELAP5/ MOD 2 f, is expressed as

fi = F, | V, - Ve | (V, - Ve) (5)
s

where F are coefficients depending on the flow-regime.4

The momentum equations are those of the sum.and the difference. They are of the ~
h form:

A" V y' + B"V,y ' = R" Vg"; + S" V,",3 + D* -e

At
(Pt -- Pg)"+1 (6)Ax;

E"Vey' - G"V,y* = Q"Vg"s - W"V,'y +
6# A

(PtPs)? axt (P - Pu)"+' + At(p'F,)* 1 V, - V || (F, - V,)y+2t 4 (7)'
i

where -

_ - _ - - _ - _
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i (1 - a)pt + ap,
; p= (8)

.,

i a(1 a n)ptp,
i-

n and n + 1 refer to the old tuid new time levels, respectively, P is the pressure,
'

A",... W" are coefficients of variables evaluated at time n and also of mesh-size Arj - t

,

and time-step At; j denotes the cell-boundary and K and L denote the cell-centres
_

upstream and downstream of j, respectively.'

[ After rearranging Eq. (7), Eqs. (6) and (7) form a system of two linear algebraic equa-
tions with Vjy' and P"f' as unknowns and are solved for each n and j.| t

[ The bubbly / slug interphase friction correlation was implemented in RELAP5/ MOD 2 ~
i by modifying the uifference phasic momentura equation both in the semi implicit _andl
j the nearly-implicit solution schemes; for the former scheme, Eq. (7) now reads:
4

i
f.

i {E" + (p'Fj)"atCo | Cs Vi- CoV ||} Vjy'i

| -{G" + (p'II)" AtC | Ci , - CoV ly}V,"f' =V '

ti

!

bp) at

= (Pip, f(P - Pg)"+2-bzi_ + Q" V/,'j - 1 V" V,"3 (9)- -
t

1

|- Hence, for bubbly or slug flow, Eqs. (6) and (7) are solved.
_

i For the implementation of this new bubbly /shig flow interphase friction correlations -

i the subroutines PHAINT, VEXPLT and VIMPLT had to be changed, as it can be seen

j_ in appendix B.

i-

[ ,

c

t
q s

i
i

:
i
f

-,

y- y 9'y M yy TdD-vf T'' g --'TitF W e'TWP'y9g ,-Q 4 Y 49Yer fr y4t'- * *++Wsgup te+p>ms-41)Or td*"A- 9= v1 'E.:*W 'um+4De'*-<*rJ8 MAA --=P"Nr'" '*'"3'Fe*"A'h4 'a---"---2*-
-

-



i
i

s

h

I

i

t

t

?

n

9

9

h

a

b
.

I

I

r

?

'

!

t

i

P

|

,

I
i

i
t

!
!

6

I

. ..e...-.. .-



. _ . - . . -. . .- . . . - - . .... . . ... - - - . -.. - - . . _.

+

u ,

.

:
,

e

i.

!
i

?

!
!

,

.

F

i
,

.

'

APPENDIX D .

.
'

Summary description of the FLECllT-SEASET facility and tes:s .
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.

Summary description of the FLliCilT SEAGt!T facility and tests will be presented in
this appendix for reader convenience. Further detailed info, nation about the facility
and the tests can be obtWned from the references gi"en at the end of this appcMx
(references D.1 to D.3).

The USNRQlipRIMestingnouse jointly sponsored Evil Lc.igth Emergency . Core
Ucat Iransfer Separate Effects And System Effects Iest (FLECIIT SEASET) program
was developed to c,stam detailed two phase liow and heat trr.nsfer infonnation neede i,

for developing or assessing best estimate computer models for the reilood phase of a
postulated loss of Coolant Accident (LOCA).

The PSCllT SEASET unblocked bundle test facility is a once-through forced ti
gravity flow reflood heat transfer system which includes:

1. A water injecticn system for either forcert flooding or gravity reficoding. Initial
flooding rates were varying between 1 cm/see to 15 cmhee :nlet coolant velocities,

; 1 A full 1:ngth beater rod bundle of 17 x 17 PWR fuel bundle assembly dimenilons
i with 161 heater rods. '

]
3. A lower p!:num to straighten tie intet flow.

4. A upper plenum to act m a steam wate; separator.,

;

5. Liquid collectian tanks 'o collect the entrained liquid at the test secucn exit.

6. A steam Aater separator to pennit the drying of the tait steam so that a single ;

phase flow meesurement can be made.

7. Wrious instmmentation to measure flows, heater rod, vapor, f!u:d, and piping
temperatores, vold fraction, and entrainca liquid.

Tne heility was designtd for 4.1 bar nominal pressure and is capable of repeated
tests wiih heater red terr.peratures nor enceeding i10(PC A schenutic c' *.he flo aloop
is shown in figure 13.1.

; A cross section of the test bundle is shown in figure D.2. Tim bundle is comprised
o 161 heater twls (93 noninstri.mented and 68 instrumented),4 thimbles instmmentedr'

with v.111 thermccouples,12 steam probes, 8 solid trian. gular fillers, and S giids. The
triangular fibers reduced the mount of excess flow area from 93. to 4.1 percent and
they were also welded rdMffTfTifHtifitim4 proper gtid location. The axial
power shape buih in the heater rod was the modifie sine with a power peak-to-
average ratio of 1.66 as shown in figure D-3. Peak power value of 2.3 kw/m could be
achieved. Radial power distribution was umform in the bund'c. A low mass hcusing
desi.sn was utilized in order to minimize the housing effects.

One of the key melsurements made in the unblocked bundle tests was the non-

| equilibrium vapor temperarnre measurement. Aspirating steam probes were used to

| measure the vapor temperature and were located in the bundle anr!in the test section
i

l
1
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outlet. The teat facility was designed for automatic operation whenever critical fimetions !
'

regt/. red a high degree of sophistication, safety or repeatability. The Competer Data .

: Acquisition System (CDAS) was the heart of the operation by tuonitoriag, piotecting i
and controlling the facility operation besides collecting data.

'

The details on the design of the facility, the data obtained from FLECllT SEASET i
,

tests, and the analysis of this date can be found in references D.1 - D.3. !

I
i
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i:

Iinplementation of a new interphase friction correlation for bub- [
bly and slug flow in rod bundles in RELAP5/M.OD2- |

i
!

Original correlation: -i
i
:

!
,

.,S , n() - o)'r,(cir, - covj )2 i
r, = t

an ;
;

with co= 1.2,c1 0 - ~

1-a ;

i
?
v

.

a

TRAC-BD1/ MODI assessnient with NEPTUN boil-off experiments:

i
:

r6 = 65 (l - n)3
o pg i

I "' "' ~ '' / I i'' ' 8 - '""l ) ' '' " " " ' " i'
da

:
?

,

,

In RELAP5/ MOD 2 (EIR-update G8 ff.): !
,

i !
' sarne fortuula as in TRAC, co and ci saine, but with j

0.7 5 c3 $ 1 - !
'

(to eliminate some problents in the upper parts of the test section)

i
,

.h

:
.

. !
!

,
;

Figure 30: Implemantation of a new ' interphase friction correlation for bubbly and slug ;

flow in rod bundle geometry into RELAP5/ MOD 2,
;

!
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previous update,

a

.. . . . . .

. - _ _ _ - - - _. - _ _ _ _ - - - - - _ - _ - _ - - - _ _ . , - _ - - - - _ - _ - _ _ - - - - - - - - _ - - - - - - i



,
. . . . . .. . - . . .. -- . . . . - . ... . . .. . . . - - . - . - .. .-

.

. .

W

s 74.

: .

i
;. ' !
;

i
e
1
,

h
:
4

"me.r,L___.:ewait__,_, neux n "" t '''2,,
..

j o , .. . ;

; i. .. .

, ... ... .

! iu i A f", ._

u

, . g#,#,&,~
! j. . 3Ay,% ,. ,

i i n .

s'' j 7
. . .

'
| .

'
' "

7
; .y 7..

,, .., ; ,. t._ _ g . 7-_ ,,,._ _ u - ,, .
. ....m.

.
-

.,,_ _.,. 3. . ; _ %, 3 w,, a ,,,.,
,

_ . . - . . . . . , i.e4.m -- _ _ _ , , . , - u_
uc

~,.. ..- .
i. .

; ~

i
* M WSd.' M #1

. O*'.a t' i t l'#7
.,,

-

s u.i
.

.

j3 . m,

"-[ /
,

f w .

i "|"
, n, .

| : j'r -. .

j j . J_f j"
'

. . . .

; s" -

, . , ,
.

'
.

L

t j"' - y , *
. .

-

i = . - , /, / s . ,,
.

,- ~ ,m!'', ,
,_r

,

; * * *
|, . , , .

[ ,, . .--
,

i. a s"*# ,,

||| +a. ; a ;g i, t-t.. 4
3. s ; ; 3 3 ,.

.
, ,

; e,m,_ ._ _ _ _ , . _ . _ . . . _ . _ _ , _ _
.

I C bi
: .
1

?
'

Figure 32: Coll:psed liquid level and water entralnment in NElrrUN low flooding rate
_

_

j experiment 5052, calculated with.(=EIR. update 68, figure b)) and without (=EIR urdate
; 53, figure a)) new formula for the interphase friction in bubbly and slug flow, and with -
| previons update,
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. Interphase friction in bubbly and slug flow, and with previous update.
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without. (=EIR. update 53, figure a)) new correlation for the interphase friction in bubbly
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Iniplementation of the formula. of Forslund-Rohsenow for the,

{ reflood heat transfer coefficient at high void fractions in RE-
! LAP 5/ MOD 2

i

i RELAP5/ MOD 2 (frozen version):
1

i

; o 5 0.91 - h rs = hrs ' hvP + -i

i
0.91 < a < 0.99 : Interpolation

j a 2 0.99 : hm = (1 - a) hrs + ohon + . . .
4

[ with

j hrs * Marinnun of modified Bromley fihn boiling and Weismann transition boiling heat
transfer coeflicient;,

;
.

: hon Dougali-Rohse:.ow heat transfer coellicient

| Radiation terms
|

{ Formula of Forslund-Rohsenow for dispersed flhu boiling:
i

:

I hyn = 0.2Y (1 - a)2/s
9PIPo f,Qh ^M

,(T , - T );4,(r/6)2/8da.4\r/
'

f

|

implemented in RELAP5 with:,

i prefactor 0.4 instead of 0.2 -
:

f- da : g *',,g roplet diameter with restriction 1.5 10-im 5 da $ 3 10-88 d m

?

New in RELAP5/ MOD 2 (EIR-update 71 ff.):'

!
i

h es = hra + hon + . as before.o50.6: t

0.6 < a < 0.8 : Interpolatica
'

a ? 0.8 : hees = hen + hon 4

Figure 35: Implementation of the formula of Forslund Rohsenow for the reficod dispersed
film bolling wall heat transfer coefficient in RELAP5/ MOD 2.

I
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Figure 36: Collapsed liquid level in NEPTUN low flooding rate experiment 5036, calculated
with (=EIR update 71, figure b1) and without (=EIR-update 68, figure a)) new formula of
Forslund Rohsenow for the reflood dispersed film boiling wall heat transfer coefficient, and
with previous updates.
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Figure 37: Water catrainment in NEPTUN low flooding rate experiment 5036, calculated,
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of Forslund Rohsenow for the reflood dispersed fin.a boiling wall heat transfer coefficient,
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Modiiication to criterion for selecting the pre dry out inter-
phase friction correlations near the quench front in RELAP5/ MOD 2

9

C'riterion for selectiing (lic pre-dry out interplinse friction correlatior.s ist
RELAPr./ MOD 2:'

P>1

where

D.

P = mae(0, ruin {1, P'(01 - a3) + 10}}
P' = (1 - e sr,')1.0000454

T,, = T, - T .t - 1

and as is the void fra..ction for the tran.sition. frotu bubbly to slog or inverted slug flow,

t

Correction performe,d (EIR-update 77 ff.):

T,, = T, - T..t - 40(1 - a) s

instead of

T,, = T, - T .n - - 1

3

Figure 42: Criterion for selection of the pre-dry out Interphase friction cor. elations near
the quench front in RELAP5/ MOD 2, and correction performed 1:: EIR update 77.
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: Modification of the Weismann co''.ood transition boiling heat
transfer coefficient in RELAP5/ MOD 2

i
4

'

14ozen version of RELAP5/ MOD 2:
f Transition boiling heat transfer coeflicient (Weismann):

hra = h,,c'* ***T + A 500( e* **T

where'

"''
hm ='

6Tm
i

AT = Tw - T,a - 6T,,,

A T,,, = S -

and S is the Chen's boiling suppersion factor, q,, the critical heat flux, G the mass flux and Ga
= 67.8 kg/m's

| Modiflcation (EIR-update 83):
Decreasing exponent 0.040 in first term of hrs to value of 0.0175

Modification also included in EIR-update 83:*

;

Multiplyin6 modified Bromley heat transfer coeflicient correlation with factor

. 1 + 0.025(T,n - T ) -

f

i to consider to the effect of the subcooling

i

Figure 44: Modification in the Weismann reflood transition film boiling heat transfer
correlation performed in RELAP5/ MOD 2 to increase the quench temperature of the code'

and implementation of a correction factor to consider the effect of subcooling.'
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factor to consider subcooling, and with previous updates.
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; Updates in RELAP5/ MOD 2/36,02 performed at EIR '

i

{' In a higher EIR update number the inodifications of the lower update numbers are included.
:

EIR-update 53: Correction of the Modified Bromley correlation.

EIR update 65: Implementation of a new correlation for the interphase friction in
bubbly and slug flow in rod bundle geometry,

EIR-update 71: Implementation of the formula of Forslund Rohsenow for the re-;

! flood dispersed fthu boiling heat transfer coeflicient.

! EIR-update 76: Reduction of the interphase friction in rod bundle geometry in in- .

; verted slug flow by a factor of 0.4 and in dispersed flow and annular
'

mist flow by a factor of 0.5.,

| EIR-updrite 77: Changing the criterion for selecting the pre-dry out interphase fric-
tion correlation near the quench front to reduce unphysical void

| fraction oscillations.

EIR update 83: Changing at. exponent in the Weismann reflood transition boiling
,
' correlation to increase the quench temperature of the code and

adding a factor to the Modified Bromley heat transfer coefilcient;

to consider the effect of subcooling.

|

!
i

i

Figure 48: Summary of all updates in RELAPS/ MOD 2 performed at EIR.;
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[ In FLECHT-SEASET high flooding rate experiment 31701, calculated by RELAP5/ MOD 2
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i with the frozen version (left side) and with the modified version EIR-update 83 (right side).
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calculated by RELAP5/ MOD 2 with the frozen version (figure a)) and with the modified
,

version EID : 1date 83 (figure b)).
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