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1CAP
Assessment of RELAPS /MOD2 Critical Flow Model Using Marviken
Test Data 15 and 24

ABSTRACT

The simulations of Marviken CFT 15 and 24 have been performed
using RELAPS/MODZ, For the modeling of a nozzle as a pipe, the
results of simulations and the CFT 15 test data are in good
agreement, but the simulations underpredict by about 5 to 10 %
in transition region between suhcooled and two-phase. In the
two phase region, there happens the fluctuations of the
calculated mass flowrate for the case of using the critical flow
model in RELAPS/MOD3. It seems that the improvement of the
critical flow model in RELAPS during the transition period is
necessary. RELAPS critical flow model underpredicts the CFT 24
data by 10 to 20 % in two phase choked flow region, while its
predictions are in good agreement with subcooled choked flowrate
dat-. The modeling of a nozzle as a pipe in the case of CFT 24

ray give rise of unreasonable results in subcooled critical flow

region,
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EXECUTIVE SUMMAKY

The assessment of RELAPS/MODZ critical flow medel has been
carried out using Marviken critical flow test 15 and 24. The
purpose of this assessment is to identify ihe code or model
deficiencies, and to improve the capability of the RELAPS for the
prediction of critical flowrate,

Marviken critical flow tests were conducted between 1977 and
1979 as a multi-pational project at the Marviken Power Station, The
Marviken test facility consisted of a vessel of 5.2 m in diameter
and 22 w high, a discharge pipe with a ball valve, a nozzle
containing ruptured discs and a containment. Through the Marviken
test program, the 27 CFT experiments, together with the test
procedures, equipments and measurement techniques were produced.

To assess the capability of RELAPS/MODZ critical flow model,
our concern is focused on the nodalization of a nozzle, the time
step of calculation, and the computational efficiency.

For CFT 15 with a LD of 3.6, which is one of the largest among
27 tests, the simulations arve performed with changing the modeling
of a nozzle as a pipe having 3 cells or one cell. While the
similation predicts test data inappropriately in the case of
modeling of a discharge pipe of 3 cells, the results of simulation
are in good agreement with test data for modeling of a discharge
pipe of 6 cells uniformly,
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For CFT 24 with a L/D of 0.6, smallest among 27 tests, the
similations are also performed with varing the modeling of a nozzle
as a single junction or a pipe having 2 cells or one cell, However,
the results of simlation with modeling of a nozzle as a pipe are
not in good agreement with test data. For the modeling of a nozzle
as a single junction, the simulation predicts well subcooled
critecal flowrate, but underpreaicts two phase critical flowrate by
10 to &0 %,

It is found that the success of simulation depends how a .ozzle
is modeled according to a L/D of nozzle,
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1, Introductior

In RELAPS, the mass discharge from the system through a pipe
hreak or a nozzle is calculated primarily by a critical flow model
consisted of the Lienard-Alangir-Jones(LAJ) model for subcooled
choking and the model developed by Ranson and Trapp for two-phase
choking, In the critical flow model of RELAPS, the critical
velocity of flow is calculated using the upstream properties as the
second relation, which may represent incorrect prediction of the
choking phenomena at throat.

It is well-known, that choking occurs when the flow velocity
exceeds or equal to local pressure propagation velocity, and that
the critical velocity of single-phase flow is same as the sound

speed, However, the choked conditions of two-phase flow are

- different from those of single-phase flow, and the critical velocity

of two-phase flow can not be characterized as the sound speed. Even
though the liquid in system is subcoole? awugh, the discharge flow
from the system may vary from subcooled liguid to two-phase mixture
passing through a nipe break or a nozzle. Many researches have been
studied on the ciavical two-phase flow and many critical flov models
fur two-phase flow have been generated. However, there are still
exist many uncertainties and inconsistencies in the two-phase

critical flow model, because of the difficulties to solve a critical
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flov mechanisms completely for two-phase i.ow using only field
equations. In RELAPS, the thermal equilibrium assumption with phase
slip is used as the basis for the critical flow criterion,

As a part of the International Thermal-Hydraulic Code
Assessment and Applications Program (ICAP), the assessment of the
RELAPS for the critical “*ow model has been carried out. The
purpose of this assessment is to evaluate the capability of RELAPS
to simulate a critical flow, and to improve the nodalizations for a
pipe break or a nozzle. In addition, the assessment is carried out
to evaluate the adequacy of the critical flow model imroved in
RELAPS/MOP3. For this assessment, Marviken critical flow test
facility is simulated. And the critical flow results from the
RELAPS are compared with the experimental data of Marviken critical
flow test number 15 and 24.

A brief description of Marviken facility and tests is provided
in section 2. The critical flow model in RELAPS and the input deck
used to simulate the experirents are described in section 3.
Section 4 describes the results and discussion of the calculations
for nodalization. Computational efficiency is discussed in section

5. Conclusions are presented in section 6.
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2. Facility And Test Description

2.1 Test Facility

The Marviken Full Scale Critical Flow Tests(CFTs) were
conducted between mid-1977 and Dec. 1979 as a multi-national
project at the Marviken Power Station, which had produced the
twenty-seven CFT experiments. The tests were onducted by
discharging water and steam water mixtures from a full sized reactor
vessel through a lavge oiwmeter discharge pipe that supplied the
flow to the test nozzle and mounted o the bottom of a vessel.

Vertical cross-sectional views of the test facility and of the
discharge pipe, test nozzle are shown in figures 2-1 and 2-2. The
major components of the facility are the pressure vessel having
net-volume of 425 cubic-meter, the discherge pipe consisting of the
ball valve and pipe spools, the test nozzle and rupture d:.sc
assemblies, and the containment and exhaust pip. 5. The nozzles
ranged in length from 166 to 1809 mm and in diameter from 200 to 500
mm, which have similarity to the pipe of brokan loop at large break
LOCA in nuclear power plant,

Tests 15 through 27 were conducted using a constant diameter
test nozzle section of 500 mm and length to diameter ratio(L/D) of
0.3 and 3.7 to provide full scale critical flow data at LBLOCA for
operational nuclear power plants. For the tests 15 and 24, the
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nozzle is diccharged simultansously with the start of test,
results of these CFTs could show the effect of L/D on the critical

temperatu.e at nozzle inlet is meaningless, because the liguid in

The

Table 2-2 Swmary of Initial and Final Conditions in Test 15 and 24

| 1 | Test Number 15 24
i 2 |Data of Test Performance 11-01, '78 [03-29, 79
; 3 |Steam Dowe Pressure (MPa) 5,04 4,9
| 4 | Saturation Temperature { “C) 264 263
| 9 | Degree of Nominal Subcooling in the
| Lower Vessel ( °C) 31 33
|
| 6 |Miniwum Floid Temperature in the
Vessel ( “C) 233 230
| 7 |Initial Temperature at Nozzle Inlet
N { *C) 177 A
8 |Mass of Water and Steam (Mg)
(Include the Water in Discharge Pipe) 327 w30
9 | Mass of Steam (Mg) 0.6 0.63
10 | Mass of Saturated Water (Mg) 73.1 9.4
| 11 [ Initial Level in the Vessel (m) 19.93 19,88
12 | Final Level in the Vessel (m) <074 | <o
13 ﬁmidal Elevation of Tr+ Gl o
- (m + 0.9 12.5-14 | 15.5-17
| 14 | Oxygen Content Obtained after stabi- |
b lization at 3 MPa (wole ratio x EB) 0.8 0.5
15 | Test Period (seconds) 55 54
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3. Code And Model Description

3.1 Code Features

RELAPS has two types of critical flow wodels. One is for
subcooled critical flow model and the other is for two-phase
critical flow model. Both models are applied only at junctioms,

The subcooled critical flow model used in RELAPS is similar
conceptually to the model proposed by Burnell and is designed to
reflect the physics occuring during the break flow process, The
RELAPS subcooled critical flow model assumes the Bernoulli expansion
to the point of vapor inception at the choke plane.

The two-phase critical flow model in xELAPS is based on the
model by Trapp and Ransom for non-homogeneous, non-equilibrium flow.
In this model, the amalytic choking criteria was determined by a
characteristic analysis of a two-fluid model that included relative
phasic acceleration terms and derivative dependent mass transfer.
Although both frozen flow and thermal equilibrium assumptions were
employed to test the analytic criteria during the implement of this
model, the thermal equilibrium assumption was proved to be
appropriate hy comparisons to experiments! data. Because the
application of the two-phase choking criterion has not been fully
explered, an approximate criterion has been applied extensively

through the good code and data comparisons.
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nozzle by SNGL'UN comporent. Also, & nozzle is modeled as a PIIL
component or a VALVE component which is applied to simulation of CFT
24 having small L/D. The cell nweher of a discharge pipe and a
nozzle is summarized in table 3-1. A aozzle is connected to a
containment, and the junction cr valve attached to the bottom of a
nozzle opens simultaneously at the start of transient. A
containment is represented by a TMDPVOL component filled with pure
vapor in atmespheric conditions.

Because of the negligible effect of the heat transfer from
vessel to containment on the CFT modelling, the heat structures of a
vessel, a discharge pipe and a nozzle are not considered,

In order to establish the initial conditions of tests, the
steady state simulation is performed. By means of attaching a
TMDPVOL ~ wmpcaent to the top of vessel, the pressures and
temperatures at vessel and discharge pipe are obtained
appropriately, The water level of vessel is determined by adjusting
the fluid qualities in vessel,

The “ime step is set up minutely up to twenty seconds from the
start of test because of complex critical flow phenomena at the
inception and transition, And the transic~t is simulated up to

sixty seconds similar to the test period.
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Table 3-1. Summary of Case Study

Number of Nodes
Test No. | Case |Code Remark
Nozzle | Discharge
CFT 815 |{Case 1 |MOD2| 3 § + Application of
L/D =3,6 {Casa 2| ™ 1 ) choking option
fase 3| " 3 3 at only break
case 4 | " 1 3
Case 5 {MOD3 | 3 b + For comparison
Case 6| " 1 3 with RELAPS/MOD3
Case 7 (MOD2 | 3 b « Application of
case 8 | " 1 6 choking option at
every junctions
CFT #24 |Case 1 [MOD2 | O ) * Choking option at
L/D =0.3 |Case 2 | " 2 b only break.
Case 3| " 0 K|
Case 4 [MOD3 | O 6
Case 5 [MOD2 | 1 ] * Choking option at
every junctions

12
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in the junction connecting a discharge pipe and a nozzle inlet. At
only nozzle outlet junction, i.e. single junction, choking option
is used, The results of CASE 1 are compared with test data for mass
flowrate, pressure and void fraciion at nozzle inlet, etc., as shown
in figure 4-1 through 4-7. The mass flowrate calculated by RELAPS
is compared with test data in figure 4-1. 1In subcooled choked flow
region, the calculated mass flowrite agrees well with experimental
data. Also, the calculated pressure behavior agrees well in this
region, as shown in figure 4-2, However, the calculated mass
flowrat: is underestimated by about 6 X relative to experimental
data between subcooled and two-phase choked flow region. Thus, from
the point where the mismatching of mass flowrate occurs, the system
pressure is slightly overpredicted due to the gravitational effect
of remaining liquid in vessel. From the inception of void fraction
at discharge pipe the caliulated mass flowrate agrees well with test
data, without the correction of the discharge coefficient. The
behavior of system pressure has similar trend of test data but
maintains as high value as the overpredicted value during subcooled
choked flow region. Because hizher calculated pressure suppress the
zrowth of void in discharge pipe, the prediction of inception of
void fraction at nozzle inlet is late as shown in figure 4-3,
Howeve.  the mass flowrate in two-phase region agrees well with test
data in spite of higher calculated pressure. Therefore, it is
considered that the critical mass flowrate model for two-phase in

RELAPS is not sensitive to upstream pressure,

15
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4.2 Critical Flow Test 24

The transient input for the CASE 1 is also prepared from the
results obtained by steady state calculation that gives the initial
conditions for CFT 24. Because the CFT 24 has a relatively short
nozzle, a nozzle is modelled as a junction or a PIPE component with =
cells or a SNGLVOL component. Additionally, the nodalization of a %
discharge pipe is evaluated. The cell numbers of a nozzle and a |
discharge pipe is summarized in table 3-1. The simulation time is ;
sixty seconds as in the case of the actual est periods.

In CASE 1, the nodalization of a nozzle is represented by single
junction and & discharge pipe is directly comnected to a containment
of TMDPVOL. There happens to be .. problem during the transient
calculation of sixty seconds. The results of CASE 1 calculation are
shown in figures 4-29 to 4-35. The mass flowrate calculated by RELAPS
is compared w'th test data in figure 4-29. In subcooled choked flow
region, the calculated mass flowrate agrees well with the experimental
data except for a moment following the opening of the break. Also,
the calculated pressure underestimates due to the release of
relatively large mass at the opening cf break as shown in figure 4-30,
For a moment followiig the opening of the hreak, RELAPS does not
simulate the actual system experiencing a pressure undershoot and can

not calculate the mass flowrate reduction according to a pressure

18
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undershoot. In two-phase cheked flow region, the calculated mass
flowrate underestimates by about 15 Z. In this region, the calculated
pressure overpredictes due to the underestimated mass flowrate, The
discharge coefficient used for this region is one as same as for
subcooled choked flow region.

As a sensitivity calculation for nodalization study of CFT 24
(CASE 2], the nozzle is modeled by a PIPE having 2 cells, That is,
first cell as a nozzle inlet, second cell as the remainder are
modeled. A smooth area change option is used in the junction
connecting a discharge pipe and a nozzle inlet, and choking option is
useu at only break junction. The results of CASE 2 are compared with
test data and base case as shown in figures 4-36 through 4-42. As
shown in figure 4-36, the calculat.d mass flowrate is underestimated
by 15 to 20 % compared to experimental data in subcooled choked fi
region, and the system pressure is overpredicted as shown in figure
4-37. In two plase choked flow region, the ~alculated mass flowrate
is underpredicted smoothly by 10 % relative tc test data, and is not
better than CASE 1. And, the prediction of inception of void fraction
at nozzle inlet is somewhat faster,

In CASE 3, the nodalization of nozzle is represented by a single
junction and a discharge pipe 1s modelled with 3 cells pipe. The
results of CASE 3 calculation are shown in figures 4-43 to 4-49. The
mass flowrate calculated by RELAPS is compared with test data in

figure 4-43. In subcooled choked flow region, the calculated mass

19
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problem, And, the prediction of inception of void fraction at nozzle
inlet is similar to that of CASE 2, but the variation of void fraciion
fluctuates strongly. Except the oscillalion, the trends of results
{rom CASES are similar to those of CASE2. . Therefore, there is no
gffect of the cell number of a nozzle on the of critical flow
behavior.

For the nozzle with a L/D of 0.3, the nodalization of nozzle as a
pipe may not give betier simulation results than as a SNGLJUN
component, With more than 2 cells the simulation has been failed
because the mismatch between fast flow and short nozzle length causes

the water properties errurs.

4.2 Evaluation of the Model in RELAP5/MOD3

The adquacy of the critical flow model improved in RELAPS/MOD3 is
assessed. The items of the assessment are two for CFT 15 and one for
CFT 24. Firstly, the assessment is carried out with the same input as
CASE 1 of CFT 15 (CASE 5), as shown in figure 4-57 through 4-63. As
shown in figure 4-57, mass flowrate is compared with experimental
data. From transition region, mass flowrate s underpredicted by
about 10 % relative to experimental data. And, the fluctuation of
mass flowrate is found during two-phase region. Because the critical
flow criterion depcnds on the void fraction at the break junction in

the critical flow model of RELAPS/MOD3, instantaneous flucuation of
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void fraction at the break junction may change critical velocity which
results in the feedback to ocsillation of void fraction, and
subsequently, amplify the ocsillation of critical mass flowrate, as
shown in figure 4-61.

Secondly, the assessment is carried out with same input as CASE 4
of CFT 15 (CASE 6), as shown in figure 4-64 through figure 4-69, As
shown in figure 4-64, mass flowrate is compared with experimental
data. From transition region, mass flowrate is underpredicted by
about 10 Z relative tu experimental data. Also, the fluctuation of
mass flowrate is found during two-phase region, but the range of
fluctuation is reduced than the case of RELAPS/MODZ. Rather, the
trends of results for this case are similar to those of CASE 5.

In RELAPS/MOD3, instantaneous flucuation of void fraction at
break juncticn may amplify the ocsillation of critical mass
flowrate, On the whole, the model in RELAPS/MOD3 may be not
effected by nodalization and may be not improved sucessfully to
predict the critical flow behavior for CFT 15,

Thirdly, the assessment is carried out with same input as CASE 1
of CFT 24 (CASE 4), as shown in figures 4-70 through 4-75. In
general, the trends of results for CiSE 4 are similar to those of CASE
1 for CFT 24. Similar to the case of CFT 15, the fluctuation due to

amplication of void fraction oc —-s in two-phase region.
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