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SUMMARY

A best-estimate transient containment code, BEACON, is being
developed by EG&G Idaho, Inc. for the Nuclear Requlatory Commission's
reactor safety research program. This is an advanced, two-dimensional
fluid flow code designed to predict temperatures and pressures in a dry
PWR containment during a hypothetical loss-of-coolant accident. The
most recent version of the code, MOD2A, is presently in the final stages
of production prior to being released to the 'lational Energy Software
Center.

As part of the final code -heckout, seven sample problems were
selected to be run with BEACON/MOD2A. This series of problems was run
to verify that all models were working properly and that the code was
basically error free. Each problem was designed to investigate different
models, including four new code options, partial flow, variable mesh,
wall film, and heat structures. The complexity of the problems chosen
ranged from a simple one-region case to a mixed-dimensional, multi-
region arrangement.

Presentation of the results of the checkout includes a diagram of
each problem configuration, modeling description, card input listing,
and plots of predicted velocity vectors, void fraction, temperatures,
pressures, or film mass, where applicable.

The results of the calculations were analyzed qualitatively and
checked for reasonableness of the answers. The checkout indicates that
all of the BEACON/MODZA models appear to be handling physical phenomena
correctly and that no gross errors are avident. This report documents
the results of the code checkout prior public release.
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DEVELOPMENTAL CHECKOUT OF THE BEACON/MOD2A CODE
I. INTRODUCTION

The Code Development and Analysis Program of EG&G Idaho, Inc. is
developing a transient containment code, BEACON, for the United States
Nuclear Regulatory Commissions's reactor safety research program. This
code 1< designed to predict fluid flow and resulting temperatures and
pressures within a dry PWR containment building during a hypothetical
loss-of-coolant accident (LOCA). Ultimately, predictions from computer
codes such as BEACON will be used in the design, licensing, and safety
analysis of future PWR power plants.

The most recent version of the code, BEACON/MOD2A, is a dynamic,
two-component, two-phase, best estimate code which can be used to model
relatively short-term transients during a LOCA. One- and two-dimensional
or lumped parameter modeling of single- and multi-region complexes are
all available. Non-equilibrium, two-phase phenomena can be simulated by
utilizing the unequal velocity, unequal temperature features of the
code. In addition, the inclusion of wall film and heat structure options
in this version of the code allows for the modeling of heat transfer
effects during longer transients.

BEACON/MODZA[a] is scheduled to be publicly released to the National
Energy Software Center at the end of 1978. As part of the checkout
prerequisite to release, a series of seven sample problems was run to
investigate the various models and options in the code. The first five
problems had been used to check out earlier versions of BEACON. These
were rerun, at this time, and compared with previous results to assure
that no errors had been introduced into MOD2A. Two additional sample
problems were created and run to check out the four new models in
MOD2A; partial flow, variable mesh, wall film, and heat structures.

[a] A developmental version of BEACON/MOD2A (Configuration Control Num-
ber HO0600IB) was used in the code checkout for this report. The
released version of MOD2A should be identical to this version with
the possible exception of minor coding corrections.



The purpose of this report is to document the results of running
the seven checkout problems with BEACON/MOD2A. Result- from each case
are intended to provide a qualitative evaluation ». the different options
in the code. [t was not intended that data comparisons would be made,
however, reasonableness of the answers was ascertained in the checkout.

tEach problem is presented with a brief description, modeling tech-
niques, input listing, and plotted results in Section II. The conclusions
and results of the checkout of BEACON/MOD2A are given in Section III.



I1. SAMPLE PRORLEMS

A series of seven sample problems was selected to check out the
various modeling features of the EEACON/MOD2A code. The problems range
from a simple single-region example to the more complicated mixed-
dimensional, multi-region setups. The first five problems have all been
run before to check out previous versions of BEACON. They were rerun
with MODZA to insure that no errors were introducted into this new
version of the code. The last two problems were designed specifically
to check out the four new options developed for MOD2A, partial flow,
variable mesh, wall film, and heat structures. The specific modeling
features illustrated with each of the problems are noted in Table I.

The seven problems presented are:

(1) Single Eulerian region, closed boundaries
(?) Flow boundaries< and obstacle cells

(3) Mixed dimensional, multi-region coupling
(4) Lumped parameter and unequal area coupling
(5) Source cell addition

(6) Partial flow

(7) Dry, multi-compartment containment with wall film and heat
structures.

Each case is presented with a problem discussion, illustration of
the configuration, and modeling description. The input data in card
image form is also given.

Results for each problem are presented in the form of both plots
and interpretive discussions. Vapor, liquid, and film velocity vector
plots are :hown, where applicable. Contour or time history plots of



void fraction, pressure, temperature, and film mass are also given for

various problems. Uhere the BEACON computer plots are presented, the
legends are also included for interpretive purnoses. For these plots,
time i5 given in <econds, pressure in N/m2, velocity in m/s, temperature

in K, and film mass in kqg.

The results are to be interpreted qualitatively rather than quanti-
tatively, inasmuch as each problem was only intended to check out certain
modeling features of the BEACON code and are not verification-type
problems. In most cases, the expected flow phenomena and results are
self-explanatory.



TABLE 1

SAMPLE PROBLEM MODELING FEATURES

__SAINPLE PROBLEM NUMBER

MODELING FEATURE 1 2 3 4

><

Cartesian Gec etry X X

>

Axisymmetric Geometry
Variable Mesh Spacing*
Flow Boundaries X X
Obstacle Cells X

Partial Flow Cells*

Source Addition

One-Dimensional Flow X
Lumped Parameter X
Mixed-dimensional,

Mulzi-region Coupling X X
Wall Film*

Heat Structures*

* New option added for MOD2A.



). SAMPLE PROBLEM 1: SINGLE EULERIAN REGION, CLOSED BOUNDARIES

This problem illustrates the use of the BEACON code with essentially
the least number of modeling options exercised. It is therefore one of
the more simple GCACON problems to set up. The problem models a rising
slug of air in a circular tank as shown in Figure 1. At the initial
problem time, an air bubble is reieased from the bottom of the tank and
allowed to rise. The right-half of the circular cylinder is divided
Into an axisymmetric computing mesh. There are 7 cells radially from
the centerline and 10 cells axially along the line of symmetry. The air
bubble is formed by a 2 by 2 cell region at the lower left corner of the
computing mesh. All of the boundaries are assumed rigid with free-slip.

A listing of the necessary input data is shown in Figure 2. The
tetthand column of numbers 1ists the card number required to identify
each input data card.

Plot output at a problem time of one second are presented to illus-
trate the resuitant flow pattern. Vapor and liquid velocity vectors are
shown in Figures 3 and 4, respectively. Void fraction and pressure
gradients are shown in Figures 5 and 6, respectively.

The behavior of the problem is as expected. The air slug rises
under the influence of gravity producing convection currents in the
liquid. The rate of bubble rise is influenced by the interphasic momen-
tum or drag force. In this example, the interphasic forces are modeled
based on a dispersed or bubbly-type flow interaction. It is noted that
in the time span computed, the vapor and 1iquid regions have become
diffused.  The diffusion occurs due to the lack of a sharp interface
tracking capability in BEACON.



Centerline

Liquid

Gravity

Fig. 1 Initial configuration for Sample
Problem 1 before the air bubble
has risen to the top of the liquid.
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CXANPLE PROBLEN | SINOLE EULERIAN REOION, CLOSED BOUNDARIES
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Fig. 3 Velocity vector plot for Sample
Problem 1 showing the movement of

the vapor in the liquid.
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Fig. 4 Velocity vector plot for Sample
Problem 1 illustrating how convec-
tion currents are produced in the
liquid by the rising air bubble.

10



CXAMPLE PROBLEN |

SINOLE EULERIAN REOION, CLNSED BOUNDARILS
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/
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VOID FRACT =
TIME = 1 000+00 CYCLE= 2u2 MESHe |
MiINe | 279-12 MAX= 2 940-01 Le 1.279-12 He

Fig. 5 Void fraction contour plot for
Sample Problem 1 after the air

bubble has risen to the top o: the
liquid.
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2.846-01
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e.9%0-02



CXANPLE PROBLER | SINGLE EULERIAN REOION, CLOSED SOUNDARICS

L
——— + - - -
PRESSURE
TIME = 1.000+00 CYCLE= 242 MESHe |
MiINe 8 817+0% MAX®s | 14@+0% Le 8. 817+0% M

Fig. 6 Contour plot for Sample Problem 1
showing the calculated hydrostatic
pressure gradient in the liquid.
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2. SAMPLE PROBLEM 2: FLOW BOUNDARIES AND OBSTACLE CELLS

The configuration shown in Figure 7 demonstrates the use of specified
flow boundaries and obstacle cells for a typical containment subcompartment
analysis problem. The input data cards are shown in Figure 8. In this
problem, compartments and passageways are formed by specifying regions
of nonfluid, or obstacle cells (cards 11401 through 11403).

The fluid regions initially contain a vapor-liquid mixture at
atmospheric pressure and a« void fraction of 0.9. A vapor-liquid inflow
of constant density and velocity is specified along the bottom boundary
and a continuative outflow is specified along the right boundary of the
mesh. The configuration is formed in Cartesian coordinates with gravi-

tational force set to zero.

velocity vector and pressure contour plots are shown in Figures 9
and 10 to illustrate the flow behavior at 0.5 seconds. The behavior is
as expected: (1) Flow is diverted bty the presence of obstacle boundaries,
(2) velocities are higher in the narrow constrictions, (3) Stagnant
regions develop in corners and localized recirculation uccurs in base
reqgions, {4) Pressure buildup occurs in stagnating areas and gradients

develop where velocities are generally rapidly changing.

13
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problem, modeled with obstacle cells
and inflow and outflow boundaries.

Inflow
Boundary

Outflow
Boundary

Flow



1

-
-
o
(" %)
o
-
- —
v
- -
-t ™M
w — (e lelelele
[} Ow L
. ot et et
e O -
- [ele] - aea
o L= ococooo
- (e T ] L
(o ~O lelelelele]
w @©
@ o am™m o LE X RE N
Qo o [ NN « 0000
o 2 o LI
Q o |- Q0000
4 & E « O0000
- - § % O YOOV
L= . o
v = - o L Y .
w o ~Oo 1O elelelele ) —
. o >® * -~ - L )
x = a0 I~ | = O000C -
- i U W O0000 o
o - a0 Daea w VOO0 O0 .
‘< O ~ a0 n =a (&)
2 N~ ZONm Ordt & & &&=
I ~ ~ - LI el el - -
@m - O a» el < B 2 O
o a OWea W (SN St g~ 4 a. .
- QOO ™ML L -t L L Zz ©
S o Z ™ s -0 -0
-l O O O L * & o & aw ap- L o
e LRSI a W UZLAa00000Q > ~-
G aNOP= OO0 afN  wes  » a o -
LU WL ™MOFr o sdsaansZ ik OO -
_-—rt il OO0 NW LOVRO NN ND= OO~ . o™
N v X OO O 0 i L] LrAOOm
E NrA~0 sa it Z a aaradana) O
W 20 OO0 ZO DOFT OONINNDOD a0 -
Uied 40 & O O sy a - el et B - 1 &) -
-0 O - al NETA & e aanL . «a O

D0 o a afld U ~=HNOO0O -amMmo af .

* OO | ® DZ 4 et MUN O ™MWt 2O a
O of 040 2D I al) » & &= o L RN S ]
A O0OWN ¢ »r<ONNNMNOO & & Al are st
il OV O ax~Z q@onceay ©
O Z «0O a Pb=idd — (%) .

-
S U ey Al e e LA - w WwoOs
= 2O ULO0 DZICURXAAXDAACO Bix )

10 0’

L k™ I 2 a0 DD000m—ran0D o
CODZT d a0 O ds b b e odod d® o= ok
DOPtdt AL OUN 8 O 15 2 2 2 2 LAMHA B 1L 2 O
. * S adS A Orarartarae LI T e

elal [N IOIOLOCNHHMHHONNNOIM\Z'
- t
. 0
OO0 00COOO#® O Om=NMY .Dt O MV @ ety
NI N0~ MT SO ~DOD OO0 OCO0* OO0
e et AN NN U S O Ordrdiritrdt it T T & N OD
DO OOV OOOO OO = bt vt vt ek . 7d 7t 7k ok sk oot et
DO OOV OO OO OO ® rd rtrd rd et et ok et A pd et =4 &

99%99...5’.‘&52&&’536

Input card listing for Sample

Problem 2.

8

Fiqg.

15



CXANPLE PROBLEN 2 FLOW BOUNDARIES AND OBSTACLE CELLS

— O — ——

,._
-

ll' S e

 VAPOR . MAXIMUM VELOCITY e 6.66%87+00
TIME - S 000-01 CYCLE= 260 MESH= | GEOM= CARTSN JNM= JARTEBSH

Fig. 9 Vapor velocity vector plot for Sample
Problem 2 showing the flow diversion
caused by the obstacles and the in-
crease in velocities through the
constricted arees.
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EXAMPLE PROBLEM 2 FLOW BOUNDARIES AND OBSTACLE CELLS

e,
e

\&

et

= s

PRESSURE
;::S- S 000-01 CYCLE= 260 MESH= i
I 238+0% MAX = 1 . Y45%5+0% Le 1.238+0% He

Fig. 10 Contour plot for Sample Problem 2
showing variations in the pressures
resulting from velocity changes.
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3. SAMPLE PROBLEM 3: MIXED DIMENSIONAL, MULTI-REGION COUPLING

Problem 3 demonstrates the Eulerian region cor=ling capability of
BEACON. The configuration used in Sample Probler: 2 was modeled by
connecting several Eulerian regions as shown in |igure 11, thus elimi-
nating the need for using obstacie regions. Thi, problem was run to
demonstrate that the results of modeling a containment with coupled
tulerian regions were consistent with the results obtained by modeling
with a single region containing obstacle cells.

In addition to defining the fluid properties of the Eulerian regions,
the connections between each region need tc be defined. Input cards 006001
through 006004 in Figure 12 contain the information necessary to connect
the five reqgions together.

The vapor velocity results for this problem are shown in Figure 13.
M. expected, these results match the results of Problem 2, showing the
validity of the BEACON coupling logic.

18
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Fig. 11 Configuration for Sample Problen 3,

a typical containment subcompartment
problem, modeled by coupling a
series of Eulerian regions.
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CxXanPLE PROBLEM 3
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Fig. 13 The vapor velocity vector plot for
Sample Problem 3, modeled with a
series of coupled Eulerian regions,
shows results that are consistent
with those of Sample Probiem 2, a
single region modeled with obstacle

cells.
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4. SAMPLE PROBLEM 4: LUMPED PARAMETER AND UNEQUAL AREA COUPLING

The configuration shown in Figure 14 demonstrates lumped parameter
modeling and other aspects of the BEACON mixed-dimensional, multi-region
coupling capability.

The configuration is a steady-state flow problem in which pressure
differences between the two semi-infinite lumped parameter volumes
establish a flow from left to right, with flow accelerating and then
decelerating in the 1-D regions. The two one-dimensional regions have
different cross-sectional flow areas with a ratio of one to two. Figure
15 shows the required input data. Whenever unequal flow area coupling
is desired, card 00160 must so indicate. The chauge in flow area is
obtained with the appropriate input of cell dimensions on cards 11000
and 2100, The Tumped parameter regions are used in this particular
case to m del invariant flow boundaries. The flow is two-phase with a
void fraction of 0.9. MNo interphasic mass transfer is assumed.

The pressure and velocity variation in the 1-D regions at steady-
state conditions are shcon in Figure 16. The variation is as expected
and typical of the behavior expected from 1D pipe flow analysis. The
pressure rapidly decreases as flow velocity increases in the first 1-0
region, and actually drops below the pressure of the receiving lumped
parameter region due to the acceleration of the fluid. Then, in the
second and larger 1-D region the flow starts to decelerate due to the
change in flow area and continuity considerations. There is also a
corresponding change in the pressure gradient.

This problem also demonstrates the separated flow, unequal velocity
capability of BEACON. Initially, the liquid flow lags the vapor flow
due to inertial differences and to a nonhomogeneous, interphasic momentum
exchange function modeling. At the abrupt area change the vapor undergoes
a rapid deceleration and approaches a discontinuity at the sudden expansion.
However, the inertia »f the liquid resists the sudden velocity change,
with the result be‘ g a less rapid decceleration of the 1iquid flow and
liquid velocities higher than the vapor velocities in the larger 1-D
region.
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Fig. 14 Configuration for Sample Problem 4,
a mixed-dimensional, multi-region
problem with unequal flow area coup-
ling and separated flow between two
lumped parameter regions.
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5. SAMPLE PROBLEM 5: SOURCE CELL ADDITION

Source cell modeling is demonstrated with this sample problem. A
two-compartment arrangement is configured is shown in Figure 17. Four
source cells are located in the lower and smaller compartment to introduce
4 vapor mass at an apprcopriate enthalpy. This problem demonstrates how
a siteam pipe break in a hypothetical loss-of-coolant acciden. could be
modeled. The mesh compartments initially contain a vapor-liquid mixture
of void fraction 0.5. Interphasic mass transfer is assumec. to be zero.
The mesh and obstacle walls are assumed rigid with no-slip boundary

conditions.

Input data for this problem are shown in Figure 18. The source
input cards are the 3000 numbered series. For each source, the mass
flow rate 15 initially zero, increasing to 100 kg/sec at 0.01 seconds
and remaining constant for the duration of the problem. The enthapy
level remains constant throughout, and must be input even if the mass
flow rate is zero.

Plot output results are shown for a problem time of 1.0 seconds.
'he vapor velocity vector plot in Figure 19 shows that velocities in the
constriction and in the lower compartment are still high but that in the
upper compartment flow conditions are starting to stagnate due to the
lack of any place for the flow to go. The void fraction contours in
Figure 20 indicate that the vapor source has essentially displaced the
initial vapor-liquid mixture in the lower compartment. Lastly, the
pressure distribution shown in Figure 21 is as expected, with the location
of highest pressure being furthest from the constriction and in an area
of stagnation.
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17 Configuration for Sample Problem
5 demonstrating the use of source
cells to introduce a steam flow
into a two-compartment containment.
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EXAMPLE PROBLEM 9 SOURCE CELL ADDITION

. . . . - - - N - - P * . - .
B . . . . . - - - - . . & & .
- . . - - - . . - - - - . ° >
4 ‘ E . - - - - - - . . > > k.
i i v - - - - - - - . . _ > 3
1 { v . - - - - . B - . * > 3

\ . ’
Ly v
‘. : B D
VAPOR . MAXIMUM VELOCITY = AP
TINE=  1.000+00 CYCLE= w08 MESH= | GEOM= CARTSN JNMe JARTBHM

iti le Problem
ia. 19 Vapor velocities for Samp
o 5 ?ncrease in the constricted area
and stagnate in the large upper

compartment .
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CXARALE PROBLEN & SOURCE CELL ADDITION

L

VOID FRACT

TIME= 1.000+00
MiNe I 366-01

ML

CYCLE= “o8 MESH= I
MAX= 9.999-01 Le 1.366-01

Fig. 20 Void fraction contour plot for

Sample Problem 5 illustrating the
displacement of the initiz]l vapor-
liquid mixture from the lower
compartment by the steam,
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EXANPLE PROBLEN 9 SOURCE CELL ADDITION

|\

L
i T
|
|
e RY
77:5350 1 . 000+00 CYCLE= 408 MESH= | GEOM= CARTSN - ~:NN°:°J.A°’.HH
MINs 3 164+0% MAX= | 3%6+086 Le 3. 164+0% H= 1.2%2+06 .

Fig. 21 Pressure contour plot for Sample
Problem 5 showing pressurization of
the upper compartment because of
stagnation effects.
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6. SAMPLE PROBLEM 6: PARTIAL FLOW CELLS

This problem demonstrates the new partial flow capability of BEACON/MOD2A.
This capability is used to model obstacles that are smaller in size
(volume) than the computational fluid cells. In a partial flow cell or
region, the volume and flow areas are reduced from their normal unrestricted
«alues. Unlike an obstacle cell which has complete flow blockage, a
partial flow cell still allows fluid to pass through but at a reduced
level. The remaining fluid is diverted to the surrounding fluid cells
subsequently changing the flow pattern in the vicinity of the partial
flow cell. This allows for a coarser nodalization, and, at the same
time, factors in the gross effects of obstructions to the flow.

In this problem configuration (Figure 22), partial flow barriers
are alternately placed, forcing the flow to travel in a labyrinthine
path. The regions of partial flow cells are specified by cards 11301
through 11363 of Figure 23. The flow areas and volumes of these regions
are reduced to 0.1 of the normal unrestricted ceil values. A flow
resistance coefficient of 3.0 is specified for both the radial and axial
directions. The top and bottom boundaries of the mesh are continuative
outflow and 1nflow boundaries, respectively.

The effects of the partial flow regions on the flow can be seen by
*he tluid velocity vector and pressure gradient patterns shown in
Figures 24 and 25, respectively. The flow is partially diverted as it
approaches the restricted cells The velocities increase and the
pressure gradients steepen as the flow progresses through the reduced

areas.
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Fig. 22 Configuration for Sample Problem
6 showing locations of the partial
flow bFlockages.
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PARTIAL FLOW TEST CASE

VAPOR MAXIMUM VELOCITY =« 6.93%84+01
TINE= 1.%00-01 CYCLE= av MESH= i GEOM= CARTSN INM= UFLTBMN

Fig. 24 Vapor velocity vector plot for

Sample Problen 6 showing partial,

but not complete, diversion of the
flow due to partial flow restrictions
in its path.



PARTIAL FLOM TEST CASE

PRESSURE
TINE= |1 .%00-01 CYCLE=- av MESH- 1
MiINe 1. .22%+0% MAX = 1.%927+0% Le 1.22%+0% e

Fig. 25 Pressure contour plot for Sample
Problem 6 showing steepened gradient
through the partial flow cells.
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7. SAMPLE PROBLEM 7: DRY, MULTI-COMPARTMENT CONTAINMENT WITH
WALL FILM AND HEAT STRUCTURES

Sample problem /7 demonstrates three new modeling capabilities of
BEACON/MOD2A:

(1) Wwall film modeling

(2) Heat structure modeling

(3) Variable mesh spacing.

The problem configuration in Figure 26, represents a typical dry
containment subcompartment arrangement. The room designations, physical
dimensions, and flow conditions were taken from a previous Battelle-
Frankfurt experiment. However, since this problem was set up only for
code checkout purposes, the results are not intended to be compared with
test data. The rooms are connected by short flow nozzles. A steam
break is assumed to occur in the far corner of Room 6.

This problem is modeled in Cartesian coordinates and the nodaliza-
tion is shown in Figure 27. Rooms 6 and 4 are modeled by two-
dimensional regions (meshes 1 and 3, respectively). Room 9 is much
larger in volume than rooms 6 and 4 and therefore is modeled as a lumped
parameter region. The room cennections are modeled by one-cell, one-

dimensional meshes.

There are a large number of heat structures for this problem. Each
material present in a room is represented by one heat structure as shown
in Figure 28. Heat structures connected to lumped parameter regions are
not spatialiy oriented.

Input for variable mesh spacing are specified by cards 11020 and
31030 of Figure 29. Film modeling is specified only for the two-
dimensional regions (cards 11050 and 31050). Card 250 specifies film
modeling parameters.
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Three variations of this problem were run to illustrate the effects
of wall film and heat structures:

(1) Configuration without heat structures and without wall film
modeling (applicable input of Figure 29 deleted),

(2) Configuration with heat structures but without wall film
wodeling (applicable input deleted).

(3) Configuration with heat structures and with wall film modeling.
The film in one-dimensional regions, being of only minor
consequence, was turned off for computational efficiency.

Also, film modeling in a lumped parameter region is not

allowed.

fach of these variations were executed to a problem time of 0.5 s.
The effect of these variations on room pressure and temperature are
compared in Figures 30 and 31. The results are as expected. 4ithout
heat structures and film modeling, the configuratic- is adiabatic and
pressures and temperatures are expected to be highest. With the presence
of heat structures, dropwise steam condensation occurs and heat is
tran<ferred to the walls causing pressures and temperatures to be lower.
The forma’ion of a liquid film on the walls, however, decreases the
effective heat transfer to the walls. Therefore, the values are higher

than those without film. Observation of Figure 30 shows that the rate
at which the pressure rises in Room 6 is higher than that in Room 4 for
the first 0.2 5. Beyond this time, the pressure curves in the two rooms

start to converge as the fluid starts to accumulate in Room 4. Based on
this pressure difference in the two rooms, the fluid velocity in Mesh 2
15 observed to increase until it reaches a maximum value at 0.2 s,
beyond which it monotonically decreases with time. A similar velocity
peak, observed in Mesh 4, occurs later at 0.3 s, since the rate of
pressure increase in Room 9 is much smaller due to its relatively large
volume. Also, because of relatively small pressure in Room 9, the
magnitude of maximum velocity observed in Mesh 4 is about 50% larger
than the maximum velocity in Mesh 2 (381 m/s compared to 247 m/s).



Selected velocity vector and contour plots are shown in Figures 32
through 37 to illustrate the spatial dependence of these variables at a
given time. Figure 32 shows the gas phase velocities at 0.08 s.
Velocities in Roum 9, which is modeled as a lumped parametor
region, are assumed zero. Hence Room 9 is not included in Figure 32.
The velocities in Room 6 are generally higher than those in Room 4 as
expected during an early part of the transient due to larger pressure
differential petween Rooms 6 and 4 as compared to that between Rooms 4
and 9. The velocity vectors in the top right corner of Room 6 are at
45" angle due to a combined effect ot the discharge from the source and
a positive pressure gradient from left to right. Figures 33 and 34 show
constant pressure and vapor temperature lines in Room 6 at 0.08 s. The
maximum pressure and temperature are observed near the source, as expected.
Figure 35 shows the contours of film mass. Since saturated steam was
discharged by the source, highest film mass is observed near the source
location due to large condensation rates. Also, the gravity tends to
accumulate the liquid on the flror directly under the source. Spatial
dependence of film velocities is presented in Figure 36 for all the
meshes during the later part of the transient (0.5 s). Since, film is
not allowed in a lumped parameter region, Room 9 has not been
shown in Figure 36. The film velocities are observed to be highest near
the nozzles due to large fluid velocities. Since at this time, the
fluid velocities are higher in Room 4 as compared tc Room 6, as discussed
earlier, higher film velocities are observed in Room 4. The large film
velocity indicated at the bcttom of Room 4 is physically unrealistic,
and arises as a result of crude nodalization in which the large ambient
fluid velocity is used for this film velocity calculation. Careful nodalization
is required to properly represent certain configurations, Further study
is required to establish general guidelines for nodalization. Finally,
Fijure 37 shows constant film temperature lines for Room 6 at 0.5 s.

The highest temperature is observed near the source, as expected.

Comparisons of CPU time required to run each of the three cases
were aiso made., With no flim or heat structures the CPU time was 259
seconds, with heat structures only it was 283 seconds, and with both
film and heat structures it was 385 seconds.
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Nozzle diameter = 0.600 m
Length = C.500 m

07m

Room 9
Volume = 560 76 m3

Nozzle diameter = 0600 m INEL-A-9161
Length = 0.500 m

Fig. 26 Configuration for Sample Problem 7
which simulates a primary coolant
pine break into the first in a
series of interconnected rooms.
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LUMPED

PARAMETER

REGION 1
(ROOM 9)

I T TS
i

MESH 3 (ROOM 4)

no

-— g

i .
r"‘""'——— MESH 2
< 9.8 m
.65 m
A B -
— 1.4m - ‘\
- MESH 1 (ROOM 6)
Fig. 27 Variable mesh nodalization for

-

Samnle Problem 7.
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H.S$.8 |

Heat Structure 1
(Concrete)

Heat Structure 3
{A um H’l.m‘)

Fig. 28

Heat Structure 2 H.S. 10

(steel)
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H.S. 6

Heat structure arrangement for.
Sample Problem 7 showing location
of each material present,
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Fig. 30 Effects of wall film and heat
structure modeling on pressures
calculated near the centers of
Rooms 6 and 4.
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Fig. 31 Effects of wall film and heat

structure modeling on temperatures
calculated near the centers of
Rooms 6 and 4.
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SAMPLE PROBLEM 7

DRY CONTAINMENT MULTI-COMPARTMENT PROBLEM

1]
n
=
|
N S
. 4 .
Room 4
I It .
- -> - i = 1
! Room 6
l . A— » - = o K :
- - - " 3 %
P MAX IMUM VELOCITY = 1.91%13+02
TIME = a 000-02 CYCLE= 173 MESH= 3 GEOM= CARTSN JNM= JARTEXF
Fig. 32 Composite of BEACON vapor velocity

vectgr plots for Sample Problem 7
showing relative magnitudes and

qirections near the time of max imum
inflow of steam.
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SAMPLE PROBLEM 7 ORY CONTAINMENT MULT|-COMPARTMENT PROBLEM

,Tﬁifs“ni 000-02 CYCLE= 173 MESH= | GEOM= CARTSN

JNM= JARTBXF
MiNe 1. 1%0+0% MAX= 1.339+05% Le 1.150+0% He 1.320+0%

2G= 1.886+03

Fig. 33 Contour plot for Sample Problem 7
showing pressure gradient in

Room 6 near the time of max imum
steam inflow.
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SAMPLE PROBLEM 7 ORY CONTAINMENT MULTI-COMPARTMENT PROBLEM

. NG Bt
\\\\\ \\\\\\ \\\\\\\\
Room 6 N \\\~\\\\
TGAS
TIME= 8 000-02 CYCLE= 173 MESH= | GEOMs CARTSN T —
MiNe 2 980402 MAXs 4 289402 L= 2.980+02 W= 4.1%8+02 DG* 1.309+01

Fig. 34 Contour plot for Sample Problem 7
showing temperature gradient in
Room 6 near the time of maximum
stear inflow.
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SAMPLE PROBLEM 7

DRY CONTAINMENT MULTI-COMPARTMENT

PROBLEM

. -

e
Room 6
Lﬁ L
FMASS MAX. |-D FILM MASS = M = 1.732-086
TIME= 8 000-02 CYCLE= 173 MESH= 1
MIN= 0 000 MAX = Y. 471-03 L= 0.000 He

Fig. 35 Contour plot for Sample Problem 7
showing large concentration of film
mass near the steam source and on
the floor of Room 6 near the time

of

maximum steam inflow.

51

GEOM= CARTS*
4.02%-03

0oQ=

IJNM= JARTBXF
Y 471-0%



[r—————

SAMPLE PROBLEM "~

DRY CONTAINMENT MULTI-COMPARTMENT PROBLEM

t ; 1
R S
- l . {
. . . 4
Room 4
4 . . ‘
r o 4 v w v b =
- . . - . . . .
Room €
+ bt e J - . . - . . .
| —
: - | " . . . . . ® »
v - — £3 2 X L
WALL FILM MAX iMUM VELOCITY = 4. 567%51+01
CYCLE= 2%77 MESH= 1 GEOM= CARTSN JNM= JARTBXF

TIME. S 000-01

Fig. 36 Film velocity vector plot for

Sample Problem 7 showing relative
magnitudes and directions later in
the problem.
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SAMPLE PROBLEM 7 DRY CUNTAINMENT MULTI-COMPARTMENT PROBLEM™

' Room 6
. = <! ‘/ \
[ — —/ \
| - 7> ——
g T — e —
FTEMP
TINE= % 000-01 CYCLE= 2%77 MESH= 1 GEOM= CARTSN JNM= JARTBXF
MiNe 2 B65+02 MAXs 3. 068+02 L= 2 86%+02 H= 3.048+02 0Q= 2.033+00

Fig. 37 Contour plot for Sample Problem 7
showing film temperature variation
throughout Room 6 later in the
problem.
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II1T1. CONCLUSIONS

Seven sample problems, designed to irvestigate different code
models and options, were run with BEACON/MOD2A. By rerunning five
standard sample problems, it was determined that no obvious errors were
introduced into the new MOD2A version of the code. Several new code
capabilities (partial flow, variable mesh, wall film, and heat structures)
were checked out by running two additional problems. The caiculations
all in’icate that physical phenomena appear to be handled properly and

that the answers seem to be correct.

For the most complex problem (the dry, multi-compartment containment
case with wall film and heat structures),a comparison was made to investi-
gate the increase in computer time required to handle the new heat
structure and wall film routines. The addition of only the heat structure
modeling increased CPU vime by about 9%, while the addition of both heat
structure and wall film calculations required a 50% increase in run
time. However, this sin.le example of increased computing time using
the film option is not necessarily representative of all problems modeled
with BEACON. This problem was not intended for quantitative comparisons,
however, the respective lowered temperatures and precsures illustrated

expected behavior.

fhe results of checkout of the code indicate that all of the models
are operating satisfactorily. The calculations seem to give accurate
answers and there are no unusual effects or gross deviations from expected

physical trends. In conclusion, BEACON/MOD2A appears to be ready for

public release.




