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1. Introduction

The MultiD component is an original three-
dimensional (3D) component of thermal-hydraulic
regulatory confirmatory code, MARS-KS [1]. However,
the 3D component was seldomly used in safety analysis.
Therefore, MultiD was a nonmainstream component
having lack of component maintenance. Meanwhile, as
the recent regulatory attention has focused on the
importance of multi-dimensional behavior within the
reactor core, the multi-dimensional components have
been widely used in safety analyses. However, MultiD
requires more verification and validation for extensive
use for the regulatory purposes because of
aforementioned limitation.

In the previous study, the assessment was conducted
based on the code-to-code comparison with TRACE, a
safety analysis code of US NRC [2], against the PSBT
bundle experiment [3]. The results of the assessment
revealed that the crossflow had great influence on void
prediction in bundle. It was revealed that the 3D
component of TRACE significantly overpredicted the
void fraction, as it calculated restricted crossflows
compared to MultiD. Meanwhile, MultiD relatively
underestimated the void fraction with more active
crossflows than TRACE [4]. In this study, further
assessment has been conducted using latest versions of
both codes, TRACE V5.0 Patch 8 and MARS-KS 2.0,
respectively. Comparing closure models of both codes
for crossflow calculations, the model sensitivities on the
bundle void prediction have been examined.

2. Assessment results

As listed in Table I, the test section contained 25 heater
rods, and the void measurement was made at the central
four subchannels. For the code-to-code comparison, the
assessment models were developed keeping same
modeling approaches for both codes. In total, 36
subchannels were individually modeled using the 3D
components of both codes with 72 uniform axial nodes.
The system pressure and inlet coolant conditions were
modeled by connecting pressure sink and upstream
dummy hydraulic volumes at the end and inlet of the test
section, respectively.

Fig. 2 depicts the results of void fraction calculations
using 3D models of both codes. As aforementioned, the
results clearly revealed that the Vessel component of

TRACE significantly overcalculated the central void
fraction, showing higher vapor concentration compared
to the wall side. Meanwhile, MultiD showed flatter void
distribution  compared to TRACE, showing
underestimation tendency at the higher void region. As
shown in Fig. 3, the flat void distribution of MultiD was
derived from active crossflow calculations distributing
the central void toward the peripherals.

Table I: Specification of PSBT bundle test section [3]
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Fig. 1. Assessment models for PSBT bundle test
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Fig. 2. Assessment results — void fraction
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Egs. (1) and (2) represent the general forms of
crossflow momentum equations for Vessel and MultiD
components, respectively. The first term on the right-
hand-side (RHS) of both equations reveals net force
imposed by pressure gradient. The second term indicates
momentum transfer due to phase change. The third and
fourth terms represent the frictional forces imposed by
phasic interface and wall, respectively. In case of MultiD,
two-additional terms exist as it considers viscous stress
and virtual mass effects, respectively. Therefore, in order
to compare the crossflow calculations in steady-state
conditions, those three-common terms except the
pressure gradient should be examined since these closure
models determine the pressure and corresponding
velocity profiles. Furthermore, since MultiD additionally
includes viscous stress and virtual mass terms, the
influence of these terms should be also examined.

However, as depicted in Fig. 4, it was revealed that
those two-additional terms of MultiD had no significant
influence on the crossflow calculations as well as the
void prediction in bundle. Thus, the attention has been
given to three common closure terms, which are
momentum transfer due to phase change, interfacial and
wall frictions, respectively.
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Fig. 4. Result sensitivity on viscous stress and virtual mass
terms
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2.2 Sensitivity on Interfacial and wall frictions

Especially, for both interfacial and wall frictions, both
codes apply different scheme as listed in Table II and III.
In case of TRACE, it implements the drift flux model for
both vertical and horizontal flows and neglects vapor
wall friction under the void fraction below 80% [2].
Meanwhile, MARS-KS applies the drift flux model only
for the vertical flow and implements the drag coefficient
model on the horizontal flow [3]. The results depicted in
Fig. 5 clearly revealed that the application of drift flux
model on the horizontal flow made significant drag on
the crossflow calculations of TRACE.

Fig. 6 clearly shows the impact of the interfacial
friction on the crossflow calculations. By directly
applying the interfacial drag model of TRACE into
MARS-KS, the MultiD tended to overcalculate the vapor
at the center as the enlarged interfacial drag restricted the
crossflows. The root mean square error (RMSE) results
clearly indicate that MultiD exhibited similar
predictability to TRACE under low void region below
30%, while such significant changes were not made in
high void region exceeding 30%. As depicted in the
figure, MultiD maintained similar crossflow behaviors in
the high wvoid region. This indicates that the
overcalculation of TRACE at the high void region was
not solely due to the interfacial drag.

As aforementioned, both codes had different wall
friction treatment. TRACE neglected the wall friction on
the vapor under the void fraction below 80% for both
vertical and horizontal flows. This indicated that TRACE
imposed less hydraulic resistance on the vapor phase.
However, such difference was not the root cause of the
overestimation in the high void region. As depicted in
Fig. 7, even though the same wall and interfacial friction
models of TRACE were applied, it did not make great
change in the results of MultiD at the high void region.
Therefore, further examination including phase change
models is required to explain the difference in the high
void region.
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Fig. 5. Result comparison - Interfacial drag coefficient

Table TV: Root mean square error comparison

Table II: Comparison of interfacial drag model

_ RMSE [CAL — EXP]
Void MARS-KS
ol _ -
raction | TRACE | MARS-KS | 1pacE intdrag)
<30% | 0.1528 0.0759 0.1196
>30% | 0.1010 0.0707 0.0489
All 0.1336 0.0737 0.0965

Flow Flow Models
type regime TRACE MARS-KS
Churn- EPRI [9]
Bubbly Turbulent
(Ishii [5]) (G2100 kg/m2-s)
Slug Kataoka-Ishii Zuber-Findley
Vertical [6] [10] (G<100
kg/m2-s)
Drop (Ishii-
Annular | Chawla [7]) + | Drag coefficient
-mist Film drag (Ishii-Chawla [7])
(Wallis [8])
. Churn- -
MmO | sunny | il | et
(Ishii [5])




Transactions of the Korean Nuclear Society Spring Meeting
Jeju, Korea, May 9-10, 2024

1.0 T T 7
0.9 ]| ™ TRACE (VESSEL) e p
97 = MARSKS (MULTID) i

0] ® MARSKS (MULTID + TRACE IFdrag) L7 L7
208k -woos - s .
Re] A -,
© 077 A 'ﬁ ]
= Illﬁ ] =
§ 064 e .If_‘ rrrrrrrrrrrrrrrrrrrrrrrr -

n
Z 05+ . _._".." o 4
] [ .
G044 g L ]
o
Sos A .
o (1
> 02 h -
'
0.1 p 4 —
rd
0.0 7 T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10

Void fraction (Experiment)

(a) Central void fraction

o o
N w
1 |

4
I

s

Vapor velocity (crossflow) (m/s)
=) o
N o
1 1

T

0.4 T T
B & B6
1l = TRACE (VESSEL) +into center |
3| = MARSKS (MULTID) : .
|l = MARSKS (MULTID + TRACE intdrag) - : Out Of center |

T T T T T
00 01 02 03 04 05 06 07
Void fraction (Center)

08

(b) Vapor crossflow velocity

Fig. 6. Result sensitivity on interfacial drag
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3. Conclusion

In this study, a comparative assessment of the 3D
components in TRACE and MARS-KS was performed
against PSBT bundle experiments. Through the
assessment, it was confirmed that the code predictions
for the void fraction in bundle had great sensitivities on
the crossflow calculations. Comparing the crossflow
models of both codes, it was found that the interfacial
friction had a great impact on the crossflow calculations.
Especially, in case of TRACE, as it applied too large
interfacial drag with the drift flux model, the code
calculated more restricted crossflows, and this made to
overcalculate the void fraction compared to MARS-KS.
However, it was found that those results were not solely
due to the overestimation of the interfacial friction. By
applying the same interfacial drag model of TRACE, it
was confirmed that the MultiD changed to overcalculate
the void fraction only at the low void conditions below
30%. At the high void region exceeding 30%, MultiD
maintained similar crossflow behaviors. Considering the
different wall friction treatment between both codes,
further evaluation was made by comparing the results
with additionally applying the same wall and interfacial
friction models of TRACE into MARS-KS. However,
the expected changes were not captured in the results.
Thus, it can be concluded that further examination is
required to figure out the difference in the high void
region. Therefore, as a next work of this study, further
assessment will be performed including phase change
model.
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