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Summary

The issue of thermal shock of a FWR pressure vessel has been under
considerable attention recently. A number of experimental as well as
analytical studies have been performed to investigate the effect of the
thermal transient on the pressure vessel due to the high pressure injection
(HPI) of the cold fluid into the cold leg. This process has been called
"Pressurized Thermal Shock" (PTS). This paper is an analytical study of PTS
by using COMMIX-1A.

Experimental investigations were performed at CREARE1 J and SAI . In the
CREARE experiment, a 1/5 scale model was set up to simulate a cold leg and
downcomer of a PWR. Tests with several different ratios of hot loop flow
versus cold HPI flow were performed to study the effect of the flow ratio on
the fluid and thermal mixing process in the system, especially in the
downcomer region.

Analytical investigations-^ ° also proceeded In parallel with the
experiments. Quite a few analytical investigations were performed with the
COMMIX-1A code. However, in this version of COMMIX, the effect of the
numerical diffusion was not addressed. Furthermore, most of the analyses were
performed with rectangular zig-zag geometries to approximate the curved
surfaces. The approximation further enhanced the numerical diffusion. Also,
in most of the analyses the turbulent flow was mostly accounted for by using
simple constant effective viscosities or mixing length turbulent model. The
inaccuracies resulted from these three simplifications were not quantified.
In order to improve the accuracy of the analyses, three measures were taken in
the present analysis. To mi-.iimize the numerical diffusion, extreme fine
meshes were used. To better model the turbulent flow, one-equation (K)
turbulent model was used. To better represent the geometries, curved surfaces
were modeled by several slanted planes for the calculation.

By using thesa improvements, one of the CREARE test (#51) was reanalyzed
to study the effect of these improvements. A total of 7477 computational
cells was usad for the reanalysis with most of mesh concentration in the
pipe. Figure 1 shows the geometry of the configuration under consideration.
The cold leg is modeled by an octogon. The *>r° HPI injection is modelled as a
square pipe with exactly 60° inclination. Since the injection angle affects



greatly the split of flows in the cold leg, accurate representation of the
injection angle is important in the analysis. The nozzle at the end of the
cold leg was modelled by eight inclined planes. The step in the belt line of
the downcomer was also modeled. Figure 2 shows the. computational meshes and
the thermocouple locations.

The initial condition of the test before the transient was at 64.1°C with
a loop flow of 2.52 x 10"* nr/s. At the start of the transient cold fluid
with temperature of 16.67°C and flow rate of 1.35 x 10 m3/s was injected
into the cold leg through the HPI pipe (5.08 cm I.D). Part of the cold fluid
propagated upstream of the cold leg, while most of it flowed downstream toward
the downcomer. By the time the flow reached the nozzle, significant amount of
mixing had taken plate. Therefore, the measured temperatures were very close
to the mixed mean temperature in the downcomer region below the cold leg.
This mixing process was predicted by the COMMIX code as well. A typical
comparison between the calculations and the experimentally meausured values
are given in Fig. 3 for five thermocouple locations near the nozzle. The open
circle shows the previous calcul ^ion based on 1247 cells with rectangular
zig-zag geometries and constant turbulence viscosities. The solid circles
show the present calculations based on 7477 cells and one-equation turbulence
model. There is significant improvement in the present calculations over the
previous coarse mesh calculations. Also, the present calculation shows less
mixing than the previous one. Calculations with these fine meshes, but
without the one-equation turbulence model, were also performed. The results
were slightly worse than the present calculations with the one-equation
turbulence model. This comparison reveals that the main error in the coarse
mesh calculation is due to the numerical diffusion, which artificially
enhances the fluid mixing. Therefore, reduction of numerical diffusion is
more important than the inclusion of a turbulence model in the present case.

In summary, COMMIX-1A was used to simulate the CREARE test #52. Fine
meshes were used. Cuived surfaces were modelled by several slanted planes.
0ne-equat5.on (<) turbulence model was included. All the mixing processes
observed in the experiment were predicted by the code. Excellent agreements
were obtained between the experimental measurements and the calculated
temperature for all the thermocouples throughout the configuration. Future
improvement of the COMMIX code will be in the area of reducing numerical
diffusion, such as implementation of the skewed-upwind-difference scheme, and
improvement of the turbulent models. Both tasks are currently underway.
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Fig. 1. COMMIX model of CREARE Test if 51 geometry
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Fig. 2. Computational meshes used in the COMMIX calculation and the
thermocouple locations.
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Fig. 3. Comparison between experimental data and COMMIX calculations
using coarse meshes and constant viscosity (in 0) and fine meshes
and one equation turbulence model (in • ) .



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. "••'• Hher the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


