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Abstract

Previous computational work to evaluate erosion in the DWPF Slurry Mix Evaporator
vessel has been extended to address the potential for the erosion to accelerate because
of changes to the tank bottom profile. The same erosion mechanism identified in the
previous work, abrasive erosion driven by high wall shear stress, was applied to the
current evaluation.

The current work extends the previous analysis by incorporating the observed changes
to the tank bottom and coil support structure in the vicinity of the coil guides. The results
show that wall shear on the tank bottom is about the same magnitude as found in
previous results. Shear stresses in the eroded cavities are reduced compared to those
that caused the initial erosion to the extent that anticipated continued erosion of those
locations is minimal. If SME operations were continued at an agitator speed of 130 rpm,
the edge of the existing eroded cavities would probably smooth out, while the rate of
erosion at the bottom of the cavity would decrease significantly with time. Further,
reducing the agitator speed to 103 rpm will reduce shear stresses throughout the bottom
region of the tank enough to essentially preclude any significant continued erosion.

Because this report is an extension to previously documented work, most background
information has been omitted. A complete discussion of the motivation for both the
analysis and the modeling is provided in Lee et al., “Erosion Modeling Analysis for
Modified DWPF SME Tank”, WSRC-TR-2003-00534.
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1. Introduction

A recent visual inspection of the Slurry Mix Evaporator (SME) tank interior revealed
significant areas of erosion to the tank bottom where the cooling coil restraints are
located [1]. The modeled profile of the tank bottom has been updated to include an
erosion area in the shape of a half section of an ellipsoid. This modification was made
to the existing SME/MFT computational model to evaluate changes to erosion rates on
the tank bottom.

As shown in Fig. 1, the present model is the same as that used in previous work, except
that it includes an eroded cavity as observed by the visual inspection. This is basically
the extension of the previous model [2] to evaluate the erosion sensitivities for different
cavity sizes and gap distances because of a tilted tank floor. The model was developed
to represent the flow field around each coil restraint. The cavity was modeled by locating
a half-section ellipsoid 2.3 in wide and 0.35 in deep (or 2.8 in wide and 0.6 in deep for
the larger cavity) on the tank bottom near the coil restraint.

In the previous work [2, 3] the principal mechanism of wear for a solids laden fluid was
identified, and the solution methodology was established. The previous results showed
a good comparison between the observed erosion sites and the calculated locations of
high shear regions, as well as the degree of erosion and the calculated shear stress. It
was noted that the loss of the leading edge of the coil guide due to the erosion damage
during the SME mixing operation does not affect the erosion patterns on the tank
bottom.

This report applies the same methods to the evaluation of the erosion phenomena
expected in the SME, viz., by calculating the wall shear stress as the principal erosion
driver. The present analysis is focused on erosion predictions for the cavity in the tank
bottom.

Table 1 shows typical conditions for key operating parameters. This information will be

used in the present modeling calculations, and three agitation speeds are used: 65 rpm,
103 rpm, and 130 rpm.

Table 1. Input parameters for the present calculations

Parameters Input data
Bulk fluid specific gravity 1.35sg
Fluid viscosity 10 cp

Fluid velocity at the model boundary | 0.65 m/sec (65 rpm), 1.3 m/sec (103 rpm), and
(agitator speed) 1.8 m/sec (130 rpm)
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2. Analysis Approach and Methodology

The present analysis focuses on flow behavior in the vicinity of the coil guide and its
supporting structure for the SME vessel with a tank bottom reflecting observed erosion.

The CFD model is used to calculate the erosion drivers and infer the degree of erosion
that would subsequently result.

Figure 2 shows the three-dimensional computational meshes and domain used for the
analysis. Evaluations for three different agitator speeds were performed. In this case,
there are different gap distances between the lower end of coli support and the tank
bottom at four coil guide supports because of a tilted tank floor. Different cavity depths
on tank floor and two gap distances were also used for sensitivtity study. The results
were compared with each other, as well as with previous model results to evaluate
changes to flow patterns created by the cavity on the tank bottom. This same modeling
domain was used for all the calculations reported here, as well as for those reported in
the previous report. In some figures, the coil support is removed from a diagram to
better show shear stress patterns on the tank bottom, but this is for visualization

purposes only. The coil support was included in all calculations, even if it is not shown
in the figure.
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Figure 2. Three-dimensional computational meshes used for the CFD modeling
calculations
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3. Results and Discussions

Based on the modeling domain defined in Fig. 2 and the operating conditions shown in
Table 1, the erosion evaluations for the modeling domain of the SME coil guide were
completed. The present analysis used two gap sizes of 0.5 in and 1 in between the
lower end of the coil support bar and tank bottom. The velocity in the region of 0.5 in
gap was reduced by+/2 to account for the smaller flow path. The results calculated by
the model with an uneven tank floor are compared to those from the observed
configurations of the coil guide shown in Fig. 3.

Calculations for three different agitator speeds 65, 103, and 130 rpm were performed.
The results of wall shear distributions for two different gap sizes (0.5 in and 1 in gaps)
for 130 rpm agitation speed are compared in Fig. 4. For 0.5 in gap distance between
tank floor and the lower end of coil support with flat tank bottom, maximum wall shears
for four major erosion locations observed by the recent SME inspections and CFD
modeling results for SME coil guide are shown in Table 2. Comparison of wall shear
distributions for the two different gaps and cavity depths are made in Fig. 5. The same
comparison for the lower speed 103 rpm is shown in Fig. 6. The results show that the
locations of high erosion sites are not changed when the agitator speed and cavity size
are changed. When the erosion patterns are compared between the two different
depths (0.35 in and 0.6 in) of eroded cavities, they are not changed significantly as
shown in these figures. It is noted that wall shears at the edges of the cavity are much
higher than those along the bottom surface of the cavity, and maximum shears of the
cavity bottom surface are about the same. Detailed results are summarized in Table 3
and Table 4. These results indicate that the edge regions of the cavity will become
smooth, but the shear stress at the bottom of the cavity will decrease to the point of no
further erosion.

The vertical velocity inside the cavity is shown in Fig. 7 for an agitator impeller speed of
130 rpm. In this figure the downstream regions of the cavity area have the highest
velocity magnitudes. Figure 8 presents vorticity distributions near the top plane of the
cavity which is the tank floor surface. The figure shows that the boundary region of the
eroded area has the highest fluid rotation, which corresponds to the smooth edge of the
erosion sites as observed by the recent inspections.

The present analysis is mainly concerned with the erosion estimates for the tank bottom.
The results show that serious erosion damages can occur to the tank bottom
downstream of the cavity region when the agitator impeller operates continuously at 130
rom. The sites of high abrasive erosion and the degree of erosion damage on the
bottom of the SME for the flow conditions shown in Table 1 are compared in Figs. 5 and
6.

The results demonstrate that when the agitator operates between 65 rpm and 103 rpm,
the leading edge of the coil guide will be damaged by erosion, but the maximum wall
shear for the tank bottom below the coil support is only about 90 Pa. This is well below
the value of about 169 Pa corresponding to serious erosion of the leading-edge
component as observed in the recent inspections of the SME vessel coil guide [2]. The
present results for several high erosion sites of the cavity model are compared for three
different agitator speeds in Table 3. As shown in Table 2 and Table 3, the maximum
wall shear locations at the tank bottom are the region below T-shaped coil support
(region 1 in Table 2) and the cavity edge on the tank bottom (region 4 in Table 3). The
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shear stress on the bottom surface of the cavity was low in all cases, indicating that the
rate at which cavity depths grows will decrease with cavity depth.

As shown in Table 4, the shear stress on the bottom surface of the cavity in Region 1
was low in all cases, indicating that the rate at which cavity depths grows will decrease
with cavity depth.

Table 2. Maximum wall shears for four major erosion locations observed by the recent
SME inspections and CFD modeling results for SME coil guide (0.5 in gap
between tank floor and the lower end of coil support bar with flat tank bottom)

=

Region 3 .
Part of coil support structure

7 Region 4
S / ( (coil support)

Tank floor
Z,
7,
P
v
Y, -—
Y,
\’ >N V4 Region 1 (tank floor under
) // /‘ the coil support)
~ g VAR
Region 2 Y /
7 4
5K
\/ Slurry flow

(driven by agitator)

Slurry velocity magnitude for | Max. wall | Max. wall Max. wall Max. wall
30° incident into coil guide shear at shear at shear at shear at
region (agitator speed) Region 1 | Region 2 Region 3 Region 4
0.65 m/sec (65 rpm) 46 Pa 19 Pa 28 Pa 52 Pa
1.3 m/sec (103 rpm) 90 Pa 45 Pa 76 Pa 123 Pa
1.8 m/sec (130 rpm) 169* Pa 70 Pa 123** Pa 184* Pa

Note: *Severe damage due to erosion (observed)

** High erosion (observed)
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Table 3. Maximum wall shears for five major erosion locations observed by the recent
SME inspections and CFD modeling results for the existing SME coil guide (0.5
in gap between tank floor and the lower end of coil support bar and 0.35 in
cavity depth, referring to Fig. 4)

Region 3

Tank floor

Slurry flow

(driven by agitator)

Part of coil support structure

Region 4
(coil support)

Region 1 (eroded cavity region
below the coil support)

Slurry velocity Max. wall shear at

magnitude for 30° Region 1 Max. wall | Max. wall | Max. wall
incident into coil guide shear at shear at shear at
region (agitator speed) | Cavity Cavity | Region 2 | Region 3 | Region 4

bottom edge

0.65 m/sec (65 rpm) 22 Pa 42 Pa 19 Pa 29 Pa 52 Pa

1.3 m/sec (103 rpm) 40 Pa 93 Pa 45 Pa 76 Pa 121 Pa

1.8 m/sec (130 rpm) 59 Pa 140 Pa 70 Pa 123 Pa 180 Pa

Table 4. Maximum wall shears at the bottoms of two different cavity sizes on the SME
tank floor and two different gap sizes for 130 rpm operating conditions

Gap size between coil . :
support tab and tank floor lin gap 0.51n gap
Cavity depth on tank floor | 0.35in deep | 0.6 in deep* | 0.35in deep | 0.6 in deep*
Max. wall shear at cavity 56 Pa 55 Pa 59 Pa 57 Pa
bottom

Note:*This size was used only for sensitivity calculations, but it has not been observed
by the visual inspection.
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Figure 3. Comparison of the predicted high wall shear indicated on the right lead-in
plate (above) to the worn-away lead-in plate shown in the visual inspection
photo (below) (the model predictions based on 130 rpm (1.8 m/sec) and 30°
flow incidence)
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Figure 4. Wall shear comparison of the SME/MFT coil support structures with the
eroded tank bottoms for two different gap sizes between the tank bottom and
the lower end of coil support under 130 rpm agitator operation
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Figure 5. Comparison of wall shear distributions for various gap and cavity sizes under

130 rpm agitator operation
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4. Summary and Conclusions

The method established in the previous work [2, 3] was used to evaluate the potential for
erosion in the SME. The computational results from the erosion study were compared to
measured erosion in the SME to estimate the potential for continued erosion. The
results show:

1. The erosion rate at the bottom of the deepest observed cavities on the SME tank
bottom has decreased to an extent that continued erosion will be insignificant.
Therefore, no erosion deeper than the currently observed 0.35 in is expected.

2. If agitator speeds are not reduced, the existing eroded cavities will expand
horizontally because of high shear stresses at the upper edges of the cavity.

3. If agitator speed is reduced to 103 rpm or lower, shear stresses throughout the
tank are reduced enough to preclude significant erosion. Only minor wear is
predicted along the edges of the existing eroded cavities on the tank bottom.

4. The results of this report are consistent with previous results detailed in
references [2, 3] that were based on the tank geometry. The locations with the
highest erosion are at the leading edge of the guide (Region 3 in Table 3), the
tank bottom surface at the downstream edge of the eroded cavity region below
the coil support, the tank bottom next to the cavity region, the coil guide support,
and the upstream lead-in plate.

5. The modeling predictions for high erosion sites on the coil guide are similar to the
observed sites in the recent inspections of the SME vessel done by DWPF
Engineering.
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