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Below you can find the test arrangement (Figures 13 and 14), as well as the procedure. The lab
scale test matrix is laid out in Table 3.

Figure 13. Sketch lab scale test arrangement. Figure 14. Sloped baffle.
Table 3. Overview of lab testing.

Test 1 | 2] 3 | 4 ] 5 | 6 | 7 | 8
Vessel [mm]
diameter T 130
Filling [mm]
height 130
Bottom flat
Impeller 2-bladed, axial pumping, 25 °pitched Rushton
Impeller [mm]
Diameter 84 60
d2
d2/T [-] 0,65 0,46
Bottom [mm]
Clearance 17 22 43 17 17 17 43 17
BC
BC/T [-] 0,13 | 0,25 | 0,33 0,13 0,13 0,13 0,33 0,13
Baffle [] 2 | 2 2 4 2 4 4 4
quantity
Baffle [mm]
width 10
Baffle [-]
shape flat flat flat flat sloped | sloped | sloped | sloped
Solid [g/cm?] 141
density '

Some images of the flow pattern for flat and sloped baffles are presented in Figures 15 to 18.
Results, required power consumption and necessary rotational speed are shown in Table 4 and
Figures 19 and 20.
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Figure 17. Lab test 5 at 350 rpm. Figure 18. Lab test 8 at 125 rpm.
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Table 4. Lab Test Results.

Distribution Ti Power
Lab height single Require P :
- ; speed | consumptio | Remarks
Test | particle / main drpm [ms] n [W]
content [mm]
1 | 110/bottom | 350 | 1530 | 01868 | uP 0300 rpmonly slow

movement at bottom
at 350 rpm much less particles
2 n.a. 600 2,639 0,9410 lifted, main solids
sedimentation at bottom center
similar to test 2 but even less
particles
axial circulation lubes,
circulating,
about 40 % remain longer than
1s at bottom
similar to test 1,
baffle contact to bottom,
higher retention time at baffle,
no main axial flow pattern, but
less required power,
a little more bottom off
80/50 circulating clusters,
homogeny 250 1,100 0,0756 little retention time at baffles
radial pumping,
typical BC,
7 BC 250 0,785 0,2531 sedimentation bottom center,
single particle up to impeller
stage
low BC,
radial pumping
8 40 almost all 195 0,393 0,0316 flow pattern toward sloped
particles baffle,
homogeneous circulation,
barely baffle retention time

3 n.a. 600 + 2,639 0,9410

4 100 /50 275 1,210 0,1007

5 105/30 300 1,319 0,1176

We see that much less single particles are lifted very fast. But the main solid content needs
higher power input to be lifted. At several test conditions approx. 2 % of the particles are
distributed up to 90 % of the filling height, while the rest is barely moved or distributed. The
required rotation and power consumption are rather different. The typical arrangement with 2
flat baffles shows the highest required power input. The effect of sloped baffles according to
Zhao, Liu, et al could be verified. Furthermore, using 4 baffles instead of 2 reduces the
necessary speed and power also. When we follow the idea of designing sloped baffles it might
be useful to change pumping direction and therefore the flow pattern of the bottom impeller.
Although the tested Rushton turbine has a substantially larger power number it requires by far
the smallest necessary rotational speed. With a classical diameter ratio of 0.45, it goes along
with the idea of designing a smaller impeller diameter and increasing rotational speed. By
choosing the most effective impeller type and arranging the impellers in a clever way, it should
possible to keep or even decrease the installed drive power.

All lab test runs were carried out at a very small scale and observed visually in a simple way.
Given this, some other effects and deviations are expected in scaling up. The results however,
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show real potential. To be confirmed, these effects have to be considered and evaluated in more
detail in further investigations, at larger scale, and be supported by CFD investigations.
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Figure 19. Power consumption to achieve bottom off criteria.
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Figure 20. Required rotation [rpm] to achieve bottom off criteria.

5. Conclusions

o Almost all present precipitators in operation, no matter how they are designed, cannot
be considered ideal.

o First steps are made to improve mixing quality without increasing drive power by using
better baffle arrangement interactions.

¢ Quantity, type and arrangement of baffles and impellers should be considered carefully.

o Further investigations should put emphasis on innovative and well-informed choice and
arrangement of the impeller, and adaption to the baffle design.
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e Probably by using smaller impeller diameters, higher speeds and possibly even
changing the impeller flow pattern partly to radial pumping may help to reduce
investment, operational and maintenance costs.
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