


Approach

We asked Hayward Gordon for dimensions of typical wastewater basins. What we used in this
study is a 15'x30' rectangular basin with a liquid depth of 13'. The volume is 43,761 Gallons (5850
ft®). The liquid studied had a density of p=1080 kg/m?, which is typical for such applications. Fluid
entered the tank through a rectangular opening (3'10” wide and 4' high) on one short basin side at
the surface and left on the opposite side at a flow rate of 333 US GPM. The basin had no baffles.
Situated in the center of each half of the rectangular basin is an impeller. Tested were the
following:

1. Hayward Gordon's Ragless impeller, D = 58, OB = 38” (Figure 1)

2. Invent's Hyperclassic-e (also known as EVO5), D = 60”, OB = 6 (Figure 2)

3. Invent's Hyperclassic Evolution 6 (also known as EVO6), D = 60”, OB = 6” (Figure 3)
4. Invent's Hyperclassic Evolution 7 (also known as EVO7), D = 60”, OB = 6" (Figure 4)

Comparisons were made at several impeller speeds. The hyperboloids ran at 1, 10, 20, 30, 40 and
50 RPM and the Ragless ran at 1, 18, 21, 30 and 45 RPM. We compared at equal torque (EVO5 at
30 RPM with Ragless at 18 RPM) and equal power (EVO5 at 30 RPM with Ragless at 21 RPM).
Both Ragless impellers ran clockwise (RR), whereas the first hyperboloid ran clockwise and the
second hyperboloid (in net direction of flow through the basin) operated counter clockwise (RL).

\elocity, shear rate, and pressure distributions throughout the tank are typical results from any CFD.
In addition, we can sum up the tractions on the impeller surface to determine torque, power and
dimensionless power numbers. We can also use the rotating reference frame as a control volume
around the impeller and determine flow magnitude and direction through the top, bottom and
cylindrical sides. This is how we determine the direct pumping capacity (induced flow is not
included) and the flow number.

Invent did not participate in this study although we did email them for some assistance that went
unanswered. The 3D models and operating conditions of the EVOS5, 6, and 7 for this study were
based on Internet search results, publications, Invent patents, actual models and many pictures.
What our 3D models looked like can be seen in Figures 1-4. We used 60” (1.524 m) hyperboloid
designs, not a common size for Invent so as to highlight that they were not involved, but
comparisons are still valid.

Based on the short side of the basin, D/T = 0.335, which is similar to the Howell, Ml installation6
with D/T = 0.30 and the thesis work of Yazicioglu7. We did receive a 3D model from Hayward
Gordon (Figure 1) for their Ragless impeller and they suggested running it at 45 RPM.

5 A1 m hyperboloid would have been D/T = 0.22 and a 2 m hyperboloid would have been D/T = 0.44.
6__http://www.cityofhowell.org/document_center/Appendix_C_Info_3_2010.pdf
7 Yazicioglu, Ozge, Thesis Master of Science, Middle East Technical University, Ankara, Turkey (2006)




Comments on impeller design

Hayward Gordon's Ragless impeller is relatively new. It is designed to shed any kind of fibers,
rags, strings, or straps. Otherwise it can be considered a conventional axial flow, down-pumping
impeller.

Invent's hyperbolic impellers have been around for some time and hence the naming as Evolutions!
From the earliest known rendition (without transport ribs) to EVO7, the evolution has been mainly
focused on the design of these transport ribs to achieve more flow with each new design. The
hyperbolic shape itself adds nearly nothing to flow generation, hence the addition of these ribs. In
our opinion the work is purely in the transport ribs. A conventional mixing company would call
them blades.

Results

It was quickly noticed that the Ragless operating at 45 RPM was overkill compared to any of the
hyperboloids running at 30 RPM. The power consumed by the Ragless was almost an order of
magnitude higher than the EVO5. A client would have easily agreed with one of Invent's claims
that using the Hyperclassics is more energy efficient than conventional impeller designs, like the
Ragless. If clients are satisfied with the performance of the hyperboloids, then the Ragless at 45
RPM is over designed.

We therefore reran the Ragless at different speeds. Comparing to the EVO5, the Ragless would
need to run at 18 RPM to run at the same torque per volume (Tg/V) and at 21 RPM to run at the
same power per volume (P/V). We also looked at 30 RPM, which was merely running at the same
speed as the hyperboloids. We ran the Ragless also at 1 RPM and it produced still more flow than
the 333 GPM of flow through the basin.

Scaling principals of constant Tg/V or P/V are common in the mixing industry. At the same Tqg/V,
the Ragless (N=18 RPM) produces 2.6 times more flow than the EVO5, 80% more flow than the
EVOG6, and 40% more flow than the EVO7 and does so at 66% of the power. At the same P/V, the
Ragless (N=21 RPM) produces 3.1 times more flow than the EVO5, 2.1 times more flow than the
EVOG6, and 73% more flow than the EVO7. This verifies Invent's assertion that the Evolution
Series designs are creating more flow than their predecessor, but still only a fraction of what the
Ragless is capable of.

At 30 or 45 RPM, the power increase of the Ragless is significant. At 30 RPM the power is nearly
3 times higher than the EVO5, but produces 4.4 times more flow. At 45 RPM with power almost 10
times higher, the flow is 6.7 times higher. If clients are satisfied with the EVOx hyperboloids, then
clearly, Hayward Gordon's Ragless would still be superior in flow generation at the same torque or
power. Typically, higher impeller pumping capacities result in shorter mixing times.

For this study, we set the impeller speed of all hyperboloids at 30 RPM. It is therefore expected that
the EVOG6 and EVO7 would generate more flow than the EVO5, which they did. It also comes at a
higher power demand. The EVO5 RL also produced more flow than the EVO5 RR, because the
EVO5 RR showed signs of swirl. The Ragless RR running at 21 RPM operated at the same power
as the EVO5 RL running at 30 RPM.



Bottom velocities

Figures 5 - 8 demonstrate the degree of flow on the bottom of the tank. This is where Invent claims
that it is most important and the reason why their hyperboloids are just above the bottom of the
tank. We picked a plane 1 cm (10 mm) above the bottom of the tank for the comparison.

Although the impellers are identical and running at the same speed between Figures 5 and 6, it is
important that neighboring hyperboloids run in opposite directions. In Figure 5 the division
between the two impellers is clearly seen. This is where the jets of flow from each impeller collide
and go up or over each other. Since the flow goes from radial to axial in this collision and the flow
goes up, it produces what Invent calls the invisible wall. This is the “valley” of lower velocity and
in the case of these figures — blue. This wall is clearly skewed to the right as a result of both
impellers rotating clockwise. When the 2" impeller rotates in a counterclockwise direction, as in
Figure 6, the invisible wall bisects the basin in two parts. Notice that the elimination of the swirl is
also increasing the bottom velocity. The coloring is going from green-yellow to yellow-brown,
bringing the bottom velocities from about 0.5 m/s to about 0.65 m/s. The high flow is also getting
closer to the tank walls.

The bottom velocities at 1 cm above the basin bottom of the EVO7 RL is shown in Figure 7. The
EVOT7s are also running at 30 RPM. The analysis of flow and flow number do show higher values
than the EVO5, but when comparing Figure 7 with Figure 6, this higher flow is not translating into
higher bottom velocities. There are still regions of 0.65 m/s velocities on the bottom, which means
that the bottom is being scoured by these high velocities because the pictures are just still shots in a
moment in time and as the impellers are rotating these higher velocity regions are also rotating.

The results of the Ragless bottom velocities are shown in Figure 8. Just like the hyperboloids, the
flows from each impeller traveling along the bottom collide and then go upward. Like the
hyperboloids, the invisible wall is present. Invent claims that this invisible wall is a good thing to
have (and we agree) as this wall helps prevent “short circuiting” of the flow through the basin. The
difference is that the Ragless impeller creates a much larger wall significantly potential short
circuiting. The maximum flow velocity on the tank bottom with the Ragless impellers is about 0.78
m/s. This is about 20% higher than the hyperboloids. The high velocities reach out to the wall.
The only spot that has lower velocities is directly under the impellers, but it’s not possible to see
below the hyperboloids from this view point.

Basin velocities

Figures 9 to 20 show side views of the basin, 9 through 12 show the long side of the basin and 13
through 20 show a side view from the short side of the basin.

The comparison again is 30 RPM for the hyperboloids and 21 RPM for the Ragless. Figure 9 and
10 show the EVO5 rotating both clockwise, or with the 2" impeller counterclockwise, respectively.
Other than the flow near the bottom of the tank, the velocities are quite low. The bulk of the basin
is between 0.05 and 0.15 m/s. Exceptions are when the flow is diverted and goes up a tank wall, or
where the two hyperboloid flows collide and form the up rising invisible wall. When both impellers



run clockwise and a bit of swirl is induced, the invisible wall is obviously smaller. Under the
impellers, the flow is less than 0.05 m/s and just tangential.

The new EVOY7 is a big improvement over the EVO5. The upward velocity creating the invisible
wall in Figure 11 is much greater (about 0.25 m/s), as is the bulk flow in the basin (0.05-0.2 m/s).
Thus, the new blade design of the EVO7 with wider transport fins near the top of the hyperboloid
are assisting in creating more flow in the bulk of the basin. The slots (openings) in the hyperboloid
is also allowing flow to go through the hyperboloid, resulting in higher velocities under the
impellers.

The claim that Invent makes that suggests that conventional mixers are not as good as their
hyperboloids is rejected after looking at Figure 12, if the Ragless is considered conventional.
Notice how axial down-pumping the impeller is. Although the tip speed of the Ragless (1.6 m/s) is
less than the hyperboloids (2.4 m/s), the Ragless does a better job of converting that velocity into
flow with discharge velocities of the central blade core of nearly 0.8 m/s. The bulk velocities in the
basin are in the range of 0.1 to 0.35 m/s. Even the upward velocity of the invisible wall extends
further up and is greater; up to 0.4 m/s. Lastly, the flow below the Ragless is much greater than
even below the EVO?7.

So for the same power (which is more than if compared on the same torque basis) the Ragless has
greater basin velocities, greater bottom swept velocities, a higher and stronger invisible wall, and
the velocities under the impeller are higher than even the newest Evolution.

Figures 13 to 20 show the same results but looking down the short side of the basin. The odd-
numbered figures show a vertical plane through the 1% impeller and the even-numbered figures
show the 2"@ impeller in flow direction.

Mixing time tests

We also performed mixing tests. At time 0 we introduced a new species through the inlet at the
specified flow rate and followed its concentration with time and location. The mean residence time
of the basin was 131 minutes. The results from these tests will be discussed in a follow-up report.
Most significant result of those tests was that the EVO5 RR had some significant short-circuiting
and that the concentration of the species increased faster around the 2" impeller than the 1%
impeller. It took 400s for a increase in steady species concentration around the 1% impeller. That
was reduced to 350s by changing the 2" impeller to rotate counterclockwise. The time decreased to
320s with the EVO6 and both the EVO7 and the Ragless took 230s. The effect of the invisible wall
is well noted.

Tracer study

A grid of 6x6 (36) tracers was distributed along the inlet of the basin and their progress recorded in
Figures 21 to 25. The tracers are allowed to propagate 20 m (or 65 feet). That is roughly twice the
long side wall distance (30"). The tracers are colored by its local velocity. The scale of 0 to 0.5 m/s
was chosen because most of the tracking occurs in the bulk of the fluid. Anything colored red
means only that the tracer velocity at that point is at least 0.5 m/s and could be higher. The tank



walls, bottom, impellers and shaft surfaces are colored based on the local strain rate. The highest
strain rate was found on the EVO7 (see Figure 24), and maximum on the scale was set to 2000/s.
Anything red would be at least that amount.

Figure 21 shows the EVO5 RR and the significant movement of tracers from around the 1 impeller
(furthest away in the figure) to the 2" impeller.

This short-circuiting is interrupted when rotating the 2" impeller in the opposite direction (Figure
22, EVO5 RL). The invisible wall near the base is clearly seen separating the basin in two. The
majority of tracers are staying in the first half.

The EVOG6 (Figure 23) creates more flow and as we can see, much of it is transferred in tangential
flow (clearly seen around the 1% impeller). The invisible wall is doing a good job of keeping most
tracers in the first half.

That tangential flow is even more pronounced around the 1% hyperboloid of the EVO7 as shown in
Figure 24. The green-yellow coloring of the tracers also shows the higher velocities in the basin.
Notice also that the tip of the EVO?7 is also quite red. This is from the curling action of the
shedding vorticies of the impeller blades.

Lastly the tracer results are shown for the Ragless in Figure 25. The approach to the impeller is
direct. They are accelerated through the impeller zone at greater than 0.5 m/s velocity. It is clear to
see how they are forced upward when they reach the invisible wall.

Conclusions

Invent makes several claims. We can substantiate that each Evolution of the Hyperclassic impeller
creates more flow that its predecessor. We also can see that an invisible wall is created between
adjacent impellers. We also have demonstrated that the bottom velocities on the tank are strong and
radial out to the walls. They claim that their impeller design is more efficient than conventional
mixers.

The purpose of this report was to determine whether to join them or counter their claims. All but
the last claim is true. We showed in this report that when comparing apples to apples, the Ragless
impeller has all the same features that Invent tauts, but has higher bottom sweep velocities, higher
invisible wall, and higher overall basin velocities when designed at the same or lower power
consumption of the Evolution series. The Ragless even has higher velocities under its impeller even
though its located much higher off the basin bottom. The Ragless also demonstrates lower shear for
the same amount of pumping. If clients that currently like their Evolutions claim that they are more
efficient than conventional mixers, then that has is because the conventional mixers were sized
much too conservatively at excessive power levels not required for the process. If designed at the
same power, the Ragless will show advantages over the hyperboloids. The reason the Ragless is so
successful is due to its extremely high axial discharge flow, similar to highly efficient hydrofoil
impeller designs.



Figures

The Ragless
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Figure 1: Hayward Gordon's new 58" Ragless Impeller. The impeller is colored by surface
shear rate (or strain rate) to better visualize it. The scale is the same as for the hyperboloids.
The highest impeller strain rate is 1597/s at 21 RPM, which is much less than the hyperboloids
running at about the same impeller power. Both impellers ran clockwise (RR) in this study.



The EVO5
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Figure 2: Our CFD rendering of the 60 Hyperclassic-e or EVO5 — low ribs. The highest strain rate on
the blades is 2224/s at 30 RPM. Here the 1%t impeller is rotating in the clockwise direction (R ) and the
2" impeller is rotating in the counterclockwise direction ( L ). We also analyzed the effect of RR
rotation.



The EVOG6
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Figure 3: Our CFD rendition of the 60" Evolution 6. The highest strain rate on the blades is 2374/s at
30 RPM. We analyzed only the RL impeller combination.



The EVO7
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Figure 4: Our CFD model of the new EVO7. The maximum strain rate on the blade surface is 2525/s
at 30 RPM.
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Figure 6: Bottom velocities 1 cm above the basin bottom of two EVO5, both turning clockwise at 30
RPM. When both hyperboloids turn in the same direction, it sets up a swirl and the invisible wall is
skewed. The velocities are also less. The length of the vectors is also proportional to the velocity.
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Figure 5: Bottom velocities 1 cm above the basin bottom of two EVO5, turning in opposing directions.
The zone between the impellers is the so-called invisible wall. Velocities are in m/s.
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Figure 7: Bottom velocities (m/s) of the EVO7 1 cm above the basin bottom at 30 RPM. The invisible
wall between the two is clearly seen.

velocity_30000000000000.000000 magnitude
0.100 0.200 0.300 0.400 0.500 0.600 0.700 . 0.800 0.900 1.00

Figure 8: Bottom velocities (m/s) of the Ragless 1 cm above the basin bottom at 21 RPM. The invisible
wall is also seen and even though the impellers are higher off-bottom, the bottom velocities are higher.
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Figure 10: Velocity magnitude (m/s) through the center plane of the tank with two EVOS5 rotating
clockwise at 30 RPM. As Invent claims, the bottom of the basin is swept with high velocities.
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Figure 9: Velocity magnitude through the center plane of the long side of the basin with two EVO5
rotating at 30 RPM. The 1st impeller (to the left) is running clockwise and the 2nd impeller is running
counter clockwise. The so-called invisible wall extends upward between the two.
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Figure 12: The velocity magnitude (m/s) of the center plane through the impeller shafts shows that
the EVO7 does create more flow, and the invisible wall between the impellers is more noticeable.
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Figure 11: The velocity magnitude (m/s) through the center plane of the two clockwise rotating
Ragless impellers at 21 RPM (same P/V) shows much higher velocities throughout the tank. Unlike
the hyperboloids, the flow directly below the impellers is much higher. The invisible wall is strongest
here.
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Figure 13: Velocity magnitude (m/s) sideview of  Figure 14: Velocity magnitude (m/s) of the 2nd
the 1st EVO5. Both impellers are rotating EVOS5. Both impellers are rotating clockwise at 30
clockwise at 30 RPM. RPM.
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Figure 15: Velocity magnitude of the 1st EVO5 Figure 16: Velocity magnitude of the 2nd EVO5
running clockwise at 30 RPM. running counter clockwise at 30 RPM.
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Figure 17: Velocity magnitude (m/s) of the 1st Figure 18: \Velocity magnitude (m/s) of the 2nd
EVOT7 (clockwise) at 30 RPM. there is more flow  EVO7 (counter clockwise) at 30 RPM. The EVO7
in the tank, below the impeller and along the is an improvement over the EVO5 and EVOS.
bottom of the tank.
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Figure 19: Velocity magnitude (m/s) of the 1st
Ragless impeller running at 21 RPM (clockwise).
This is the same power as the EVO5 at 30 RPM
and at a lower power level than the EVO7 at 30
RPM. There is obviously more flow everywhere in
the vicinity of the Ragless impeller.
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Figure 20: Velocity magnitude (m/s) of the plane
through the 2nd Ragless impeller running at 21
RPM, also in clockwise direction. Overall there is
more flow in the tank at the same or less power as
the EVO5, EVO6 and EVO7.















Figure 25: Same as Figure 21 but for the Ragless RR. The Ragless is able to pull in the tracers right to the blades from the inlet at higher
velocities. The invisible wall is quite obvious and effective. Notice how much lower the shear rate is on the Ragless blades.



