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Vortex Ring generated from the 3 feet deep 
vortex ring mixer breaking the surface of the 
pond. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions: 

The data obtained during experiments with these plate type vortex ring 

mixers showed that they performed well for mixing a natural water body. The 

configuration that allows the vortex ring generator to float in the centre of a water 

body is advantageous because it allows the mixer to be positioned in the best 

location for mixing and aeration. The position of the vortex plate also important. 

It can be concluded from these experiments that the 7 foot deep placement of the 

vortex ring generator plate provided the best mixing while aerating the pond. The 

location of the generator at 3 feet aerated the pond the best of the three locations 

while adequately mixing the water. The 5 foot deep placement of the vortex ring 

plate was a compromise between mixing and aerating that appears not well 

suited for either mixing or aeration. The desired application of a floating vortex 

ring generator in a pond should therefore be selected based on the need for 

mixing or aerating with a compromise being avoided if possible, since neither 

goal is adequately satisfied. 

The dual plate vortex ring generator has potential even though the mixer 

used was too small to adequately mix the pond. There is great potential for the 

dual plate mixer to shoot a vortex ring to the bottom of the pond to mix the water 

while at the same time directing a vortex ring upward to break the surface of the 
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water and increase contact with the atmospheric air to aerate the pond. It would 

appear that the unit used, although exhibiting a desirable pattern of fluid 

movement, was inadequate for the size of test pond used. Obviously, a larger 

unit should be constructed and tested in the pond. 

The simplicity of operation and the low power consumption per unit of 

oxygen transferred should be appealing for future applications. Data in the 

literature indicates that air powered propeller type mixers have power densities in 

excess of 1 OOOW/m3. The single plate vortex ring mixers used in the 

experiments had a power consumption of 0.26W/m3 which is several orders of 

magnitude less than comparable propeller mixers. The overall oxygen transfer 

rate for the vortex ring mixer set-up was poor compared with aerators specifically 

designed to transfer oxygen into waste water. These aerators typically transfer 1 

to 3 kg02/kWh compared to 0.0336kg02/kWh for the single plate vortex ring 

mixer located at a depth of 3 feet. This is not surprising since the vortex ring 

mixers are specifically mixers and not aerators. The long term desire was to 

keep substandard natural water bodies destratified. When this is achieved the 

renewed water contact with the atmospheric air will transfer oxygen thus aerating 

the entire water body. 

The aeration of a natural water body has been shown to be realized 

through mixing and should open up new applications for the vortex ring 

generator. The formation of defined vortex rings that travel great distances in a 

natural water body is a desirable method to mix a water body as well as maintain 

the degree of mixing required over time. Mixing the natural water body increases 

water contact with the atmospheric air and therefore oxygen transfer to the water. 

The vortex ring generator appears ideally suited to mixing large natural water 
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bodies which will destratify and thereby aerate. The low power consumption of 

the vortex ring mixers allows long term operation to destratify low quality bodies 

of water. By keeping the water destratified the oxygen content of the water will 

increase allowing for improved aquatic life and thus rejuvenation. 

6.2 Recommendation 

It is important that a more efficient drive cylinder and controller be used. 

A more responsive drive cylinder during the up and down stroke would provide 

more energetic vortex rings. Aeration could be improved by perhaps using two 

vortex ring generators or a suitably sized dual plate vortex ring generator. One 

plate could fire a strong vortex ring that would cause significant splashing such 

that bubbles would form in air and collect oxygen before falling back into the 

water. This would allow for faster aeration while maintaining mixing and thus 

destratification of the pond. However, long term tests over a year or so would 

even out the effects of air temperature and other factors. A slow speed vortex 

ring mixer operated continuously may be sufficient for this type of pond. 

Larger or irregular water bodies could be mixed and aerated by several 

floating vortex ring generators strategically located through out the water body. 

Computer control could also increase or decrease mixing depending on the need 

to aerate or destratify the water. The computer would continuously monitor 

temperature to measure mixing as well as monitor a dedicated oxygen meter 

allowing constant monitoring of DO levels. The low power consumption 

requirements of the mixers would allow several mi~ers to be placed in a water 

body to initially destratify and aerate after which some could be removed or 

turned down to economically maintain mixing over long periods of time. This 
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would allow for short term water remediation and also long term water quality 

maintenance. Considering the increased demands placed on natural water 

courses as population increases, the vortex ring mixer is well suited to reverse 

the inevitable water quality deterioration that accompanies the increased waste 

water and water pollution with human habitation. 

The mixing and destratification of a natural water body is complex 

because of heat flows at the contact between water and earth and water and 

atmospheric air. The heat flows due to sunlight reflecting off the water surface 

and wind effects also play a significant role. A suggestion may be to construct a 

scale model for laboratory tests to see what can be achieved under ideal 

conditions such as constant temperature, no wind, no sunshine, etc. Other 

recommendations include conducting tests without any agitation or aeration to 

determine a base case for the water body so that after agitation it may be easier 

to see what effect, if any, occurred. 

Obviously, any further experiments of this nature would require a very 

careful analysis of this data and the actual pond conditions. Many factors affect 

the results of this investigation such as residual BOD and COD, and the 

biological activity in both the sediment and the water. These conditions will affect 

the environmental conditions of the pond and impact any further investigation. It 

is recommended that further research be conducted with emphasis on improved 

observation of water body destratif ication and homogeneity through 

measurement of turbidity and an increased number of temperature probes. 

Longer duration trials are also recommended and should include numerous 

sampling for DO, BOD and COD measurement. 
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