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Abstract

Free surface vortices are present in industry in flow regulation, energy dissipation,

and energy generation. Although investigated extensively, detailed experimental data

regarding free surface vortices are lacking, particularly regarding the turbulence at

the interface. The present paper reports on a special type of free surface vortex first

proposed by Walter Schauberger in the 1960s that has an oxygen volumetric mass

transfer coefficient exceeding the value of similar systems. This special type of vortex

forms in a hyperbolic funnel. Different stable regimes can be stabilized with different

hydraulic characteristics. Other advantages of this technology are its energy efficiency,

simple design, and scalability. The flow in this hyperbolic funnel is characterized by

strong turbulence and an increased surface area of the air-water interface. The local

pressure strongly varies along the surface, resulting in a pronounced wavey air-water

boundary layer. Due to the helical flow, these perturbations move inward, pulling

the boundary layer with them. The resultant pressure gradient draws a certain air

volume into the water vortex. The construction of the basic hyperbolic funnel setup

and operational examples, including high-speed visualization for three different stable

regimes, are presented in this work.

Introduction

Our lives are closely connected with spiral structures. They

exist in almost everything and everywhere, including the

structure of shells and ammonites and the formation of

hurricanes, tornadoes, and whirlpools1,2 . On a cosmological

scale, galaxies form and evolve according to the principle of

the logarithmic spiral3 . The best-known spirals are the golden

and the Fibonacci spirals4 , which have many applications

ranging from describing plant growth and the crystallographic

structure of certain solids to developing computer database

search algorithms. The Fibonacci sequence is characterized

as a numerical series that starts with 0 and 1 and has

subsequent numbers corresponding to the sum of the

previous two. This sequence can also be found when counting

the reproduction rate of rabbits. Spirals are among some of
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the oldest geometric shapes drawn by Homo sapiens, such

as the concentric circles found in Colombia and Australia

(40,000-20,000 BC1 ). Leonardo da Vinci5  tried to create a

helicopter-shaped flying machine using a spiral blade (from

the Greek word ἕλιξ πτερόν, or helix pteron, meaning spiral

wing). Following the same principle, an aircraft designer, Igor

Sikorsky, constructed the first helicopter in series production

450 years later6 .

Many other examples point to the fact that helical flow

structures might be very efficient and expense-saving

because this type of flow is preferentially seen in nature. At

the beginning of the 20th century, the Austrian forester

and philosopher Viktor Schauberger realized this. He said

that humans should study nature and learn from it rather

than trying to correct it. Based on his ideas, he built rather

unusual log flumes to float timber; the flumes did not take

the straightest path between two points but followed the

meandering of valleys and streams. This design made the

water flow by twisting in a spiral along its axis, thus forming a

vortex, which thereby reduced the amount of water used and

produced a transport rate that significantly exceeded what

was considered normal7 .

Following his father's footsteps, Viktor's son Walter developed

new technologies using the water vortex8  for various

purposes: the treatment of drinking water, industrial process,

the restoration of ponds and water courses, the oxygenation

of ponds and little lakes, and river regulation and restoration.

One of these ideas has recently gained considerable interest,

namely water treatment using a hyperbolic funnel8 , in which

a vortex is created only by the flow of water without any

stirring devices. It has been proven to be a very effective

method for oxidizing iron in groundwater9,10 . A limitation of

this technology is that it is less efficient for low-pH water11 .

Large amounts of drinking water in the Netherlands

are obtained from underground sources12 , in which the

concentration of iron can reach several tens of milligrams per

liter13 , whereas 0.2 mg/L is considered acceptable by the

standards14 . Most drinking water plants use aeration as one

of the first steps to reduce the iron concentration in the water

purification process. In most cases, the purpose of aeration

is to increase the dissolved oxygen content, to remove gases

and other related substances from the water, or both15 . There

are various methods by which aeration can introduce oxygen

into liquid media. These methods include agitating the liquid

surface using a mixer or turbine and releasing air through

either macroscopic orifices or porous materials16 .

The chemical process of iron oxidation was demonstrated

by van de Griend17 , in which an oxygen molecule takes an

electron from ferrous iron and reacts with a free proton to form

water, while the iron ion is oxidized (equation [1]):

,     (1)

The iron ion then precipitates as Fe(OH)3 because of its

reaction with water, which releases protons (equation [2]):

     (2)

The total reaction is given by equation (3):

.     (3)

In aeration, the techniques most often applied are

cascades, tower, spray, and plate aeration systems18,19 . The

disadvantage of these technologies is that they consume from

50% to 90% of all energy20  and up to 40% of the budget for

the operation and maintenance of the treatment facilities21 .

https://www.jove.com
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Using a hyperbolic funnel for aeration can significantly

decrease the costs and increase the efficiency of this

process. Hyperbolic funnels are less sensitive to clogging

due to their geometry and the fact that there are no

moving parts, meaning the energy is spent only on pumping

water. Such a system can be characterized by several

parameters, such as the water flow rate of the funnel per

hour (φ), the mean residence time (MRT), the hydraulic

retention time (HRT), the oxygen volumetric mass transfer

coefficient (KLa20) (corrected to a standardized temperature

of 20°C), the standard oxygen transfer rate (SORT), and

the standard aeration efficiency (SAE). The flow rate of the

funnel is needed to calculate the volume of water that can be

processed in a certain time. The MRT is calculated from the

ratio of the water flow rate to its volume in the funnel for a

certain regime using equation (4):

     (4)

where V represents the liquid volume in the reactor.

The HRT can be determined experimentally using tracer

technologies22  via its residence time distribution function.

HRT provides fundamental insight into mixing processes,

hold-ups, and segregation phenomena23 . It was shown by

Donepudi24  that the farther away the water jet is from the inlet,

the faster it moves toward the outlet. At the initial moment,

water is pumped tangentially to the upper cylindrical part of

the funnel. Then, under the influence of gravity, together with

the system's geometry, the tangential velocity decreases, and

the axial velocity increases. The oxygen volumetric mass

transfer coefficient, KLa20 (unit reciprocal time), indicates the

capability of a system to facilitate oxygen transfer to the liquid

phase10 . It can be calculated25,26  according to equation (5):

     (5)

where Cout  is the dissolved oxygen (DO) concentration in

the bulk liquid, Cin is the DO concentration in the feed, Cs

is the DO concentration at saturation, and T is the water

temperature.

The SORT value is the standard rate of oxygen transferred to

the liquid phase by the system and is determined by equation

(6)27 :

     (6)

where  is the DO at saturation for a temperature of 20

°C. The SOTR value can be defined for a certain process, in

which case the volume used in equation (6) is normalized by

assuming 1 h of treatment time (process-specific SOTR), so

that pilot scale aeration methods can be compared with real-

scale systems. For the capability of a certain regime in the

funnel, the system-specific SOTR must be calculated, which

uses the volume of water inside the funnel for a (regime-

specific) hydraulic retention time. This value is important

when calculating the actual aeration capabilities of a regime

in a given funnel.

The SAE is the ratio between the SOTR and the power

expended for aeration. Since energy is spent only on pumping

water to the top of the funnel and giving it the necessary

flow to form a vortex, it is calculated as the sum of the

potential energy of the volume of water pumped per hour

at a height corresponding to the length of the funnel and

the kinetic energy needed by the water to create a vortex27

using equation (7):

     (7)

https://www.jove.com
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where Pp is the potential power (in kW) required to lift the

water pumped to the height of the funnel, and Pk is kinetic

power (in kW) required for the water pumped at the top of the

funnel to gain enough flow to create a vortex. Normally, for

equation (7), the system-specific SOTR should be used. If the

process-specific SOTR is applied instead, it yields the energy

consumption of a (theoretical) system with 1 h of hydraulic

retention time.

These parameters are sufficient to assess the effectiveness

and feasibility of using this technology but not to describe

the process itself. It should be mentioned that vortices are

among the least understood phenomena in fluid dynamics.

Therefore, a lot of research efforts are invested in this

direction. One of the main challenges in finding the general

laws and rules of vortices in fluid dynamics is that there

are always variations in the geometric boundary conditions,

which influence the development of vortices and significantly

influence their formation and dynamics. Thus, it is reasonable

to assume that a free-surface vortex (FSV) cannot be

considered analogously to a laboratory-type confined one.

However, it was shown by Mulligan et al.28  for the Taylor-

Couette flow (TCF) that if the air-core of the FSV is considered

as a virtual inner cylinder rotating at the same speed as the

air core, both can be treated similarly. By doing so, equations

that represent the free-surface vortex flow field can be

substituted with the angular velocity conditions of the virtual

cylinder, resulting in equations for the TCF system. It was

also demonstrated that if the rotation speed of an imaginary

cylinder is increased, at some point, Taylor-like vortices28

appear as a secondary flow field and then disappear when

approaching the walls.

After it was shown by Niemeijr29  that it is possible to obtain

three different types of water vortices in a Schauberger

funnel (twisted, straight, and restricted) (Figure 1 and Figure

2), which are characterized by other hydraulic parameters,

Donepudi24  used the same approach as Mulligan et al.28  to

simulate vortex regimes using computational fluid dynamics

(CFD) and thereby analyze the organization of their flow

field to understand the underlying physical mechanisms. The

system is very turbulent, and the secondary flow field is

very unstable and is characterized by the appearance of a

large number of Taylor-like vortices. Gas transport from the

gas phase into the liquid phase is governed by diffusion,

advection, and reaction. Therefore, to increase the efficiency

of this process, it is necessary either to increase the gas

concentration gradient or the volumetric motion of the liquid.

The latter directly depends on the turbulence of the system in

the form of Taylor-like vortices, which facilitate the transport

of saturated fluid elements from the interface into the bulk

liquid. In another work on this topic9 , the main parameters for

different vortex regimes, such as the water flow rate, KLa20,

and SOTR, were compared. This study showed great promise

for this technology because the system enables very fast gas

transfer compared to other methods that are used for water

aeration.

The purpose of this article is to provide and demonstrate

this method for creating different water vortex regimes in

hyperbolic Schauberger funnels (small: 26 cm high and 15 cm

top diameter; medium: 94 cm high and 30 cm top diameter;

large: 153 cm high and 59 cm top diameter) with the goal of

efficient water aeration.

Protocol

1. General recommendations

1. Check all the pipe connections for leaks before starting

the setup.

https://www.jove.com
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2. Check that the funnel lid is in place, and secure.

3. Clean the funnel before and after each experiment with

a brush and glass cleaner, as it may turn yellow due to

the high concentration of iron in the groundwater.

2. Experimental setup

1. Water vortex system (Figure 3)

1. Securely fix the glass funnel (Figure 4) in a vertical

position on a special frame - a board with four legs

and a slot in the middle, which corresponds to the

diameter of the cylindrical part of the funnel and is

big enough for the funnel to fit in but not too big for

it to fall through. Securely fasten the frame so that it

does not shake.

2. Put a rubber gasket between the lid and the funnel

to avoid leaks. Attach the funnel lid, and tighten it

using the bolts.

3. Connect the groundwater pump to the tangential

inlet in the top cylindrical part of the funnel using

hoses and hose connectors.

4. Connect a special control valve to adjust the water

flow rate between the pump and the funnel. Connect

a water flow meter between the control valve and the

funnel.

5. Connect the outlet of the funnel to the drain with a

hose. On the drainage hose, near the outlet of the

funnel, install a clamp to create back pressure during

the unit's operation.
 

NOTE: The clamp should be installed immediately

after all the other adapters and connectors required

for the experiments.

2. System for tracer experiments (Figure 3)

1. Install special adapters for installing probes near the

inlet and outlet. Install pH probes in these adapters,

and connect them to the data logger.

2. Install sensors as close as possible to the funnel to

reduce error in the HRT calculations.

3. Prepare 1 mL of NaOH solution (concentration: 0.2

M) to be used as a chemical tracer that is injected

into the water flow of the jet.
 

NOTE: As sodium hydroxide aqueous solution is a

strong base, it is displayed as a peak-like increase

in the pH30 .

4. Install an adapter with three openings for connecting

the tracer-injection system, which consists of a valve

and a syringe before the pH probe near the inlet.

3. System for DO experiments (Figure 3)

1. Glue two oxygen sensor spots to the inside wall of

the two different glass adapters, placing them as

close as possible to the inlet and outlet of the funnel

and connecting them to the water pipeline.
 

NOTE: During operation, the water must completely

cover the stickers.

2. Install the glass adapter with the oxygen sensor spot

near the inlet and outlet of the funnel, and fix the tip

of the polymer optical fiber (which is 2 m long) over

the sticker on the other side of the glass.

3. Install the water temperature sensor near the funnel

inlet in the same adapter as for the pH probe.

Ensure that it is close to the fiber, since the

water temperature is used to correlate the DO

measurements.

4. Connect the polymer optical fiber and temperature

sensor to the fiber-optic oxygen transmitter.

https://www.jove.com
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5. Connect the fiber-optic oxygen transmitter to a

laptop with special software installed to display the

signal from the sensor, which is related to the

concentration of dissolved oxygen and the water

temperature.

3. Operation (medium funnel)

1. Vortex regimes

1. Turn on the flow meter. Start the underground

water pump, and fully open the control valve. Make

sure that the water flow is significantly higher than

the maximum flow required to form a water vortex

(1338 L/h for the medium funnel).

2. Adjust the desired value of the water flow by turning

the control valve. If necessary, squeeze the clamp

near the outlet of the funnel to allow water to be

blocked in the funnel, which causes the water level

to rise in the upper cylindrical part of the funnel.

3. To set different regimes, adjust the values of the

water flow and the water level in the upper cylindrical

part of the funnel (Table 1), sequentially in one

experiment. Check the water vortex for stability for

15 min. In stable mode, the water level should not

change.

1. For the twisted regime, adjust the flow rate to

1194 L/h and the water level to 2 cm and the

flow rate to 1218 L/h and the water level to 5 cm.

2. For the straight regime, adjust the flow rate to

1314 L/h and water level to 11 cm and the flow

rate to 1338 L/h and the water level to 11.7 cm.

3. For the restricted regime, as opposed to

the twisted and straight regimes, create back

pressure by squeezing the clamp near the outlet

of the funnel. Set the flow rate to 882 L/h and

the water level to 3 cm and the flow rate to 936

L/h and the water level to 9 cm.

2. Tracer experiment

1. Using a data logger, calibrate the pH probes

to ensure the validity and accuracy of the data

obtained.

1. Prepare two standard solutions, one with a pH

that is higher than the pH of the operating range

(6-10), and one with a pH that is lower than the

pH of the operating range. Set their values in

the data logger and measure them one by one

during the calibration. After that, the data logger

calibrates the pH probes.

2. Install pH probes at the inlet and outlet of the

funnel, connect them to the data logger, and

start the recording mode.

2. Start the setup.

1. Start the setup, and make sure that the water

vortex is stable.

2. Fill the syringe with the prepared tracer mixture

of NaOH and connect it to the tracer injection

line. Quickly unscrew the valve in the injection

system, inject the tracer liquid, and then quickly

screw the valve.

3. Perform the saving and analysis.

1. When the pH stabilizes, save the pH peaks

recorded during the passage of the tracer liquid

through a glass funnel.

2. Analyze the entry and exit peaks as described

in a previous work22  for HRT calculation. To

do this, take the point at the beginning of

https://www.jove.com
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the first peak for the countdown, and take the

point on the second peak, which divides it into

two figures of equal area, for the end of the

countdown.

3. DO experiment

1. Calibrate the DO sensor using software with a

laptop and the fiber-optic oxygen transmitter. Use

two fluids: one oxygen-free (mix 0.1 L of water and

1 g of sodium sulfite), and the other saturated with

oxygen (to do this, aerate it with air for 15 min). Then,

select the calibration function in the software, and

measure both liquids in turn.

2. Perform the installation and recording.

1. Install the DO sensor at the inlet and outlet of

the funnel. Additionally, install the temperature

sensor near the funnel inlet. Connect them to

the fiber-optic oxygen transmitter, and start the

recording mode.

2. Start the setup, and make sure the water vortex

is stable. Reach the mode in which the value of

the concentration of DO is stable and record the

data.
 

NOTE: If the readings are not stable, the data

are not valid, and the experiment must be

repeated.

Representative Results

The water vortex in the Schauberger hyperbolic funnel is

formed in different regimes (twisted, straight, and restricted)

(Figure 1). As a result, the water is enriched with atmospheric

oxygen, and oxidation of chemical species in the water is

fostered. The system does not require energy except for

pumping water into the upper part of the hyperbolic funnel.

The twisted regime has a double-helix shape and the largest

interface between water and air. For its creation, it is

necessary to apply an average water flow (75-78 L/h for the

small funnel, 1,194-1,218 L/h for the medium funnel, and

4,834-5,032 L/h for the large funnel). Its height in the upper

cylindrical part of the funnel should not be more than 2 cm for

the small funnel, 7 cm for the medium funnel, and 16 cm for

the large funnel.

The straight regime has a smooth straight shape and a

smaller interface between water and air. This regime requires

maximum water flow (93-100 L/h for the small funnel,

1,314-1,338 L/h for the medium funnel, and 5,102-5,289 L/h

for the large funnel). Its height can reach the cover for all the

funnels.

Depending on the water level, the restricted regime can take

the form of both twisted and straight vortices. However, the

peculiarity of this regime is that its length changes depending

on the application of back pressure, unlike in the previous

modes, for which no pressure is applied. It is also formed at

the top of the funnel; however, with increasing back pressure,

its tail begins to shorten, and the vortex gradually disappears

from the bottom part. Its water flow is extremely small (58-70

L/h for the small funnel, 882-936 L/h for the medium funnel,

and 2,351-2,634 L/h for the large funnel), and its height can be

both minimal and maximal depending on the funnel geometry.

The different regimes can be stabilized and transformed

into each other depending on the water flow rate, back

pressure, and system geometry. Parameters such as the

water flow rate, oxygen volumetric mass transfer coefficient,

and standard oxygen transfer rate characterize the aeration

efficiency. It can be seen that for the twisted vortex with a

low water flow rate, the KLa20 was the highest (Figure 4),

several times higher than the KLa20 for straight and restricted

https://www.jove.com
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regimes and dozens of times higher than the same indicator

for conventional systems, which are also used for the aeration

of lakes and rivers (Air Jet, Impeller, Paddle) and are much

more energy intensive. With further increases in water flow,

the KLa20 gradually decreased, but the water level, that is,

the volume of water in the system, increased. After some

threshold value, the twisted regime switched to the straight

regime. For each regime, there were stationary conditions

when their volume and hydraulic parameters do not change.

However, when comparing similar regimes for small, medium,

and large funnels, the differences between the systems' water

flow rates and volumes were significant. However, at the

same time, the ratios of the KLa20 values did not change

much. The maximum values of 83 h-1  for the small funnel,

60 h-1  for the medium funnel, and 79 h-1  for the large funnel

were achieved in the twisted regime.

At the same time, when the KLa20 decreased with increasing

water flow, the MRT increased, indicating that the water took

more time to pass through the funnel, as described in detail

by Donepudi24 . However, as for KLa20, the value of MRT was

approximately the same for the twisted and straight regimes

in different funnels. The MRT varied from 10 s to 43 s for the

small funnel, from 14 s to 30 s for the medium funnel, and

from 24 s to 43 s for the large one (Table 1).

 

Figure 1: Water vortex regimes in a 26 cm high glass hyperbolic Schauberger funnel. (A) Twisted (75 L/h), (B) straight

(100 L/h), (C) restricted (70 L/h). Please click here to view a larger version of this figure.

https://www.jove.com
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Figure 2: Water vortex regimes in a 94 cm high glass hyperbolic Schauberger funnel. (A) Twisted (1,194 L/h), (B)

straight (1,314 L/h), (C) restricted (882 L/h). Please click here to view a larger version of this figure.

 

Figure 3: Sketch of the setup used for the experiments described in protocol steps 3.1-3.3. (1) Groundwater pump; (2)

control valve; (3) water flow meter; (4, 5) polymer optical fibers for DO detection; (6, 7) pH probes; (8) temperature sensor;

(9) syringe with tracer; (10) valve; (11) Schauberger hyperbolic funnel; (12) fiber-optic oxygen transmitter; (13) laptop; (14)

data logger; (15) clamp; (16) water drain. Please click here to view a larger version of this figure.

https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/64516/64516fig02large.jpg
https://www.jove.com/files/ftp_upload/64516/64516fig03large.jpg


Copyright © 2023  JoVE Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
License

jove.com July 2023 • 197 •  e64516 • Page 10 of 14

 

Figure 4: Photo of the large funnel setup. (1) Groundwater reservoir; (2) water pump; (3) water flow meter; (4) syringe with

tracer; (5, 6) glass adapters with the oxygen sensor spot; (7), (8) pH probes; (9) Schauberger hyperbolic funnel; (10) water

drain. Please click here to view a larger version of this figure.

Funnel Regime φ (L/h) HRT (s) MRT (s) KLa20

(h-1 )

V (L) Level (cm) Cin (mg/L) Cout

(mg/L)

SOTR

(g O2/h)

SAE (g

O2/kWh)

75 10 15 83 0.2 0.5 0.0 1.8 0.2 2801Twisted

78 20 24 41 0.4 2 0.0 1.9 0.2 2932

93 31 24 25 0.8 4 0.0 1.8 0.2 2688Straight

100 43 32 18 1.2 6 0.0 1.7 0.2 2635

58 18 23 14 0.3 1 0.0 0.6 0.0 872

Small

Restricted

70 53 31 2 1.0 5 0.0 0.3 0.0 459

Medium Twisted 1194 14 13 60 4.5 2 0.0 1.8 2.4 784

https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/64516/64516fig04large.jpg
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1218 19 19 37 6.3 5 0.0 1.6 2.1 667

1314 29 29 18 10.7 11 0.0 1.2 1.8 509Straight

1338 30 31 18 11.0 11.7 0.0 1.2 1.8 500

882 21 24 17 5.1 3 0.0 0.9 0.8 348Restricted

936 37 36 5 9.7 9 0.0 0.5 0.4 180

4834 24 23 79 32 11 0.7 4.1 22.9 1113Twisted

5032 34 26 52 48 16 0.6 4.0 22.6 1054

5102 38 29 31 54 19.5 0.7 3.0 15.0 690Straight

5289 43 30 19 64 22.5 0.6 2.3 10.8 479

2351 58 43 16 38 7 0.6 2.6 5.5 557

Large

Restricted

2634 95 50 7 70 19 0.6 2.0 4.2 380

Table 1: Basic hydraulic characteristics and aeration efficiency parameters for small (Figure 1), medium (Figure 2),

and large funnels. 

Discussion

If the groundwater pump is too powerful and the system

cannot hold the pressure, an additional drain can be added

before the control valve to reduce it. It is very important to

calibrate the sensors for reliable results and for the tracer

experiment to ensure fast probes. If the probes are slow,

then this will distort the HRT measurements. Further, if the

HRT is much smaller than the MRT for the straight regime,

this may indicate that the tangential entrance to the funnel is

significantly below the water level and that part of the tracer

liquid is going down to the drain after entering the funnel, thus

causing a decrease in HRT.

The water vortex in a hyperbolic Schauberger funnel is very

sensitive to the water flow rate. The smaller the system, the

more it depends on flow changes. If the regime is stable, then

the water level in the funnel should not change with time. If this

is not the case, it will rise or fall. Therefore, it is worth paying

attention to the water level to avoid water overflow, cracks

due to increased pressure inside the funnel, or an unwanted

regime change.

To determine the regime of the vortex (protocol steps

3.1.3.1-3.1.3.3) and its stability, it is advantageous for the

funnel to be transparent. For this reason, a glass funnel was

used in this work. It is imperative to be very careful when

transporting, handling, and installing it, and one should pay

attention not to tighten the screws of the lid too much so as

not to damage it (protocol step 2.1.2).

To determine the HRT, protocol steps 3.2.2-3.2.3 should be

repeated as many times as possible (at least 10x) because,

due to the high turbulence of the system and the presence

of secondary flows (Taylor-like vortices), the tracer jet can

separate and travel different ways through the funnel. For

https://www.jove.com
https://www.jove.com/
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example, it was shown by Donepudi et al.24  and Mulligan et

al.28  that the closer the water layer is to the glass wall, the

faster it will move to the drain. The probes should always be

washed with deionized water and wiped to avoid mixing the

sample and the storage solution, which can spoil the data and

deteriorate the quality of the electrode storage.

For the DO experiment, it is important to achieve a stable

oxygen concentration value at the output of the system

(protocol step 3.3.2.2). If the regime is not stable but

the fluctuations in the system are not significant, then the

obtained value should be averaged. It is also necessary to

have a hole in the lid for ventilation to allow airflow into the

system for further aeration.

Despite the high values of KLa20 and energy efficiency of this

system, the SOTR value is low compared to other methods26

because of the low water flow rates of the available funnels;

this is currently a limitation for the industrial use of the

hyperbolic funnel for water aeration. However, it has been

demonstrated that high efficiency of the system can be

achieved for different scales with large, medium, and small

funnels. From this, we can conclude that by changing the

geometry (dimensions, diameters of the inlet and outlet,

curvature of the walls), it is possible to significantly increase

the speed and volume of water treatment without reducing

the aeration efficiency. Moreover, in Table 1, it can be seen

that an increase in the funnel length by 1.1 m led to a more

than 100-fold rise in the SOTR. Taking into account the fact

that in some water treatment plants, the water level difference

can reach several meters, (partial) aeration could be achieved

at much lower costs than at present. Thus, determining how

different geometric parameters of the funnel affect the water

flow rate and KLa20 for vortex regimes can provide a cheap

and competitive technology for the aeration of groundwater.

Alternatively, as shown by Schauberger31 , aeration can be

used to improve the quality of water reservoirs, lakes, and

rivers.
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