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Design and Experiment of Fluid Dynamic Ultrasonic Water Aerator
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College of Engineering, Hunan Agricultural University, Changsha 410128, China

Abstract In order to improve the efficiency of water aerator, based on Venturi experimental principle in hydraulics and fluid dynamic ultra-

sonic generator, the inlet section, throat section, and outlet section of reed whistle ultrasonic generator were designed, and the effect of the wa-

ter aerator on dissolved oxygen was preliminarily studied. Results indicate that using this water aerator, the dissolved oxygen was 7.94 mg/L,

exceeding the saturation value of dissolved oxygen (7.82 mg/L) at current water temperature,, reaching the supersaturation. Therefore, the de-

signed water aerator will have a bright application prospect in sewage treatment, aquaculture and aerated irrigation of plants.
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1 Introduction

Aeration is an essential part of aquaculture, sewage treatment and
aerated irrigation fields, and aeration effect directly influences
growth condition of aquatic animals, quality of sewage treatment,
growth and quality of crops. Traditional aeration methods include
enhanced aeration (i. e. aerator) and electrical aeration, while
new aeration methods include magnetized aeration, photochemical
aeration, biochemical, materialized, and emulsified (ultrasonic)
aeration''!. The efficiency of enhanced aeration is low and it gen-
erates large bubble; electrical aeration consumes high energy ; mo-
tored ultrasonic aerator can mnot operate continuously, consumes
high energy, and the efficiency is low, accordingly the application
of motored ultrasonic aerator is limited”’. Fluid dynamic ultrason-
ic aerator is a new water aeration technology, its structure is sim-
ple, sturdy and durable, and its handling capacity is high, energy

“4 and the aera-

consumption is low and equipment cost is low"
tion efficiency is high and operation is simple. The saturated solu-
bility of oxygen in water is very low. To bring oxygen in water to
reach saturation state, oxygen has to exist in water in numerous ti-
ny bubbles to reach high efficient aeration. Using ultrasonic wave,
fluid dynamic ultrasonic aerator further breaks bubbles in water,
brings dissolved oxygen in water to reach saturation or even super-
saturation state, thus this new technology has broad application

567 In this con-

prospect in aquaculture and sewage treatment
text, we studied and designed a fluid dynamic ultrasonic water
aerator, to solve the problem of low dissolved oxygen in industrial

sewage, pond water, and irrigation water.

2 Operating principle
The operating principle for this fluid dynamic ultrasonic water

aerator is as follows. High speed water flows through Venturi pipe
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and generates negative pressure to suck air, brings air into water
to form tiny bubbles. As illustrated in Fig. 1, high speed water
flow with air attacks reed through the nozzle, brings reed to vibrate
and generate ultrasonic, which will further break tiny bubbles and
form ultra tiny bubbles. Besides, because water flow is very fast in
fluid dynamic ultrasonic water aerator, it may bring about hydrau-
lic cavitation problem”fsi , in other words, formation of cavities in
fluids ; when liquid flows rapidly, bubbles will constantly generate
and break"!, in this way, it increases conditions for formation and
break of bubbles in water. Since the movement in aerator belongs
to gas-liquid two-phase flow, the movement is relatively com-

plex[ 10}

3 Structural design of the fluid dynamic ultrasonic
water aerator

From Fig. 1, it can be seen that the fluid dynamic ultrasonic water
aerator includes three parts: I section (inlet pipe and transition
section) , II section (inlet port and nozzle) , and III section (reed
holder, reed, and outlet pipe).

3.1 Structural design of I section [ section consists of inlet
pipe and transition section which are flanged connected. The de-
sign of I section mainly lies in the transition section. I section be-
longs to inlet section of the fluid dynamic ultrasonic water aerator,
and its shape selection should be based on analysis of cavitation
flow field. Studies have shown that there are 3 types available ; cy-
lindrical, conical, and curved. From comparison, conical shape
inlet section generates most violent cavitation effect. Cylindrical
transition leads to thickening of throat boundary layer, narrows ac-
tual flow path of throat. High speed water flow fails to expand
completely within pipe, and local losses will increase, speed at-
tenuation at nozzle outlet increases, and local absolute pressure in-
creases, not favorable for formation of tiny bubbles"’. Jet of
curved nozzle gradually becomes complete expansion in throat.
Both the transverse pressure gradient and radial velocity compo-
nent generated from the inlet section gradually decline, and tend
to become zero before the nozzle outlet, to obtain uniform outlet

flow field, leading to no violent turbulent flow in the flow field, so
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as to reduce the cavitation intensity'”’.

I section II section I section

IA ‘

Bl

=5 g i

e o 1] /ls] EERE

1. inlet pipe; 2: transition section; 3: throat; 4 inlet port; 5: nozzle;

6: sudden-expansion part; 7: reed; 8: reed holder; 9. outlet pipe
Fig. 1 Core components of the fluid dynamic ultrasonic water

aerator

For conical transition section, the inlet diameter d, =50 mm,

and outlet diameter d, can be calculated by equation (1),

(1)

where Q, denotes the flow; u, signifies the flow coefficient (0.95
-0.98 for conical and streamlined nozzles); AP, is operating
pressure; p is water density; g is gravity acceleration. Through
calculation, d, =6.5 mm.

In this study, the nozzle is designed to be rectangular nozzle,
so the outlet diameter d, =6.5 mm converted to rectangular size
20 mm x 7 mm. In Fig. 1, A-A section and B-B section are inlet
and necked-down section respectively. The neck-down section
converts pressure into flow velocity, while the sudden-expansion
section converts flow velocity into pressure. Due to shrinkage of
neck-down section area, the flow velocity increases, while the air
pressure drops. Bernoulli differential equation for A-A section and

B-B section is shown in equation (2).

2 2
zA+pf“+Uf4=zB+pf"+vi+hw (2)

p. 28 Pe 28
where subscripts A and B refer to A-A section and B-B section in
Fig. 1; p is pressure; z is elevation; v is velocity; h, is head loss
when water flows through A-A section and B-B section, because
the spacing between two sections is small, it can be ignored; p is

water density; g is gravity acceleration.

According to equation (2) , the principle for this device: be-
cause throat diameter shrinks suddenly, average velocity of water
in flow path v, increases, pressure p, suddenly declines, when it
becomes lower than atmospheric pressure, air will flow in through
the inlet port, and it will be cut off by high velocity water and
mixed together to form tiny air bubbles.
3.2 Structural design of II section Il section is throat section
which consists of rectangular nozzle and inlet port. The rectangular
nozzle is to render high velocity water to apply uniform force on the
reed. Two inlet ports in upper and lower respectively are used, to
ensure uniform air suction of rectangular nozzle'*’. Throat is a

key component in this fluid dynamic ultrasonic water aerator. The

throat length and size play a great role in transfer of oxygen dissol-
ving molecules in water. Some experts proposed the length-diame-
ter ratio for air-liquid jet pump is 6 =8 In this experiment, we
mainly considered air suction capacity of water aerator, little con-
sideration is taken into air-liquid mixing at the throat. Thus, ac-
cording to rational overall structure, we took 8 as the length-diam-
eter ratio of throat.

3.3 Structural design of III section I section is ultrasonic
section, consisting of reed, reed holder and outlet pipe. The reed
is horizontally positioned and aligned with center of rectangular
nozzle. The connection between III section outlet pipe and II sec-
tion is sudden expansion, so that after breaking by reed ultrason-
ic, the high velocity water flow with bubbles sprayed by rectangu-
lar nozzle forms complex turbulent flow in outlet pipe, to realize
full contact of air with liquid""®’. Reed whistle is arranged at the
end of Venturi throat nozzle. High velocity water sprayed by nozzle
strikes reed whistle to generate high frequency vibration and form
ultrasonic wave. The aeration effect is closely connected with
whether inherent frequency of reed and inherent frequency of lig-
uid-flow reed reaches the harmonic frequency. According to refer-
ence'”’ | the base inherent frequency of cantilever reed whistle
can be calculated using equations (3) — (5).

fliquid = # (3)

10 34[11—M

) di

t E
S =0.162 7 d (4)
M=1.8 1k (5)

where 7 is reed thickness, k is reed width, [ is reed length (effec-
tive vibration part) , d is reed density, d, is liquid density, M is
reed mass, and £ is Young’s modulus of reed material. The fluid
dynamic ultrasonic frequency is 20 —30 kHz. According to calcu-
lation, reed thickness ¢ =0. 8 mm, width £ =20 mm, and length
1 =40 mm.

The American Society of Civil Engineers ( ASCE) introduced
the mass transport model of dissolved oxygen (DO). As shown in
equation (6), considering mass transfer of bubble-water inter-
face, we used mass transfer coefficient of oxygen volume to meas-
ure the water aeration efficiency.

= (K, (€2, ~C) (6)

where C, denotes mass concentration of DO in time ¢, ¢ is operating

time, K, signifies air-liquid mass transfer coefficient, a is total
specific surface area, (K;a), signifies oxygen volume mass trans-
fer coefficient, 6 is current temperature, and C, , signifies mass
concentration of saturated DO. Calculating integrals of both sides
of equation (6), we can obtain the equation (7) for changes in
DO with time.

C, =C:,0:_(C:,01_Co)exp[ _(Kl,a)ot] (7)
where C,, is initial mass concentration of DO. The oxygen volume
mass transfer coefficient changes with temperature. To unify tem-

perature for comparison, with reference to theory introduced by the
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, the oxygen volume mass
transfer coefficient can be converted into the relational expression
at standard temperature 20°C from experiment temperature, as
shown in equation (8).

(K,a)y = (K,a), x1.024°7 (8)
where ( K,a),, is oxygen volume mass transfer coefficient at

20°C M,

4 Experiment device and preliminary experimental
results

4.1 Experiment device According to the above description of
structural design of the fluid dynamic ultrasonic aerator, we de-

[20,21]
b

signed the complete set of experiment device and carried out
dissolved oxygen experiment in hydraulics laboratory in Hunan Ag-

ricultural University, as illustrated in Fig. 2.
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1: inlet tank; 2: water pump; 3 inlet pipe; 4: vortex flow meter; 5:

pressure gauge; 6: core component of aerator; 7. valve; 8. outlet pipe;

9: outlet tank

Fig. 2 Schematic drawing for fluid dynamic ultrasonic water aera-
tor

4.2 Preliminary experiment and results Major components of
experimental device include core component, water pump, ®50
vortex flow meter, ®50 inlet pipe and outlet pipe, and valve. Ex-
periment conditions; the concentration of dissolved oxygen is 4. 78
—4.80 mg/L, and water temperature is 28.0°C. Measurement in-
strument: SG9 dissolved oxygen determining instrument, liquid
vortex flow meter, and precision pressure gauge. We carried out
the experiment in hydraulics laboratory of Hunan Agricultural Uni-
versity in August 2015. Water pump draws water from the inlet
tank, water flows to inlet pipe, the flow meter, then the aerator,
finally flows out from outlet pipe. Before entering the aerator, set
the pressure meter to measure the inlet pressure; at the outlet
pipe, arrange a valve to control the flow rate of the entire device.
Start the water pump, slowly open the valve, to bring the flow rate
of entire device to reach the stable value Q =9.7 m’/h, the inlet
pressure reading is 0. 146 MPa. At this time, collect 3 barrels of
experimental water to measure the dissolved oxygen. We compared
the dissolved oxygen of water with and without reed, and compared
the standard saturated dissolved oxygen and initial dissolved oxy-

gen at current temperature. The experiment results are shown in

Fig. 3.

According to Fig. 3, when reed is added, the ratio of meas-
ured dissolved oxygen to saturation value is 1. 015; when there is
no reed, the ratio of measured dissolved oxygen to saturation value
is 0. 776. When there is reed, the dissolved oxygen exceeds stand-
ard saturated dissolved oxygen at current temperature and reaches
the supersaturation state ; when there is no reed, the dissolved ox-
ygen has slight increase compared with the value before aeration,
but there is still a gap of 1. 75 mg/L with the saturation value.
From the above analysis, it can be known that the designed fluid
dynamic ultrasonic water aerator has significant aeration effect,
and it can bring the experimental water to saturation state or even

supersaturation state.
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Fig. 3 Comparison of dissolved oxygen in two types of experimen-
tal water

5 Conclusions and discussions

The experiment results indicate that this fluid dynamic ultrasonic
water aerator has higher aeration efficiency than other conventional
aerators. Besides, it can rapidly increase dissolved oxygen in wa-
ter. In existing aerators and systems, few can reach such level.
For the new study direction, aerated irrigation, the aeration is
mainly realized through a long time air pump injecting air, which
is difficult to bring the dissolved oxygen in water to reach the satu-
ration state. However, the fluid dynamic ultrasonic water aerator
can solve this problem. At present, this device still remains at the
study and experimental stage. We will study how to produce water
with high dissolved oxygen, so as to apply this device in actual
production as soon as possible.

In this study, we designed structure of the fluid dynamic ul-
trasonic water aerator, produced the complete set of fluid dynamic
ultrasonic water aerator, and also analyzed the dissolved oxygen in
experimental water. The experiment results of this device show
that when high speed water flows core component of the aerator, it
can rapidly bring dissolved oxygen in water to reach the saturation
state or even supersaturation state, the aeration effect is highly sig-
nificant. This study explored a new design method and new aera-

tion technique for design and application of water aerator, and will
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provide important reference and application value for sewage treat-
ment, aquaculture, and aerated irrigation of plants. However, this
device still remains at the study and experimental stage. Thus, we
will study how to produce water with high dissolved oxygen, so as

to apply this device in actual production as soon as possible.
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the management level. It is necessary to establish a scientific and
rational management mechanism, and strengthen the management of
some technical aspects concerning artificial grassland such as plant-
ing, irrigation, fertilization, rat destruction and harvesting, to im-
prove the overall management level of artificial grassland and give
full play to the role of artificial grassland. (v) Strengthening tech-
nical training. It is necessary to increase technical training regard-
ing grass planting, and use herder professional organizations as plat-
form to annually organize professionals to carry out grass planting
technological training and forage production and processing knowl-
edge dissemination in the pastoral areas, in order to improve the
technological content in planting grass, and promote the continuous

development of grass and animal husbandry industry.
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