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RESEARCH OF GAS CONTENT AND
INTERFACIAL AREA IN THE DOWNFLOW
PIPES OF A CIRCULATION APPARATUS
WITH JET INJECTION GAS FILLING

O0’exmom docaidxcenns € anapam 3i CMPYMeHeso-iHiCeKyitinum zazonanosuennim. Jocaioncenis npo-
BOOUNUCH HA eKCNePUMEHMALbHIL Ycmanosyi na pobouomy cepedosuwyi soda-nogimps. Jocuidiceno po3nodin
Oyavbawox 2a3060i pasu ¢ 3anexcrnocmi 6i0 pobouux napamempie anapamy. Busnaueno snwauenis noxkaivozo
ma 3azanwiozo 2a306MiCMY, a Maxolc NUMoMoi nosepxui Konmaxmy @as. Jociionceno 2a3oemicm ma nosepxuio
Koumaxmy as 6 onycxHux mpyoax yuUpKYIAuiin0z0 anapamy 3i CmpyMeneso -iHiCeKyiuiinumM 2a30Han08HEeHHIM.
Bukopucmaniis yupKyasuitinux anapamie 3i Cmpymeneso-iniceKyitiinum 2a30Han06HeHHIM € NePCneKmuGHUM 0Ll
nPoseoenHs MAcoOOMIHIHUX MA PEAKUILIIHO0-MACOOOMIHHUX NPOUECIE. 3A80SKU GUKOPUCTIANHIO eHep2il piounu 01s
2030HANOBHEHHS PeAKYIlIH020 NPOCMOPY, ANApamu Maims nepesdazu y NOPIHsIHHI 3 epaiymuumu ma 2asiigh-
muumMu anapamamu, 6apeomancHuMU KOIOHAMU NPU NPOBEOLHIT XeMOCOPOUILIHUX NPOYECis 3i CLAOOPOIUUHHUMU
easamu. Excnepumenmanvii 00caiodceniist 2asoemicmy ma noGepxii Koumaxmy (has 6io pescumuo-mexnoi02iunux
ma anapamypro-KoHCMpyKMUGHUX Napamempis 00360JUNU GUSHAYUMU ONMUMATLHI pexcumu pobomu. 3a pe-
3yavmamam 00CAiONCeHy 6CMAN0BeHo, wWo diamemp OyavOaulox 36iivuyemvcs 3i 30iIbuwennIMm Yucia obepmis
sany nepemiwyiouozo npucmpoio. Pexcum nideucanns 2a3060i gasu mas micue npu uuciax obepmy eany 6io
600 06/x6. do 750 06/xs. IIpu s6invuenni uucia o6epmis 36LIbUYEMbC NPOMUOLA CULE CRAUBANHS OYAbOAUOK
i peacum nideucamniis nepexooums 6 PeACUM UUPKYIAUii 2a30piouniozo nomoxy. Moxciusicms Kepysamu npove-
COM 2A30HACUMEHHsL 3A60AKU UUPKYAAUIT piounu nesarexncno 6i0 nasanmagnicenns no piouni anapamy € o0mien
3 nepesaz po3pobaenoi koncmpyxkuyii. Bcmanoeaeno, wo 3azaronuil :asoemicm 6 ONYCKHUX KAHALAX 3MIHIOBABCSL
6id 0,07...0,10 do 0,1...0,18, wo € xapaxmepnum 0rs zasopidunnux anapamis. 3azaivHull 2a308MicCm 6 ONYCKHUX
Kananax anapamy 3uaxodumvcs 6 dianasoni id 100 do 260 m?/Mm> peaxuiiinozo o6’emy i € xapaxmepnum O
Ginvuocmi 2asopiounnux anapamis 6apbomaicrozo muny. Ompumari pe3yivmamiu 00CAIONCeHb PerCUMIE pobomu
anapamy 3i CmpyMeneso -iHICeKUIIUHUM 2A30HAN0GHEeHHAM 6 PeACUME Ni0siuYeanis 2a3060i pasu moxcymv Oymu
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1. Introduction

Prospects for the use of circulating devices with jet
injection gas filling for mass transfer and reaction-mass
transfer processes are highlighted in [1-3]. Due to the use
of water energy for gas filling the reaction space, devices
with jet injection gas filling have advantages compared to
airlift, gas-lift and bubble devices in chemisorption processes
with slightly soluble gases [4, 5]. At the moment, devices
with jet injection gas filling are widely used in the food
industry [6] and in water treatment by ozonation [7].

Injection-jet apparatuses relate to gas-liquid apparatuses
in which gas filling occurs due to the energy of a liquid [1].
Such devices can be divided into two groups. The first,
in which gas saturation occurs due to the energy of the
liquid jet, enters the free surface of the liquid. The second,
in which gas saturation occurs due to the vortex funnel
formed during fluid overflow [5]. The apparatuses of the
first group were studied in [6, 7], the second group in [5].
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The main features of devices with jet injection gas fill-
ing are the presence of vertical downward channels with
a downward flow or a combination of downward and upward
channels both in direct-flow mode and with recirculation
of the liquid or gas-liquid phase [8]. In the apparatus of
the first group, recirculation occurs due to the airlift effect
in the ascending branches of the apparatus and the multi-
plicity of circulation is determined by the rate of rise of
the gas phase. The devices of the second group operate in
flow mode, the residence time of the gas-liquid phase and
phase contact is determined by the length of the mixing
chamber [9]. In the apparatus of the first group, two op-
erating modes are distinguished: the mode of suspension
of the gas phase along the height of the vertical downflow
channels, the circulation mode through the gas phase.

Taking into account the advantages and disadvantages
of existing designs of jet injection apparatuses, the design
of the apparatus was proposed. The proposed apparatus
provided a high multiplicity of circulation both in the mode
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of suspension of the gas phase along the height of the
downflow channels and in the mode of circulation of the
gas-liquid flow [3]. One of the structural features of the
proposed design of the apparatus is the presence of a pump-
type mixing device to provide circulation and jet injection
gas saturation.

In [10, 11], hydrodynamics in the vertical channels
of jet injection devices with gas-saturated due to a jet
of liquid was described. Hydrodynamics in the downflow
channels of the apparatus of the second group, as an ex-
ample of a mine-type apparatus, was investigated in [9].
Therefore, it is relevant to study the size distribution of
gas phase bubbles, the gas content and the contact surface
of the phases in the apparatus of the proposed design,
which allows to determine the modes of its operation.

Thus, the object of research is an apparatus with jet
injection gas filling. And the aim of research is deter-
mination of the phase contact surface in the downflow
channels of the circulating circuit of the apparatus with
jet injection gas filling.

2. Methods of research

The studies were carried out at the experimental stand
shown in Fig. 1, b, in a model water-air environment.
Model apparatus (1) consists of an upper separation space,
a lower overflow and three channels (central — circulation,
in which a pump-type mixing device is installed; lateral
downflow channels). During research, the apparatus was
filled with liquid with a supply of liquid over the overflow
of hgger: 5, 10, 15, 20 mm. The liquid supply over the
overflow determines the efficiency of gas accumulation [3].
A laboratory autotransformer (4) measured the voltage
across the windings of a DC motor (3). The number of
revolutions of the shaft of the mixing device (2) n is 600,
750, 900 rpm. The apparatus was filled with a pump (6)
from a buffer tank (7) through a flow meter (5).

As a pump-type mixing device, a propeller-type mixer
was selected. The level of the clear liquid H; and the
height of the gas-liquid layer of the Ny in the reaction
tube were measured by differential pressure gauges (8).

ove=10 mm; n=750 rpm

Nove=10 mm; n=900 rpm

a

Fig. 1. The regime with a margin of overhead overflow h,,,,= 10 mm: a — characteristic photo of bulbs; & —

The diameter of the bubbles of the gas-liquid layer was
photographed in macro mode with a low shutter speed using
a Canon camera (9). Further processing of the images was
carried out with the employer of a personal computer (10)
in the Paint editor. Examples of the results are shown
in Fig. 1, a. Testing of experimental data and analysis of
the results were carried out for the offensive technique.

The surface contact of the phases can be identified
for the level [4]:

4 (1)

where @ — the average gas content along the height of the
vertical downward channel; d3y — the average surface volu-
metric or Sauter diameter of the gas phase bubbles.

In [12], the authors analyzed the phase contact surface
for ejection jet devices depending on the supplied power.
The general equation is obtained:

— t N ' m
a=cons v Q"

an

(2)

where N — the supplied power; V,,, — the volume of the reac-
tor; n, m — the experimentally obtained coefficients.

This approach allows to evaluate the obtained contact
surface of the phases depending on the power supplied
to the apparatus.

The authors of [13] determined that at a raised power of
2..18 kW /m?, the phase contact surface was 200—1300 m2/m?,
For comparison, in bubblers, the contact surface of the
phases is 20 m?/m?, in bubblers with stirring, 200 m?2/m3.

The average gas content by the height of the reac-
tion tube was determined by the known dependence [5]:

Hy—-H,
¢ 7 3
=", 3)
where Hy — the height of the gas-liquid layer in the vertical
channels; H; — the height of the light liquid in the vertical
channels.
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The heights of Hgy and H; were determined experi-
mentally [5].

The average Sauter diameter in the formula (1) was
determined by the formula [14]:

(4)

where d; — the diameter of the bubbles, obtained using the
photographic method [5]; #; — the number of bubbles in
a given size range.

The average bubble diameter is compared with the
maximum stable bubble size [13]:

o (NY™
dmax :C1p?2(‘/1] ’

()
where ¢ — the surface tension; p, — the density of the
liquid; N — the power spent on mixing; V; — the volume of
liquid in the apparatus.

The obtained experimental data were processed ac-
cording to the procedures [15-17]. For each operating
mode of the apparatus, depending on the number of revo-
lutions 7 and the liquid supply over the overflow /g,
a dependence of the frequency of occurrence of bubbles of
a certain size was constructed. The results obtained made
it possible to estimate the distribution law for the size of
the bubbles in comparison with the maximum diameter of
the bubbles according to formula (5). The nature of the

distribution curves made it possible to draw conclusions
regarding the completeness of the processes of bubble
grinding and bubble coalescence.

3. Research results and discussion

At a shaft speed of 600 rpm, there is an asymmetry of
the bubble distribution curve to the right (Fig. 2, a—c), most
of the bubbles with sizes from 2.5 mm to 3.5 mm. With
a shaft speed of i 900 rpm, asymmetry to the left takes place
(Fig. 2, a—c), most of the bubbles with sizes from 3.5 mm
to 4.5 mm. At a speed of 750 rpm, the size distribution
of bubbles close to normal is about 4 mm (Fig. 2, a—c).
It can be assumed that the deviation of the histograms
from the normal distribution indicates the incompleteness
of the process of formation of a gas-liquid layer, which
can be facilitated by coalescence or grinding of bubbles.

According to the results of the studies identified:

1. The average diameter of the bubbles (Fig. 3).

The calculation according to formula (4) showed that
the diameter of the bubbles increases with an increase in
the number of revolutions of the shaft of the mixing de-
vice. The mode of suspension of the gas phase took place
at shaft rotation numbers from 600 rpm up to 750 rpm.
With an increase in the number of revolutions, the reaction
against the force of bubbling of the bubbles increases and
the suspension mode switches to the gas-liquid flow circu-
lation mode. The results obtained for bubble diameter ds3,
are correlated with formula (5).
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Fig. 2. The weight function of the density distribution of bubbles by size with a stationary supply of fluid over the overflow:
a — Bpyer=20 mm; b — Agper=15 mm; ¢ — Hppe,=10 mm; d — Aypr=5 mm
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Fig. 3. The average diameter of the bubbles

2. The value of gas content in the downflow channels
of the apparatus (Fig. 4, 5).
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Fig. 4. Gas content in the reaction channels of the apparatus
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Fig. 5. Local gas content in the reaction channels of the apparatus

The total gas content in the downflow channels (Fig. 4),
depending on the liquid supply over the overflow %y, and
the number of revolutions of the shaft of the mixing device ,
varied from 0.07..0.10 to 0.1..0.18, which is typical for
gas-liquid apparatus [13]. The local gas content (Fig. 5)
ranged from 0.15..0.40 to 0.1...0.2 — the local gas content
characterizes the gas content along the height of the gas-

liquid layer of the Hgy With shaft rotation numbers in
the range of 600...750 rpm, there is a mode of suspension
of the gas phase with a tight packing of bubbles, this
effect is confirmed by the gas content indicators. With
operating modes in the range of 750..900 rpm, there is
a circulation of gas-liquid flow and gas content along the
height of the reaction tubes close to the local gas content.

3. The value of the local and common contact surfaces
of the phases (Fig. 6, 7).
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Fig. 6. The contact surface of the phases in the downflow channels
of the apparatus
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Fig. 7. Local phase contact surface along the height
of the gas-liquid layer Hy

The total gas content in the downflow channels (Fig. 6)
of the apparatus is in the range from 100 to 260 m?/m?
of the reaction volume and is typical for most gas-liquid
bubblers. The local gas content along the height of the
gas-liquid layer characterizes the packing density of the
bubbles, in the initial mode when the gas phase is sus-
pended, the height of the gas-liquid layer is about 1/3 of
the height of the reaction tube with a downstream flow.
At speeds of about 750 rpm, the height of the gas-liquid
layer is about 2/3, a further increase in the number of
revolutions leads to a regime of circulation of the gas-
liquid flow, and the value of the local and common contact
surfaces of the phases approximately become equal.

4. Conclusions

The obtained research results show that the size of the
bubbles, gas content, and phase contact surface are charac-
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teristic of most bubblers. The main novelty is the ability
to control operation modes due to the suspension of the
gas phase along the height of the downflow channels. As
a result of the studies, the gas content is established in the
mode of suspension of the gas phase ¢=0.2-0.4 and the
specific contact surface of the phases @=320-620 m?/m?.
Taking into account that the residence time of the gas
phase in the volume of the apparatus is longer than in
bubblers and airlift devices, it is possible to assume that
the degree of response of the gas phase should be longer.
The obtained research results can be used in the study of
mass transfer in circulating apparatuses with jet injection
gas filling in the mode of suspension of the gas phase.
These devices and operating modes are promising for car-
rying out processes such as chlorination of water with
gaseous chlorine and the production of ammonia water.
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