OZONIZERS OF UNCONVENTIONAL GAS FLOW ORGANIZATION
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The main reason causing the ozone decomposition is a high temperature of a gas in the
microdischarge channels [1]. This temperature depends on both the energy delivered into the
channels, as well as the temperature of the cooling liquid. Therefore, to prevent the ozone
decomposition the temperature of the gas should be quickly lowered directly in the
microdischarge channel, immediately after the occurrence of the desired reactions. Besides the \
reducing the cooling liquid temperature, which is the simplest way, the gas flow of a linear velocity &\
Increasing along the ozonizer was forced. The change in gas linear velocity was obtained in Otto- fk
type ozonizers of the circular symmetry, through which gas flows towards the device axis [2-5].

7 S
#ZA\NNNANNRRNNNNNIANAN /,\

Cross-section and photography of the
ozonizer. 1 — high voltage clamp, 2 — insulator,
3 — outlet of the post-reaction gas, 4 — gas
ejector and voltage supply element, 5 — reactor
lid, 6 — contact spring, 7 — openings through
which the gas enters the reaction space, (8+9)
— removable discharge element, 8 — sputtered
electrode or metal mesh, 9 — ceramic plate, 10
— main body of the reactor, 11 — wall of the
cooling chamber, 12 — cooling chamber, 13 —
grounding clamp, 14 — gas inlet channels, 15 —
collecting ring. In the A-A cross-section the idea
of gas feeding system is presented.

Discharge elements. LEFT: concentric strip electrode on the actuator surface [4], RIGHT: scheme of reaction
space operating with mesh-ceramic plate system. The arrows depicts a way of the gas flow; 1 — main body of the
reactor, 2 — reactor lid, 3 — gas inlet channels, 4 — collecting ring, 5 — openings through which the gas enters the
reaction space, 6 — ceramic plate, 7 — mesh, 8 — metal plate, 9 — wall of the cooling chamber, 10 — cooling
chamber, 11 — outlet of the post-reaction gas [6].
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Discharges in air; LEFT: actuator, RIGHT: metal mesh electrode.

Ozone concentration vs. active power (actuator); oxygen flow rates: 10, 20, and 80 Ndm?3h; temperature
25°C; gas direction: towards reactor axis (blue lines), towards the reactor perimeter (red lines); f = 9.2 kHz [4].

Comparison of ozone concentrations and yields (maximal values). The energy
efficiencies and specific energies were calculated on the basis of power necessary to
obtain maximum concentration.

It seems that energy dissipation in the significant part of discharge space has an important meaning. The discharge

o o _ _ being formed Iin metal mesh-dielectric system occurs under low voltages, lower than that in typical DBD ones. As a
Ozonizer with an actuator Ozonizer with a mesh-dielectric :
systemn result, the primary electrons energy should be more homogeneous. When the average energy of the electrons
0" C e 50° C 0" C 25° C 50° C generated during the discharges is somewhat higher than 6 eV, they have only a minimal energy excess over that
¢, g/Nm? 123.8 102 83.7 132.8 100 70.6 necessary for O, dissociation. Then, in the discharge zones less heat Iis produced, and the gas temperature should be
m, g/h 1.24 1.02 0.84 1.33 1.00 0.71 significantly lower. Also, the secondary electrons should have a lower energy. It can limit the ozone decomposition in
10Ndm¥h | N, 9/ 301 285 234 4.3 53.5 46.8 reactions just with participation of low energy electrons:
WhplmmS 3.5 3.0 3.0 3.0 1.87 1.51 O,+ e Y ,Be+ O (1)
c g/Nm? 1069 931 752 1178 580 0.0 Therefore, the change in discharge character, due to which the amount of energy converted into heat is limited, can
m. g/h > 14 186 150 236 76 118 cause that both, ozone formation and decomposition rates in discharge zones, should be lower.
0ONdm¥h | N, 97| 464 40.5 37.0 65.5 69.9 582 Undoubtedly, the arrangement of the gas flow through the reaction space also has an important effect on the results
PV, obtained. Due to the presence of the metal mesh the gas is mixed, what improves both, heat and mass exchange.
Wh/Ndm? | 225 225 20 L1 139 123 Since the mesh is a H.V. electrode, in the places where discharges occur, locally strong disturbances of the gas flow
¢, g/Nm? 82.2 72.5 59.4 98.8 68.1 46.7 occur. The gas swirls, formed near the wires, are an additional element intensifying the gas mixing. The local micro-
m, g/h 3.29 3.00 2.38 3.95 2.72 1.87 mixing of oxygen atoms and particles improves the efficiency of O consumption in reaction:
40 Ndmd/h n ;D/V’ g/ 71.7 63.3 52.1 85.8 893 61.6 O + 02 n M y_l_ ND (M — O, 02 or 03) (2)
Wh/Ndm? 1.13 1.13 1.13 1.13 0.85 0.75 and moreover, it limits the recombination of atomic oxygen:
¢, gIN? 22 50 446 O + O +,#MY O (3)
m, g/ 4.34 400 357 The intensive gas mixing causes also faster diffusion of newly formed ozone particles into the gas stream, due to
80Ndm*h | N. 97| 856 879 106 which the probability of reaction occurrence decreases:
Whplmm3 0.63 0.56 0.63 O,+ O Y+Q) (4)
Therefore, improving the gas mixing could cause the high efficiency of the process. Additionally, because in the
— ozonizers tested the linear velocity of the gas increases with increasing in ozone concentrations in the post-reaction
. —— gas stream, also the reducing of the gas residence time in the discharge end zones was obtained, what protects the
~ T — ozone included against the decomposition.
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o NS Summary
E Beo_ RN ;\A\ Both ozonizers enable to obtain the high ozone concentrations in oxygen. In the simple discharge arrangement, in which
@ 2 e S~ X the metal mesh adjacent to the ceramic plate was used, similar effects as reported in case of more complicated discharge
§ _”ET:-:-:—::__,‘_______.::‘ systems were obtained. In spite of only one-side cooling.of the reaction space t_he high ozone concentra_tions and high
G---__ Trtea L by s energy efficiencies of the process, even at 25°C, were obtained. Because t_he reaction space was only one-side coolc_ed, the
1 = —— - results could probably be improved when a cooled H.V. electrode was applied. An essential effect on the results obtained in
H"“'“:&T.‘_‘,____ the presented ozonizer has a manner of the gas flow through the discharge zone. Since the process occurred in low
volume reaction space, the results obtained are particularly interesting. The studies aiming to improve the intensity of heat
0 transfer and ozone concentration obtained are in progress.
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