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Tonization of the air by radiation is applied to some apparatus such as static electricity remover,

smoke detector, etc. in which the ions produced in flowing air play an important role. Although the

ionization of the static air by radiations is well known until the present time, we have little information

on the ionization of flowing air.’® The purpose of the present study is to determine the fate of ion

in the flowing air by measurement of current in ionized air with a device designed for the experiment.

Experiments

The main part of the experimental device is the cylindrical ionization chamber of 100 mm in
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Fig. 1. Experimental schematic diagram for measuring ionization current in flowing air.

both diameter and length with an insulated electrode of 6 mm¢@x 100 mm as an ion collector, and
the chamber is connected with the ducts of the same diameter (Fig. 1). The alpha particles from
the RaDEF source which was electrodeposited on both sides of a silver plate of 3 mm in thickness and
25 mm in diameter (341 and 323 dps [Bp] on each side) was used for production of ion pairs, The
radiation source of RaDEF was placed at the axial point in the duct and both the circular surfaces
were kept in parallel with the axis direction of the duct. The measurement of ionization current
was made using an electrometer of Ohkura Electric Model 1-3045 connected to Model I-2080.
When the radiation source of RaDEF was shielded with aluminium foil of about 10 mg/em? in
thickness, the ionization current produced by the beta particles from RaDE showed about 0.19%, of the
current by the alpha particles. From this, the contribution of the beta particles to ionization current
could be neglected. The space between the ionization chamber and the source can be varied at an
interval of 10 cm. The duct was connected in series with a rotameter for measuring flow rate and a
exhaust blower. Maximum flow rate was 1.37 m*/min that epuivalent to 2.91 m/s of the air velocity

in the duct.

Results and Discussion

Without radiation source of RaDEF, very little background current was observed. It is suggested
that natural ions and ionized dust that flow into the chamber is much less than the ions which produced
by the alpha particles from RaF. Besides, the produced ions are hardly adsorbed by dust in air, since
the ions flow into the chamber within one second after they are produced.? Therefore, it may be said
that the dust in air have no considerable effect on the ionization current.

We obtained the following three main findings, using such a device.

First, the response of the ionization current to the voltage was investigated under the condition
that there was a potential difference and no one between the duct and the chamber wall. Here, the
source was placed at a distance of 20 cm from the entrance face of the chamber and the air flowed
with a constant velocity. As shown in Fig. 2, in the absence of a potential difference between the
duct and the chamber wall, the ionization current increased with increasing voltage and showed a
tendency of saturation. On the contrary, Fig. 3 shows that in the presence of a potential difference,
the saturation curves fell down as the applied voltage increased, remarkably at a lower air velocity.

A possible interpretation might be offered for it that ions are interrupted by the electric field

between the duct and the chamber wall before they flow into the chamber.
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Fig. 2. Ionization current in flowing air at air
velocity of 0.42 to 2.87 m/s, in the absence of
a potential difference between the duct and
the chamber wall.

"~
T

e 400V

e

T
\\ \\\ﬂev

\\
T T

50v
2 3
Air velocity mis

x 1072A
W

Lo~

Current

Fig. 4. Current—air velocity characteristics, in
the absence of a potential difference between
the duct and the chamber wall.
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Fig. 3. Ionization current in flowing air at air
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velocity of 0.42 to 2.87 m/s, in the presence of
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Fig. 5. Current—air velocity characteristics, in

the presence of a potential difference between
the duct and the chamber wall.

Secondly, we investigated the response of the ionization current to the air flow velocity. When

the source was placed over 10 cm away from the chamber, no ionization current was observed until

the air was flowed by operating the exhaust blower.

at a distance of 50 cm from the source.

Consequently, the ionization current was measured

Under the condition that there is no potential difference

between the duct and the chamber wall, the ionization current did not always increase with increasing

air velocity, and took a maximum value at a certain air velocity as shown in Fig. 4.

On the other

hand, Fig. 5 shows that the current versus air flow velocity curves under the condition that there is a

potential difference between the duct and the chamber wall.

These curves yielded a maximum

current at a certain velocity is a similar manner as those shown in the Fig. 4.

It seems reascnable to expect that the current increases with an increase in the air velocity.
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However, the initial increase in current was followed by a decrease with increasing air velocity, re-
markably at a low applied voltage. For this decrease, it is considered that the number of ions, other
than those collected in the electrode, increases as the air velocity increases, particularly in the weak
electric field. That is, the ions will not easily collected in the weak electric field and at the high air
velocity. These all the characteristic relations were scarcely affected by the distance between the
source and the chamber.

Lastly we examined the variation of the ionization current due to the distance from the source to
the chamber, under the condition that there was no potential difference between the duct and the
chamber wall (Fig. 6). Four hundred volts, the maximum voltage in this experience, was applied for

collecting the electrons as many as possible which flow into the chamber.
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Fig. 6. Th variation of the ionization current due to
the distance from the source to the chamber.

At the velocity of 0.42 m/s, the current can be adepuately approximated by the following epuation
I=4 exp (—0.0047 d)

where I is the current and d is the distance. From this relation, it may be concluded that the
electrons were decreased by about 0.5%, for 1 cm greatly by recombination and also in part by
collision with duct wall.

In order to elucidate the fate of positive ions formed in the flowing air, further experiment is
being carried out on the same device.
(Part of this work was presented at The 37th Annual Meeting of Japan Radiological Society, 1977
and The XIV ICR, 1977.)
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