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ABSTRACT

The light negative ions in air have positive influence on human health so measurement of
their concentration is the object of interest. This paper deals with construction proposals
for the gerdien tube (cylindrical aspiration condenser), which is one of the possible sensors
of air ion concentration. With the described method of it is possible to measure the air ions
in large range of mobility with good resolution.

1. INTRODUCTION

There are many problems with the measurement of air ions by gerdien tube method. The
current of low order 107'% to 10" A must be measured and it is necessary to ensure high
measuring insulating resistances. There is a problem with multiple transits of measured
ions through gerdien tube. It is necessary to take these aspects into account to provide suf-
ficiently accurate measurement of air ions in the respect area.

To achieve the high insulating resistance the method of active shielding was proposed. By
the numerical simulation of ion trajectories inside the tube and in its vicinity using Ansys
software we have observed that a part of measured ions is transmitting thru the tube several
times. This problem was consequently solved by adding a ion-trap to output of the tube.

2. STUDY

2.1. THE PRINCIPLE OF MEASUREMENT

Several methods are currently used to measure air ion fields [1]: the dispersion method, the
ionspectrometer method, the Faraday cage method, and the gerdien condenser method,
whose principle is shown in Fig.1.

The known amount of given air M is blown by fan thru the aspiration condenser. The con-
denser is polarized by a DC adjustable voltage U, so the electrical field with non-
homogeneous intensity appears. Negative ion is attracted to positive inner electrode. By
a ion impact to inner electrode the current / is generated. Because of the high value of inner
impedance of the condenser and very small values of 7, it is necessary to measure using



electrometer. When the voltage U is high enough, the current / is saturated and is directly
proportional to the air ion concentration, which can be obtain by solving the equation (1)

"= MI- e’ M
where
n is the air ion concentration, (ions-m™)
M=S-v is volume rate flow of air through the aspiration condenser, (m’s™)
S= n(rf - 2) is area of cross-section of the condenser, (m?)
7, 1 are diameters of outer resp. inner electrode, (m)
e is a charge of electron 1,602-107". (@)
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Fig. 1: The principle of the gerdien tube measurement method

2.2. EQUIVALENT CIRCUIT DIAGRAM

The measured values are burden with systematical measurement errors [3]. This is due to
leakage currents and parasitic capacitances (modeled by I;gax in Fig.2).
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Fig. 2: Model of the gerdien tube for measurement of air ion concentration

We have to consider leakage resistances Rax of gerdien tube, leakage resistances and ca-
pacitance of the pA-meter input (Rgn, Cen, Rer, Cgr), insulation resistance (Ry) of the po-
larizing voltage source. The current measured is further affected by the input resistance
Rour of I/U converter and the input resistance of voltage source (Ry, Cy). To minimize the
measurement error, Rax, Ry, as well as Rgy and Rgp must be significantly higher then
Rour. Time constant RyCy has to be much larger than the measuring time.



2.3. MEASURING SYSTEM ON DTEEE

The circuit diagram of measuring current amplifier is shown in Fig. 3. The current flowing
thru the gerdien tube is sensing on resistor R1 and amplified by the instrument electrome-
tric amplifier INA116. This operational amplifier has very low input current 100 fA, thereby
the systematic error is suppressed. By the relays RE3 and RE4 the gain coefficient can be switched
s0 it is possible to measure in the wide band of air ions concentration values. INA116 has pins 2/4
and 5/7 connected to the input buffers which we use to active shielding of aspiration condenser and
to eliminate earth-leakage currents on the PCB. Operational amplifier OPA121 is used as the
source with low output impedance to offset compensation of INA116.

During the measurement process the INA116 offset is firstly set with relays RE1 switched off.
Thanks to this compensation we can suppress the residual influence of the operational amplifier
INA116 input currents. After this the capacitor C1 is charged by the voltage UpoL switching the
RE2 relay on. In the next step relay RE2 switch off and relay RE1 switch on and the current from
tube is measured. When changing the gain coefficient of OA INA116 it is necessary to set the off-
set again.
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Fig. 3: The circuit diagram of measuring current amplifier

The output IS is used for active shielding of aspiration condenser as shown in Fig. 4. The
active shielding increases the insulating resistance of bushing Ry and leakage resistance
Rk between the inner and outer electrode.

For the shielding of magnetic field generated near the fan is used the ferrite potty in a base
of inner electrode and the permalloy belt closely under the aspiration condenser case.
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Fig. 4: Sketch of the gerdien tube construction details



For suppressing the switched magnetic field from the fan we enclose it in the steel ring.
The electric field is shielded by a copper case of whole tube.

The above mentioned problem with multiply passing of some ions thru the condenser was
investigated using numerical modeling [4]. We have used finite element method to model
this situation in ANSYS software. In post-processing tool the trajectory of negative ion
was identified and the interesting result was obtained. Some ions can fly through the aspi-
ration condenser in several times, as is shown in Fig. 5.
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Fig. 5: Trajectory of light negative ions — numeric simulation results

To avoid the multiple transitions of the ions there was added a ion-trap to output of the
tube, which guarantees that all of the ions passed through the aspiration condenser will be
captured ancd won’t affect the measurement no more.

2.4. MEASURED RESULTS WITH THE GRIDS

The influence of the ion-trap was experimentally verified by a measurement of light air
ions generated by an ionizer. The measurement was provided in a shielded room for sup-
pressing unwanted disturbances. The leakage current of gerdien tube was compensated.
Firstly, the measurement of a air ions of natural concentration in the room has been done
for the both configurations — with the trap and without it. Next, the air ion concentration
was measured when the ionizer was switched on. The results of measurement are shown in
Fig. 6, without the trap on the top and with the trap on the bottom. The different between
jont consentration without the ion-trap and with the ion-trap is average 1250 ions-cm™ . In
the measurement without ion-trap is maximum peak to peak fluctuation 3200 ions-cm™ .
With ion-trap after the stabilization is maximum peak to peak fluctuation 500 ions - cm™

. CONCLUSION

The paper describes an improved construction of gerdien tube with higher insulating resis-
tance thanks to active shielding. There was confirmed the phenomenon of the ions with
multiple transition through the gerdien tube. Using the ion-trap this phenomenon was sig-
nificantly suppressed, which was experimentally verified.
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Fig. 6: The results of the air ion concentration without and with the ion-trap
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