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ABSTRACT

Experimental study of characteristics of a non-
ferrite electrode-less UV lamp with a length of
500 mm and width of 130 mm in the form of
a closed quartz discharge tube with an inner di-
ameter of 25 mm was conducted. The induc-
tion discharge was excited at a frequency of 1.7
MHz within the discharge lamp power P, rang-
ing between 52 and 112 W in a mixture of mercury
(~102 mm Hg) and argon (1.0 mm Hg) vapours by
means of a 3-coil inductance located along the in-
ner perimeter of the closed tube. With P, increas-
ing: a) loss power in the inductance wire first de-
creased from 37 down to 22 W (P,; = 84 W) and
then increased up to 44 W; 2) the UV radiant flux of
the lamp in a mercury light-band of 54 nm increased
from 28 to 72 W; 3) radiant efficiency of the lamp
at the light-band of 254 nm first increased from 31
to 48.5 % (P,; = 84 W) and then slightly decreased
down to 46 %; 4) radiant efficiency of the discharge
plasma at the wavelength of 254 nm increased from
53 % to 65 %.
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1. INTRODUCTION

The low-pressure electrode-less mercury lamps
are promising sources of UV radiation [1-4]. Due

to lack of internal electrodes, they can operate at
relatively low pressures of inert gas (0.05-0.5) mm
Hg providing maximum radiant efficiency of the
discharge plasma (77,)) in mercury resonant lines of
185 and 254 nm [3, 4]. This provides a possibility
to develop efficient resonance UV radiation sources
within a wide range of power for water, air treat-
ment, etc.

Of the special interest there is non-ferrite elec-
trode-less lamps, in which high-frequency mer-
cury plasma is excited in closed tubes by means of
inductance located along the internal or external
perimeter of the tube [5]. Such design allows going
without ring-type ferromagnetic magnets decreas-
ing reliability of the lamp’s operation and increas-
ing its cost. There are studies of the characteristics
of non-ferrite electrode-less fluorescent lamps with
closed glass discharge tubes with a relatively large
diameter of (35-70) mm [5—7]. But the authors did
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Fig.1. Scheme of the electrode-less non-ferrite lamp with
closed discharge tube: / — discharge tube; 2 — inductance;
3 — amalgam; HF — high-frequency voltage
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Fig. 2. Experimental dependencies of loss power in the
inductance wire P and lamp radiant flux at the 254 nm
wavelength @, on lamp power Py,

not manage to find publications on non-ferrite low-
pressure electrode-less mercury lamps with closed
quartz tubes used as UV radiation sources.

Below are the results of our experimental study
of characteristics of a non-ferrite electrode-less mer-
cury UV lamp with a closed quartz discharge lamp
(bulb) with inner diameter of 25 mm, in which the
plasma is excited by means of inductance located
along the internal perimeter of the lamp.

2. EXPERIMENTAL INSTALLATION
AND MEASUREMENT METHODS

The induction discharge was excited at fre-
quency fequal to 1.7 MHz in a closed quartz tube
with a wall thickness of 1.5 m and an inner diameter
of 25 mm. The lamp had a form of a stretched ring
with length L of 500 mm and width H; of 130 mm
and distance between the long parallel sections of
the discharge tube H, of 75 mm and the length of
closed centre-line A, of 1060 mm (Fig. 1). HF in-
ductor consisted of a 3-coil inductance made of cop-
per wire with a diameter of 2.5 mm and specific re-
sistance per length unit of 8x10* Ohm/cm located
along the internal perimeter of the lamp. The mer-
cury vapours pressure in the discharge tube was
maintained optimal (with maximum radiant flux of
the lamp @, at the wavelength 254 nm) by means
of temperature of mercury-indium amalgam located
on the tube wall. 4r buffer gas pressure was equal
to 1.0 mm Hg.

@, was measured by means of an /L7700 ra-
diometer and SED240/W photometric head with co-
sine angular response [2]. The measurements were
performed with package power Py equal to (102—
165) W and comprising: @) loss power of HF gener-

ator Py; b) lamp power Py, comprising loss power
of inductance wire P_,; and power of discharge
plasma P,. The lamp was positioned in a black
grounded box with a black screen in a plane normal
to the lamp plane. There was a gap with a width A of
30 mm in the box for the lamp plane. The distance
between the radiation detector (RD) and the gap d =
150 cm and the distance between the gap and the
lamp ¢ = 10 cm, which allowed to consider the lamp
section “cut out” by the gap as a point source of ra-
diation [3]. @, was calculated in accordance with
[2, 3]:

D,=n h-d-i-L/(A-S), (1)

where & = € + d is the distance between the lamp
and RD, i is photocurrent of RD, § is total sensi-
tivity of RD.

The value of the power generator efficiency 7,
determined as 7, = 1 — (P4/P)) was equal to 0.9 at
frequency f of 1.7 MHz, and the value of P, was
found using a substitution method without the dis-
charge inside the lamp [5, 8].

3. MEASUREMENT RESULTS
AND DISCUSSION

As it can be seen from the experimental de-
pendencies of Py and @, on Py, (Fig. 2), with
increase Of Ppymy: @) Peyy decreases from 39 W
(Pamp = 92 W) down to its minimum value of 22 W
(Plamp, min = 105 W), then increases up to 44 W
(Plamp = 156 W); b) @, “rapidly” increases from
28 W (Plamp =92 W, Py =53 W) up t0 45 W (P,
min = 105 W, Py nin = 84 W), and then “slowly” up
t0 72 W (Piamp = 156 W). Both dependencies are
well correlated with each other.

As it can be seen from 3 other experimental de-
pendencies (Fig. 3), with increase of Py: a) radiant
efficiency of the lamp at wavelength 254 nm #j,p,,,
(Mamp = P/ Pramp) increases from 32 % (P = 53 W)
up to 46 % (P, = 84 W), and then insignificantly de-
creases down to 44 % (P = 112 W); b) 17, (1751 = @/
Py practically linearly increases from 52 to 66 %;
¢) Efficiency of the inductance 7.y (Heoit = 1 — Peoit/
Pramp) increases from 59 % (Py; =53 W) up to 81 %
(Pp =84 W) and then decreases down to 71 % (Py =
112 W). Also, we note that 7j,mp = coil ™ #pl-

Increasing of P with increasing of P, and cor-
responding decreasing of #¢oj; and #y,y,, are related
to skin effect in the HF induction discharge (with
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rather high density) at frequencies of hundreds of
kHz and higher [9]. The skin effect is characterised
by “pushing-put” of the HF electric field from the
dense plasma area (near the centre-line of the tube)
and its “pressing” to the walls of the discharge tube
where the inductance wire is located and HF elec-
tric field density is maximum [10]. As a result, av-
erage density of HF electric field over the cross-
section area E_pl of the discharge tube increases, HF
voltage on the plasma coil Uy, rises (U, = EpX4Ap)
and, therefore, in accordance with the transformer
model of induction discharge, HF voltage and cur-
rent of the inductance /. increase, therefore, P
(Pooit = (Ieoi)**R,,) where R, is resistance of the
inductance.

But the skin effect does not significantly affect
the UV radiation generation which is witnessed by
approximate linearity of the dependence #,(Pp)
within the whole studied range of P, (52-112) W.

It is worth noting that, screening of UV radi-
ation by the coils of the inductance covering (3—
5)% of the surface area of the discharge tube was
not taken into account during calculation of #,p.
As a result, part of UV radiation is absorbed by the
inductance therefore the actual UV radiant flux of
the lamp is less than the measured flux @, in accor-
dance with the formula (1). Subsequently, the clar-
ified Mamp = HcoilxTwxHpl, where /M 1- (dw/ndtr) is
the factor of screening of the discharge lamp by the
inductance, d,, is the inductance wire diameter, d,, is
the external diameter of the discharge tube.

4. CONCLUSION

— High values of 7, (60-65)% of the electrode-
less non-ferrite lamp with a closed discharge tube
with diameter of 25 mm operating at a frequency
of 1.7 MHz and specific power of plasma (SPP) of
(0.8-1.0) W/cm were acquired. These values exceed
those of electrode-less non-ferrite linear UV lamps
operating at a frequency of (1-4) MHz with SPP of
about 1 W/cm [4] and transformer-type UV lamps
operating at SPP of 1 W/cm with frequency of 265
kHz [2, 3].

— Py is relatively high, (20-50) W and #,,; is
relatively low, (70-80)%. But thanks to high values
of 17, the values of 77;,,, are equal to (45-46)% with
SPP of (0.8-1.0) W/cm, which is higher than those
of non-ferrite linear electrode-less UV lamps [4, 11]
and electrode tube UV lamps operating at frequen-
cies of (20-80) kGz (low) [12].
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Fig. 3. Dependencies of the inductance efficiency #,,; and
radiant efficiency of the lamp (#},p) and discharge plasma
(1) at the 254 nm wavelength on plasma power P

— 11p may be increased by lowering the pressure
of inert gas (4r) down to (0.2—0.3) mm Hg. At such
pressure, maximum efficiency of UV radiation gen-
eration by mercury plasma in a transformer-type
lamp with a closed discharge tube and inner diame-
ter of 16.6 mm was witnessed [3].

— Nlamp May be increased by increasing 7., by
decreasing P.;. For this purpose the following ac-
tions may be taken: a) use a wire with low specific
resistance per length unit for manufacturing of the
inductance, < 3x10~% Ohm/cm (litzendraht) [5, 6];
b) lower I ,; by increasing the number of coils up
to 56 [13]; ¢) increase of up to (6-9) MHz [13].
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