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Oxygen—iodine ejector laser with a centrifugal
bubbling singlet-oxygen generator

M.V. Zagidullin, V.D. Nikolaev, M.I. Svistun, N.A. Khvatov

Abstract. 1t is shown that if a supersonic oxygen—iodine
ejector laser is fed by singlet oxygen from a centrifugal
bubbling generator operating at a centrifugal acceleration of
~ 400g, the laser output power achieves a value 1264 W at a
chemical efficiency of 24.6% for an alkaline hydrogen
peroxide flow rate of 208 em® s and a specific chlorine load
of 1.34 mmol s~ per square centimetre of the bubble layer.
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Singlet oxygen O, ('4) is the source of energy in a gas-flow
oxygen—iodine laser (OIL). The primary gas flow with
O, ( 1A) is formed in a singlet-oxygen generator (SOG)
based on the reaction of chlorine with an alkaline solution
of hydrogen peroxide. Introduction of iodine molecules into
the primary gas flow results in their dissociation into atoms
in a chain of reactions whose mechanism has not been
understood fully so far. Amplification in the active medium
of the OIL occurs at the fine structure transition of the
iodine atom because of the energy transfer in the reaction

I(°P3)2) + O2('A) < I(°Py5) + 0,(°%) + 402 K. M

The first SOG for the OIL was based on a mass-
exchange bubbling devices [1] in which chlorine bubbles
are passed through a layer of an alkaline solution of
hydrogen peroxide. The O, ('4) molecules are formed in
a thin surface layer of the solution as a result of the reaction
Cl, + 2HO5 — 2C1~ + H,0, + O,('A) and enter the bub-
bles. As the bubble rises, chlorine is consumed and the
bubble is filled with oxygen. Under the conditions of
terrestrial gravity, the optimal specific load m, in bubbling
SOGs is 0.1 mmol s™! per square centimetre of the bubbling
layer under an oxygen pressure of several Torr over the
solution layer [2]. Any further increase in m, and pressure
leads to a deterioration of the chlorine utilisation, a lowering
of the fraction of O,('4), and a rapid removal of the
solution aerosol [2]. Bubbling SOGs have not been used
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widely for pumping supersonic OIL due to a low oxygen
pressure under which they operate.

Counterflow or transverse jet-droplet generators of
singlet oxygen have been used much more extensively for
this purpose [3, 4]. However, it is well known that the
efficiency of bubbling mass-exchange devices increases
considerably if the bubbling layer is located in the field
of strong centrifugal accelerations (G ~ 10° —10%* m s72) [5].
In this case, one can expect a sharp decrease in the diameter
of the bubbles, a considerable increase in the floating-up
speed, an intensification of the mass-transfer process, and a
decrease in the rate of carry-over of the solution aerosol [6].
These circumstances are especially favourable for develop-
ing high-efficiency and high-productivity SOGs. In this
paper, we shall demonstrate the potentialities of using
centrifugal bubbling SOGs (CBSOGS) for supplying energy
to an OIL with an ejector-type nozzle bank.

Figure 1 shows the scheme of an OIL with an ejector-
type nozzle bank and a CBSOG. The CBSOG consists of
rotor (/) in the form of a perforated cylinder of inner
diameter 93 mm inserted into casing (2). An electric motor
is used to run the rotor. The alkaline solution of hydrogen
peroxide is supplied to the inner surface of the rotor through
channel (3). The solution is drained through a system of
holes (4) and pumped into the receiver tank. The chlorine—

Exhaust

AYaYayal

THC+12

fu 3
Drainage

Figure 1. Scheme of an ejector OIL with a centrifugal bubbling singlet-
oxygen generator: (/) rotor; (2) casing; (3) solution inlet channel; (4)
solution drainage hole; (5) gas inlet channel; (6) gas supply nozzles; (7)
nozzle bank; (8) optical cavity.
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helium mixture is supplied to channel (5) and bubbled
through nozzles (6) in the lateral wall of the rotor through a
layer of the solution. The surface area occupied by the gas
nozzles is 42 cm?”. The singlet oxygen flow formed as a result
of bubbling in the helium mixture is passed to ejector nozzle
bank (7) through a rectangular gas-flow channel having a
volume of 100 cm®. The construction of the nozzle bank
used in our experiments is described in detail in [7].
Figure 2 shows a segment of the nozzle bank. The high-
pressure nitrogen flow was formed by 52 conical nozzles (13
rows with four nozzles in each row). The nozzle axes were at
a distance of 4 mm from one another. The initial and outlet
diameters of the conic nozzle were 0.55 and 2.6 mm,
respectively. The expanding part of the nozzle had a length
of 3.3 mm. The flow of helium with molecular iodine was
mixed with the gas flow through holes drilled in 12
rectangular tubes arranged between the conic nozzles.
The edge of the conic nozzles was 5 mm downstream of
the iodine injector flow. The gas flow from the CBSOG
emerged through the gaps between nozzles for iodine-
containing gas and the driver gas. The supersonic flow
formed by the nozzle bank was let into the mixing chamber
with the active zone of the cavity as an extension (height
20 mm, length 52 mm along the optical axis). The 113-cm-
long optical cavity was formed by mirrors with radii of
curvature equal to 2 m and transmission coefficients
T, =~ T, ~1.5% . The optical axis of the cavity was at a
distance of 48 mm from the edge of the conic nozzles.

Figure 2. Nozzle block segment (a) top view and (b) view from the
mixing chamber side: (/) conic nozzle for driver gas; (2) nozzle for
helium with molecular iodine; (3) connecting pipes; (4) collector.

The laser radiation power emerging from both mirrors
was detected with the power meters Ophir-300 (with an
attenuator) and Ophir-1500. The gas from the mixing
chamber was supplied to a gas-flow pipe of diameter
90 mm and pumped into a tank of volume 15 m® evacuated
preliminarily to a pressure below 1 Torr. The chlorine flow
rate was calculated using the values of its initial and final
pressures in a closed 80-litre tank with chlorine gas (from
where it was supplied to the CBSOQG) and the time interval
between the beginning and end of the laser operation.

The working parameters of a chemical OIL for which
lasing took place are given below. The efficiency of chlorine
utilisation in the CBSOG was about 95 %. No traces of the
aerosol removed by the gas from the CBSOG were
observed.

Rotational frequency of the rotor /s~ .. ................... 46
Flow rate of the alkaline solution

of hydrogen peroxide/cm3 s 208
Concentration / mol L'

KOH ... o 6.5

HyOy oo 7.5
Initial temperature of solution / C -20
Flow rate of chlorine through CBSOG/mmol s 56.5
Flow rate of helium through CBSOG/mmol s 90
Flow rate of the driver nitrogen/mmol s 250
Flow rate of helium through iodine nozzles/mmol st 60
Flow rate of molecular iodine/mmol s 1
Height of the solution layer over the rotor surface/mm ....... ~8
Pressure at the bubbler nozzles / Torr. ... 538
Pressure at the nozzle bank / TOIT . oot 26
Static pressure at the cavity wal]s/Torr ................... 8.9.

For a rotational speed of 46 s~! of the rotor, the solution
layer was subjected to a centrifugal acceleration of
3.88 x 10° m s> ~ 396g and created a pressure of
~ 300 Torr on the bubbler surface. The output power
remained practically constant for a 7s-operation of the
laser (a slight decrease in its value was due to a decrease
in the chlorine pressure in the tank) and was equal to 623
and 641 W at the outlets of the mirrors. The total power
(1264 W) corresponded to a chemical efficiency of 24.6 %
for the laser. The ratio of the chlorine flow rate and output
power to the flow rate of the solution was 0.27 mole L™
and 6.1 kW L' s7! respectively. The specific flow rate of
chlorine through CBSOG per square cm of the working
surface of the bubbler was 1.34 mmol s~ . Thus, CBSOG is
an efficient source of high-pressure singlet oxygen with a
high rate of chlorine utilisation and a low concentration of
the solution aerosol, and can be used for pumping super-
sonic OILs.

Acknowledgements. This work was partially supported by
the European office of the Aerospace Research and
Development (Project No. 017041) and administratively
supported by the International Scientific and Technical
Centre (Grant No. 2230P).

References

1. McDermott W.E.. Pchelkin N.R., Benard D..[., Bousek R.R.
Appl. Phys. Let:, 3 496 (1978).

2. Azyazov V.N.. Vagin N.P., Kuprianov N.L . Ywyshev N.N.

J. Sov. Laser Research, 14, 1.4 (1993).

3. Zagidullin M.V, Nikolaev V.10, Svistun M.J., Khvatov N.A.,
Ufimtsov N.I. Kvantovaya Electron., 24, 201 (1997) [ Quantum
Electron., 21, 195 (1997)].

4. McDermott W.E., Stephens J.C., Vetrovec J., Dickerson R.A.
AIAA Paper 97-2385 (1997).

5. Safonov A.lL., Krylov V.S. Zh. Prikl. Khim., 50, 2288 (1977).

6. Safonov A.L., Krylov V.S. Teor. Osnov. Khim. Tekhn., 6, 51
(1972).

7. Nikolaev V.D., Hager G.D., Svistun M.I., Zagidullin M.V. Proc.
SPIE Int. Soc. Opt. Eng., 5777, 160 (2005).



http://dx.doi.org/10.1070/QE1997v027n03ABEH000916
omis
</9,0�**,� $�8�) -,+&*/	˜ 8���) �˜,�'�� $�ˇ�) ��˜/'&˜ -���)

omis
=>,�'�&˜ -�ˇ� �����	���� ��� ��	�&) ˚ˇ) ��ˆ 3ˆ22˙5 ? ˛˚���˚˜

omis
��� ��	�&) ˚6) ˆ2� 3ˆ22˙5@�

http://dx.doi.org/10.1063/1.90088
omis
$%�	
�&'' (�˚�) �%�	*+,� -�.�) !	�/
0 ��1�) !&��	+ .�.�

omis
˝%%�& '(��& )���&) '˚) 
2� 3ˆ2˙45�

http://dx.doi.org/10.1007/BF01131001
omis
�67/6&˜ 8�-�) 8/9,� -���) ��:
,/�&˜ -���) ;�
7��	˜ -�-�

omis
*& ˇ	�& )���� ˙����� () ˛ˇ) ˆˆ
 3ˆ22 5�



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice


