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Doubl e- Si ded Hi gh- Frequency corona Brush Discharge
Vujo Miljevic

Atomic Physics Laboratory, Institute of Nuclear Sciences "Vinca®,
P. 0. Box 522, 11001 Benqrad, Yugoslavia

Corona Brueh Di scharge (CBD) represents a new type of a high-
frequency corona discharge. One Of the principal characteristics
of this dimcharge is that corona occupies a whole volume between a
special brush-shaped electrodes in a dlscharge chambe (1,2,3).

The results of the study of the double-sided high-frequency
corona brush discharge (DSCBD) when a new type Of Tesla coil is
used 28 a power Supply - the three-phase Tesla coil (3PTC) (4},
whi ch gives uniform output voltage in each operating pulse - are
presented in this paper.

The experinmental device ahown in Fig. 1 hae five brush-shaped
electrodes (BE -BE) placed sequentially in a glass tube {(GT),
that is a DSCBD tube. The DSCBD tube is connected to a ventila-
tion system of a capacity up to 150 m’/h., Inner dianeter of GT
and brush electrodes is 11 cm and length of Gr ia also 11 cm.
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Pins of the brush-ehaped el ectrodes are fastened to the el ectrode
mesh (1 line/cm with elenent wire of 2 mm in dianeter). The guard
rings (GR} on the electrodes, with theirs cross-sectional radius
greater than a critical“one, are used far el ectrostatic shielding
to prevent edge breakdown. The electrodes of Such construction
does not make a considerable obetacle to a flow of operating gas
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through them  The electrodes BE,, BB, and BB, are connected to
one thot) end of 3IPTC, while the el ectrodes BE, and BB  are can-
nected to another, grounded end of 2JAPTC.

., When 3PTC is energized, corona discharge is established and
it completely occuples the space between the all electrodes and
emita uniform light: from the whole volume of doubl e-sided corona
brush discharge (DSCBD). It is to be noted that DSCBD is very
stable in the whole vol ume between electrodes. Characteristics of
this discharge are similar to those of eorona brush discharge
degcribed earlier [1,2). In Pig, 2 is shown a part of the DSCBD
spectrum for second positive system Of N, (337.1 om (1) and
357.7 om (2)) for air at atmospheric pressure and voltage of JIPTC
U»250 KV at frequency f=200 kHz. W th air-watar vapor mixture as
operating gas, one gets in discharge nitrogen oxides which with
water vVapor forms nitric acid.

Pulse corona can be used for abatement of SO, and NO_ from
flue gases [5). 1In DSCBD active corona occupies practically the
whole volume of diecharge tube, so that one may expect a great
efficlency of thim type of discharge in application far flue gas
cl eaning from so, and No_.

.

Studies with use of larger number of electrodes than five
using 3PTC as a power supply with various voltages and frequencies
are in progress.
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flow. and the cnergy sink s
dissipaton, In benween s a com-
phicated nonlinear energy rransfer rerm, bur
this tersy avernges 1o zem over the volume
occupied by the Nuid. On avernpe, the totai
energy of the perturbanon flow 15 constant,
I unplies that energy inpur and
paton balance in the long run.

This remarkablv simple observaion is the
to the whole argument. ‘The mathema-
nical steps in the argpument ane simply the
apphcaton of two well known inequalities
wated with the names of Cauchy and
Parpcare

Cauchy savs thar 1f a funcuon is squared
ard then ntegrated over 3 region of unit
volurseY, the rosulc is bigger than if itis tirst
integrated and the intewral squared. Poin-
savs that if a function vamshes at the
znds af an interval of length 7. then the
intezral 0i :1s square i bounded bv =° i°
umes e integral of its denvanve squared.
These :nequslites allow us o take the
integral defining dissipation and con-
struct 3n upper bound in the form of a
complerely erent-looking integral!

The aralytical steps a n be performed
with anv compansen {low, Rut it rurns our
that choosinzg a comparison {low ni the
form in fHgure 26 vieids a lower upper
bound than a comparison flow of the form

rhe

senung the companson flow, one
cepresenung the perturbation flow, and
ane representing their interaction. The
frst can be calculated cxacdy and the
second s easy fo treat. The interaction
term s, as usual, the nasty gne. But the
intemcnon term 18 non-zero unly where the
campanton {low has NoN-ztm shear. So for
3 sompansen fdow ke 254, the interacuon
terr oniv comes from the thin lavers near
the Hed walls, The last step in esumanng
ihe intemcnon term s (o obsere that since
the perrurbarion flow is exactly zero at rhe
nad walls, it must be small in these same
lavers.

["he analvsis just deseribed must be done
carefulty, since the magnitude at the shear
i the "“boundary™ layers increases

thickness decreases. However, tt rums our

as their

that if the shear laver thickness s chosen
properly, then the sum 0 the second and

third terms n the dissipanon s guamniced
to be neganve, Hence the {icst term = which
15 knwen precisely = gives the upper bound.
Doenng and Constanun remark that it s
possible thar wther comparison

periectly

but they haven't explored anv more, The

feld 3 apen to anvone who wants to
comrete! And of course, the techmgue s

plicable o tlows in many other s2eom-
cirnes.

one soatnbution o Doenng snd Gin-
stannin s three-fold: 's). Their analvis puts
:hc  dimenmional argument on 3 firn
foonng, at iexst n the case of the present

considerably smaller than mught be ex-
pected simply from the dimensinnal ecn-
mate Remember that this resuit s an upper
bound, and the wue dissipation s pronably

LS.
v that the encrgy source for the | problem, (b) Since 19 2 approxinuely | oeven smaller. {2 The wehngues used o
turbavon low s the shear an the  equals 0.09, the actual dissipaton s 0 eally elementary i terms of the level o1

mathemancs, although of coursg verv
innovative. [his npe of analvsis mav well
become a valuable the hands

many screntists and cnoineers.,
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Plasmas join the fight
against acld rain

From Geasme Lizter a! Central
Labaratones (Thorn EMI). ~ayas, UK

Research

THE hknowledge that scientists in Russia
and the US were cach developine awstems
far delivering ¢lectron heams with MeV
energies using megawatts of power would,
untl recently, have implied an escalation in
the fight for "“Star Wars'" domination.
However, researchers from these two
nations, together with adhiers from Japan.
Germanv and Poland, are planning o use
this technelegy iN the wur against aumo-
sphenic poliution and acid min. Particularly
targeted are the f{lue gases, including
nitrogen oxides ™NO.) and sulphur Jiox-
ide (SO}, which are emitied from count-
less coal burning statens throughaut che
worid.

The use of “e-beams’ for controi of
aumospheric pollution was one of a number
of developing rechnologies discussed ar a
NATO workshop on “Non-Thermal [
ma Techniques for Poilunnn Control™ hwld
at Cambridge in September. ‘‘Non-ther-
mal™ plasmas, as the name implies, are
plasmas in which the electron tempertures
are considembly higher than those of the
components (e.g. atoms, molecules, etc) of
the ambient gas. Because electrons are the
particles best capable of causing dissoci:

18=

tion, this preferential heaung of the
rons maximises ind
ionjsauon of the background gas o form
rmdicals that. in turn, decompose oxg
compoungs -which may be presentr. Nrn-
thermal plasma techmques are particulariy
efficient when (ox1c macenals are present in
very small coacentnttons, as s the case tor
Jue gas emussions. [n the orocess. e
temperature of the gas or hquid bemg
treated need not be sicoihicantly per-
turbed. This contrasts with the use of
thermal plasma arcs for liquid and solid
waste disposal (' Plasmas ¢an clean up vour
backard” by Mervvn Copsey Diisies Wond
May 1991 p23). Thermal plasmas oopicaily
operate Al gas lempematures ol Ioow
thausand deprces kcivin the heat
genemted by the process provides
etficiant means of Jdecomposing
concentmnens of hazardous wasie,
E-beams can be used o fire high-cners
electrons into a large volume o flue 25,
producing a cascade of secondary eleginms,
A very large volume plasma is (o i
which can bc used o innate the conversion
of $0. and NO, contamunants 0 their

the dissociation

and
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Ac:d attack — Ebara Environmental s Power and
Light Demaonsiralion U, indianacaolis wmch

useg eleciron beam lechnology 10 ciean up Hlue

respective acids, and these mav then e
callected by electrostatie precipitators or
bag filters. Alernatively, ifammonia , N11
15 introduced into the gas, these acids can
bc converted o ammonium sulphate and
ammonium sulphate-nitrate, which m
recovered 1In powdered form
aericuliuml feruliser. The lirst investien-
nons into irmdiaton of lue gases
Ebara Corpomation in Japan m 970
since then the technology has been prin
on exhaust gases from simall o= and coal-
burning pewser plants and a coal fire o
plant. A plant (e treat ventlanon gases rom
road tunnels wall also become
n Japan during 1992,

[-beam technology has the disadvan-
rages of high ¢aptal cost and the need o
shicld potennaily hazardous X-ra
are produced o the process. Une oo

' he
and

cre hy

amd

n

ulity

peniion

alternauve technology s the corona  dis-
charge, a comparatvely receng ¢ t
the lield of non-thermal waste rreatmen




: principle behind the corona discharge
1z the creation of plasma filaments - small
ursts of plasma - generated when a hich
ge is applied betwesn a wire I'I:Jmcnl
nnd a mcml plate. High clecn
ed in the neads of these
pmduccs numbers of
L[cct'uns, as in e-beam reactors.

Results so far have bcen encouraging,
iithough the gas welumes treated to
¢ been considernbly smaller than
ng #-beams. Corona discharges have 1he
itenitial advantage that fitung costs mav be
reduced, since thev use the some
wire-plate elecrode configuration as 1o the
LIL‘L'HC precipitators used in conventional
vet scrubbers™ lor tlue conunl. If
of thcsc methods :s to replace
ronal technology, they will need to
¢ss than 3% of the rot31 elecirical
ver 0!’ :hc EnETRIOT.

( the major  pi 1s for bot
zcchnolomcs 15 “"scale-up™ for applicauon
to modemn large power plante. A ovpical
coal burning power plant expels gases ar a

of mere than 1000 m*hr™' per meza-

.1 0i plant power at 3 gas temperanure of
130 C Results reported by Norman Frank
ol Ebara Environmental, Greensburg,
US, indicate that
clecron peam oeatment plant built to date
has a ¢z v 1o handle flows of
30000 m- hr ', while Luigi Civitano of
the ENEL Thermal and Nuclear Research
Cenme, Milan, laly, has had results from a
comnn discharge reactor wtreaung
100 m ar™'. The magnitude of the pro-
Lrums remaining 1o be solved 1s nlustntcd
he the 4 GWe ggawatts 0i electrical
power) Dimax power stanon |n Yorkshire,
‘.,F\ which expels 7700000 m'hr™' of gas
into the atmosphere. The UK power
gencmanon compames arc keeping a watch-
:ng brief on the new technology. [n the
meantime, NOXi OUS emissions are being
d by fiming conventional “‘wet
sers'' on the Nauonal Power's D M

plant and the 2 GYWe
o {z:v’-.:h In this process, !imcstt)nc

volia
VOIS

free

date

those

Zas

Pittsburgh, the largest

gas

fest o

PowerGen

mpsum, 3 harrn less by-product sold to
Briish Gypsum for production of wall-
heard, Plans are also well advanged for the
introduction of natural -ared combined
cycle turbine plante ‘rom 1993, NO,
2usslons are o @ reduced by 3 rewolic
power pl:mts to
mr*odacc low WO, burners by 1997

. ¥ N lar
mamme or all .4.;'_'

af e most <ncol
the L..lmbrmgc workshop was the participa-
non of scienusts from former Fastern Bloc
countnes, whose research etforts in pollu-
uon <ontmi m many areas are matching
those of the rest of the world. Press reparrs
have recently hichliechted the :mmense

nwironmental problems faced by these
cauntres, but limle has appeared on the
it ‘nt 1n solving these problems.
E-nc:m technology has been developed for
Tue in Poland, Russia and
ne, and for water purification (1
1 Russia and Lacvia. An

couraging aspects of

315 reammen

om

ICtwve

rescarch programme using corena dis-
charges for the removal of noxious gases
15 being conducted in Czechaslovakia,
Son-hemla! plasma techanlogy is ob-
Wiausly at a formative stage and e work-
shop represented one of the first steps o
bring the research commumiy togetiwer.
e pressure and public awareness
of environmentai problems are likely to
provide the drive for new iechnologies far

Legislaus

Gaps filled in
porous silicon
theory

From Aomar Hailrnaoul it Fr

NET, 38243 Mevylan, France

|
i

SINCE it ed by A Uhlir at Bel!
Laboratories in 1956, the "somus
silicon has recerved ous but mod-
erate study, mainiv for dieleciric applica-
nons such as the electric isolation of silicon
integrated dcmces Then :n 1990 Leich
Canham of the Defence Research Agency
DRA) at .‘-1:11\-:::11, UK, demonstrated that
pomus silicon can emit visible light at mom
temoerature. This genemred a grear deal of
mnterest becauss of the poienual applica
rons :n opucal nterconnesy and display
technoiogy, and 1 large number of labora-
tanes all over the worid staried research in
porous sificon, More than 260 papers have
bcen publlshed in the two vears since this
first report. However, the mechanisms
:.’]‘-'l"l-l.\- in luminescence {rom porous
sificon are sull unclear, and there 15 3
vgorous debate concermng s ongin.
Porous silicon is produced by
bulk silicon v 3 hvdmlluone-acid-based
solution, which leads to the farmation of
network O tinv intc"conm:ctcd pDores,
These pores completely change the proper-
tes of the silicon. Dependlng an the
siwwetrochemigal condiuons, the width of
these pores, and the remaining silicon
particles, vanes between 2 and 100 nm.
The fraction of void (the pomf;inr) anees
between 20% and 90%, and surface areas
as high as 600 m~em | have bccn reported,
Although mog now apree that

Wis dIsCoverD

Onuru

dissolving

workers

quantum size effects in the “nanocrystal-
lites™ which constitute the porous silicon
skeleton play a role in its opucal

pmpcmcs. scw:ml ni!cmmw explanatons
haw alsa bcen proposed. A gmoup at the
Max Planck Insttute i Scutrzarr, Ger-
many, for example, has surgested that the
luminescence anses ‘rom asilicon-oxygen

ydmeen-based compound.

However, :hc observation of wvisible
£mission fom  porous silicon 1n <onlact
with hydrofluarie acid (a2 swstem that
contains only a neslizible amount of Si-0
according o intrared measurements hw
Jean-Noet Chazalviel mt the Ecole [Molvy-
rechnigue 1 Palaiseau, France) would

" form of

pnllunon control in the rs A
wide wariety of : -th | rch-
niques are curremly bemne im ed 10
uch pmblcms p""ol diesel
, poiluted furmes
fmom paint booths. Bwen the smeils from
vour lecal kebab house may one Jdav be
removed by a plasma reactor, if the
technolomy can bC ieveloped 10 b cnm-
pact and ine
seem o contpadict this heary. Other

alternative explanations, such as the Jumi-
nescence of S, 1;
sdicon, require further investg
Most 0i the r\pmmz.nu
dence for the guanwun
mvcsuutc the phom umnescenee pmcds
(phowiuminescence isthe emission of light
from 4 matenal under photoms e:{t'uarmn),
Bur & is clear that other expeaments., such
as measursments of opacal absorption ~r
the diclectie function of siicon
lavers, should ove msn‘:'}l: nto the mechan-
isms involved. A: C or example, we
have recently :d rthe opucal
absorption of (e g porous silicon
films (detached Som the silicon substrate).
The absorption coelicient we measured
shifted towards the wsiple 72 blee
with respect to butk silicon. In our

phous

POous

Wias

shift’”)

samples the size of : ocrystailites
decrmases as the porosicy ncreases and we
found that the shift the absorption
cocfhicient increased (towards

e bluc} as

the width of the silicon p
This result s consistent wvrh g
the band-gap by quantem continement.

Of the models proposed to explain the
optical properties of porous sificon. the
quanrum-size-cffect model is the only one
for which theoreucal caleulations havs been
made that might answer two hasic ques-
ttons: (1) why is the lumnescence so bnghr?
(it} why is the luminescence :n the visible
cange, and why does it shift ‘rom red
green when the porosity s increased?

A ] Read and co-workcﬁ 4t Cambndge

of

Ur tv in the UK, in collabomnon with
"m DRA group, have calculated the
properues of silicon quantum wires (Mo,

Rev. Lere, {1992) 69 1232 and u=ed the
results to analyse the b cence proper-

umnes

nes of porous silicon. Thev modefled
pomus sificon as an assemblv of sili-:un
wires of recraneular cross secuon with

thickness lrom 12- 27 A

::1d LI"I‘II""]U\'L‘Ll a
lirst-principies pscudo-p hi ¢

131 [eC
The surtace Oi cach silicon wire was
assumed 10 be samured wath hwdrogen
this mpuon s ¢ cnt with

anams 1SsSU

uianons

st that the I'undnmcm.ll h'md ~gap of

1w structure §s | “direet” and
larger 'th"m the t rap 0 hulk silicon
hulk silicon hus an “{ndm.m band-gap

which means that when electrons and holes
recombine very few arc turned into
photons). The band-gap aixo increases as
the thickness of the silicon wirces

For a quanum wire W
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FIGURE 4.5
Hollow-cathode magnetron ion source. (Courtesy of V. Miljevi¢, VIVCA, Belgrade.)

Magnetron ion source with axial extraction.'

4.3.2 Hollow-Cathode Magnetron (Figure 4.5}
o Special design and construction detailsd the source

The hollow-cathode magnetron consists of a diede with two coaxial cylinders
placed in an axial magnetic field. A cylindrical anode isaround thecylindrical mesh
cathodeand leavesa freeoptical axis through theion source. Anode (18-mm O x 60
mm) and cathode (5.5-mm O x 60 mm) are insul ated to the base flange with the
extraction aperture in its center. The discharge plasma is established inside the
hollow cathode. When thedischar ge isestablished and thebase Range connected to
the anode, an ion current is obtained even at low accelerating voltages.

o lon source material and vacuum conditions
Thedischargechamber is a glasstube (30-mm &), the anode cylinder Al @ stainl ess

sted, the cathode mesh stainless steel wire (0.4-mm @), eight lines per centimeter,
and theinsulatorsare made d lava. The base flange is nonmagnetic.

o Application area of the source
Accelerators, ion implantation, SIMS, ion beam analysis, optical spectroscopy
* Deéliverer or user

V. Miljevi¢, Indituteof Nuclear Science VINCA Atomic Physics Lab., POBox 522,
11001 Belgrade, Yugoslavia



The principle behind the corona discharge
is the creation of plasma filaments - small
bursts of plasma - generated when a high
voltage is applied between a wire filament
and a metal plate. High electric fields are
created in the heads of these filaments,
which produces large numbers of free
electrons, as in e-beam reactors.

Results so far have been encoumging,
although the gas volumes treated to date
have been considerably smaller than those
using e-beams. Corona discharges have the
potenual advantage that fitting costs may be
gready reduced, since they use the same
wire-plate elecorode configuration as in the
clectric precipitators used in conventional
‘“wet scrubbers” for flue gas conwol. If
either of these methods is to replace
conventional technology, they will need to
use less than 3% or the total electrical
power of the generator.

One of the major problems for both
technologies is “‘scale-up” for application
to modern large power plants. A typical
coal burning power plant expels gases at a

- of more than 1000 m”hr™! per mega-
. ..t of plant power at a gas temperature of
130 °C. Results reported by Norman Frank
of Ebara Environmenrtal, Greensburg,
Pittsburgh, US, indicate that the largest
clecron beam treatment plant built to date
has a cafaciry to handle gas flows of
50000 m”hr™!, while Luigi Civitano of
the ENEL Thermal and Nuclear Research
Centre, Milan, Italy, has had results from a
test rig corona discharge reactor weating
100 m’hr™'. The magnitude of the pro-
blems remaining to be solved is illustrated
by the 4 GWe (gigawarts of electrical
power) Drax power station in Yorkshire,
UK, which expels 7700000 m>hr™" of gas
into the atmosphere. The UK power
generation companles are keeping a watch-
ing brief on the new technology. In the
meantime, noxious emissions are being
minimised by fitung conventional ‘“‘wet
scrubbers”” on the Nadonal Power’s Drax
power plant and the 2 GWe PowerGen

t at Rarcliffe. In this process, limestone
i» wonverted by the interaction with SO, to
gypsum, a harmless by-product sold to
British Gypsum for producuon of wall-
board. Plans are also well advanced for the
introduction of natural gas-fired combined
cycle turbine plants from 1993. NO,
emissions are to be raduced by a retrofit
progamme for all large power plants to
introduce low NO, burners by 1997.

One of the most encouraging aspects of
the Cambridge workshop was the participa-
tion of scienusts from former Eastern Bloc
countries, whose research efforts in pollu-
uon conool in many areas are matching
those of the rest of the world. Press reports
have recenty highlighted the immense
environmental problems faced by these
countries, but little has appeared on the
large investment in solving these problems.
E-beam technology has been developed for
tflue gas treamment in Poland, Russia and
the Ukraine, and for water purification from
factories in Russia and Latvia. An active

research programme using corona dis-
charges for the removal of noxious gases
is being conducted in Czechoslovakia.
Non-thermal plasma technology is ob-
viously at a formative stage and the work-
shop represented one of the first sieps to

‘bring the research community together.

Legislative pressure and public awareness
of environmental problems are likely to
provide the drive for new technologies for

pollution control in the next few years. A
wide variety of non-thermal plasma tech-
niques are currently being investigated to
treat such problems as petrol and diesel
vehicle exhaust, polluted water and fumes
from paint booths. Even the smells from
your local kebab house may one day be
removed by a plasma reactor, if the
technology can be develeped to be com-

pact and inexpensive. O

Gaps filled in
porous silicon
theory

From Aomar Halimaoui at France Telecom/

CNET, 38243 Meylan, France

SINCE it was discovered by A Uhlir at Bell
Laboratories in 1956, the “porous’ form of
silicon has received conunuous but mod-
erate study, mainly for dielectric applica-
tions such as the electric isolation of silicon
integrated devices. Then in 1990 Leigh
Canham of the Defence Research Agency
(DRA) at Malvern, UK, demonstrated that
porous silicon can emit visible light at room
temperature. This generated a great deal of
interest because of the potential applica-
uons in optical interconnect and display
technology, and a large number of labora-
tories all over the world started research in
porous silicon. More than 200 papers have
been published in the two years since this
first report. However, the mechanisms
involved 1n luminescence from porous
silicon are sull unclear, and there is a
vigorous debate concerning its origin.

Porous silicon is produced by dissolving
bulk silicon in a hydrofluoric-acid-based
soluton, which leads to the formation of a
network of tiny interconnected pores.
These pores complerely change the proper-
ties of the silicon. Depending on the
ciectrochemical conditions, the width of
these pores, and.the remaining silicon
particles, varies between 2 and 100 nm.
The fraction of void (the porosity) ranges
between 20% and 90%, and surface areas
as high as 600 m” cm ™ have been reported.

Although most workers now agree that
guantum size effects in the “nanocrystal-
lites” which constitute the porous silicon
skeleton play a key role in its optical
properties, several alternative explanations
have also been proposed. A group at the
Max Planck Institute in Stuttzart, Ger-
many, for example, has suggested that the
luminescence arises from a silicon-oxygen—
hydrogen-based compound.

However, the observation of visible
emission from porous silicon in contact
with hydrofluoric acid (a system that
conrtains only a negligible amount of Si-O
according to infrared measurements by
Jean-Noel Chazalviel at the Ecole Poly-
technique in Palaiseau, France) would

seem to contradict this theory. Other
alternative explanations, such as the lumi-
nescence of SiH, specics or amorphous
silicon, require further investgation.

Most of the experiments seeking evi-
dence for the quantum-size-cifect model
investigate the photoluminescence process
(photoluminescence is the emission of light
from a material under photonic excitation).
Bur it is clear that other experiments, such
as measurements of optical absorptior nr
the dielectric function of porous silicon
layers, should give insight into the mechan-
isms involved. At CNET, {or example, we
have recently investigated the optical
absorption of free-standing porous silicon
films (detached from the silicon substrate).
The absorption coefficient we measured
was shifted towards the wisible (a “‘blue
shift””) with respect to bulk silicon. In our
samples the size of the nanocrystallites
decreases as the porosity increases and we
found that the shift of the absorpuon
coefficient increased (rowards the blue) as
the width of the silicon partcles decreased.
This result is consistent with widening of
the band-gap by quantum confinement.

Of the models proposed 1o explain the
optical properties of porous silicon, the
quantum-size-effect model is the only one
for which theoredcal calculatons have been
made that might answer two basic ques-
tons: (1) why is the luminescence so bright?
(i1) why is the luminescence in the visible
range, and why does it shift from red to
green when the porosity is increased?

A ] Read and co-workers at Cambridge
University in the UK, in collaboraton with
the DRA group, have calculated the
properties of silicon quantum wires (Phys.
Rev. Lerr. (1992) 69 1232) and used the
results to analyse the luminescence proper-
ties of porous silicon. Thev modeiled
porous silicon as an assembly of silicon
wires of rectangular cross scction with
thickness from 12-23 A =2nd emploved a
first-principles pseudo-potential techmque.
The surface of each silicon wire was
assumed to be saturated with hvdrogen
atoms (this assumption is consistent with
experimental data). Their calculanons
suggest that the fundamental band-gap of
a silicon wire structure is both ““direct” and
larger than the band-gap in bulk silicon
(bulk silicon has an “‘indirect” band-gap
which means that when electrons and holes
recombine very few are turned into
photons). The band-gap also increases as
the thickness of the silicon wires decreases.
FFor a quantum wire wider than ~25 A,
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unply that the energy source for the
perturbation low 1s the shear in the
comparison f{low, and the energy sink is
viscous dissipation. In between s a com-
plicated nonlinear energy transfer term, but
this term averages to zero over the volume
occupied by the fluid. On average, the total
energy of the perturbaton flow is constant,
which inplies that energy input and
dissipation balance in the long run.

This remarkably simple observation is the
kev to the whole argument. The mathema-
tical steps in the argument are simply the
applicaton of two well known inequalities
associated with the names of Cauchy and
Poincare.

Cauchy says that if a functon is squared
ard then integrated (over a region of unit
volume), the result is bigger than if it is first
integrated and the integral squared. Poin-
caré savs that if a function vanishes at the
ends of an interval of length 4, then the
integral of its square is bounded by n*/A*
times the integral of its derivative squared.
These inequalities allow us to rake the
integral defining the dissipaton and con-
struct an upper bound in the form of a
completely different-looking integral!

The analytical steps can be performed
with any comparison flow. But it turns out
that choosing a comparison flow of the
form in figure 24 yields a lower upper
bound than a comparison flow of the form
2a. Why should this be so? Roughly, the
argument is as follows. The dissipation of
the tue flow consists of three terms: one
representing the comparison flow, one
representing the perturbatuon flow, and
one representing their interaction. The
first can be calculated exactly and the
second is easy to treat. The interaction
term is, as usual, the nasty one. Bur the
interacuion term 1s non-zero only where the
comparison flow has non-zero shear. So for
a comparson flow like 24, the interactuon
term only comes from the thin layers near
the rigid walls. The last step in estimaung
the inreraction term is to observe that since
the perturbation f{low is exactly zero at rhe
rngid wails, it must be small in these same
layers.

The anatysis just described must be done
carefully, since the magnitude of the shear
in the “‘boundary” layers increases as their
thickness decreases. However, 1t turns out
that if the shear layer thickness i1s chosen
properiy, then the sum of the second and
third terms in the dissipauon is guaranteed
to be negauve. Hence the first term — which
is known precisely — gives the upper bound.
Doering and Constantin remark that it is
perfectly possible that other comparison
flows might give even lower upper bounds,
but they haven’t explored any more. The
ficld s open to anyone who wants to
compete! And of course, the technique is
applicable to tlows in many other geom-
etries.

The contribution ot Doenng and Con-
stantn 1s three-fold: (a) Their analysis puts
the dimensional argument on a firm
footing, at least in the case of the present

problem. (b) Since 1/8/2 approximately
equals 0.09, the actual dissipation 1is
considerably smaller than might be ex-
pected simply from the dimensional esu-
mate. Remember that this result is an upper
bound, and the true dissipation is probably

even smaller. (¢) The techniques used are
really elementary in terms of the level of
mathematics, although of course verv
innovative. This tvpe of analysis may well
become a valuable ool in the
many scienusts and engineers.
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Plasmas join the fight
against acid rain

From Graeme Lister at Central Research

Laboratories (Thorn EMI), Hayes, UK

THE knowledge that scientsts in Russia
and the US were each developing systems
for delivering electron beams with MeV
energles using megawatts of power would,
unul recently, have implied an escalatuon in
the fight for “Star Wars” domination.
However, researchers from these two
natons, together with others from Japan,
Germany and Poland, are planning to use
this technology in the war against atmo-
spheric polluton and acid rain. Partcularly
targeted are the flue gases, including
nitrogen oxides (NO,) and sulphur diox-
ide (SO,), which are emitted from count-
less coal burning statons throughout the
world.

The use of “e-beams” for contol of
atmospheric pollution was one of a number
of developing technologies discussed at a
NATO workshop on “Non-Thermal Plas-
ma Techniques for Pollution Control” held
at Cambridge in September. “Non-ther-
mal” plasmas, as the name implies, are
plasmas in which the electron temperatures
are considerably higher than those of the
components (e.g. atoms, molecules, etc) of
the ambient gas. Because electrons are the
parucles best capable of causing dissocia-
tion, this preferential heatng of the elec-
trons maximises the dissocilation and
ionisaton of the background gas to form
radicals that, in twrn, decompose toxic
compounds -which may be presenr. Non-
thermal plasma techniques are particularly
efficient when toxic materials are present in
very small concentrauons, as is the case tor
flue gas emissions. [n the process, the
temperature of the gas or lquid being
treated need not be significandy per-
turbed. This contrasts with the use of
thermal plasma arcs for liquid and solid
waste disposal (“‘Plasmas can clean up your
backyard” by Mervyn Copsey [Miysies World
May 1991 p23). Thermal plasmas tvpicaily
operate at gas temperatures of 1 few
thousand degrees kelvin and the heat
generated by the process provides an
efficient means of decomposing large
conceartrations of hazardous waste.

E-beams can be used to fire high-energy
electrons into a large volume of {lue aas,
producing a cascade of secondary clectrons.
A very large volume plasma is formed,
which can be used to nidate the conversion
of SO, and NO, contaminants to their

— e
"_:%»Ey S
Acid attack — Ebara Environmentai’'s Power and
Light Demonstration Unit, indianapolis, which

uses electron beam technology to clean up flue
gases

respective acids, and these may then be
collected by electrostatic precipitators or
bag filters. Alternatively, if ammonia (NH )
is introduced into the gas, these acids can
be converted to ammonium sulphate and
ammonium sulphate-nitrate, which may be
recovered in powdered form and used as
agricultural feruliser. The first investiga-
tons into irmdiaton of flue gases were by
Ebara Corporation in Japan i [970 and
since then the technology has been proven
on exhaust gases from small oil- and coal-
burning power plants and a coal fire nulity
plant. A plant to treat venlation gases trom
road tunnels will also become operauonal
in Japan during 1992,

LE-bcam technology has the disadvan-
rages of high capital cost and the need to
shicld potentaily hazardous X-ravs which
are produced in the process. One possible
alternative technology 1s the corona dis-
charge, a comparatvely recent entrunt o
the ficld of non-thermal waste treatment. D



