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DYNAMIC SMOKE MEASUREMENT FOR STACK EMISSION
USING He-Ne LASER |

Sunii K. Sharma and M.P. Singh

Fire Research Laboratory, Central Building Research Institute, Roorkee - 247 667

ABSTRACT: Stack emission ip a nnjor‘cnuse.of'alr pollution. It comprisss of duit. smoks
and gaseous proﬁucts. Continuoue monitoring of this emisston is desirable from pollution
control and public health point of views. A new technique for continuous lonitorlﬁg of
optical density of smoke and smoke yleld using a He-Ne laser is proposed in the pressnt

communication.
INTRODUCTION sulphurtfe acid mist. Since majority of the
- pollutants fall in the range that causes
Stack emission from the industries, which is "loss of visibility, they are. capable of

8 major cause of air pollution, is -ainLy
the by-product of external ¢combustion and
comprise serosols and gaseous producte.
Aerosoles are found efther in the form of
dust or as smoke. On account of thelir
particle size {TABLE 1) dust and fly ash
settle under the tnfluence of gravity.
Smoke produced ﬂy incomplete combustion
consistes of f!neiy divided particles and

thue remains suspended for relatively lomger

period of time.

‘TaBLE 1

AEROSOL SIZE (Mierous)
Dust ' 20 - 80
Fly ash 3-80
Smoke 0.0 - 1

Yrow air pollution point of view asroscls in
the range of 0.0)1 p to 100 p are fmportant.
Particles belov 1 p are due to smoke from
various sources, fumes from chesical and

metallorigical {industries, carbom black and

curteiling activities (such as pthedqiid
airline flights ) which dcpagd on clear line

of vision., The problem is further agrivated
vhen the serosols are hygroscopic in nature

es they lead to the formation 6! fog.

Though pollution is a common by-produ;t.ofr

‘industries, smoke emimsion 1s associsted

mainly with the industries that use coal
e.f. thermal power planin. ateel industries
etc. Ipdisn cosl contains upto 40 I ash and
3-57 sulphur. The huge quantities of ash
and vnburnt carbon particles relessed ae
flue gases necessitates continvons
monitoring and control of stack -piinlon.
Smoke is nmneasurad by dlf!ctpnt sethods {.8s.
Kechanical, Elsctrical and Optical. Howevar,
optical methods ars the ones most freguently
used. ASTM Task CGroup (!502)1 has given &
concise report on smoke test methods
exclusively pertaining to the building fire
safety. HMore rescsntly a crisp sccount of
the prevailing trends in smcke messursasat
including spplications and limications of

‘various methods hss baen given by stlrtnz.

BProadly these methods can bo'glonat!icd as
‘Static' and ‘Dyoamic’. . '
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CONTROL lQUIPIiHTS FORX STACK ENISSION

The stack discharge to the atmosphere has
lohg been the most common Industrial method
of dimposing waste gases, Although tall
stacks may be affactive in lowering the
ground level concentration of pollutante
they do not in themsalf reduce the amcunt of
pollutants releansd into the atmosphere.
However, in certain situations their use cam
be the most practicable snd economical way
of dealing with air pollution problila. The
acceptable ground lcvel‘coucontratlon,
topography of the sres, meteorological
conditions anéd the composition of the waste
gases with thelir physical and chemical

properties are used for design of stack.
Acceptable criterion for SPM and SO2

(TABLE 2) are often obliviated posing air
pollution hazards.

Suspended particulate matter (SPM) i»
separated from the flue gases by using a
combination of settling chambers, bag
filters,

TaRLE 2

 AMBIEWT AIR * - STACK ENISSION +
Region ‘so, SPM ATea soz s
A 60 av 200 Senestive 20 100

200 max AQC max

3 60 av 300 av Residential 50 200
200 max 600 max

c 60 av 500 av Imdustrisl 100 5300
200 max 1000 max '

-putliets.
sdequate nusber of monitoring statioms are’

=~ 1§ 10193,
#% Central Pollution Control Board .
Sulphur dioxide in ppm and PN In pslus

cyclone separators, scrubbers, electrostatic
precipitaters depending upon the

contaminant, the partfcle size and the dust

load present. TABLE 3 gives tha particle
gize of the serosols in relation to the
desirable air pollution control squipments.

Pollution Control Equipment Particle Sise

Sonic Agglomerator 0.06 - B8O p

Rag House Filtar 0.06 -~ BO p
Special Gaas Weshers 0.01 - 100 p
Electrostatic Precipitator 0,01 - 10 p
Centrifugal Dust Separator > 0.6 p
Gas VWasher l > 3o
Settling Chambar S » 90 p

SPMH 1» controlled by use of mechanical

collectors, electrostatic precipitaters

(ESF) snd » combination of the two, in

thermal pover plante.
spray chambers, towers pscked with materials
such as 'Berl Scaddles', orifice scrubber
and venturl scrubbers are usad for removal

Liquid scrubbere,

of soluble gases and particulate

contaminants in a gas streanm.

SEOKE MEASURENENT

Basically there are two sites for air
pollutiocon (dust/smoke eamise ton)
measurements: '

measurenent at the outlets, and

- ambient afr quality measuremesnts

The former seasurements are taken at the ESP

Pased on dispersion studies

set up to measure ambient air quality. It
takes inte account any contribution of the
pollutants by other factors, to the overall
loasding.




. smeks at asny {instant

" smoke travelling upwards in the'stsck.

The central board for prevention and control
of pollution has carried out a comprehansive
study of different industries anéd brought
out a document fixing emission from chimneys
ae 156 nglma. To achieve this standard

‘continucus smoke dansity measursments are

essential. Generally, theses measurenments

are carried out by manual sampling two or

four times every month depending on the size

of the plant. Efforts are baing made to
establish methods for continuous measurement
of smoke by using optical density whlch
correlates wvell with the SPN loading
(mg/n3).
st & given instant or over s period of time,

This revesls the SPHM lavel present

The principle of such measurements 1is
'attenuation of light Intensity by aerosols’
which is mathemstfcally expressed by

Lambert- Beer Law as!’
F(x) = F e™"% .,..(1)
Where F = The 1light flux attenuated by the
' smoke layer .
P,» The light flhx at source
= The atteanuation coafficient
x = The path length through the
smoke
Fo . x
or logyg ==== = ===~ veeenasnsl2)
F(x) 2.303
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' DYNAMIC MEASUREMEWT OF SMOKE

In a dynamic systesms,
through tha duct. Optical density (D) of
"t' t.e. D(t) 1is
continuously measured across the duct as
smoke flovs throngh-lt. -Peak value as well
as instantsnecus values of OD can be read
fros the 0D profile. One of the method based
on optical density messurement in a dJdynamic
systen 3 uees » :||106 113ht source
projecting e parallel besm of anergy through
The

smcke is made to flow

photoc.il reciever detscts energy rtadiataed
from the light source anéd produces a minute

_electric signal proportionsl to the energy’

detected. The signsl i suitablly amplified
This

continuvous monitoring with instant

and recorded.
indication -fast rclpohlo to axcassive
emisaion snd maintaining air pollution to
minimum, Ir this method white ligh;
{pelychromatic) is used. Lambert-Basr Law 1»
strictly valid for monochromatic and
collinated bean?,

but
Errors would result with the

Laser {is not only

monochreomatic also inherently
collimated.
uee of pelychromatic light that would
further sgrivate if collimation is mnot
proper. In fact errors as high as 251 have
been reported when non-monochromatic 1light
is uieds.
finding

measuraments

In view of these He-Ne laser 1s

increasing {n smoke

5,6

An experimental study was carried by the
authors to continucusly moniter smoke

generation ualhg He=-Ne laser. The wset-up

used in this study {a shown in FIGURE ]1 aund

Vi13s

2.

specimen ignition systenm,

The main conppnbntl of the set lnciude:
seoke collection
2 oW
randonl? pelarised He-Ne laser {Aeroctech)

device and optical density meter. A

vas used fn the study. Its besms wvas passed
throngh!fhe duct st about 300 mm from the
top of the hood. The laser beam intecsipy
vas monitored by the matching Radiometer
(Sllicoﬂ dicde photo~deatsctor) - Aerotech
Model 7!} The laser pover was displayed on &
digital jpanel meter, The radiometer also had
sn anll

ogue output for recordinmg and
fotegrating the output. The cutput of the’
radiometer decreased with the increass in
smoke concentration ineide the duct.

PROBLINS ERCOUNTERED WITE LASER SYSTEM

Some of the problems encountered vith the
vie of the Be-Ne laser for measuresent of
optical density of smoke were:

method combines




- Lasar beam slignment was difficult to be

preserved ap tha beaw dismeter Iz msmall
and the vievimg angle of the photo-sensor

fe nerrow. A rigid fixing may reduce the
.problen. '

= High frequency fluctuations present {n OD

- profile (FIGURE 3 profile s) caused the
mafin difficulty in evaluation of the
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Figure 1 Schemastic diagram of the spparstus for smoke genera-
tion and its messurement by the fliow method. FTA—flammability
test spparatus, A—chimney. D—hood, E-—He—Ne laser source,

'.F—-luorndiocm,c—dua.n—uhauuhn.

|
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Figure@. Smoke monitoring using He-Ne laser. F—radiometer,
—optical flitw, G—duct E—lasar source, L,—madiomatsr resoout.

N—integrator, P—power supply. R—recorder.
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tantegrals of OD. The origin eof these high
can be attributed
inhersnt

frequancy fluctuations
te eddiee iun air
fnatability of emoke and inhomogeneity in

flow,

fts concentration through out the cross
the duct., such
sticothened out, 0D

ssction of Snless

fluctuations are
integrals can not be evaluated.
Instead of uveing single three-point
moving average routine for smcothening of

5

data ap reported by Clarke”, an

integrator formed by resistor R and
capacitor C wae connected tc analogue

output of the photodetector (Radiometar

Nodel 71) to supprees the high frequency.

Lagey LALSNBLLY ——p

Time =

Figure 3. SUWM of high-frequency varistions

variations (FICURE 3 profile b). An sctive
alectronic filter to filter out higy

frequency variations may also be'esploicd

to aveid any loss of amplitude.
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"using white light.
as required under the norms of the central

ADVAWTAGCES OF TEF PROPOSEID SYSTEM

In majority of problems concering stack

emfission and smoke measurementa, tha
-Emeasurements centre around'optical density’

vhich correlates vall with smoke
concentration (mg/n’). The other related
paranater of interast is 'smoke yield' which
measures the amount of smoke releaped in a
certain time interval and is derived from

the time integral of the optical density.
The proposed use of He-Ne lasar eystes can
directly be used in case of stack emission
studies. It not only has an edge over the
noraal practice of *'grad sampling' but alao
over the optical wmoke density indicators’

Ab instantanedus value

pellution control board cem be obtained at
the press of a button. Also,
efficency of the pollution control systems

the overall

: ean be adjudged continuously without any

axtra efforts. The system can be designed
to sound an alarm whenever thare is a change
in the emission pattern or the smokse

‘concentration in the flue gases excesd the

recomnended or predetersined level. The use
of this systan wil)l therefors give a
continuous indication of the enission levels
with greater reliability and sccuracy. A
;ynt.- cowprising of two or more laser

sources can thus bs used for asmbient air

quality ipnitorlng slong with the stack .
emisstion. This would enable to kaow the

- ambient SPM loaﬁinl as vall as
= stack emission loading from a planmt

to give san ovarall hasard assessmet. A
laser is & standerd source of light.with

Tespect to wavelength snd collimation,

probles of cogpsrability would be redvced.
Prom opticsl density profile, sn sssessment
of smoke yieléd can slso be made whenever
dasired.
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